
1 8 I TEA T DEPINITIONS AND ABBREVIATIONS

Dedinitio s used throughout the pSAN are listed in the
P

ossary
of Terms, ble 1 8-1. Ancronyms and technical abbrev'ations are
listed in T les 1.8-2 and 1.8-3, respectively.

1 8 2 DRAMING DEX AND SYMBOLS

Design drawings whi have been used in thi ZSAR have been
listed with a cross ference to the FSAR figure number in
Table 1.8-4. Abbrevia ions used on thes drawings are listed in
Table 1.8-5.

Symbols used on GE suppl ed
(PCID's) are shown on figu
shown on figures 1.8-2a, l.
Instrument Symbols are shown
respectively.

'iping . d Instrument Diagrams
1.8-„1. Symbols for other PCID's are
2b, a d 1.8-2c. Logic Symbols and

n gures l.8-3 and l.8-4

8.3 PIPING IDENTIFICATIO

Piping is identified on he Piping an Instrument Diagrams
{PCID's) by a three-gry p identifier w ere the first group is the
nominal pipe size in %ches; the second is a three-letter group
for the pipe class; nd the third is a t ree-digit group
sequentially assign d within a pipe class.

Example:
6n-HBD-1 1 7

ize Class Sequence

The three etter group for the pipe class is descri d in detail
in Tabl 1. 8-6.

The t ree digit sequence number is assigned consecutive y to
ide ify specific lines in a pipe class as follows:

P ping common to both units
iping for Unit 1

Piping for Unit 2

0-99 a nd 3 00 1-3999
100-199 and 1000-1999
200-299 and 2000-2999
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1-8 4 VALV.E IDENTIFICATION

All manual and remotely operated valves will have unique
identification numbers for tracking purposes and will be shown on
the PCID's.

Listed below are the numbering systems used for each group of
valves:

All manual valves, except those which have a GE Naster Parts List
(MPL) number, and those valves supplied. by vendors as part of the
equipment package and not installed by Bechtel will be identified
by the following method:

52 006

Unit No.
0-Common
1-Unit 1

2-Unit 2

System Identification
(last 2 digits of PGIDs)

Sequence No.
(3 digit numbers)

Remote operated valves which do not have a GE NPL number, are
identified by the operator number, eg:

52 40

Valve type

Uni t No.

PGID No.
(last 2 digits)
Sequence No.
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Those valves in GE's NPL are identified by the GE numbering
system, eg:

E1 1 HV F031

NPL System No.
-(Referenced on figure notes)

Valve Type

Unit No.

GE Valve No.

Valves that are not numbered but are supplied as part of a vendor
mounted equipment will be identified in the vendor's operation
and maintenance manuals. This is to avoid duplication of
numbering these valves.

1 8. 5 INSTRUMENT IDENTIFICATZON

1. 8 5 1 Instrument Components

Identification of instruments and control devices is made by the
use of one of the following numbering systems:

1. Instruments and devices within GE scope of design are
numbered in accordance with the GE !APL system. Associated
devices shown on PGID's but without any numerical identity

.are numbered as in 2 below.

2. Except as in 1 above, instrument identif ications are based on
Instrument Society of America (ISA) Standard S5.1-1973, as
modified by Figures l. 8-2a through l.8-2c.

In general, each instrument or device in a measurement loop is
assigned the same number, however, loops containing instruments
and devices identified in the GE HPL system are an exception to
this rule.
%hen a loop contains more than one instrument component of the
same functional type, a suffix letter will be added and used to
establish a unique identity for those components.

Redundant measurement loops will be identified by the addition of
a suffix letter to each instrument component or device in the
loop. In the case of redundant loops containing more than one

1. 8-3



SSES-FSAR

instrument of the same functional type, the suffix letter will be
followed by a number.

Instrument and device numbers are constructed as follows:
78

I

Functional Identification----'er

8856-N-100

Unit Number

Last 2 Digits of
PGID Number

Loop Number

Suffix
A zero in the unit number position indicates that the instrument
or device is common to both units.

1.8.5.2 Instrument Location

Instrument components and devices are mounted on racks and panels
which are identified by a 5 character, alpha-numberic code. This
code is marked adjacent to the instrument component identifier,
as shown on Figure 1.8-2a.

The code numbers identify the unit number and the general
location of the rack or panel by the following block-number
assignment:

C001 — C099

C101 — C199

C201 — C299

C301 — C399

C401 — C499

C501 — C599.

C601 — C699

C701 — C799

NSSS Local Panels and Racks

Turbine Building

Reactor Building

Radwaste Building

Primary Containment

Miscellaneous Locations

Control Structure

Administration Building

A prefix d
assignment

igit is used to identify the unit or common plant
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Mith each block-number assignment above, the series from 076 thru
099 are reserved for local racks and panels in heating and
ventilation service. The following examples illustrate typical
rack or panel assignments:

50

Unit Number

»C» = Rack or Panel
»CB» = Component Box
»Z» = Plant Computer

Control Structure

Panel Number

1 8. 6 ELECTRICAL COMPONENT IDENTIFICATION

This section describes the methods used to identify electrical
equipment locations and to number electrical schemes, cables, and
raceways Additional information is contained in Section 8.3.

1.8 6.1 Egu~iment Location Numbers

Each piece of electrical equipment is identified. by an equipment
number. To facilitate cable routing from one equipment location
to another, a location number is also assigned to each piece of
electrical equipment. Generally, the equipment number and
equipment location number for a specific piece of electrical
equipment are identical For large pieces of electrical
equipment, such as switchgear, load centers, and motor control
centers, which are compartmentalized, the equipment location
number consists of the basic equipment number plus additional
suffixed information to identify a location within the equipment
itself The following two examples illustrate equipment location
numbers:
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1 01

Unit Number — (1) I I

Equipment Classification- (Transformer) ————~

Plant Area — (Turbine Building)

Sequential Number- (Transformer No. 1)

11 12 1

Unit Number — (1)

Equipment Classification — (Motor
Control Center (MCC))

Plant Area ; (Turbine Building)

Sequential number — (MCC No. 11)

Stack Number — (12, left to right)
Cubicle Number — (1, top to bottom)

0 I

f
t t

In the first example, the equipment number and equipment location
number for transformers 1X101 are identical. In the second
example, the basic MCC equipment number 13111 is suffixed to
establish an equipment location number, 1B111121, which
identifies a specific compartment within the MCC.

To distinguish one piece of electrical equipment from other
duplicate equipment used in -the same service, a suffix letter is
added to the basic equipment number to establish individual
equipment location numbers. Por example, if main transformer
1X101 is composed of a bank of three single phase transformers,
the transformers for phases A, B and C are identified with
equipment location numbers 1X101A, 1X101B and 1X101C,
respectively.

Equipment location numbers are generally assigned to items listed
in the circuit and raceway schedules. Accordingly, most
electrical equipment related to systems such as lighting,
communications, and cathodic protection is not included

Electrical equipment which is an integral part of mechanical
,,equipment is assigned the same number as the mechanical
equipment.

All major pieces of electrical equipment are listed in an
equipment index. The equipment index provides a description of

1. 8-6



SSES-FSAR

the equipment and identifies pertinent drawings such as
applicable electrical layout drawings and PAID's.

1.8.6.2 Scheme Numbers

Each electrical scheme is identified by a six character number.
The first character is numeric and refers to the plant unit
number for which the scheme is applicable. The second character
is alphabetic and classifies the scheme by major plant system.
The last four characters are numeric, with the exception of GE

supplied cable , and provide a sequential, but arbitrary,
identity for each scheme. Given below is an example of a typical
scheme number.

0501

Unit Number — (1) I

t

Plant System — (Nuclear Steam Supply System) —
--'cheme

Sequential Number — (Arbitrary No.
for. RHR Pump 1A)

A log of all schemes is maintained in the scheme number index
which contains pertinent information such as scheme description,
scheme drawing number and source drawing number.

1

1. 8. 6 3 Scheme Ca ble Num hers

Except for cabling associated with the plant lighting,
communications, and cathodic protection systems, each cable in
the plant is identified by a scheme cable number composed of nine
characters. The first character. is alphabetic and indicates the
separation group to which the cable belongs. The second
character is also alphabetic and denotes the system voltage
level. Characters three through eight identify the six character
scheme number to which the cable is assigned. The ninth and
final character is alphabetic, except for GE supplied cables, and
provide a distinctive identity to each cable in the block
diagram shown on the scheme drawings. The following two examples
illustrate typical scheme cable numbers:
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A K
I l

Separation Group- (Safeguard Channel A) --—---'
Voltage Level-(120 Vac to 250 Vdc Control) ———

-'g0501

Scheme Number-(1Q0501 for RHR Pump 1A)

Cable Identity- (Cable R in Block Diagram)

N
I

Separation Group- (Non-Safety Related) ————-'
1R3007 D

Voltage Level- (Low Level Instrumentation) —--—
--'cheme

Number-(Radwaste Bldg. Sump Pump A)

Cable Identity (Cable D in Block Diagram)

An alpha-numeric listing of all scheme cable numbers is
maintained in the electrical circuit schedule. The circuit
schedule also identifies the cable type, quantity of conductors,
from and to eguipment location numbers, and the cable routing.
The circuit schedule uses the first two cha"acters of the scheme
cable number as a facility code, ensures that separation and
voltage criteria are not violated.
A cable marker is affixed to each end of the cable for permanentidentification. Cable markers for Class IE cables have
distinguishing colors for each separation group. Additionally,all Class IE cables are marked at regular intervals along their
length with colors corresponding to the cable marker colors.
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1.8.6.4 Racewa~Numbers

All .electrical cable trays, ducts, conduits, manholes, conduit
sleeves and junction boxes are identified by six character
raceway numbers. The two examples given below illustrate typical
raceway numbers for engineered safety feature and non-safety
feature cable trays, respectively.

99

Separation Group- (Safeguard Channel A) I

Unit Number — (1)

Voltage Level — (120 VAC to 250 VDC Control)

I I
'I I
I I

Main or Branch Run — (B)

Section Number — (Tray Section 99)

Unit Number — (1)

1 p
I

I

85

Voltage Level — {250 VDC to 480 VAC Power) --—
-'ain

Bun — (Main Tray B)

Branch Run — (Branch Tray C)

Section Number — {Tray Section 85)

The first character of each engineered safety feature cable tray
is an alphabetic letter that relates to the fir t character of
each engineered safety feature scheme cable eligible for routing,
therein. Non-safety feature cable tray, whose first character is
numeric representing the unit number, may only contain scheme
cable numbers prefixed by the letter N. This same practice was
followed for conduit numbers as shown below.

A
t

Separation Group — (Safeguard Channel A) —
--'99

Unit Number — {1)

Voltage Level — {250 VDC to 480 VAC Power)

Conduit Sequential Number — (Arbitrary No )

1. 8-9
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005

Unit Number — (1)

Voltage Level — (13.8kV Power)

Plant Area — (Turbine Bldg. Elev. 656')

Conduit Sequential Number — (Arbitrary No.)

An alphanumeric listing of all raceway numbers is maintained in
the electrical Raceway Schedule, which also contains the raceway
type, length from end point locations, percent fill, and list of
included cables.

Raceway markers are affixed to each raceway for permanent
identification. Identification markers for Class ZE raceways are
marked at regular intervals along the length of the raceway with
unique and distinguishing colors for each separation group
corresponding to the cable marker colors.
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TABLE 1.8-2

ACRONYMS

Sheet 1 of 6

Name Abbreviation

American Concrete Institute
American Institute of Steel Construction, Inc.

American National Standards Institute
American Society of Civil Engineers

ACI

AZSC

ANSI

ASCE

American Society of Mechanical Engineers
'E

American Society of Mechanical Enqineers
Boiler and Pressure Vessel Code

ASME

ASNE BGPV Code

American Society for Testing and Naterials

American Meldinq Society

American Petroleum Institute
American Mater Morks Association

Area Radiation Monitor

Automatic De pressuri zation

Average Power, Range Monitor

Balance of Plant

ASTM

API

AMMA

ARM

ADS

APRN

BOP

Bechtel Power Corporation (San Francisco) Bechtel

Beginning of core life BOL

Boiling Mater Reactor BMR

Closed Coolinq Mater

Control Rod Drive

Control Rod Position Indicator

Core Spray

Critical Power Ratio

CCQ

CRD

CRPI

CS

CPR



TABLE 1 8-2

ACRON YNS

Sheet 2 of 6

Departure from Nucleate Boiling DNB

Design Basis Accident

Diesel Enqine Generator

Dye Penetrant Test/Liquid Penetrant Test

East

Electrohydraulic Control

Emergency Core Coolinq System

End of core life
End of Cycle

Engineered Safety Peatures

Enqineerinq Chanqe Authorization

Enqineerinq Change Notice

Equivalent full power years

Excess Plow Check Valve

Pield Deviation Disposition Request

Final Sa fety Analysis Report

Fuel Pool Coolinq and Cleanup

Pull Arc(Node of TCV Operation)

Pull-Length Emergency Coolinq Heat Transfer

Functional Control Diaqram

DG

PT:,

EHC

ECCS

EOL

EOC

ESP

ECA

ECN

EPPY

EPCV

EDDR

PSAR

PPCC

P LECHT

FCD

General Electric Company

Heat Exchanger

Heatinq and Ventilating
Heating Vintilating and Air-Conditioninq

High efficiency particulate air-filter

GE

HX

H VAC

HEPA



Q /



TABLE 1 8-2

ACRONYMS

Sheet 3 of 6

High Pressure Coolant Injection

Hydraulic Control Unit

Instrument Data Sheet

HPCI

HCV

XDS

Institute of Electrical and Electronics
Enqineers

Instrument Society of America

Insulated Power Cable Engineers Association

Interim Acceptance Criteria (NRC)

Intermediate Ranqe Monitor

Leakage Control System

Leak-Detection System

Limitinq Condition of Operation

Limitinq Safety System Settinq

Local Power Ranqe Monitor

Loss-Of-Coolant Accident

Low Pressure Coolant Injection
Low Population Zo'ne

Magnetic Particle Test

Main Steam Isolation Valve

IEEE

ISA

IPCEA

IAC

LCS

LDS

LCO

LSSS

LPRM

LOCA

LPCI

LPZ

MSIV

Main Steam Insulation Valve Leakaqe Control
System M SI V-LCS

Nain Steam Line

Nanuf acturers Standardization Society

Maximum Average Planar Linear Heat
Generation Ra te

NSL

NSS/

NAPLHGR

Mean Low Water Datum MLD



TABLE 1.8-2

ACRONYMS

Sheet 4 of 6

Mean Sea Level

Minimum Critical Power Ratio

Motor Control Center

Motor-Genera tor Se t
National Electrical Manufacturers Association

Neutron-Monitoring System

Nil Ductility Transition Temperature

Nondestructive Examination

Nondestr ucti ve Testinq

North

Nuclear Boiler

Nuclear Boiler Rated(power)

Nuclear Energy Division (GE)

Nuclear Requlatory Commission

Nuclear Safety Operational Analysis

Nuclear Steam Supply Shutof f System

Nuclear Steam Supply System

Operatinq Basis Earthquake

Peak Cladding Temperature

Pennsylvania Power and Ligh t Co.

Pipinq and Instrumentation Diaqram

Plant Vent Stack

Power Range Monitor

Preconditioning Cladding Interim Operating
Management Recommendation

Preliminary Safety Analysis Report

MSL

MCPR

MCC

NEMA

NMS

NDTT

NDE

NDT

NB

NBR

GED

NRC

NSOA

NSSSS

NSSS

OBE

PCT

PPGL

PSID

PVS

PRM

PCIOM R

PSAR



TABLE 1.8-2

ACRONYNS

Sheet 5 of 6

Probable Naximum Flood

Process Computer System

Public Address System

Quality Assurance

Quality Control

Radiographic Test

Reactor Coolant Pressure Boundary

Reactor Core Isolation Cooling

Reactor Manual Control

Reactor Pressure Vessel

Reactor Protection System

Reactor System Outline

Reactor Mater Cleanup

Requlatory Guide (NRC) (formerly Safety
Guide)

Residual Heat Removal

Rod Block Nonitor

Bod Sequence Control System

Rod Position Information System

Rod Worth Ninimizer

Safe Shutdown

Safe Shu tdown Earthquake

Safety Analysis Report

Sa fety/Relief Va lve

Seismic Category I or II

PNF

PCS

RT

RCP B

RCIC

RNC

RPV

RPS

RSO

RG

RHR

RSCS

RPIS

RMN

SS

SSE

SAR

SC I or IZ
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TABLE 1 8-2

ACRONYMS

Sheet 6 of 6

Service Water

Source Range Monitor

South

Standby Gas Treatment System

Standby Liquid Control

Traversing Encore Probe

Turbine Control Valve

Turbine-Generator

Ultrasonic Testing

West

SW

SRM

SGTS

SLC

TIP

TCV

TG

UT
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TABLE 1 8-4

FIGU RE INDEX ZOR PLA NT SYSTEMS

PGID
NUMBER+ SYSTEM

FSAR
FIGURE N UM BER

M-100

M-101

M-102

M-103

PGID Leqend G Symbols, Shts. 1 ~ 2 G 3

Main Steam

Extraction Steam

Vents G Drains, Heaters 1,2 G

Drain Cooler

1.8-2a thru 1.8-2c

10 4-1

10 4-6

10 4-7

M-104

M-105

M-106

M-107

M-108

M-109

M-110

M-111

M-112

M-1 '13

M-114

M-115

M-116

M-117

M-118

M-119

M-120

M-121

M-1 22

Vents G Drains, Heaters 3,4 G 5

Condensate

Feed~ater

Air Removal G Sealinq Steam

Condensate G Refuelinq Rater Storage

Service Mater

Service Water

Fmerqency Service Water, Sheets 1 G 2

RHR Service Mater

Reactor Buildinq Clcsed Cooling Mater

Turbine Building Clcsed Cooling Water

Circulating Mater

Condensate Demineralizer, Sheets 1 G 2

Raw Water Treatment, Sheets l G 2

Make-Up Demineralizer

Lube Oil

Diesel Oil Storaqe C Transfer

Auxiliary Steam,

Fire Protection, Shts. 1,2,3 G 4

1 0. 4-8

10. 4-4

10 4-5

10 4-9

9. 2-9

9. 2-1a

9 2-1b

9.2-5a, 9. 2-Sb

9 2-6

9. 2-2

9 2-3

NOT REFERENCED

1 0. 4-2, 1 0. 4-3

9.2-7a, 9.2-7b

9 2-8

NOT REFER ENCED

9 5-19

NOT R EFER ENCED,

9. 5-9 thr u 9. 5-12

Rev. 25, 7/81
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TABB/ J 8-4

PIGURE INDEX FOR PLANT SYSTEMS

Sheet 2 of 4

PCID
NUM BER* SYSTEM

FSAR
FIGURE NUMBER

M-123

M-124

M-125

N-2125

Pzocess Samplinq,'hts. 1,2,3 C 4
Process Sampling,'heet 5

Chlozinaticn

Compressed Air, Shts. 1,2 C 3

Compressed Air, Unit 2,
Sheets l C 2 (later}

9.3-6 thru 9.3-9
NOT REFER ENCED

NOT REFERENCED

9.3-1, 9 3 2,
9 ~ 3-4

9.3-3a,9.3-3b (later)

M-126

M-127

N-128

M-129

M-130

N-131

Containment Instrument Gas

Peed Pump Turbine Steam

Nake-Up Mater Supply System

9.3-5

NOT REFERENCED

NOT REFER ENCED

ASME Test

Gaseous Radwaste Recombiner Closed
Coo linq Wa ter

NOT R EPER ENCED

9 2-4

Process Valve Steam Leakof f Collection NOT REFERENCED

M-132 Acid Injection for the Circulatinq
Mater System

NOT REFER ENCED

M-1 33

M-134

M-136

M-137

N-138

N-139

M-140

Hydroqen Storaqe

Diesel Engine Auxiliaries
Primary Coolant Deqasifier Package

Area Radiation Monitorinq

Coolinq Tower Blowdown Treatment

NSIV Leakaqe Ccntrol System

NOT REFERENCED

9.5-20

NOT REFERENCED

12. 3-29

NOT REFER ENCED

6. 7-1

Reactor Recirculaticn Motor Generator NOT REFERENCED
Set

N-141

N-142

N-143

Nuclear Boiler

Nuclear Boiler Vessel Instrumentation

Reactor Recirculaticn

5. 1-3a

5. 1-3b

5.4-2b

Rev. 25, 7/Sl
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TAB?K 1,8-4

FIGU RE INDEX FOR P I ANT SYSTEMS

PSID
NUMBER+ SYSTEM

FSAR
FIGURE NUMBER

M-144

M-145

M-146

M-147

M-148

M-149

M-150

M-151

M-152

M-153

M-154

M-155

M-156

Reactor Water Clean-Up

Clean-Up Filter-Demineralizer

Control Rod Drive — Part A

Control Rod Drive — Part B

Standby Liquid Control

Reactor Core Isolaticn Ccolinq

RCIC, Turbine — Pump

Residual Heat Removal, Sheets 1 6 2

Core Spray

Fuel Pool Coolinq 8 Clean-Up

Fuel Pool Filter-Demineralizer

High Pressure Coolant Injection
HPCI Turbine — Pump,
Shts. 1,2 6 3 (later)

5 4-16

5 4-18

4.6-5a

4. 6-5b

7. 4-3i 9. 3-13

5 4-9a, 7.4-1 sh. 1

54-9b, 7 4-1 sh 2

5.4-13a, 5.4-13b

6.3-4

9.1-5

9. 1-6

6. 3-1a

6. 3-1b

M-157

M-l59

M-160

M-161

M-162

M-163

M-164

M-166

M-167

Containment Atmosphere Control, Sheet's
1, 2, a 3 (later)
Primary Containment Leakage
Hate Testing

Miscellaneous Drainaqe

6.2-55a, 6.2-55b,
6.2-55c (later)
6 2-67

9 3-12

Liquid Radwaste Chemical Processinq

Liquid Radwaste Laundry Processing

Solid Radwaste Collection

Radwaste Solidification

11. 2-11

1 1. 2-12

11 4-1

1 1. 4-2

Liquid Radwaste Collecticn Sheets 1 6 2 9.3-10, 9.3-11

Liquid Radwaste Processing Sheets 1 6 2 11.2-9, 11.2-10

Rev. 25, 7/81
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TABLE 1 8-4

FIGURE INDEX POR PLANT SYSTEMS

Sheet 4 of 4

PGID
NUMBER* SYSTEM

FSAR
PIGUR E N~U B ER

M-169

M-171 Ambient Temperature Charcoal Off Gas
Treatment System

1 1. 3-4

Offqas Reccmbinez System, Sheets 1 6 2 11.3-3a, 11.3-3b

M-173

M-174

M-175

Circulating Mater Pump House Air
Plow Diaqram

Turbine Building Air Plow Diagram

Reactor Buildinq Air Flow Diagram
Zone III

9-4-20

9.4-13

9.4-5

M-176 Reactor Building Air Flow Diagram
Zone

9.4-4

M-177

M-178

M-179

Drywell Air Flow Diaqram

Control Structure Air Plow Diagram

Radwaste Buildinq Air Flow Diagram,
Sheets 1 6 2

9 4-15

9. 4-1

9. 4-10, 9.4-11

M- 181

M-182

M-183

M-184

M-1 86

M-1 87

M-188

Miscellaneous Buildings Air Flow
Diagram

Diesel Generator 6 ESSW Pump House
Air Flow Diagram

Misc. HV 6 AC Equipment
Drainage System

NGH, SGH, 6 SCC Air Plow Diagram

Control Structure Chilled Water

Reactor Buildinq Chilled Mater,
Sheets 1 6 2

Turbine Buildinq Chilled Mater

NOT REFERENCED

9 4-19

NOT REPER ENCED

NOT REFERENCED

9 2-11

9. 2-13a, 9. 2-13b

9. 2-12

M-189 Radwaste Buildinq Chilled Mater 9. 2-14

M-190 NGH, SGH, 6 SCC Refriqerant NOT REPER ENCE D

Numbers correspond to Unit 1 and Common System P6XD's.
Unit 2 P6ID's are preceded hy the numeral "2".
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3.8.3,6.5 Drywell Platforms 3.8-48

3.8.3.6.5.1 Materials
3.8.3.6.5.2 Welding and Pondestructive Examination of

Welds
3.8,3.6,5.3 Erection Tolerances

3.8.3.6.6 Quality Control

3.8.3.7 Testing and In-service Inspection Require-
ments

3.8-48
3.8-49

3.8-49

3.8-49

3.8-49

3,8.3.7.1 Preoperational Testing 3.8-49

3.8.3.7.1.1 Structural Acceptance Test
3.8.3.7.1.2 Leak Rate Testing

3.8-49
3.8-49

3.8.3.7.2 In-service Leak Rate Testing

3.8.4 Other Seismic Category I Structures

3. 8-50

3.8»50

3.8.4.1 Description of the Structures
3.8.4.2 Applicable Codes, Standards, and Specifica-

tions
3.8.4.3 Loads and Load Combinations

3.8-50
3.8-55

3.8-55

3.8.4.3.1 Description of Loads
3.8.4.3.2 Load Combinations

3. 8-55
3. 8-56

3.8.4.4 Design and Analysis Procedures
3.8.4.5 Structural Acceptance Criteria
3.8.4.6 Materials, Quality Control, and Special Con-

struction Techniques

3.8-56
3.8-57
3.8-57

3.8.4.6.1 Concrete and Reinforcing Steel
3.8.4.6.2 Structural Steel

3.8-57
3.8-58

3.8.4.6.2.1 Materials
3.8.4.6.2.2 Welding and Nondestructive Testing
3 .8 .4.6 .2.3 Fabrication and Erection
3.8.4.6..2.4 Quality Control

3. 8-58
3. 8-58
3. 8-59
3. 8-59

3.8.4.6.3 Special Construction Techniques

3.8.4.7 Testing and In-service Inspection Require-
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~3/ a~I. D A+D TORNADO LOADINGS

3:a.1 'fX.PQ. -LANDINGS

All exposed structures are designed for wind loading.

The design wind velocity for all structures is 80 mph at 30 ft
above ground for a 100-year recurrence interval. The design wind
velocity is based on Figure 5 of Ref 3.3-1. (References are
listed in Subsection 3.3. 3).

The vertical velocity distribution is based on Table 1(a) of Ref
3.3-2. The velocity distribution is tabulated in Table 3.3- 1.

A qust factor of 1. 1, as qiven in Ref 3. 3-2, is used.

The procedure used to transform the wind velocity into an
effective pressure applied to exposed surfaces of structures is
as described in Ref 3.3-2 and is summarized as follows:

The dynamic pressure is given by:

0. 002558 V~ where,

Dynamic pressure in psf

V = Mind velocity in mph (design wind velocity x gust
factor) .

1

The local pressure at any point on the surface of a building is
equal to:

q x Cp where

Cp = Pressure coefficient
The total pressure on a buildinq is equal to:

q x C
D

where,

C
D

Shape coef ficient.

3w 3 1



SSES-FSAB

The Susquehanna SES structures have sloping roofs with a pitch
less than 20 degrees The following are values for Cp and C
(See Be f 3. 3-2, p. 1151 and Figur e 7)

Cp for vindvard vali = 0. 8 (pressure)

Cp for leevard wall = -0.5 (suction)

Cp for vindvard slope = 0

Cp for leevard slope = -0.6 (suction)

CD = 1 3 {pressure)

Wind loads on structures are tabulated in Table 3.3-1.

Exposed tanks are desiqned to resist a minimum vind load of 30
psf on the vertical projection, based on Ref 3 3-3. For
cylindrical tanks, wind is considered acting on six-tenths of the
vertical projection. No increases in allowable working stresses
are permitted for these structures for loading conditions
involving wind.

Table 3. 3-2 lists the systems that are protected against
tornadoes and the enclosures vhich provide this protection. This
table is based on NRC Regulatory Guide 1.117 (Ref 3.3-4) .

3~3 g-,g gpBgjcgb~e Degigg gagametegs

The followinq design parameters are used for the design of
tornado-resistant structures and are based on Ref 3. 3-5:

a) Qgngeic Mind Loading

Tanqential speed: 300 mph

Translational speed: 60 mph

b) Pressure Differential Between the Inside and
Outs'~ of a Buildi~
A pressure drop of 3 'psi at the rate of 1 psi per
second

c) Togga do-Qenegatad Iissiles
These are discussed in Subsection 3.5.].4.

REV. 2 9/78 3 3-2
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The followinq procedures are used to transform the 'tornado
loadinqs into effective loads on structures:

A procedure the same as the one utilized to transform
the wind velocity into an effective pressure, as
described in Subsection 3.3. 1. 2, is used with the
followinq exceptions:

1) Velocity and velocity pressure are assumed not to
vary with heiqht

2) The qust factor is taken as unity.
As shovn in Figure 5 of Ref 3. 3-5, and as, explained
therein, the equivalent uniform tornado vind velocity on
the building due to a tangential component of .300 mph
and a translational component of 60 mph is 220 mph. On
Susquehanna SES the pressure loads are calculated on the
basis of a uniform 300 mph wind velocity and are as
follovs:

Windward pressure on walls: 185 psf

Leevard suction on valls: 115 psf

Total design pressure: 300 psf

Suction {uplift) on roof: 140 psf.
"The turbine building is desiqned to resist the tornado
loadinq assuming 2/3 of the metal siding and the roof
deck beinq blown away. However, all the f rames are
desiqned for the full to"nado loading.

The metal sidinq and the roof deck of all structures are
not designed to resist full tornado loading.'~

b Differential P ressure Loadinq)

Differential pressure loadinq is calculated using the
follovinq pressure- tim function:

The differential pressure is assumed to vary from zero
to 3 psi at the rate of 1 psi/sec, remain at 3 psi for 2
seconds and then return to zero at 1 psi/sec.

REV. 2 9/78 3 ~ 3 3
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Blowout panels are used as necessary on safety relatedstructures to minimize differential pressure.
c) gogea+ Genegated+issiles

The procedure used for transforming the tornado-
qenerated iissile loadinqs into effective static loadsis described in Subsection 3.5.3

Loadinqs a), b) ~ and c) are combined in the following manner toobtain the total tornado loadinq:

(iii)
(iv)

(v)

(vi)

M ~ Mw+0. SMp

Mw+Wm

Mw+0.5Wp+Mm

where,

W ~ = Total tornado load

Ww = Tornado wind load

Wp = Tornado differential pressure load, and

Mm = Tornado missile load

3.3. 2.3 Effect of Pailure of Structures or Components Not
~ - Desi+.ned f~r -Tornado Loads

Structures not desiqned for tornado loads are checked to ensurethat durinq a tornado they will not generate missiles that have
more severe effects than those listed in Table 3.5-2
The modes of failure of these structures are analyzed to verifythat they will not collapse on safety related structures.
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APPENDIX 3.8A

C~om uter P~ro ramm

This appendix contains a description of the computer programs
used for the structural analysis of all Seismic Category I
structures. For each computer program, there is a brief
description of the program's theoretical basis, the assumptions
and references used in the program, and the extent of the
application. Examples of verification procedures are included
for each Bechtel in-hcuse program.

3.8a 1~3D Sap

3D/SAP is a finite element program used to perform the tatic
analysis of arbitrary, three-dimensional, elastic solids
subjected to concentrated oc distributed (pcessure) loadings
thermal expansion and/or arbitrarily directed static body forces.
3D/SAP is a mathematical version of "SAP" (Reference 3.8A-1)
which is a general purpose structural analysis computer code.

3D/SAP was developed by the Control Data Corporation and is in
the public domain.

3 8A. 2 ASHSD

ASHSD (Axisymmetric Shell And Solid) is a special-purpose program
which can be used in the elastic, static or dynamic analysis of
structural systems capable of being represented as axisymmetric
shells and/or solids

This program is a refinement of the original ASHSD code developed
at the University of California at Berkeley. The present program
has been highly modified for the special purpose of static and
dynamic analysis of nuclear containment structures The modified
pcogram has the following features:

o The code has a shell finite element which uses an interaction
stiffness that allows analysis of layered shells.

o Since shell layers may be bonded or unbonded from each other,
.it is possible to describe conccete shells in their actual
geometric form. For example, it is possible to describe
liner plate, concrete, reinforcing steel, and post tensioning
steel in their real spatial locations

3 8A-1
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o Post tension forces may be applied to the shell by subjecting
only the unbonded post tensioning elements to a pseudothermal
loadinq.

o Isotropic or orthotropic elastic constants are possible for
both shell and solid elements. The orthotropic material
properties may be used to describe the different stiffness of
reinforcing steel in the hoop and meridional directions, for
example.

o Nonuniform thermal qradients throuqh the wall thickness may
be imposed.

o Eiqenvalues and eigenvectors may be computed by the program.

o Three dynamic response routines are available in the program.
They are:

Arbitrary dynamic-loading or earthquake-base excitation
using an uncoupled (modal) technique.

Arbitrary dynamic-loading or earthquake-base excitation
using a coupled (direct integration) technique.

Response spectrum modal analysis for absolute and square
root of the sum of the sguares displacements and element
stresses.

o The coupled time-history solution has the capability to allow
an arbitrary damping matrix.

o The stiffness and mass matrices may be obtained as punched
output for input into other programs.

This program allows a useful study of the interaction between a
typical nuclear containment structure modeled as an axisymmetric
shell and the subsoil modeled as an axisymmetric solid.
This proqram was verified by comparing the computer results with
hand calculations and published references. Three sample
problems are presented as examples of verification
Sa~mle~poblem Closed C linder under Internal pressure

This problem demonstrated the membrane state of stress in a
closed cylinder subjected to a uniformly distributed internal
pressure. Hand calculations were used to verify this aspect of
the program.

The selected problem was a cylinder with closed ends subjected to
internal pressure. Only one half of the cylinder was required in
the model because of symmetry. Furthermore, it was assumed that

3 SA-2
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the closed ends vere distant from the section being analyzed and
they were excluded.

Two models of the cylinder were actually analyzed One model
used the thin shell elements and the other used the axisymmetric
solid elements. These models are shovn in Figures 3.8A-1 and
3.8A-2 with their key dimensions.

The problem parameters for both test cases are as follows:

Boundary Ccnditions:

Node l: 2 displacement = 0
8 displacement = 0
Rotation in R-Z plane = 0
(free to move radially)

Node 16: 8 displacement = 0
(free to move axially, radially and to rotate
about the 8 axis)

Numerical Data:

Naterial: concrete
Nodulus of Elasticity = E = 4.031 x 106 psi
Thickness = t = 36"
Radius = R = 900"
Po.isson's Ratio = v =- 0

17'ressure= p = 60 psi
Length = L = 1800"
N = 27,000 lb/in (an equivalent node load applied
at Node 16)

The theoretica1 values for the membrane force resultants were
calculated to be pR/2 ( = 27,000 lb/in) axial force, and pR ( =
54,000 lb/in) for the circumferential force (hoop direction) .

The results obtained from the ASHSD program are presented in
Table 3. 8A-1, both for the thin shell and the layered shell
models. Analytical computations indicated maximum errors at Node
16 of .4% for the lonqitudinal force and 3. 2% for the
circumferential force.

Sa~mle Problem: Cylindrical Shell S~ub 'ected to Internal Pressure
and Uniform Te~m erature Rise

This test example demonstrated the use of a combined static load
and thermal load condition. A short circular cylindrical shell
clamped at both ends was subjected to an internal pressure and a
uniform temperature rise.
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The theoretical solutions given in Reference 3. SA-2 were used toverify this analysis.
This test used a short cylinder that was clamped at both ends.
The cylinder had an internal pressure applied and was subjected
to a uniform temperature increase. The general arrangement is
shown in Figure 3.8A-3.

Because of symmetry, only one-half of the cylinder was used for
the finite element model. This .is shown in Figure 3 8A-4 with
Node 1 located at the middle of the cylinder. Por the purpose ofinputting the thermal coefficient of expansion of this isotr~o ic
sheila it was required to identify the shell material as

'I—'" """':
At center of cylinder, Node 1: Z displacement = 0

9 displacement = 0
Rotation in the R-Z plane = 0

At end of cylinder, Node 26: R displacement = 0
Z displacement = 0
8 displacement = 0 (tangential)
Rotation in the R-Z plane = 0

Numerical Data

Material: concrete
Modulus of Elasticity = E = 4,030,508 psi
Poisson's Ratio = u = 0.17
Thermal Coef ficient of Expansion = c = 55 x 10-~ in/in/«P
Thickness = t = 30«
Radius = R = 600'<
Length = L = 1200«
Pressure = p = 60 psi
Temperature = T = 150>P
R/t = 20
L/R = 2

The theoretical results are shown in Figure 3.8A-5. These values
were obtained by using the following equations from Reference
3 8A-2:

RAxial Moment- M = 2p~D (~ + ReT)x xEt

2
where Rt = [ ] 1/2

R t

3. 8A-4
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and
DX Et

12(1-9 )
2

Normalized length: Ln. (8 /R) (L/2R)

Figure 3.8A-5 compares the results obtained from the ASHSD
program and the theoretical solution. The results of ASHSD agree
well with those of the reference.

Sample problem: asymmetric Bend~in of a Cylindrical Shell

The purpose of this test example vas to illustrate the use of
higher harmonics for asymmetric loading cases. As a comparison
to the computer output, results for this problem were taken from
B. Budiansky and P. P. Ra~kowski's Numerical A~nal sis of
Uns~mmetric Be~ndin of Shells of Revolution (Reference 3 Ba-3)

The cylindrical shell that was analyzed vas a short, vide
cylinder as shown in Figure 3.8A-6. The finite element
idealization of the cylinder and the pertinent data are
illustrated in Figure 3.8A-7. At each end of the cylinder,
moments, of the form N = N cosa e were input for harmonics n = 0,
2, 5, 20.

The problem parameters are as follows:

Material: steel
E = 29 x 10~ psi

25n
R = 60 0"
v = 0.3
L = 60.0«
em= L/R = 1

R/t = 48

M
~ 0

E

100 (1-9 )
2

mm 497939.56 lb — in/in

The comparison results vere taken directly from the reference
Those results vere plotted in Figure 3. 8A-8.

The comparison of the computer results to the reference results
are shown in Figure 3.8A-8. (Note that the longitudinal moments
and radial displacements are expressed as nondimensional ratios.)

REV . 1 8/78 3. 8A-5
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The reference and computer results showed good agreement. This
verified the accuracy of the program for this type of analysis

3 ~8A 3 C~CAP

CECAP computes stresses in a concrete element under thermal
and/or nonthermal (real) loads, considering effects of concrete
,cracking. The element represents a section of a concrete shell
or slab, and may include two layers of reinforcing, transverse
reinforcing, prestressing tendons, and a liner plate
CECAP assumes linear stress-strain relationships for steel and
concrete in compression-. Concrete is assumed to have no tensile
strenqth. The solution is an iterative process, whereby tensile
stresses found initially in concrete are relieved (by cracking)
and redistributed in the element. Equilibrium of nonthermal
loads is preserved. For thermal effects, the element is assumed
free to expand inplane, hut fixed against rotation The
capability for expansion and cracking generally results in a
reduction in .thermal stresses from the initial condition.
To verify this proqram, example problems were analyzed by CECAP
and compared with hand calculation solutions. These example
problems considered a reinforced concrete beam as shown in Figure
3.8A-9. The problem parameters are as follows:

Concrete modulus of elasticity,
Bebar nodulus of elasticity,
Concrete Poisson's ratio,
Concrete coefficient of thermal expansion,

Temperature difference,

Rebar coefficient of thermal expansion,

Ec 3 x 106 ps

Es = 30 x 10 ~ psi

~c = .22

~c= 6 x 10-~ in/in/~F
T — 100oF

R

Three sample problems are presented as examples of verification.
Sa~mle Problem: Beam With a The mal Noment

The analysis of a reinforced concrete beam sub)ected to a linear
thermal qradient was performed to test the'edistribution of
thermal stresses due to the relieving effect of concrete
cracking. The results vere compared with hand calculations.

3 8A-6
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Piqure 3 8A-10 shows the reinforced concrete beam and the
corresponding CECAP concrete element used in the analysis.
Boundary conditions, geometry, and applied loads are illustrated.
The following illustrates hov thermal loads are treated in a
cracked section analysis of a reinforced concrete beam. The main
assumptions pertaining to thernal boundary conditions are.

(1) The beam. is allowed to expand freely axially.
(2) There is no rotation of the initial thermal stress slope.

/he beam cross-section and initial thermal stress distribution
are shown in Piqure 3.8A-11. Por AT = 100oP, the equivalent
thermal moment and concrete and rebar stresses are:

= ~ T "c E bt~/12 = (100) (6x10 e) (3x10e) (12) (42) ~/12 = 3 ~ 175,000
in-lbs

aT c E /2 = (100) (6x10-~) (3x10e)/2 = 900 psi (compression)

o t 2-2) o (21-2)
c = c = 900 = 814 pst (tens3.on)

The stress diaqram used for the cracked section analysis with
thermal loadinq is showa in Piqure 3.8A-12. The assumptions of
free movement axially and constant thermal stress slope are
maintained by a lateral translation of the initial reference axis
to a final cracked position.
From force equilibrium: F + prebar concrete 0

1.0 (814 + ha ) 10 - 900 (—
Frebar

aa (12) 900-ha

2
+

2 [21 + ( ) 21] = 0

Fconcrete

So 1 vinq for ha ~c

ha = 582 psic

Bebar and concrete stresses are:

fs = (814+582) 10 = 13 ~ 970 psi (Tension}

f = 900-582 = 318 psi (Com pression)
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Location of cracked neutral axis is:
900-592

kdm ( 900 ) 21 7.42 in

Self-relieved thermal moment is:
f A d-—

N
12 12

45,690—in-1b
in

The rebar and concrete stresses, self-relieved thermal moment and
neutral axis location obtained from the CECAP program are
compared with the hand calculations in Table 3.BA-2. It can be
seen that the CECAP results compare favorably with the hand
calculations.
Sample Problem: Beam lith a Real Moment

The analysis of a reinforced concrete beam subjected to a real
moment vas performed to test the CECAP program for non-thermal
moments. The results vere compared with hand calculations.

Figure 3.8A-13 shows the loading and geometry for the reinforced
concrete beam and the corresponding CECAP concrete element model.

The folloving illustrates the working stress analysis of
reinforced concrete beams. The beam cross-section, stress block,
and transformed sections are shown in Figure 3.8A-14. The
resultant forces and moment are:

C = f (kd) (b) /2

T = Asf s

M= Cjd = Tjd

Equating the first moments of the compression and tension areas
about the neutral axis of the transformed section,

kd (b) (kd) = nA (d - kd)
2

vhich yields

I kd~ + 1 67kd - 66 67 = 0

Solving for kd;

REV. 1 8/28 3- BA-8
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kd = 7.37 in.
The resultant forces are:

GT M 3173000
30 ( 7.37)

40~3

C = T = 84,570 lb
Rebar and concrete stresses are:

f s = T = 84,574 psi (tension)
As

f o = 2C = 2/84~574/ = l,l93 psi (compression)
kdb (7 37) (12)

Table 3.8A-3 shows a comparison of rebar and concrete stresses
and neutral axis locations obtained from the CECAP program and
hand calculations. The CZCAP results are shown to compare to
hand calculations within the force accuracy limits in the
program.

Sample Problem: Beam with areal Moment and a Real Axial Load

This verification problem involves the analysis of a reinforced
concrete beam subjected to both a real moment and a real axial
compressive load. A hand calculation solution using the
equations presented in Reference 3.8A-4 was obtained and compared
with the CECAP results.
The loading and geometry for the reinforced concrete beam and
corresponding CECAP model are illustrated in Figure 3.8A- 15.

f kd
(3) f

71 (d-kd)

The following illustrates the working stress analysis of
reinforced concrete beams subjected to both moments and axial
compressive loads. -The beam cross-section and stress block are
shown in Figure 3.8A-16. The analysis uses the equations
presented in Reference 3.8A-4, which are simplified to the
following: 6nA d6nA t M 8
(1) (kd) +3 (——. —) (kd) -+ —(4-2 + N) (kd) — b (d- —+ —) 0N 2 b 2 N

(2) N M kd-t
s A

(-+-
N 3 2

(d - kd)
'3

M

for N > t/6
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Equation (1) becomes:

kd> + 55 &kd> — 293kd = 11720 = 0

M/N 31.4 > t/6 — 7101000 '
6

Solving the above equations by iteration for kd yields:
kd = 12. 7 in.
The resulting rebar and steel stresses are:

l01000 (31.4 + 12.7/3 - 21)
~(

f m
41320 12. 7)

c 10 (40-12.7)
~ 1,922 psi (Compression)

The rebar and concrete stresses and neutral axis location
obtained from the CECAP program are compared with the hand
calculations in Table 3.&A-4. The results for the two solution
methods agree very closely

3 8A 4 CE 66&

This program performs the linear elastic analysis of a plate with
arbitrary shape and supports, stiffener beams, and elastic
subgrade, under loads normal to the middle plane of the plate.
This program was verified by comparing selected hand, calculated
values to CE 668 values with the deflections and moments of a
rectangular plate for different loading and support condi tions.

Sample Problem: Rectangular Plate with a Concentrated Load
at the Center

The simply supported rectangular plate, shown in Figure 3.&A-17
vas subjected to a concentrated load of 300 lbs. at the center.
Because of symmetry only half of the plate vas modelled by the
finite elements. The boundary conditions vere zero displacement
vith free normal rotation at the simply supported edges and free
displacement vith zero normal rotation at the symmetry axis. The
plate had isotropic structural properties

The problem parameters are as follows:
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Poisson's Ratio 0.3

Young's
Nodulus'hickness

Concentrated Load

E = 2 9 x 10> psi

h = 0 5 in.
P = 300 lb.

The formulae for the deflections and moments were taken from
Reference 3. SA-5.

a) Def1ection
P

2
6 center I .01695

D
= .01695 [ 300 (100) 12 1-(,3) ) ]

(2 .9 X 10 ) (.5)

M ~ .00153 in. 8 Node 116

b) Moments

MX '. (for b » a)

8 x 2,y 0 MX —1n [ a ]
-P(l+ V) 1- sin~

~7f

1+sin a

-300(1.3)
Sm

5 ] '-15. 52) (-1. 348)

1+ sin 5

MX ~ 20.92 1b - in 8 Node 113

My: (for b » a)

g ( )
Sm

[1- sin~1n [ a ]
~Tf

1+sin a

~300 1.3)
1n [

1- sin-37r

5 ]
3'

+ sin 5

(-15.52) (-3.685)
My ~ 57.198 1b-in 9 Node 117

The hand calculated values for deflections and moments are
compared with the CE 668 values in Table 3.8A-5. The results are
very close with the greatest difference being 1.55%.
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S~am le Problem: Uniform Load on a Recta~nular Plate Mith

The rectangular plate had one edge fixed, one edge free, and two
edges simply supported as shown in Pigure 3.8A-18. It was
subjected to a uniformly distributed load of intensity q = 2.0
psi. Because of symmetry only half of the plate was modelled by
finite elements. Boundary conditions were specified according to
the appropriate edge support conditions.

The problem parameters are as follows:
Poisson's Ratio 0 3

Young's Modulus E= 29x10~ psi

T hickness

Load Intensity
h. = 0.2 in.
q=20psi

The formulae used to calculate the deflections and moments were
taken from Reference 3 8A-5.

a) DeflectionI„-, - -. (9

(2.9 X 10 ) (.2)

.277 in. 8 Node ll
b) Moments

MX:
8 X ~ 15 y 15 MX = .0293 qa ~ .0293 (2) (30)

MX ~ 52.74 in-lbs 8 Node 11

My:
ax My ~ .319 qb ~ .319 (2)(15)2 2

My ~ 143.55 in-lbs. 8 Node 121

The hand calculated values for the deflection and moments are
compared to the CE 668 results in Table 3.8A-6. The results
agree closely, with the largest difference being 3.4%.

3 8A 5 EASE

EASE (Elastic Analysis for Structural Engineering) performs
static analysis of two- and three-dimensional trusses and frames,
plane elastic bodies and plate and shell structures. The finite
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1

~i~ment apprG@qg $ j pjNIt uith standard linear or beam elements, a
plane Stress 'tjiegqygjf'plement or a triangular plate bending
element. Tge E/SE program accepts thermal loads as well as
pressure, grqvity< jr qqncentrated loads.

f
The program gQgppg,|Ipse gyp, )oint displacements, beam forces and
triangular q$ jgygt')j ypejy and moments.

EASE was deyygppyd 4y )gal gngineering Analysis Corporation,
Redondo Beycg< Cy4igyyj,q,~ in 1969 and is in the public domain.
The versiqp ggqgqqtg gyes py Bechtel is maintained by the
<ontrol pa/9 gqjpjtI II ~

gpGpuet service.

~3. 6-~60+19

This program perfoggg an ynalysis of a bolted flange. Flange
dimensions refloat, $ 4@ qoqrpded condition. Symbols, terms, and
mathematics are j.n accordance with Appendix XI of the ASME Code
Section III Stress values for both design (operating) and bolt-
up conditiOns are printed, Both allowable and actual stresses
are printed out gqr bo$ tg, lqngitudinal flange stress, radial
flanqe stress, pop tangynti~l flange stress. The shape constants
and moments are qpiqgyg qut fqp information only.
Two program solutions are included in verifying Program E0119
welding neck flange design and a slip-on flange design have been
prepared. Also y,ttached are solutions of the same problems as
publiShed in Bulletin 502r ucdern Pl~an e ~remi n fram Gulf 6
Western HanufaCtgqj.pg t.'ompany )Reference 3.8A-6) .

r

The problem parameters for the two sample problems are asfollows:

Design pressure = %$ 0 psi
Design tempyry$ ure ~ 5p04P
Atmospheric gyyyqpggqgq ~ 750P
Poiqsonls r04iq q gzg0
corrosion allajpgce, j 0
Gasket Vigth "''.

$ z 75jg
Bffectiye gpsgeg width = 0.306"
Gasket Factory p"$„7$ „

Gasket seating y5 jynpth = 3700 psi
S~am le Problem: We d~in Neck Fla~ne

I

Figure 3.8A~19 showj gpq dimensions of the welding neck flange.
Table 3.8A-7 coppargy fhp results of EO119 computer program with
those publisgep jn Rpfgpqnqe 3.8A-6. The results compare very
closely.
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Fiqure 3.8A-20 shows the dimensions of the slip-on flange. Table
3. BA-8 compares the results of EO119 computer program with those
published in Reference 3.8A-6. The results compare very closely.

3 BA 7 EO781

The Shells of Revolution Program was developed hy Aerturs Kalnin
while at Yale University. The Mathematics are based on a method
of analysis contained in his paper "Analysis of Shells of
Revolution Subjected to Symmetrical and Non-Symmetrical Loads>
published in the Journal of A lied Mechanics, Uol. 31,
September, 1964 (Reference 3.8A-7).

This program calculates the stresses and displacements in thin
walled elastic shells of revolution when subjected to static
edge, surface, and/or temperature loads with arbitrary
distribution over the surface of the shell. The Geometry of the
shell must be symmetric, but the shape of the median is
arbitrary. Xt is possible to include up to three branch shells
with the main shell in a single model In addition, the shell
wall may consist of different orthotropic materials, and the
thickness of each layer and the elastic properties of each layer
may vary along with the median.

Program E0781 numerically integrates the eight ordinacy first
order differential equations of thin shell theory derived by H.
Reissner. The equations are derived such that the eiqht
variables are chosen which appear on the boundaries of the
axially symmetric shell so that the entice problem can he
expressed in these fundamental variables.
Kalnin's proqram has been altered such that a 4 x 4 force-
displacement relation can be used as a boundary condition as an
alternative to the usual procedure of specifying forces or
displacements. This force-displacement relation can be used to
describe the forces at the boundary in terms of displacements at
the boundary, or the displacements at the boundary in terms of
forces or some compatible combination of the two. In this
manner, it is possible to study the behavior of a large complex
structure. Xt is also possible to introduce a >Spring Matrix" at
the end of any part of the stress model This matrix must be
expressed in the form, Force = Spring Matrix X Displacement. In
addition, to the above changes, the Kalnin~s Program has been
modified to increase the size of the problem that can be
considered and to improve the accuracy of the solution.
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This program was verified by comparing the computer results with
experimental measurements and published references Two sample
problems are presented as examples of verification.

an e ronlee- Cos a 'n or 2- i oida a~ad a~is herical
H ads Hn e ted a Xnterna press~are oad

This problem illustrates Program 80781's ability to generate
cylindrical, torispherical, and ellipsoidal shapes

A comparison is made to an experimental investigation of 2:1
ellipsoidal heads subjected to internal pressure {see Reference
3 8A-8).

The problem consists of comparing a 2:1 ellipsoidal head to an
equivalent torispherical head subjected to the same uniformly
distributed internal pressure. An equivalent torisphere will be
defined as one havinq the same height above the tangent line as
the ellipsoid and a minimal L/b ratio (thus having the least
possible discontinuity between the torus and the sphere). Por
the geometry shown in Pigure 3.8A-21:

(L-b) sin y = A-r (1)

(L-b) cos 4 = L-B (2)

Minimizing L/b using (1) and (2):

tan y = B/A = 0. 5019

26 653

C+ ~C-2C
2

C = B/A + A/B = 2.494

L = ~ [ 2.5 + 6.22 — 4.99 ] = 32.778"

1 = B [ B/A — L/A ] + A = 9.13 [ a5019 - 1.80198 ] + 18.19 = 6.32"

Note: Por purpose of calculation

A = 18. 19"

B = 9.13"

Segment leng ths used are:

from Pigure 3.8A-21
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cylinder — /rt = 18. 16 (0.31) = 2.37

torisphere
54 to 104 — 4 1 1.254

104 to 26.5674 - 4 9 4.134
h

26. 5674 to 904 — 6 9 10. 574

ellipsoid
54 to 104 — 4 8 1 254

104 to 304 4 I 54

304 to 904 — 6 8 104

Bounda~r Conditions:

It will be assumed that at 54 from the pole a membrane state of
stress exists in both the ellipsoid and the torisphere:

Q ~ N$ ~ 0

N$
2 s&$

where r = distance to pole = 32.778"

Q = tranverse shear in y direction.
N4 = moment resultant in $ direction.
NQ = membrane force in g direction.

Letting p = 680 psi

Then for the torisphere:

N 4= (680/2) (32.778) = 11,144 5 lb/in.
If N$ = 11,144.5 lb/in., a preliminary run yields Q = 95.202 lb/in., so
a new value for N$ for the torisphere was calculated: 5 N

tang

N $ = 11,144.5 + hN = 10056.3 lb/in. and an appropriate membrane state
was generated.
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For the ellipsoid
~As 1n

R

where R = C + (1C ) sin
1 1

Cl (B/A) = 0.25192=

R ~ 2519 + .7481 (0.0871557) = 0.5075

~Asin 9 18.19 (680) 12 185.78 1b(in.R 2 sing 2 (0.5075)

To better compare the heads it seemed desirable to have the„
longitudinal displacement at the center of the cylinder 0 ( 4 =0) .
So the problem was run twice, the first run yielding the radial
displacement, W required for 0 displacement at the center (W =
0.0966")

l. Start W = 0.0966" N $ = 10,056 lb/in Mg = N = 0

2 End Q = N = iaaf
'= 0 Ng = 12, 186 lb/in

Figure 3.8A-24 shows the analytical model with boundary
conditions.

Results

To check the results, first the answers at the boundaries should
be examined. Xt was assumed that there was a membrane state of
stress at the boundaries and, therefore, at the edges Q and N

must be approximately 0.

Start

End

Q {lbs/in)
0. 01027

0 0008613

N igi(in. — lbs/in.)
0.0

-0 0001487

Also to satisfy equilibrium in the cylinder, Niii = 0 5pr = 6169
lb/in.

Plots of the hoop force and longitudinal bending from E0781
results compare the ellipsoidal and torispherical heads. Even
though the change in radii has been minimized the disturbance at
the junction of the sphere and torus is considerable (see Figure
3 8A-25.
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Comparison to the experimental ellipsoidal head shovs good
correlation of stress values. See Figures 3. 8A-26 through 3.8A-
30 for plots of V) and VO on the inside, outside, and meridian of
the head. Deviations are caused by the changes in thickness and
the experimental head's variation from a true 2: 1 ellipsoidal
head.

Sam le Problem. C lindrical Mater Tank with Ta ered Sails

This problem illustrates Program E0781's capability to analyze a
pressure load with one fixed boundary condition and one free
boundary condition.

The problem used for this verification is »Shell of Variable
Thickness" taken from "Stresses in Shells", by Q. Plugge, pp.
289-295 (Reference 3.8A-9)

The problem consists of a tapered shell filled with vater. The
shell has a radius of 9'-0" and is 12'-0"high. The shell
thickness varies from 11» at the bottom to 3» atthe top. See
Figure 3.8A-31 for location of the Z axis. The length of a
seqment is 18» (~z )

Taking the veiqht of water as 62 S lb/ft~~ the pressure at the
bottom of the tank is

p
—

( 12 ~ 62 ~ 1b ft = 5 2083 Psi
144 in. /ft

The pressure at the top is, zero. The pressure varies linear ly so
that only tvo points are needed in the function generator in
order to fully describe the function.

Boundarv Conditions

displacement normal to surface

U) — displacement component in 4 direction

Bg — rotation of reference surface in ) direction

Q — transverse shear in ) direction

Hg - membrane force in < direction

Mg — moment resultant in g direction

1. fixed at start lg = B$ = 0

2. free at end Q = N$ = Mg = 0
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~Result

Table 3. 8A-9 lists the Program E0781 results and compares them
with the theoretical soluticns from Reference 3.8A-9at two
locations.

Program E0781 gives a maximum hoop force, Ne = 346. 8 lb/in.
4160 lb/ft at 54~R from the base. This value differs from the
theoretical solution of 4180 lb/ft by 0.48%.

Program E0781 gives a maximum moment of the base, 54 = -1539 in-
lb/in. = -1539 ft-lb/ft. This value differs from the theoretical
soluticn of -1470 ft-lb/ft by .4-69%.

This proqram performs the static analysis of stresses and strains
in plane and axisymmetric structures by the finite element
method. In this method, the structure is idealized as an
assemblaqe of two-dimensional finite elements of triangular or
quadrilateral shapes having arbitrary material properties.
Reinforcement of concrete materials is included by adjusting the
element material properties. Special emphasis is made on
bilinearity in compression and bilinearity or cracking in
tension. FINEL computes the displacements of the corners of each
element and the stresses and strains within each element.

To verify this program, example problems were analyzed hy FINEL
and compared to experimental and/or hand calculated solutions.
Three sample problems are presented as examples of verification.

~at he ~Ceute

The beam shown in Figure 3.8A-32 has,been the subject of an
experimental and analytical investigation The purpose of this
investiqation is to compare results obtained from the FINEL
proqram with those obtained from References 3 8A-13 and 3.8A-14

The finite element mesh used in Reference 3.8A-14 and in the
FINEL analysis are shown in Pi qures 3.8A-33 and 3.8A-34,
respectively. The PINEL analysis required a finer mesh becauseit used linear displacement elements while Reference 3.8A-14 used
quadratic displacement elements.

The material properties of the concrete and reinforcing steel,
and the loading history used in the FINEL analysis are given in
Tables 3.8A-10 and 3.8A-11, respectively.
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This prob'lem was not continued beyond the yield point of the
reinforcing steel due -to an error in the PINEL program. Thestiffness of an element which yielded should have been determined
according to:

[6 + n (.T - Ty) j Eo
eff

where,

E = initial material stiffness or modulus
0

T = yield stressy
T = element stress, in yield direction, at end

of previous cycle ((Ty)

n = Eplast /Fo ~ Eplast plastic stiffness
E eff = effective stiffness, in yield direction, to use in next

cycle

A new Eeff should be calculated after each cycle. The PINEL
program calculated, an Eeff only after the first cycle following
yielding, (or first cycle in a restart run), and used the value
of E eff for all subsequent cycles in the same computer run
(This error could be overcome by making a series of one cycle
restart runs.)

The cracking patterns obtained from Reference 3.8A-14 and PINEL
are shown in Figure 3.8A-35. The load-deflection curves from
References 3.8A-13 and 3.8A-14 and the PINEL analysis are shown
in Figure 3.8A-36. The load deflection curve obtained from the
FINEL analysis shows very good agreement with the experimental
results. The cracked region grows faster in the PINEL analysis
and more slowly in Reference 3.8A-14, since the PINEL and
Reference 3.8A-14 load-deflection curves show different gradients
{stiffnesses) .

The results of analytical, experimental, and PINEL solutions are
shown in Figure 3.8A-36. The FINEL analysis agrees well with the
experimental results up to the point where the reinforcing steel
in the beam yields. After the yield point, the PINEL analysis
incorrectly calculated the effective stiffness of elements which
have yielded. Therefore, the solution was not valid for further
loadinqs However, since all reinforcing steel remains elastic
for the containment analysis, the PINEL program is verified and
restricted for that application.

Distributed Pressure Loading
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This verification involves the response of an axially constrained
hollow cylinder to internal pressure. A hand calculated solution
yields values of tangential, axial, and radial stresses at
various radii from the center of the cylinder, which are then
compared to the PINEL values.

The finite element model is illustrated in Pigure 3.8A-37. Nodal
points are free to move only in the radial direction,
representing the conditions of axisymmetry and plane strain.

The problem parameters are as follows:

Poisson's Ratio

Young's Modulus

Number of nodal points

Number of elements

Internal Pressure

9 = 0.25

E = 4 32 x 105 ksf

22

10

P = 1 0 ksf

Prom Reference 3.8A-15 ~ the following equations vere used:

hoop or tangential stress, TG

T'p 2 b2 + ~2
8 r b — a

axial stress, T <
..

8 2— P
8 2

radial stress, TR..
a2 b2 9>2

TR=P
r2(b2 @2)

where a = 65.0 ft.
b = 68 75
p = 1 0 ksf
a < r < b

The results from PINEL for tangential, axial, and radial stresses
of the hollow cylinder are compared with the hand calculated
values in Table 3.8A-12. The results are exactly the same except
for one value where there is only 4. 17% difference

A Linear Temperature Gradient
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The response of an'axially constrained hollov cylinder to a
radially varying linear temperature gradient vas the problem used
for this verification. The tangential, axial, and radial
stresses were determined by hand calculations and compared to the
FIN FL results.

Figure 3.8A-38 illustrates the finite element mesh. The
conditions of axisymmetry and plane strain were imposed by using
the axisymmetric quadrilateral element and restraining all nodes
against axial displacement.

The temperature prof ile is shown in Figure 3. 8A-39.

The problem parameters are as follows:
Poisson' Ratio v = 0.25

Young's t1odulus E = 4.32 x 10~ ksf

Coefficient of Thermal
Expansion a = 6 x 10 ~ ft/ft/~F

Number of nodal points

Number of elements

22

10

From References 3.8A-16 and 3.8A-17, the folloving equations vere used:

hoop or tangential stress, 6
8

2
6 — 2 [ (—) f TrdraE — r +a b

8 1 u r 2 2 ab - a
+ f Tr~ dr — Tr ]a

axial stress, 5z:

e —[
cE 2v

1-u
b — a

+b Trdr- T J

radial stress,

[
OE 1

r 1 v 2r

o

'2 2

( ) f Trdr — J Tr dr ]
2 '2 b ''

a
b — a

where: a = 65. 0 ft.
b = 68 75 ft
T = T (r) = temperature above reference {TREF = 100 F)

Expression for the temperature field:
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T (r) = C2r + Cl

T (a) = 25 = Cl+65.0C
2

(b) 25 'l+ 68 75C2

solving,
-50

68.75-65 13'33

Cl 2 8 7 ( 13 33) 8 1 67

then

T(r) = -13.33r + 891.67

Evaluation of the integral:

I Trdr ~ i(-13.33r + 891.67) rdr
3 2-13.33r + 891.67r

3
+

2

= -4 44r~ + 445.83r~ + C

f Trdr = -4.44 (b~-a~) + 445.83 (b~-a~)b
a

J Tr dr = -4.44(r~-a~) + 445.83(r~-a~)a

The results from PINEL for the tangential, axial, and radial
stresses are compared with the values obtained by hand.
calculations in Table 3.8A-13. The results between the two
methods of solution agree very closely.

3. SA. 9 NE 620

The heat conduction program, HE 620, is used to determine the
temperature distribution, as a function of time, within a plane
or axisymmetric solid body subjected to step-function temperature
or heat flux inputs. The program is also used for steady-state
temperature analysis.

The program utilizes a finite element technigue coupled with a
step-by-step time integration procedure as described in
~~Application of the Finite Method to Heat Conduction Analysis" by
E. L. Wilson and R. E. Nickell (Reference 3.8A-18) .
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The program was developed at the University of California,
Berkeley'y Professor K. L. Wilson and subsequently modified by
Becbtel Corporation to incorporate the save and restart
capabilities.
To verify this program, example problems vere analyzed by ME 620
and compared with proqram data. Two sample problems are
presented as examples of verification.
~dam le Problem: Heat Conduction in a~n narc plate Mith

One Edge~uenched

This problem tested the ability of the program to solve the
temperature changes in a plane region subjected to conduction
boundary conditions. The plate was brouqht to an equilibrium
temperature and one edge vas quenched while the other three ecges
were kept insulated.
A square plate was brought to eguilibrium at a given initial
temperature, To . Three edqes vere perfectly insulated while a
third edqe vas suddenly brouqht to a lover temperature, T . This
quench was kept constant for the entire analysis. A temperature
time history was then obtained for the corner farthest from the
quenched edge.

Pigure 3.8A-40 shovs the actual plate arrangement, while Pigure
3.8A-41 shovs a diagram of the finite elements.

The problem parameters are as follovs:
Nomenclature

L = length of longest heat flov path

Tp initial temperature of slab (~P)

T> = quenching temperature o f edge (~P)

Data:

The plate vas 10" x 10" square.

To = 100 P

Tl = 0~P

Diffusivity < = 1.0 in~/sec (chosen for convenience)

Time increment A T = 1 second for numerical solution
At any time t during the transient state, the time factor T (or
characteristic time) is qiven by T =a t/L>. The time to reach
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steady-state is qiven vhen T = 1.0, hence the transient time is t
= I~/a = 100 seconds. The results derived from Reference 3.8A-19
are plotted in Figure 3.8A-42.

The temperature variation at point A vas plotted in Figure 3.8A-
42 according to the results of NE 620 and compared vith the
theoretical transient change. The curves are seen to agree quite
well. Deviations are due to the selected finite element mesh
size and to the selected time step .for the analysis.

This problem tested the ability of NE 620 to analyze the
temperature distribution in an axisymmetric solid with given
temperature boundary conditions The results of the program
analysis vere compared to a closed-form solution derived from
Reference 3.8A-20.

This problem considered a solid steel sphere (shown in Figure
3.8A-43) that was brought to an equilibrium temperature, and then
its surface vas suddently quenched to a lover uniform
temperature. The quenching environment was held at a constant
temperature. A temperature-time history for three seconds, vas
obtained from the program for all node points. The points used
for the comparison vere at a radius of 0.2 inches, and only one
time period vas checked. The finite element model i.s shovn in
Figure 3.8A-44

The problem parameters are as follovs:
Nomencla ture:
L = length of the longest heat flov path (radius of sphere)

Tp initia 1 te m p e r a tu re o f s p h e re ( p F )

Tl quenching temperature of outer surface (pF) .

Data

Radius of sphere = R = .59 in.
To 1 472 P

T = 68 PF
1

Conductivity = 6.02 x 10-4 Btu/in-sec-pF)

Diffusivity = a = .0193 in</sec

Speci fic hea t = . 11 B tu/ (1b- pF)
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Density = p
= .284 lb/in~

Time increment = .2 sec

At any time, t, during the transient state, the time factor T (or
characteristic time) is given by T =~ t/L~. The time to reach
steady-state is given when T = 1.0, hence the transient time is t

I,</+ = 3.0 seconds. The result from Reference 20 for the
temperature at a radius of 0.2 inches at time t = 1.8 seconds;
was 933.8~F

The temperatures from both the program and the reference are
shown in Table 3.8A-14. There is an error of 1. 1%.

3 8A- 10 SUPERB

SUPERB is a general-purpose, isoparametric, finite element
computer program. The program determines the displacement and
stress characteristics of complex structures subjected to
concentrated loads, pressure distributions, enforced
displacements, and thermal gradients, as well as the temperature
distribution due to steady-state heat transfer. Isoparametric
elements with curved boundaries and high-order strain variations
permit curved regions and area with high stress concentrations to
be accurately represented with a minimum number of elements.

The SUPERB program is a recognized program in the public domain
and has had sufficient history of use to justify its application
and validity without further demonstration. The version of the
program currently used by Bechtel is maintained by the Control
Data Corporation, Cybernet Service.
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APPENDIX 3 9A

COMPUTER PROGRAMS

3 9A. 1 ME101

Pro@ram Description

ME101 is a finite element computer proqram which performs linear
elastic analysis of piping systems usinq standard beam theory
techniques The input data format is specifically designed for
pipe stress enqineerinq, and the English system of units is used.
A thorouqh checkinq of the input has been co-ordinated in the
proqram. In addition, modifications aimed at achieving'n
improved model are perf ormed automatically.

The output may be used directly for piping design and for
conformation to code and other regulatory requirements. Two
pipinq codes, ASME BPY code 1974 and 831.1 Summer 1973 addenda
are incorporated in the proqram to the extent of computing
flexibility factors, stress intensif ication factors and stresses.

ME101 may be used for static and seismic load analysis of piping
systems and also performs effective weight calculations.

Static analysis considers one or more of the following: thermal
expansion, dead weiqht, uniformly distributed loads, and
externally applied forces, moments, displacements and rotations,
or individual force loads.

Seismic analysis is based on standard normal mode techniques and
uses response spectrum data. Two methods of eigenvalue solution
are available. Determinant Search or Suhspace Iteration
considers all data points as mass points. Kinematic Reduction and
Householder QR considers masses only at specified data points in
desiqnated directions. Differential seismic anchor movement
analysis and static seismic analysis are also provided.

ME101 generates isometric plots of the piping configuration with
optional node numberinq The plots are obtained by either ZETA
or CALCOMP 1036 plotter.
The proqram uses out-of-core solution techniques for both static
and dynamic analysis, and has no practical limitations to the
number of equations or band width. However, very large systems
may become prohibitive due to cost of computation. The maximum
number of mode shapes allowable is currently 125.
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P~oqram Version and Computer

The current UNIVAC version (C3) of NE101 is being used by Bechtel
Power Corporation.

Extent of Application

ME101 is a piping proqram developed by Bechtel Power Corporation
(BPC). Its development began in July 1975 and is being
continuously supported by BPC. It has been used by various
projects in the BPC.

Test Problems

The ASIDE Benchmark Problem No. 1 demonstrates the solution for
natural frequencies of a three dimensional structure as described
in Reference 3.9A-1.

The followinq table lists the natural frequencies from NE101 and
Reference 3. 9A-1:

Natural Frequency Comparisions, CPS.

Node No. Reference 3.9A-1 NE 101

1
2
3

110
117
134

112
116
138

Additional test problems can be found in Reference 3.9A-2.

3 qA 2 NE632

Pronram Descri2tion

NE632 performs stress analysis of 3-dimensional piping- systems.
The effects of thermal expansion, uniform load of the pipe, pipe
contents and insulation, concentrated loads, movements of the
piping system supports, and other external loads, such as wind
and snow, may be considered. The input data format is
specifically designed for pipe stress engineering, and the
Enqlish system of units is used A thorough checking of the
input has been coordinated in the program.

The out.put may be used directly for piping design and for
conformation to code and other regulatory requirements. Piping
codes, ASNE BPV code, B31.1 code and B31.3 code have been
incorporated in the program to the extent of computingflexibility factors, stress intensification factors and stresses.
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A response spectrum analysis may be performed to analyze the
effect of earthquake forces on the piping system, and transient
effects of water hammer, steam hammer, or other impulsive type
dynamic loading are also handled by the program. Also, a plot of
piping geometry and/or response spectrum curves may be obtained
to verify the accuracy of the model.

~Pro ram Version and Computer

The current UNIVAC version (B9) of ME632 is being used by Bechtel
Power Corporation.

Extent of Application
ME632 is a piping program developed by Bechtel Power Corporation
(BPC) . Its development began in 1970 and is being continuously
supported by BPC. It has been used by various projects in the
BPC

Test Problems

The ASME Benchmark Problem No. 1 demonstrates the solution for
natural frequencies of a three-dimensional strucure as described'n

Reference 3. 9A-l.

The following table lists the natural frequencies for ME632 and
Reference 3.9A-l:

Natural Frequency Comparison, CPS

Mode No Reference 3.9A-l NE632

110
117
134

ill
116
137

Additional test problems can be found in Reference 3.9A-3

3 9A 3 hK912

~Pro ram Description.

Finite-difference representation of the heat diffusion equation
is used for the pipes or component wall section in contact with
fluid of specified temperature and flow ate time histories. The
program is quasi-two-dimensional, so that reduction of severity
of a given transient with distance from inlet is accounted for.

REV 11 7/79
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Thermal properties of water, liquid sodium, stainless and carbon
steel are built in the program. Film transfer coefficients for
water or liquid sodium are computed by the program for each time
step and pipe section. For other fluids such as steam, the
program is used on a one-dimensional basis with user supplied
.film coefficients., Sequential computations are done for pipe
lengths of different diameters or 'wall thicknesses. Fluid outlet
temperature data from one pipe length are stored for use as inlet
to the next length downstream. Average temperature differences T~
— Tb are thus calculated for structural discontinuity.
~pro ram Version and Com~nter

The HE912 program has been used by Bechtel Power Corporation in
Gaithersburg, and San Francisco offices on various BPC prospects.
A Univac 1110 computer is used to run the HE912 program.

Extent of A~lication
The HE912 program was developed from References 3.9A-4, 3.9A-5
and 3.9A-6 by the Stress Group of Gaithersburg and San Francisco
offices of BAC. The HE912 program has been extensively used
since 1975 for nuclear Class I component design on PFTP project.

est g.oblem

For local gradients, the program has been, compared with
analytical flat plate data of Ref. 3.9A-5 and numerical results
by in-house program HE643, Ref. 3.9A-7. The results were
acceptable. Por axial variations of fluid and wall- temperatures,
the program agrees closely with the analytical solution of Ref.
3.9A-6. Table 3 9A-2 shows the comparison of HE912 with HE 643
and analytical results.
The HE643 program was developed from References 3e9A-ll and 3.9A- .

12 by the Stress Group of Los Angeles Power Division of BPC. The
results of HE 643 transient temperature responses on both inside
and outside surfaces are compared with Chart 36 of Reference
3.'9A-13 and plotted Figure 3.9A-1.

3-9A- 4 HE 913

~Pro ram De~seri tion
HE913 can determine stress intensity levels for Class 1 nuclear
power piping components for Equations 9 through 14 of subarticle
NB-3650, ANALYSIS OF PIPING COMPONENTS of Section III, ASHE
Boiler and Pressure Vessel Code. Before attempting to exercise

REV. 11$ 7/79
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this = program, the user shoudl be familiar with the requirements
and procedures set forth in subarticle NB-3650.

Prior to using this program, th'e user should have the following
information external to the program.

1. Piping configuration

2. Piping and piping component properties
3. Homent reactions due to

a. Thermal expansion loads

b. Height looads and

c. Earthquake loads

4. The thermal response of the piping system due to the
specified transients:
hT , hT , and the (T — Tb) values for the key points during
system Rife.

Program .Version and Comgnter

The current HE913 version is being used by Bechtel Power
Corporation in its Gaithersburg, Los Angeles, Ann Arbor and San
Francisco offices. A Univac ll00 computer is used to run the
HE913 program.

Extent of Anvlication

NE913 is the revised and expanded version of the LOTEHP program
which was originally developed by the pipe stress group of the
San Francisco Power Division of BPC and .made available for use
through the CDC 6600 computer. The LOTENP program .has been
extensively used by the Bechtel Fast Flux Test Facility (FETF)
Systems Analysis Group since 1972 in the preliminary design of
FZTF Class I piping. The NE913 program has been used to analyze
nuclear Class I piping for -Bechtel nuclear power plant projects.
Test Problesm

The Grand Gulf Project feedwater line was selected as a test
problem. Hand calculations of a selected component in the piping
system were performed in accordance with the sample problem
(Reference 3.9A-8). Their results 'were compared with the
computer output for code equations 9 through 14 in ME 913
{Reference 3.9A-l0) .
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Table 3.9A-1 shows the comparison between the ASME sample problem
{Reference 3.9A-8) and ME913,results (Butt Welding Tee, Location
10)
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3. 12 SEPARATION CRITERIA FOR SAFETY

2+1%2- —BXRKÃ<-ION

This section describes the separation criteria used for Auriliary
Support System to safety-related systems that are identified in
Chapter 7 T'e section addresses separation for both mechanical
and electrical equipment.

For discussion of NSSS scope, see Section 7.1.
- =SoS/i.H S

The Auxiliary Support Systems to which the separation criteriadescribed in this section applies are identified in Table 3.12-2.
mechanical descriptions of the systems are given in Chapter 6,
and 9 while actuation systems and electrical system's aredescribed in detail in Chapters 7 and 8 respectively.

~1-g; 2-~~1. " rites-ia-

3~QQ~g~-1 - G nepal Cgitaria

Redundant systems are separated from each other so that singlefailure of a component or channel vill not interfere with the
proper operation of its redundant/diverse counterpart.
The affected mechanical systems and equipment are separated sothat systems important to safety are protected from the followinq
hazards:

a) The pipe break dynamic effects outlined in Section 3 6

b) Environmental effects as a result of pipe breaks and asoutlined in Section 3. 11

c) Floodinq effects as a result of pipe breaks and asoutlined in Section 3. 4

d) Missiles as def ined in Section 3. 5

e) Fires capable of damaqinq redundant mechanical safety
equipment.
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The need for and adequacy of separation to protect the safety
equipment from the above hazards are determined in conjunction
with the criteria specified in Sections 3.4, 3 5, 3.6, 3.1 1, and
9 5.

P

~4); )~1~~$~fem Sepagatjon Cgitegia

Piping for a redundant safety system is run independently of 'its
counterparts, unless it can be shown that no single credible
event, eq LOCA, is capable of causinq piping failure that co'uld
prevent reactor shutdown. Supports and restraints of redundant
mechanical components and pipinq are not shared, unless such
sharing does not siqnificantly impair their ability to performtheir safety function.
Penetrations to the primary containment are separated or other
adequate provisions are made so that the initial break of one
piping,branch of a system does not render its redundant
counterpart(s) inoperable..

Hechanical equipment and piping are separated from each other so
that sinqle failure of a device or component will not interfere
with the proper operation of its redundant counterpart.

+1)- g~.- SepK44koR Xachlljgues

The methods used to protect redundant Auxiliary Support Systems
from the above hazards (Subsection 3. 12. 2. 1. 1) fall into four
categories of separation techniques: plant arrangement, barriers,spatial separation, and alternatives.

a) ~~ggrgggement-
A basic design consideration of plant layout is that
redundant divisions of a safety system should not share
common equipment areas. However, equipment common to a
particular safety system division can share a common
area jf- that equipment.-does not constitute a hazard
within itself to another safety system of the same
dl.YI.Sl.ona
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Failure of any nonsafety related structure system or
component shall not result in failure of any safety
related structures, system, or component.

To accomplish Auxiliary Support Systems separations
through plant arrangement, redundant division of a
safety system may be placed in different compartme'nts
or even on different elevations. Nonsafety equipment,
components,.or piping should not be run above safety
,equipment unless they are adequately restrained or it
can be demonstrated that failure will not impairfunction of the safety equipment.

b)

Barriers are most often used in restricted areas where
a particular hazard (eg, small turbine missiles) is
more easily identified or where other techniques are
inappropriate (eg, separation between control boards).
Separation by barriers is an extension of separation bythe use of compartments in plant arrangement.
Separation was also accomplished through the use ofsuitably desiqned equipment that in itself acts as abarrier. Examples would be heavily constructed. control,
boards or heavy wall conduits and enclosed cable trays.In many cases, the barrier may enclose the hazard {eg,
a compartment around a high speed turbine driven pump)in lieu of effecting.'a direct separation between
redundant systems.

c) Lg~eMXR<kon-

Spatial separation is another method of separating
redundant safety systems and protecting them from the
hazards described in Subsection 3.12.2.1. 1.

Zor example, in areas where a barrier would be
impractical, piping has been rerouted so that get
impingement resultinq from a break would be dissipated
by the'istance traveled. Zn this example, partialbarriers or restraints could also be used, as well as
by hardeninq design (eg, heavier housing construction)of system components within the hazard area. When it
can be shown that a hazard would have only a certain
sphere of effectiveness (eg, for pipe whip, a rotation
about a plastic hinge at the next restraint), spatial
separation was considered adequate.
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When one of the above techniques is impractical, a
suitable alternative was u'sed, some of which are
additional restraints, hardening design, or temporary
system isolation under accident conditions. When the
redundant safety component cannot be held safe from
common hazards by the alternatives outlined above, more
resistant components were selected. An example would
be the use of high pressure piping in a low pressure
safety system to ensure its ability to withstand the
effect of a break in adjacent high pressure lines.

Qffected Systems

The electrical portions of the following systems are designed to
the criteria of Subsection 3.12.3.2.

a) Standby diesel generator and auxiliaries
b) Class 1E 4160 V switchgear

c) Class 1E 480 V load centers

d) Class 1E 480 Y NCCs

e) Class 1E 120 V ac control and instrument supply system

f) Class 1E 125 V dc supply system

g) Class 1E 250 V dc supply system

h) . 480 V swing bus and associated. motor generator set

Eguipment covered by the reguirements of this section includes
instrument channels, trip systems, and trip actuators.

1-g. ~-Genial. Criteria

The resultinq installations satisfy the criteria of IEEE 279-
1971, 10CFR50 Appendix A, General Desiqn Criteria 3, 17, and 21,
as further clarified and limited below.
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The affected electrical systems and eguipment are separated that
systems important to safety are protected from the following
hazards:

a) Fires in cable raceways due to an electrical fault'hat
could. cause failure of insulation on other cables.

b) Mechanical damage of electrical equipment in a
single'ocation.

c) Single Design Base Event (DBE) should not disable
essential automatic or manual protective function, ie,reactor scram primary containment isolation, core
cooling, etc.

Qgygg.f-ig~t'm

Identification and division/channels conform to the following:
a) Panels and racks, not part of the PGCC, are labeled

with distinctive marker plates. The marker plates
include identification of the proper division/channel ~
as listed in Ta ble 3. 1 2-1.

b)~Junction and/or pull boxes, not part of the PGCC, haveidentification similar to and compatible with the
panels and racks considered above.

c) Cables external to cabinets and/or panels, not part of
the PGCC, are marked to distinguish them in color from
other cables and to identify their separation
division/channel as applicable.

d) Raceways, not part of the PGCC, identified as described Iin Subsection 3.12.3.4..2.1 b.

e) For PGCC panels and racks refer to Section 7.1.
f) For cables external to panels and racks but within the

PGCC, refer to Sec tion 7. l.

Q+g~$+Q~g~ia- SQBK9fioQ Calif equi a

See Section 7.1.
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XRjchl $ e2Mg~on gk;iteKga

~QQ 4'-+~egg. pep~at j~o Cgjtegj,y,

geee'Q~ ~g~~gf.ioa-
IIO$ ~

,,'„, The separation'-of circuits and equipment is achieved by
safety class structures, distance, or barriers, or any
combination thereof.

separate

~ amWQCQ~CX~i~a Xecj a~iaLSXstem~ .

Class 1E circuits are routed and/or protected such that
of related mechanical equipment of one redundant system
disable Class 1E circuits or equipment essential to the
of the other redundant system(s).

failure
cannot
operation

See S ubsec tion 8. 1.6.1.

.Q 4~S~gjQ,g Sgpkgati,on C~fepia

~3-1Q~Q~~+~Q ~y4],gy-~nd raceways

a) Geo ega-1

The minimum separation distances specified in
paragraphs d) and e) are based on open ventilated
trays. Where these distances are used to provide
adequate physical separation:

1) Cable splices in raceways are prohibited

2) Cables and racevays involved are flame retardant

3) The design basis is that the cable trays vill not
be filled above the side rails

4) -'azards will be limited to failures or faults
internal to the electric equipment or cables.

b) . J~j,Qggfj,ops- Hoj-pGCC Cable ag~dace~ays

Exposed Class 1E raceways are identified in a distinct
and permanent manner at intervals not to exceed 15 ft.
Zn addition, these racevays are also identified where
they pass throuqh valls and/or floors, a nd enc losed
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areas. Class 1E raceways are identified prior to theinstallation of their cables.

Cables installed in these racevays are identified atintervals not exceeding 5 ft to facilitate initialverification that the installation conforms to the
separation criteria. These cable identifications 'are
applied prior to or during their installation.
Class 1E cables are identified by a permanent marker at
each end in accordance vith the design drawings or
cable schedule.

Color codinq is used to meet the above requirements and
to distinquish betveen redundant Class 1E cables and
non-Class 1E cables.

c)

Ref er to Subsection 7. l. 2a. 3 ~ 2.

d) Cable Spreading Areas/Control Structure
go~my-x

The control structure complex consists of tvo
elevations of relay rooms, two cable spreading areas,
and the main control room. Below the main control roomis the lover cable spreading room, vhich facilitates
cable convergence from the computer room end the lover
relay rooms (which ar'e below the lover cable spreading
room) to the qeneral plant areas, and to the cable
entrance areas at'he bottom of the control room
panels. The lower relay rooms consist mainly ofcontrol and instrument panels of non-Class lE systems
and one division (i. e., DIvision II) of redundant
systems as listed in Subsection 3.12.3.l. The maincontrol room panels are mounted on a raised floor
assembly with cable trays and vire vay gutters that
enter the bottom of the main control room panels.
Above the main control room are the upper relay rooms
and the upper cable spreading area. The upper cable
spreading area facilities cable convergence from the
upper relay room to the general plant areas, to the topof the main control room panels and to the control room
raised floor. The upper relay room consists mainly ofcontrol and in trument panels of non-class 1E systems
and the other division (ie Division I) of the redundant
systems listed in Subsection 3.12.3.1. The relay room
panels and cabinets are integrated with a module typefloor assembly with lateral and longitudinal ducts that
act as 'raceways and barriers. The cabling inter face
bet ween the PGCC and the spreading area is made at
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ter mination cubicle" on the periphery of the relay room
floor assemblies.

The relay rooms and spreading room areas do not contain
high energy equipment (such as switchgear,
transformers) or potential sources of missiles o pipe
whip and are not used -for storinq flammable materials.
Circuits in the relay room and main con+rol room are
limited to control functions, instrument func" ions, and
.those power supply circuits and facilities serving the
main control room and instrument systems.

dhere for operational reasons redundant
channel/division Clas 1E cables are not separated bydifferen t sa fety class structures (eg, two rela y rooms
and spreadinq areas), the minimum separation distance
between the redundant Class 1E cable trays is 1 ft
horizontally and 3 ft ver+ically. Where 1 ft
horizontal separation is not oossible, one of the two
following~ requirement are met: a fire barrier is
placed between the redundant cable trays 1 ft above the
trays or to the ceilinq; or cables of each
channel/division are installed in rigid steel conduit
up to a point where +he 1 ft spacing requirement is
met Where cables of redundant channel/ divisions must
be stacked one above the other with less than 3 ftvertical spacinq, one o the followinq r'equirements are
met: a) a fire barrier is placed between the +rays and
extended to 6 in. of 'each side of the tray system or to
the wall, or b) a solid steel tray cover is installed
on the lower cable tray and the upper tray has a solid
bottom up to a point where 3 ft vertical separation is
met; or c) the cables of each redundant
channel/division are installed in rigid steel conduit
to a point where the 3 ft vertical separation exists.
Separation requirements betwoen Class 1E and non-
Class 1E circuits are the arne as separation of
redundant channel/division.

e General Plant Area.)

In plant areas from which potential hazards such as
missiles, external fires, and pipe whip are excluded,
the minimum separation distance between redundant Class
1E cable trays is 3 ft between trays separated
horizontally if no physical barrier exists between
trays. Xf a horizontal separation of less than 3 ft
exists, alternate methods as stated in paraqraph d)
above are required. Vertical stacking of trays is
avoided wherever possible; however, where cable trays
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of redundant channel/divisions are stacked, a minimum
vertical separation distance of 5 ft is required, or
alternate methods as stated in paragraph d) above are
required. Where a cross-over of one tray over another
carrying redundant channel/division is made, and
minimum vertical separation distance cannot be
maintained; a) a solid cover is installed on the lower
tray to extend 1 ft 0 in. minimum either side of upper
tray, b) fire barriers are installed minimum 1 in. from
upper tray and extend 1 ft 0 in. minimum beyond the
crossing tray.

Separation requirements between Class 1E and non-
Class 1E circuits are the same as separation of
redundant channel/division.

f) Power Generation Control Com lex — PGCC

Refer to Subsection 7 .1.2a.3.3 .6.

g) An exception to the above subsections d) and e) is the
450 MHZ radio antenna cable network.

The 450 MHZ radio antenna is the plant security
communication radio system (non-Class lE). This system
utilizes an antenna cable network consisting of
installed exposed (not enclosed in raceway) on the
cable race~ay supports throughout the plant. The
jacketing material of the antenna cable is made of*
flame retardant RULAN. The cable has been tested and
passed IEEE 383 and ASTM Proc. D2633 part 30.

Separation between the 450 MHZ radio antenna cable and
those safe-shutdown Class lE raceways listed in
Appendix A of the Susquehanna SES Fire Protection
Review Report is provided in accordance with Regulatory
Guide 1.75 . Separation between this antenna cable and
other class 1E raceways is not required because:

23

1) The antenna cable is a low'energy circuit. A
short circuit of the antenna cable would not
produce enough energy to cause degradation of any
other circuits.

\

2) The antenna cable is not routed with any other
cables.

3) The antenna cable jacket is made of flame
retardant material.
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4) The antenna cable does not terminate in close
proximity or routed through any equipment with
voltage level„higher than 120V AC.

5) The maximum radio frequency (rf) power output
level of the antenna cable is 37.5 watts.

Rev. 23, 6/81 3.12- 9a
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Q-~-1)~+~4~2-2 - gfargbg (~owe Supply.

Redundant Class 1E standby generating units are located
in separate safety class structures and have
independent air and fuel supplies.

The auxiliaries and local controls for redundant
standby qeneratinq units are in the same safety class
structure as the unit they serve, except for the fueloil transfer pumps that are located in separate safety
class structures at the fuel oil storage tanks (See
Subsection 9.5.4).

3~/A 3~4-2- .3- - QC-„System

a) ~Bt ter its
Redundant Class.1E batteries are placed in separate
safety class structures. The structures are served by
redundant ventilation equipment

Battery charqers for redundant Class 1E batteries are
placed in separate safety class structures with their
respective switchqears.

3~$ 2.~/~4~.2- 4 ~j,et.giQutj~o Sygtym

a) Swifchgear

Redundant Class 1E distribution switchgear groups are
placed in separate safety class structures.

b) go~to -- Co~tgo], Cen types

Redundant Class 1E motor control centers are physically
separated in accordance with the requirements of
Subsection 3. 12.3. 4. 1.

R EV 17, 9'/80 3 12-10
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listed in Subsection 3.12.3.1. The main control room
panels are mounted on a raised floor assembly with cable
trays and wire way gutters that enter the bottom of the

R EV. 5, 2/79 3 12-10a
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Redundant Class 1E distribution panels are physically
separated in accordance with the requirements of
Subsection 3. 12.3. 4. 1.

Redundant Class 1E primary containment electrical penetrations
are physcially separated in accordance with the requirements of
Subsection 3. 12. 3.4. 1. The minimum physical separation for
redundant penetrations meets the requirements for cables and
raceways qiven in Subsections 3.12. 3.4.2.1 through 3.12. 3.4.2.6.

A Por NSSS panels see Subsection 7.1.2a.3.1.1.
B All non-NSSS panels containing safety-related equipment and

circuits are provided as follows:
Panels are divisionalized, i.e, are devoted to one tl)
division only, and are physically separated from the
redundant divisions pan el s.

2 Q Panels which contain the redundant circuits of both
divisions are physically divided by metal barriers with
only one (1) division on each side of the barrier.

3% All requirements for connection of circuits between
separated divisions are accomplished with NDH relays to
provide positive isolation of the circuits.

REV 17, 9/80 3 12-1 1
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TABLE 3 12- 1

PSP DIVISION S EP A RATION
Pa'ge 1 of 2

Division I Division TZ

.Core Spray Loop A

Automatic Depre .surization
System A

Core Spray Loop 9

Automatic De pressurization
System 3

Residual ii .at Reinoval
Loop A

Reactor Core I olation
Cooling Syste n

Res irlual flea t Removal
Loop B

H ig h Pres ure Coola n t
Inject.ion System

Nuclear Steam Supply Shutoff
System (In board Valves)

Nuclear Steam Supply Shutoff
Sys tern (Outboard Val ves)

Reci: culat ion Pump Trip
Loop I

Recirculation Pump Tci p
Loop 8

mme rg e»cy Sc r v ice Mat t. r
Loop A

Emarif <?ll cy Sec v1ce IJ at ec
Loo 0

Ri R Service Ra tec Loo A i/iiR S ~cvic» hater Loop B ~

.Coritainment Instrument
Gas Loop A

Corita inment Instriim»nt
vas Loo f> B

Main Steam I=olation
Valve L~akagri Coritcnl
System Dl v I

Haiti Steam Isolatioii
Val ve Leakaije Control
System Di v ZI

Con ta irime» t h t rnos ph»ri c
Control Sy st,errr

Corrtainmerrt Atmos;rfrer ic
Control System B

Standliy r'as Treatment
System Train h

Stundhy Gas Tceatmr nt
System Train ri

Reactor Buildirrg H VAC
Isolation arr'1 R ..cicculat ion
System A

Reactor Bu ilrfincog !IVAC
Isola t io» a nd freci cc ula tion
Syst ~m f3

Dry well ii V AC System A

Control Structure HVAr'"

Systrrrn Train A

Cont.col Structure Chi llr-..i
Rater System Loop A

Bat.ter y Room Veii tilut iori
System h

i)cywell HV AC System f3

Con t rol S t ruc ture iiVAC
Systein Tca 1 rl 3

Cont, rol St ructu r» Ch illeil
'.iatoc Sy -t em Loop B

iiat ter y Room Vent i't i on
S y 'i t e ol 0
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TABLE 3. 12-1 /Continued)

Division I Division II

HVAC Coolers for Div I HVAC Coolers for Div XT

Standby Liquid Control
System Pumps A<» anil B<»
and Explosive Valves A<» an3 B«>

Class 1E 250 V dc Supply
System I
480 V Swing Bus and
Associated Motor-Generator
Set Div I

Class 1E 250 V. dc Supply
System II
480 V Swing Bus and
Associated Motor-Generator
Set Div II

Class 1E 480 V ac MCCs Class 1E 480 V ac MCCs

Class 1E 120 V ac
Distribution Panels

Class 1E 120 V ac
Di tribution Panels

Class 1H 125 V lc
Distribution Panels

Class 1E 125 V
dc'istributionPanel..

7U The redundant standby liquid control pum p and
explosive valves are powered from different electrical
buses.

I

'J
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4.1.4.1.3.3 History of Use
4.1.4.1. 3.4 Extent of Applica'tion

4. l. 4 1. 4 NOHEAT

4 1-12
4. 1-12

4. 1-12
4. 1-12

4. 1-12

4.1 4.1 4 1
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4.1. 4.1. 5.1 Program Description

4.1.4.1.5.2 Program Version and Computer
4.1.4.1.5.3 History of Use
4 1.4 1.5.4 Extent of Usage
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4 3. 4.1 7 SHELL 5 4.1-15
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7.1
7.2
7.3
7 4

Program Description
Program Version and Computer
History of Use
Extent of Application

1-15
4. 1-16
4. 1-16
4. 1-16

4 l. 4 1 8 HEATER 4. 1-16

4 1.4.1
4.1.4.1.
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4.1 4.1.
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8 3
8 4
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Program Version and Computer
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4. 1-16
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4. 1-17
4. 1-17
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10 1
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Thermal Hydraulic Calculations
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4. 1-20

4.1. 5 R e ferences

4 2 .FUEL SYSTEM DESTGN

4.2.1 General and Detailed Design Bases

4.2.1.1 General Design Bases
4.2.1.2 Detailed Design Bases

4.2.2 General Design Description
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4.2 2 2 Fuel Assembly
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4. 2.3.3
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Reactivity Control Assembly Evaluation
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4.2.4 Testi.ng and Inspection
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4.2

4 2

4 1
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of Irradiated Fuel Rods
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4. 2-1
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4. 2-1
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4. 2-1
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6 References

EAR DESIGN
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4.3.1.1 Safety Design Bases
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4-4 THERHAL AND HYDRAULIC DES IGN
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4 6 FUPCTZONaj'. DESrGN OF REaCrrVXTT CONraOS. SVSXEgS
II * P ~ t

"Functional design of the control rod drive system (CRD) is
discussed below. Functional designs of the recirculation flowcontrol system and standby -lijuid'control sgstei are described in
subsections 5.4.1 and 9.3.5, respectively.<
4 6.1 Xnformation for CRDS

4.6.1 1 Control Rod Drive~S stem Des~cCn
e a "r ~ 4'4'I

4.6.$ 1 1 D~esi n Bases

4-6 1-1-1. 1 General Design Bases

4 6~1.l.l.l.l Safet Desi n Bases

I'hecontrol rod drive mechanical .system shall meet, the following„,safety design bases:
(

(1) Design shall provide for a sufficiently .rapid
control,'odinsertion that no fuel damage 'results.'from

any,,I„'II'bnormaloperating transient.
<I 1

(2) Design shall in'.ude positioning devices, each of,whichindividually su j'ports.','and positions e,control.'~rod'.t <>'~t"""',

(3) Each positioning device shall:
a. Prevent its control rod from initiating withdrawal

as a result of a single malfunction.
b

Ce

Be individually operated so,that a failure in one
positioning devic'e does not affect the operation
of any. other positioning device.

Be individually energized when rapid control rod
insertion '{scram)'s signaled'so that Xailure of
power sources external to the positioning device
does not prevent other positioning

devices'ontrolrods from heing inserted.

Rev. 19, 1/81
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The control rod system drive design shall provide for positioning
the control rods to control power generation in the core

4 6 1.1 2 Description

The control rod drive system (CRD) controls gross changes in corereactivity by incrementally positioning neutron absorbingcontrol rods within the reactor core in response to manualcontrol signals. Xt is also required to quickly shut down thereactor (scram) in emergency situations by rapidly inserting
withdrawn control rods into the core in response to a manual or
automatic signal. The control rod drive system consists of
lockinq piston control rod drive mechanisms, and the CRD
hydraulic system (includinq'power supply and regulation,"
hydraulic control units, interconnecting piping, instrumentation
and electrical controls) .

4 6 1 l.g 1 Control Rod Drive Mechanisms

The CRD mechanism (drive) used. for positioning the control rod in
the reactor core is a double-acting, mechanically'atched,
hydraulic cylinder usinq water as its operating fluid. (SeeFigure 4.6-1, 4.6-2, 4.6-3,'and 4.6-4 ) The individual drives
are mounted on the bottom head of 'the reactor'ressure vessel.
The drives do n'ot'interfere with refueling and are operative even
when the head is removed'from the reactor "vessel.

. The, drives are also readily accessible for inspection and
""".-„',servi'ciInq. The botto'm 'lo'cation makes maximum utilization of the

water in the reactor as a neutron shield and gives the least
possible neutron exposure to the drive components. Using water
from the condensate system as the operating fluid eliminates the
need for special hydraulic fluid. Drives are able to utilize
simple piston seals whose leakage does not contaminate the
reactor water but provides coolinq for the drive mechanisms andtheir seals.

The drives are capable of inserting or withdrawing a control rodat a slow, controlled rate, as well as providing rapid insertion
when required. A mechanism on the drive locks the control rod at6-inch increments of stroke over the length of the core.
A couplinq spud at the top end of the drive index tube (piston
rod) engages and locks into a mating socket at the base of thecontrol rod. The weight of the control rod is sufficient to
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engage and lock this coupling. Once locked, the drive and rod
form an inteqral unit that must be manually unlocked by specific
procedures before the components can be separated.

The drive holds its control rod in distinct latch positions until
the hydraulic system actuates movement to a new position.
Withdrawal of each rod is limited by the seating of the rod in
its guide tube. Withdrawal beyond this position to the over-
travel limit can be accomplished only if the rod and drive are
uncoupled. Mithdrawal to the over-travel limit is annunciated by
an alarm.

The indiviDual rod indicators, grouped in one control panel
display, correspond to relative rod locations in the core. A

separate, smaller hardwired display is located on the standby
information panel. A CRT presentation is available on the unit
operating benchboard. This latter display'resents the position
of the control rod selected for movement as well as the other
rods in the affected rod qroup.

For display purposes the control rods are considered in groups of
four adjacent rods centered around a common core volume. Each
qroup is monitored by four LPRN strings {see Subsection 7.6. 1.5).
Rod groups at the periphery of the core may have less than four
rods. The small rod display shows the positions, in digital
form, of the rods in the group to which the selected rod belongs.
A white light indicates which of the four rods is the one
selected for movement

4. 6.1. 1. 2. 2 Drive Componen ts

Figure 4.6-2= illustrates the operating principle of a drive.
Fiqures 4.6-3 and 4.6-4 illustrate the drive in more detail. The
main components of the drive and th'eir functions are described
below.

4 6 1 1.2 2 1 Drive Piston

The drive piston is mounted at the lower end of the index tube.
This tube functions as a piston rod. The drive piston and index
tube make up the main movinq assembly in the drive. The drive
piston operates between positive end stops, with a hydraulic
cushion provided at the upper end only. The piston has both
inside and outside seal rinqs and operates in an annular space
between an inner cylinder (fixed piston tube) and an outer
cylinder (drive cylinder) . Because the type of inner seal used
is effective in only one direction, the lower sets of seal rings
are mounted with one set sealing in each direction.
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A pair of nonmetallic bushings prevents metal-to-metal contact
between the piston assembly and the inner cylinder surface The
outer piston rinqs are segmented step-cut seals with expander
springs holdinq the seqments against the cylinder wall. A pair
of split bushinqs on the outside of the piston prevents piston
contact with the cylinder wall. The ef fective piston area for
downtravel, or withdrawal, is approximately 1.2 sg. in. versus
4.1 sq. in. for uptravel, or insertion. This difference in
drivinq area tends to balance the control rod weight and assures
a higher force for insertion t'han for withdrawal

4.6.1.1 2.2 2 Index Tube

The index tube is a long hollow shaft made of nitrided stainless
steel. Circumferential locking grooves, spaced every 6 inches
along the outer surface, transmit the weight of the control rod
t o the col let a sse m bl y.

4 6 1 1.2 2 3 Collet Assembly

The collet assembly serves as the index tube locking mechanism.It is located in the upper part of the drive unit. This assembly
prevents the index tube from accidentally moving downward. The
assembly consists of the collet fingers, a return -spring, a guide
cap, a collet housing (part of the cylinder, tube, and

flange),'nd

the collet piston.

Lockinq is accomplished by fingers mounted on the collet piston
at the top of the drive cylinder. In the locked or latched
position the fingers engage a locking groove in the index tube.

The collet piston is normally held in the latched position by a
force of approximately 150 lb supplied by a spring. Metal piston
rings are used to seal the collet piston from reactor vessel
pressure. The collet assembly will not unlatch until the collet
fingers are unloaded by a short, automatically sequenced, drive-
in signal A pressure, approximately 180 psi above reactor
vessel pressure, must then be applied to the collet piston to
overcome spring force, slide the collet up against the conical
surface in the guide cap, and spread the fingers out so they do
not enqaqe a lockinq groove.

A guide cap is fixed in the upper end of the drive assembly.
This member. provides the unlockinq cam surface for the collet
fingers and serves as the upper bushing for the index tube.

If reactor water is used during a scram to supplement accumulator
pressure, it is drawn through a filter on the guide cap.

4. 6-4
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4.6~1~1. 2. 2. 4 Piston Tube

The piston tube is an inner cylinder, or column, extending upwardinside the drive piston and index tube. The piston tube isfixed to the bottom „flange of the drive and remains stationary;
Mater is brouqht to the upper side of the. drive piston throughthis tube. A buffer shaft, at the upper end of the piston tube,
supports the stop piston and buffer components.

4,6,1,1. 2.2. 5 Stop Piston

f

A stationary piston, called the stop piston, is mounted on the
upper end of the piston tube. This piston provides the seal
between reactor vessel pressure and the space above the drivepiston. j:t also functions as a positive end stop a t the upperlimit of control rod travel. Piston rings and bushings, similarto those used on the drive piston, are mounted on the 'upper
portion of the stop piston. The lower portion of the stop piston
forms a thinwalled cylinder containing the buffer piston, its
metal seal ring, and the buffer piston return spring. As thedrive piston reaches the upper end of the scram stroke it strikethe buffer piston. A series of orifices in t.he buffer shaft
provides a proqressive water shutoff to cushion the, buffer piston
as it is driven to its limit of travel. The high pressures
generated in the buffer are confined to the cylinder portion of
the stop piston, and are not applied to the 'stop s steel tube.
The switches are actuated by a ring magnet located at the bottomof the drive piston.
The priv~ piston, piston tube. and indicator tube are all of
nonmaqnetic stainless steel, allowinq the individual switches to
be operated by the maqnet as the, piston passes. One switch islocated at. each position correspondinq to an index tube groove
and one switch is located at the midpoint between each latchingpoint. Thus, indication is provided for each 3 inches of travel.
Duplicate switches are provided for the full-in and full-out
positions. Redundant overtravel switches are located at a
position below the normal full-out position. Because the limitof downtravel is normally provided by the control rod itself asit reaches the backseat position, the drive can pass thisposition and actuate the overtravel switches only if it is
uncoupled .from its control rod. A convenient means is thus
provided to verify that the drive and control rod are coupledafter installation of a drive or at any time during plant *

opera tion.
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4 6.1.1 2.2 6 Flange and blinder Assembly

A flange and cylinder assembly is made up of a heavy flange
welded to the drive cylinder. A sealinq surface on the upper
face *of this flange forms the seal to the drive housing flange.
The seals contain reactor pressure and the two hydraulic control
pressures. Teflon coated, stainless steel rings are used for
these seals..The drive flange contains the integral ball, or
two-way, check (ball-shuttle) valve. This valve directs either
the reactor vessel pressure or the driving pressure, whichever is
higher, to the underside of the drive piston. Reactor vessel
pressure is admitted to this valve from the annular space between
the drive and drive housing throuqh passages in the flange.
Mater used to operate the collet piston passes between the outer
tube and the cylinder tube. The inside of the cylinder tube is
honed to 'provide the surface reguired for the drive piston seals.

Both the cylinder tube and outer tube are welded to the drive
flange. The upper ends of these tubes have a sliding fit to
allow for differential expansion.

The upper end of 'the index tube is threaded to receive a coupling
spud The couplinq (see Figure 4.6-1) accommodates a small
amount of angular misaliqnment between the drive and the control
rod. Six spring fingers allow the couplinq spud to enter. the
matinq socket on the control rod. A plug then enters the spud
and prevents uncoupling.

Two means of uncouplinq are provided. Mith the reactor vessel
head removed, t.he lock, plug can be raised aqa inst the spring
force of approximately 50 pounds hy a rod extending up through
the center of the control rod to an unlocking handle located
above the control rod velocity limiter. The control rod, with
the lock pluq raised, can then be lifted from the. drive.

4. 6,1,1 2. 2. 7 Lock Plug

The lock plug can also be pushed up from below, if it is de"ired
to uncouple a drive without removinq the reactor pressure vessel
head for access. In this case, the central portion of the drive
mechanism is pushed up aqainst the uncoupling rod assembly, which
raises the lock plug and allows the couplinq spud to disengage
the socket as the drive piston and index tube are driven down.

The control rod is heavy enough to force the spud finqe s to
enter the socket and push the lock plug up, allowinq the spud to
enter the socket completely and the plug to snap back into place.
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Therefore, the drive can be coupled to the control rod using only
the weight of the control rod. However, with the lock plug in
place, a force in excess of 50,000 lb is required to pull the
coupling apart.

4 6 1 1 2 3 materials of Construction

Factors that determine the choice of construction materials are
discussed in the following subsections.

4.6 1.1 2 3.1 Index Tube

The index tube must withstand the- locking and unlocking action of
the collet fingers A compatible bearing combination must be
provided that is able to withstand moderate misalignment forces.
The reactor environment limits the choice of materials suitable
for corrosion resistance. The column and tensile loads can be
satisfied by an annealed, single phase, nitrogen strengthened,
austenitic stainless steel. The wear and bearing requirements
are provided .by Malco miz inq t he corn pie te tube. To ob ta in
suitable corrosion resistance, a carefully controlled process of
surface preparation is employed.

4. 6.1.1. 2. 3 2 Co~uling Spud

The couplinq spud is made of Inconel 750 that is aged for maximum
physical strength and the required corrosion resistance.
Because misalignment tends to cause chafing in the semispherical
contact area, the part is protected by a thin chromium plating
(Electrolized). This plating also prevents galling of the
threads attaching the coupling spud to the index tube.

4 6 ,11.2 3 3 Collet Fin~ers

Inconel 750 is used for the collet finqers, which must function
as leaf sprinqs when cammed open to the unlocked position.
Colmonoy 6 hard facinq provides a long wearing surface, adequate
for design life, to the area contacting the index tube and
unlocking cam surface of the quide cap.
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4.6 $ .1.2 3.4 Seals and Bushings

Graphitar 14 is selected for seals and bushings on the drive
piston and stop p'iston. The material is inert and has a lowfriction coef ficient when water-lubricated. Because some loss
of Graphitar strength is experienced at higher temperatures, the
drive is supplied with coolinq water to hold temperatures below
250~P. The Graphitar is relatively soft, which is advantageous
when an occasional particle of foreign matter reaches a seal.-
The resulting scratches in the seal reduce sealing efficiencyuntil worn smooth, but the drive design can tolerate considerable
water leakage past the seals into the reactor vessel.

4 6.1.1 2. 3. 5 Summary

All drive components exposed to reactor vessel water are made of
austenitic stainless steel except the following:

(1) Seals and bushinqs on the drive piston and stop piston
are Graphitar 14.

(2) All springs and members requiring spring action (collet
fingers, coupling spuds and spring washers) are made of
Inconel-750.

(3) The ball check valve is a Haynes Stellite cobalt-base
alloy.

(4) Elastomeric 0-rinq seals are ethylene propylene.

(5) Metal piston rings are Haynes 25 alloy.
(6) Certain wear surfaces are hard-faced with Colmonoy 6.

(7) Nitriding by a proprietary new Nalcomizing process and
chromium plating are used in certain areas where
resistance to abrasion is necessary

(8) The drive piston head is made of Armco 17-4ph.

Pressure-containing portions of the drives are designed and
fabricated in accordance with requirements of Section III of the
ASIDE Boiler and Pressure Vessel Code.
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4.6.1.1.2.4 Control Rod Drive H draulic S stem

The 'control rod drive hydraulic system (Figures 4.6-5a, b)
supplies and controls the pressure and flow to and from the
drives through hydraulic control units (HCU). The water
discharged from the drives during a scram flows through the HCUs
to the scram discharge volume. The water discharged from a drive
during a normal control rod positioning operation flows through
the HCU, the exhaust header, through the other HCV's to combine
with the cooling water flow 'at the CRD's, and into the reactor
vessel. There are as many HCUs as the number of control rod
drives.

4.6.1.1.2.4.1 H draulic Re uirements

The CRD hydraulic system design is shown in Figures 4.6-5a, b,
and 4.6-6. The hydraulic requirements, identified by the
function they perform, are as follows:

(1) An accumulator hydraulic charging pressure of
approximately 1400 to 1500 psig is required. Flow to
the accumulators is required only during scram reset or
system startup.

(2) Drive pressure of approximately 250 psi above reactor
vessel pressure is required. A flow rate of
approximately 4 gpm to insert a control rod and 2 gpm
to withdraw a control rod is required.

(3) Cooling water to the drives is required at.
approximately 30 psi above reactor vessel pressure and
at a flow rate of 0.20 to 0.34 gpm per drive unit.
(Cooling water to a drive can be interrupted for short
periods without damaging the drive.)

23

23

(4) The scram discharge volume is sized to receive and
contain all the water discharged by the drives during a

scram; a minimum volume of 3.34 gal. per drive is
required.

Rev. 23, 6/81 4.6-9
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4.6.1 1.2 4.2 System Desirc12tion

The CRD hydraulic systems provide the required functions with the
pumps, filter, valves, instrumentation, and piping shown in
Figures 4.6-5a, b and described in the following subsection.

Duplicate components are included, where necessary, to assure
continuous system operation if an in-service component requires
maintenance.

4 6.1 1.2~4.2.1 Suey Pum~

One supply pump pressurizes the system with water from the
condensate system. One spare pump is provided for standby. A
discharge check valve prevents backflow through the nonoperating
pump. A portion of the pump discharge flow is diverted through a
minimum flow bypass line to the condensate storage tank. This
flow is controlled, by an orifice and is sufficient to prevent
immediate pump damage if the pump discharge is inadvertently
closed.

Condensate water is processed by two filters in the system. The
pump suction filter is a disposable element type with a 25-micron
absolute rating. The drive water filter downstream of the pumpis a cleanable element type with a 50-micron absolute rating.
Differential pressure indicators and control room alarms monitor
the filter elements as they collect foreign materials.

J

4.6 1 1.2.4.2.2 Accumulator Charging Pressure

Accumulator charging pressure is established by the discharge
pressure of the system supply pump. During scram the scram
inlet (and outlet) valves open and permit the stored energy in
the accumulators to discharge into the drives. The resulting
pressure decrease in the charging water header allows the CRD
supply pump to "run out" (i.e., flow rate to increase
substantially) into the control rod drives via the charging water
header. The flow sensing system upstream of the accumulator
charging header detects high flow and decreases flow returning to
the RPV. This action maintains increased flow through the
charging water header.

Pressure in the charging header is monitored in the control room
with a pressure indicator and high pressure alarm.

REV. Sy 2/79 4 6-10



SSES-PSAR

During normal operation the flow control valve maintains a
constant system flow rate. This flow is used for drive flow,
drive cooling, and system stability.

4.6.1.1.2 4.2 3 Drive Mater Pressure

Drive water pressure required in the drive header is maintained
by the pressure control valve, which is manually adjusted from
the control room. A flow rate of approximately 6 gpm (the sum
of the flow rate required to insert and withdraw a control rod)
normally bypasses the drive water pressure stage through two
solenoid operated stabilizing valves (arranged in parallel). The
flow through one stabilizing valve equals the drive insert flow;
that of the other stabilizing valve equals the drive withdrawal
flow. When operating a drive, the required. flow is diverted to
that drive by closing the appropriate stabilizing valve. Thus,
flow through the drive pressure control valve is always constant.

Plow indicators in the drive water header and in the line
downstream from the stabilizing valves allow the flow rate
through the stabilizing valves to be adjusted when necessary.
Differential pressure between the reactor vessel and the drive
pressure stage is indicated in the control room.

4.6 1.1.2 4 2.4 Cooli~n Mater Header

All water passing through the pressure control valve and the
stabilizing valves is routed to the reactor via the cooling water
header. Without flow in the drive and charging water headers the
cooling water flow is equal to the flow passing through the flow
control valve.

The flow through the flow control valve is virtually constant.
Therefore, once adjusted, the drive pressure control valve can
maintain the required pressure independent of reactor pressure.
Changes in setting of the pressure control valve is required only
to adjust for changes in the cooling requirements of the drives,
as their seal characteristics change with time. A flow indicator
in the control room monitors cooling water flow. A differential
pressure indicator in the control room indicates the difference
between reactor vessel pressure and drive cooling water pressure.
Although the drives can function without cooling water, seal lifeis shortened by long term exposure to reactor temperatures. The
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temperature of each drive is recorded in the reactor building,
and excessive temperatures are annunciated in the control room.

4.6 1.1 2.4.2.5 Scram Discharge Volume

The scram discharge volume consists of header piping which
connects to each HCU and drains into an instrument volume. The
header piping is sized to receive and contain all the water
discharged by the drives during a scram, independent of the
instrument volume.

During normal plant operation the scram discharge volume is
empty, and vented to atmosphere through its open vent and drain
valve. When a scram occurs, upon a signal from the safetycircuit these vent and drain valves are closed to conserve
reactor water. Lights in the control room indicate the position
of these valves.

During a scram, the scram discharge volume partly fills with
water discharged from above the drive pistons. After scram is
completed, the control rod drive seal leakage from the reactor
continues to flow into the scram discharge volume until the
discharge volume pressure equals the reactor vessel pressure. A
check valve in each HCU prevents reverse flow from the scram
discharge header volume to the drive. When the initial scram
signal is cleared from the reactor protection system, the scram
discharge volume signal is overridden with a keylock override
switch, and the scram discharge volume is drained and returned to
atmospheric pressure.

Remote manual switches in the pilot valve solenoid circuits allow
the discharge volume vent and drain valves to be tested without
disturbing the reactor protection system. Closing the scram
discharge volume valves allows the outlet scram valve seats to be
leak-tested by timing the accumulation of leakage inside the
scram discharge volume.

Six liquid-level switches connected to the instrument volume,
monitor the volume for abnormal water level. They are set at
three different levels. At the lowest level, a level switch
actuates to indicate that the volume is not completely empty
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durinq post-scram draining or to indicate that the volume starts
to fill throuqh leakage accumulation at other time- during
reactor operation. At the second level, one level 'switch
produces a rod withdrawal block to prevent further withdrawal of
any control rod, when leakaqe accumulates to half the capacity of
the instrument volume. The remai.ning four switches are
interconnected with the trip channels of the Reactor Protection
System (RPS) and will initiate a reactor scram should water
accumulation .fill the instrument, volume.

4.6.1 l. 2 4.3 Hy<lraulic Control Units

1

Fach hydraulic control unit (HCU) furnishes pressurized water, on
signal. to a drive unit. The drive then positions its control
rod as required. Operation of the electrical system that
supplies scram and normal control rod positioning siqnals to the
HCU is described in Subsection 7.7.1.2. The basic components in
each HCU are manual, pneumatic, and electrical valves; an
accumulator;, related piping; electrical connections; filters; a»d
instrumentation ( ee Figures 4.6-5b, 4.6-6, and 4.6-'7) . The
components and their functions are described i» the following
paragraphs.

4. 6.1. 1 2. 4. 3. 1 insert Drive Valve

The insert drive valve is solenoid-operated and opens on an
insert signal. The valve supplies drive vater to the bottom side
of the main dri ve piston.

4 6.1.1 2. 4. 3 2 Tnsert Exhaust Valve

The insert exha ust solenoid valve also oper» on an inse "t signa l.
The valve discharges water from above the drive piston to the
exhaust water header.

4.6.1.1. 2. 4. 3. 3 Withdraw Dr ive Valve

The withdraw drive valve is solenoid-operated and opens on a
withdraw signal. The valve supplies drive water to the top of
the drive piston.

4. 6-13
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4.6.1.1.2.4 3 4 Withdraw Pxhaust ValveJ

The solenoid-operated withdraw exhaust valve opens on a withdraw
signal. and discharges water from below the main drive piston to
the exhaust header. Xt also serves as the settle valve, which
opens followinq any normal drive movement (insert or withdraw) to
allow the control rod and its drive to settle back into the
nearest latch postion.

4.6.1.1.2. 4.3.5 Speed Control tJnits

The insert drive valve and withdraw exhaust valve have a speed
control unit. The speed control unit regulates the control rod
insertion and withdrawal rates during normal operation. The
manually adjustable flow control unit is used to regulate the
water flow to and from the volume beneath the main drive piston.
A correctly adjusted unit does not require readjustment except to
compensate for changes in drive seal leakaqe.

6.1.1.2.4,3,6 Scram Pilot Valves

The scram pilot valves are operated from the reactor protection
system. A scram pilot valve with two solenoids controls both
the scram inlet valve and the scram exhaust valve. The scram
pilot valves are three-way, solenoid-operated, normally energized
valves. On loss of electrical signal to the solenoids, such as
the loss of external a-c power, the inlet port closes and the
exhaust port opens. The pilot valves (Figures 4.5-5a and b) are
desiqned so that the trip system siqnal must be removed from both
solenoids before air pressure can be discharged from the sc.am
valve operators. This prevents inadvertent scram of a single
drive in the event of a failure of one of the pilot valve
solen oid s.

4.6.1.1. 2. 4,3. 7 Scram Inlet Valve

The scram inlet valve opens to supply pressurized water to the
bottom of the drive piston. This quick openinq globe valve is
operated by an internal sprinq and system pressure. It is
closed by air pressure applied to the top of its diaphragm
operator. A main control room indicating light is energized
when both the scram inlet valve and the scram exhaust valve are
fully open.
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4 6 1.1.2 4 3. 8 Scram Exhaust Valve

The scram exhaust valve opens slightly before the scram inlet
valve, exhausting water from above the drive piston. The exhaust
valve opens faster than the inlet valve because of the higher
air pressure sprinq setting in the valve operator.

4 6.1;l. 2. 4. 3. 9 Scram Accumulator

The scram accumulator stores sufficient energy to fully insert a
control rod at lower vessel pressures. At higher vessel
pressures the accumulator pressure is assisted or supplanted by
reactor vessel pressure. The accumulator is a hydraulic cylinder
with a free-floating piston. The piston separates the water on
top from the nitroqen below. A check valve in the accumulator
charging line prevents loss of water pressure in the event supply
pressure is .lost.

Durinq normal plant operation, the accumulator piston. is seated
at the bottom of its cylinder. Loss of nitrogen decreases the
nitroqen pressure, - which actuates a pressure switch and sounds an
alarm in the .control room.

To ensure that the accumulator is always able to produce a scram,it is continuously monitored for water leakage. A float type
level switch actuates an alarm if water leaks past the piston
barrier and collects in the accumulator instrumentation block.

4 6.1 l. 2 5 Control Rod Drive System Operation

The control rod drive system performs rod insertion, rod
withdrawal, and scram. These operational functions are described
below.

4.6.1.1 2 5.1 Rod Insertion

Rod insertion is initiated by a signal from the operator to the
insert valve solenoids. This siqnal causes both insert valves
to open. The insert drive valve applies reactor pressure plus
approximately 90 psi to the bottom of the drive piston. The
insert exhaust valve allows water from above the drive piston to
discharge to the exhaust header. h

As is illustrated in Figure 4.6-3, the locking mechanism is a
ratchet-type device and does not interfere with rod insertion.
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The speed at which the drive moves is determined by the flow
throuqh the insert speed control valve, which is set for
approximately 4 gpm for a shim speed (nonscram operation) of 3
in./sec. Durinq normal insertion, the pressure on the downstream
side of the speed control valve is 90 to 100 psi above reactor
vessel pressure. However, if the drive slows for any reason, the
flow throuqh, and pressure drop across, the insert speed control
valve will decrease; the full differential pressure (260 psi)will then be available to cause continued insertion. With 260-
psi differential pressure actin'g on the drive piston, the piston
exerts an upward force of 1040 lb.

4- 6-1-1 2- 5. 2 Rod Withdrawal

Rod withdrawal is, by design, more involved than insertion. Thecollet finger (latch) must be raised to reach the unlocked
position (see Figure 4.6-3) . The notches in the index tube and
the collet fingers are shaped so that the downward force on the
index tube holds the collet finqers in place. The index tube
must be lifted before the collet fingers can be released. This
is done by opening the drive insert valves (in the manner
described in the preceding paragraph) for approximately 1 sec.
The withdraw valves are then opened, applying driving pressure
above the drive piston and opening the area below the piston to
the exhaust header. Pressure is simultaneously applied to thecollet piston. As the piston raises, the collet fingers are
cammed outward, away from the index tube, by the guide cap.

The pressure required to release the latch is set and maintained
at a level high enouqh to overcome the force of the latch return
spring plus the force of reactor pressure opposing movement of
the collet piston. When this occurs, the index tube is unlatched
and free to move in the withdraw direction. Water displaced by
the drive piston flows out through the withdraw speed control
valve, which is set to qive the control rod a shim speed of 3
in./sec. The entire valvinq sequence is automatically controlled
and is initiated by a sinqle operation of the rod withdraw
switch.

4 6.1 1.~5 3 Scram

During a scram the scram pilot valves and scram valves are
operated as previously described. With the scram valves open,
accumulator pressure is admitted under the drive piston, and the
area over the drive piston is vented to the scram discharge
volume.
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The large differential pressure (initially approximately 1500 psi
and always several hundred psi, depending on reactor vessel
pressure) produces a large upward force on the index tube and
control rod. This force gives the rod a high initial
acceleration and provides a large margin of force to overcome
friction After the initial acceleration is achieved, the drive
continues at a nearly constant velocity. This characteristic
provides a high initial rod insertion rate. As the drive piston
nears the top of its stroke the piston seals close off the large
passaqe (buffer orificesj in the stop piston tube, providing a
hydraulic cushion at the end of travel

Prior to a scram signal the accumulator in the Hydraulic Control
Unit has approximately 1450-1510 psiq on the water side and l050-
1100 psiq on the nitrogen side As the inlet scram valve opens,
the full water side pressure is available at the control rod
drive acting on a 4.1 sq in. area. As CRD motion begins, this
pressure drops to the qas side pressure less line losses between
the accumulator and the CRD. At low vessel pressures the a

accumulator completely discharges with a vaulting gas side
pressure of approximately 575 psi. The control rod drive
accumulators are reguired to scram the .control rods when the
reactor pressure is low, and the accumulators retain sufficient
stored energy to ensure the complete insertion of the control
rods in the required time.

The ball check valve in the drive flange allows reactor pressure
to supply the scram force whenever reactor pressure exceeds the
supply pressure at the drive. This occurs, due to accumulator
pressure decay and inlet line losses, during all scrams at higher
vessel pressures. When the reactor is close to or at fully
operating pressure, reactor pressure alone will insert the
control rod in the required time, although the accumula tor does
provide additional margin at the beginning of the stroke.

The contxol rod drive system, with accumulators, provides the
followinq scram performances at full power operation, in terms of
averaqe elapsed .time after the opening of the reactor protection
system trip actuator (scram signal) for the drives to attain the
scram strokes listed:
Percent of full stroke 5 20 50 90

Stroke in inches

Average time in sec

7.2

0 375

28 8 72.0

0 90 ~ 2 0

129. 6

3.5
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6 l. 1 2. 6 Instrumentation

The instrumentation for both the control rods and control rod
drives is defined by that given for the manual control system.
The ob jective of the reactor manual control system is to provide
the operator with the means to make changes in nuclear reactivity
so that reactor power level and power distribution can be
controlled The system allows the operator to manipulate control
rods~

The design bases and further discussion are covered in Chapter 7

4 6. 1 2 Control Rod Drive Housinq S~u )orts

4 6.1. 2. 1 Saf et'bjective

The control rod drive {CRD) housing supports prevent anysiqnif'icant nuclear transient in the event a drive housing breaks
or separates from the bottom of the reactor vessel.

4 6.1 2 2 Safety De~si n Bases

The CRD housinq supports shall meet the following safety design
bases:

{l) Pollowinq a postulated CRD housing failure, control rod
downward motion shall be limited so that any resulting

~ nuclear transient could not be sufficient to cause fuel
damage.

{2) The clearance between the CRD housings and'he supports
shall be sufficient to prevent vertical contact stresses
caused by thermal expansion during plant operation.

4 6.1.2 3 Desc~ri tion

The CRD housinq supports are shown in Figure 4 6-8. Horizontal
beams are installed immediately below the bottom head of the
reactor vessel, between the rows of CRD housings. The beams are
supported by brackets welded to the steel form liner of the drive
room in the reactor support pedestal.

4 6-18



SSES- FSAR

Hanqer rods, approximately 10 ft long and 1-3/4 in. in diameter,
are supported from the beams on stacks of disc springs. These
sprinqs compress approximately 2 inches under the design load.

The support bacs are bolted betwee'n the bottom ends of the hanger
rods., The spring pivots at the top, and the beveled, loosefitting ends on the support bars prevent sunstantial bending
moment in the hanqer ods if the support bars are overloaded.

Individual grids rest on the support bars between adjacent beams.
Because a single piece qrid would be difficult to handle in the
limited work space and because it is necessary that control rod
drives, position indicators, and in-core in=trumentation
components be accessible for -inspection and maintenance, each
grid is designed for in-place, assembly or disassembly. Each grid
assembly is made from two qrid plates, a clamp, and 'a bolt; The
top part of the clamp quides the grid to its correct positiondirectly below the respective CRD housing that it would support
in the postulated. accident.

When the support bars and qrids are .installed, a gap of
appcoximately 1 inch at room temperature (approximately 700F) is
provided between the qrid and the bottom contact surface of the
control rod drive flange. Ducinq system heatup, this gap is
reduced by a net downward expansion of the housings with respect
to the supports. In the hot operatinq condition, the gap i
approximately 1/4 inch.

In the postulated CRD hou-inq failure, the CRD housing suppocts
are loaded when the lower contact surface of the CRD flange
contacts the qrid. The cesultinq load is then carried by two
qrid plates, two support bars, four hanger cods, their disc
sprinqs, and two adjacent beams.

The American Institute of Steel Construction (AISC) Manual of
Steel Construction, "Specification for the Design, Fabrication
and Erection of Structural Steel for Buildings,~'as used in
desiqninq the CRD housinq support system. However, to provide
structure that absorbs as much energy as practical without
yielding, the allowable tension and bendinq stresses used wece
90% of. yield and the shear srress used was 60% of. yield. These
design stresses are 1.5 times the AISC allowable stresses (60%
and 40% of yield, respectively).
Foc purposes of mechanical design, the postulated failure
cesultinq in the highest forces is an instantaneous
circumferential s aration of the CRD housing from the reactoc
vessel, with an inte nal pressure of 1250 psiq (reactor vessel
desiqn pressuce) act~ on the area of the separated housing.
The weiqht of the separated housinq, control rod drive, and
blade, plus the, pressure of 1250 psiq actin<) on the area of the
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separated housing, gives a force of- approximately 35 ~ 000 lb.this force is multipli i by„a factor of 3 for impact,
conservatively assuming that the housing travels through .a l-in.,
gap before it conta"ts the supports. The total force (105,000
lb) is then treated as a static load in. design.,
All CRD housing support subassemblies are fabricated of commonlyavailable structural steel, except for the disc springs, which
are Schnorr, Type BS-125-71-8.

4 6 2 Evaluations of the CRDS .

This subject is covered under nuclear safety and operational
analysis (NSOA) in Appendix 15A, Subsection 15A. 6. 5.3. 22

4.6. 2. 3 Safety Evaluation-

Safety evaluation of toe control rods, CRDS, and control roddrive housing supports .is iescribei below. Further des" ription
of "ontrol rods is contained in Section 4.2.

4.6 2.3.1 - Control Rois

I
4.6 2.3.1.1 Materials Adequacy Throughout Design Lifetime

The adeguacy of the materials throughout the design life was
evaluated in the me"hanical design of the "ontrol rods.. The
primary materials,

7

84= powder and 304 aust niti" stainless steel, have been found
suitable in meeting the demanis of the BRR environment.

Rev. 22, 4/Sl 4.6- 2O
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Layout studies are done to assure that, given the worst
combination of part tolerance ranges at assembly, no
interference exists which will restrict the passage of control
rods. In addition, preoperational verification is made on each
control blade system to show that the acceptable levels of
operational performance are met.

4 6.2. 3. 1. 3 Thermal Analysis of the Tendency to Warp

The various parts of the control rod'ssembly remain at
approximately the same temperature during reactor operation,
negating the problem of distortion or warpage What little
differential thermal growth could exist is allowed for in the
mechanical desiqn. A minimum axial qap is maintained between
absorber rod tubes and the control rod frame assembly for the
purpose. In addition, dissimilar metals are avoided to further
this end.

4.6.2.3.1.4 forces for Expulsion

An analysis has been performed which evaluates the maximum
pressure forces which could tend to 'eject a control rod from the
core. The results of this analysis are given in Subsection
4.6.2.3 2 2.2 In summary, if the collet were to remain open,
which is unlikely, calculations indicate that the steady-state
control rod withdrawal velocity would be 2 ft/sec for a pressure-
under line break, the limiting case for rod withdrawal.

4~6.2.3 le5 Functional Failure of Critical Components

The consequences of a functional failure of critical components
have been evaluated and the results are covered in Subsection
4.6.2.3.2 2-

4.6.2.3.1 6 Precluding Excessive Rates of Reactivity
Addition

In order to preclude excessive rates of reactivity addition,
analysis has been performed both'n the velocity limiter device
and the effect of probable control rod failures (see Subsection
4 6 2.3 2 2)
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4.6.2.3.1 7 Effect of Fuel Rod Pailure on Control Rod
Channel Clearances

The control rod drive mechanical design ensures a sufficiently
rapid insertion of control rods to preclude the occurrence of
fuel rod failures which could hinder reactor shutdown by causing
significant distortions in channel clearances.

4. 6.2. 3.1 8 Nechaaica1 Damacme

Analysis has been performed for all areas of the control system
showinq that system mechanical damage does not affect the
capability to continuously provide reactivity control.
In addition to the analysis performed on the control rod drive
(Subsection 4.6.2.3.2.2 and Subsection 4.6. 2. 3.2.3) an'd the
control rod blade, the following discussion summarizes the
analysis performed on the control rod guide tube.

The guide tube can be subjected to any or all of the following
loads:

(1) Inward load due to pressure differential
(2) Lateral loads due to flow across the guide tube

(3) Dead Weight

{4) Seismic (Vertical and Horizontal)

{5) Vibration

In all cases analysis was performed considering both arecirculation line break and a steam line break. These eventsresult in the largest hydraulic loadings on a control rod guide
tu be.

Two primary modes of failure were considered in the guide tube
analysis; exceeding allowable stress and excessive elastic
deformation. It was found that the allowable stress limit will
not be exceeded and that the elastic deformations of the guide
tube never are qreat enough to cause the free movement of thecontrol rod to be jeopardized.

4 6 2.3 1 9 Evaluation of Control Rod Velocit~ Limiter

The control rod velocity limiter limits the free fall velocity of
the control rod to a value that cannot result in nuclear system
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process barrier damage. This velocity is evaluated by the rod
drop accident analysis in Chapter 15.

4 6 2 3 2 Control Rod Drives

4.6 2 3 2 l Evaluation of Scram Time

The rod scram function of the control rod drive system provides
the negative reactiv'ity insertion required by safety design basis
in Subsection 4 6 .1 l.l.l.l. The scram time shown in the
description is adequate as shown by the transient analyses of.
Chapter 15.

4.6.2.3. 2 2 Analysis of t1alfunction Relating to
Rod withdrawal

There are no known single malfunctions that cause the unplanned
withdrawal of even a single ccntrol rod However, if multiple
malfunctions are postulated, studies show that an unplanned rod
withdrawal can occur at withdrawal speeds that vary with the
combination of malfunctions postulated In all cases the
subsequent withdrawal speeds are less than that assumed in the
rod drop accident analysis as discussed in Chapter 15.
Therefore, the physical and radiological consequences of such rod
withdrawals are less than those analyzed in the rod drop
accident.

4.6 2.3.2.2.1 Drive Housi~n Fails at Attachment Held

The bottom head .of the reactor vessel has a penetration for each
control rod drive location A drive housing is raised into
position inside each penetration and fastened by welding The
drive is raised into the drive housing and bolted to a flange at
the bottom of the housing. The housing material is seamless,
Type 304 stainless steel pipe with a minimum tensile strength of
75,000 psi. The basic failure considered here is a complete
circumferential crack through the housing wall at an elevation
just below the J-weld

Static loads on the housinq wall include the weight of the drive
and the control rod, the weight of the housing below the J-weld,
and the reactor pressure acting on'he 6-in. diameter cross-
sectional area of the housing and the drive. Dynamic, loading
results from the reaction force during drive operation.
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If the housing were to fail as described, the following sequence
of events is foreseen. The housing would separate from the
vessel. The control rod drive and housing would be blown
downward aqainst the support structure by reactor pressure acting
on the cross-sectional area of the housing and the drive. The
downward motion of the drive and associated parts would be
determined by the gap between the bottom of the drive and the
support structure and by the deflection of the support structure
under load. In the current design, maximum deflection is
approximately 3 in. If the collet were to remain latched, no
further control rod ejection would occur (Reference 4.6-1),; the
housi nq would not drop far enough to clear the vessel
penetration. Reactor water would leak at a rate of approximately
220 qpm through the 0.03-inch diametral clearance between the
housinq and the vessel penetration.

If the basic housing failure were to occur while the control rod
is being withdrawn (this i a small fraction of the total drive
operatinq time) and if the collet were to stay unlatched, the
.following sequence of events is foreseen. The housing would
separate from the vessel. The drive and housing would be blown
downward against the control rod drive housing support.
Calculations indicate that the steady-state rod withdrawal
velocity would be 0.3 ft/sec. During withdrawal, pressure under
the collet piston would be approximately 250 psi greater than the
pressure over it. Therefore, the collet would be held in the
unlatched position until driving pressure was removed from the
pressure-over port.

4.6.2. 3. 2.2. 2 Rupture of Hydraulic Line(s) to Drive
Housi~n Flange

There are three types of possible rupture of hydraulic lines to
the drive housing flange: (1) pressure-under line break; (2)
pressure-over line break; and (3) coincident breakage of both of
these lines

4 6.2 3 2 2.2 1 Pressure-under Line Break

For the case of a pressure-under line break, a partial or
complete circumferential opening is postulated at or near the
point where the line enters the housing flange. Failure is morelikely to occur after another basic failure wherein the drive
housinq or housing flange separates from the reactor vessel-
Failure of the housing, however, does not necessarily lead
directly to failure of the hydraulic lines.
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If the pressure-under line were to fail and if the collet were
latched, no control rod withdrawal would occur. There would be
no pressure differential across the collet piston and, therefore,
no tendency to unlatch the collet. Consequently, the associated
control rod could not be withdrawn, but if reactor pressure is
greater than 600 psig, it will insert on a scram signal.

The ball check valve is desiqned to seal off a broken pressure-
under line by usinq reactor pressure to shift the check ball to
its upper seat. If the ball check valve were prevented from
seatinq, reactor water would leak to the atmosphere. Because of
the broken line, cooling water could not be supplied to the drive
involved Loss of coolinq water would cause no immediate damage
to the drive. However, prolonged exposure of the drive to
temperatures at or near reactor temperature could lead to
deterioration of material in the seals. High temperature would
be indicated to the operator by the thermocoup1e in the position
indicator probe.. A second indication would be high cooling water
flow

If the basic line failure were to occur while the control rod is
being withdrawn the hydraulic force would not be sufficient to
hold the collet open, and spring force normally would cause the
collet to latch and stop rod withdrawal. However, if the collet
were to remain open, calculations indicate that the steady-state
control rod withdrawal velocity would be 2 ft/sec.

4 6 2.3 2.2 2.2 Pressure-over Line Break

The case of the pressure-over line breakage considers the
complete breakage of the line at or near the point where it
enters the housing flange. If the line were to break, pressure
over the drive piston would drop from reactor pressure to
atmospheric pressure. Any significant reactor pressure
(approximately 600 psiq or greater) would act on the bottom of
the drive piston and fully insert the drive. Insertion would
occur reqardless of the operational mode at the time of the
failure. After full insertion, reactor water would leak past the
stop piston seals. This leakage would exhaust to the atmosphere
throuqh the broken pressure-over line The leakage rate at 1000
psi reactor pressure is estimated to be 4 gpm nominal but not
more than 10 qpm, based on experimental measurements. If the
reactor were hot, drive temperature would increase. This
situation'ould be indicated to the reactor operator by the drift
alarm, by the fully inserted drive, by a high drive temperature
(indicated and printed out on a recorder in the control room),
and by operation of the drywell sump pump.

4 6-25



SSES-FS AR

For the simultaneous breakage of the pressure-over and pressure-
under lines, pressures above and below the drive piston would
drop to zero, and the ball check valve would close the broken
pressure-under line. Reactor water would flow from the annulus
outside the drive, throuqh the vessel ports, and to the space
below the drive piston. As in the case of pressure-over line
breakage, the drive would then insert (if the reactor were above
600 psi) at a speed dependent on reactor pressure Pull
insertion would occur regardless of the operational mode at the
time of failure. Reactor water would leak past the drive seals
and out the b"oken pressure-over line to the atmosphere, as
described above Drive temperature would increase. Indication
in the control room would include the drift alarm, the fully
inserted drive, the high drive temperature printed out on a
recorder in the control room, and operation of the drywell sump
pum p.

4.6.2.3.2.2 3 All Drive Flange Bolts Fail in Tension

Each control rod drive is bolted to a flange at the bottom of a
drive housing. The flanqe is welded to the drive housing. Bolts

are made of AISI-4140 steel, with a minimum tensile strength of
125,000 psi. Each bolt has an allowab1e load capacity of 15,200
pounds. Capacity of the 8 bolts is 121,600 pounds. As a result
of the reactor desiqn pressure of 1250 psig, the ma jor load onall 8 bolts is 30,400 pounds.

If a proqressive or simultaneous failure of all bolts were to
occur, the drive would separate from the housing. The control
rod and the drive would be blown downward against the support
structure. Impact velocity and support structure loading would
be slightly less than that for drive housing failure, because
reactor pressure would act on the drive crosssectional area only
and the housinq would remain attached to the reactor vessel. The
drive would be isolated from the cooling water supply. Reactor
water would flow downward past the velocity limiter piston,
throuqh the large drive filter, and into the annular space
between the thermal sleeve and the drive. For worst-case leakage
calculations, the .larqe filter is assumed to be deformed or swept
out of the way so it would offer no significant flow restriction.
At a point near the top of the annulus, where pressure would have
dropped to 350 psi, the water would flash to steam and cause
choke-flow conditions. Steam would flow down the annulus and out
the space between the housing and the drive flanges to the
drywell. Steam formation would limit the leakage rate to
approximately 840 qpm.

If the collet were latched, control rod ejection would be limited
to the distance the drive can drop before coming to rest on the
support structure. There would be no tendency for the collet to
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unlatch, because pressure below the collet piston would drop to
zero. Pressure forces, in fact, exert 1435 pounds to hold the
collet in the latched position.

If the bolts failed during control rod withdrawal, pressure below
the collet piston would drop to zero. The collet, with 1650
pounds return force, would latch and stop rod withdrawal.

4.6.2.3.2.2.4 Meld Joining Flange to Housing Fails in
Tension

The failure considered is a crack in or near the weld that joins
the flange to the housing. This crack extends through the wall
and completely around the housing. The flange material is
forged, Type 304 stainless steel, with a minimum tensile strength
of 75,000 psi The housing material is seamless, Type 304
stainless steel pipe, with a minimum tensile strenqth of 75,000
psi. The conventional, full penetration weld of Type 308
stainless steel has a minimum tensile strength approximately the
same as that for the parent metal. The design pressure and
temperature are 1250 psig and 575~F. Reactor pressure acting on
the cross-sectional area of the drive; the weight of the control
rod, drive, and flange; and the dynamic reaction force during
drive operation result in a maximum tensile stress at the weld of
approximately 6000 psi.

If the basic flange-to-housing joint failure occurred, the flange
and the attached drive would be blown downward against the
support structure. The support structure loading would be
slightly less than that for drive housing failure, because
reactor pressure would act only on the drive cross-sectional
area. Lack of differential pressure across the collet piston
would cause the collet to remain latched and limit control rod
motion to approximately 3 inches. Downward drive movement would
be small, therefore, most of the drive would remain inside the
housing. The. pressure-under and pressure-over lines are flexible
enough to withstand the small displacement and remain attached to
the flange. Reactor water would follow the same leakage path
described above for the flange bolt failure, except that exit to
the drywell would be through the gap between the lower end of the
housing and the top of the flange. Mater would flash to steam in
the annulus surrounding the drive The leakage 'rate would be
approximately 840 qpm.

If the basic failure were to occur during control rod withdrawal
(a small fraction of the total operatinq time) and if the co1let
were held unlatched, the flange would separate f rom the housing.
The drive and flange would be blown downward against the support
structure. The calculated steady-state rod withdrawal veloci ty
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would be 0.13 ft/sec. Because pressure-under and pressure-over
lines remain intact, driving water pressure would continue to the
drive, and the normal exhaust line restriction would exist. The
pressure below the velocity limiter piston would drop below
normal as a result of leakage from the qap between the housing
and the flange. This differential pressure across the velocitylimiter piston would result in a net downward force of
approximately 70 pounds. Leakage out of the housing would
greatly reduce the pressure in the annulus surrounding the drive.
Thus, the net downward force on the drive piston would be less
than normal The overall effect of these events would be to
reduce rod withdrawal to approximately one-half of normal speed.
With a 560-psi differential across the collet piston, the collet
would remain unlatched; however, it should rela tch as soon as the
drive siqna 1 is removed.

4 6.2.3.2 2.5 Housing Wall Ruptures

This failure is a vertical split in the drive housing wall just
below the bottom head of the reactor vessel. The flow area of
the hole is considered equivalent to the annular area between the
drive and the thermal sleeve. Thus, flow through this annular
area, rather than flow through the hole in the housing, would
qovern leakage flow. The housing is made of Type 304 stainless
steel seamless pipe, with a minimum tensile strength of 75,000
psi. The maximum hoop stress of 11,900 psi results primarily
from the reactor design pressure {1250 psig) acting on the inside
of the housing.

If such a rupture were to occur, reactor water would flash to
steam and leak through the hole in the housing to the drywell at
approximately 1030 qpm. Choke-flow conditions would exist, as
described previously for the flange-bolt failure. However,
leakage flow would be greater because flow resistance would be
less, that is, the leaking water and steam would not have to flow
down the length of the housinq to reach the drywell. A critical
pressure of 350 psi causes the water to flash to steam.

No pressure differential across the collet piston would tend to
unlatch the collet; but the drive would insert as a result of
loss of pressure in the drive housing causing a pressure drop in
the space above the drive piston.
If this failure occurred during control rod withdrawal, drive
withdrawal would stop, but the -collet would remain unlatched.
The drive would be stopped by a reduction of the net downward
force action on the drive line. The net force reduction would
occur when the leakage flow of 1030 gpm reduces the pressure in
the annulus outside the drive to approximately 540 psig, thereby
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reducing the pressure acting on top of the drive piston to the
same value. A pressure differential of approximately 710 psi
would exist across the collet piston and hold the collet
unlatched as lonq as the operator held the withdraw signal.

6 2.3 2.2 6 Flange Pl~u Blows Out

To connect the vessel ports with the bottom of the ball check
valve, a hole of 3/4-inch diameter is drilled in the drive
flange. The outer end of this hole is sealed With a plug of
0.812 inch diameter and 0.25 inch thickness. A full-penetration,
Type 308 stainless steel weld holds the plug in place. The
postulated failure is a full circumferential crack in this weld
and subsequent blowout of the plug.

If the weld were to fail, the plug were to blow out, and the
collet remained latched, there would be no control rod motion.
There would be no pressure differential across the collet piston
acting to unlatch the collet Reactor water would leak past the
velocity j.imiter piston, down the annulus between the drive and
the thermal sleeve, throuqh the vessel ports and drilled passage,
and out the open plug hole to the drywell at approximately 320
qpm. Leakage calculations assume only liquid flows from the
flanqe. Actually, hot reactor water would flash to steam, and
choke-flow conditions would exist. Thus, the expected leakage
rate would be lower than the calculated value. Drive temperature
would increase and initiate an alarm in the control room.

Xf this failure were to occur during control rod withdrawal andif the collet were to stay unlatched, calculations indicate that
control rod withdrawal speed would be approximately 0.24 ft/sec
Leakaqe from the open plug hole in the flanqe would cause reactor
water to flow downward past the velocity limiter piston. A small
differential pressure across the piston would result in an
insiqnificant driving force of approximately 10 lb, tending to
increase withdraw velocity.
A pressure differential of 295 psi across the collet piston would
hold the collet unlatched as 3.ong as the driving signal was
maintained.

Flow resistance of the exhaust path from the drive would be
normal because the ball check valve would be seated at the lower
end of its travel by pressure under the drive piston.
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4 6.2 3 2.2.7 Ball Check Valve plug Blows Out

As a means of access for machininq the ball check valve cavity, a
1.25 inch diameter hole has been drilled in the flange forging.
This hole is sealed with a plug of l. 31 inch diameter and 0. 38
inch thickness A full-penetration weld, utilizinq Type 308
stainless steel filier, holds the plug in place. The failure
postulated is a circumferential crack in this weld leading to a
blowout of the pluq.

If the plug were to blow out while the drive was latched, there
would be no control rod motion. No pressure differential would
exist across the collet piston to unlatch the collet. As in the
previous failure, reactor water would flow past the velocity
limiter, down the annulus between the drive and thermal sleeve,
throuqh the vessel port and drilled passage, through the ball
check valve cage and out the open plug hole to the drywell. The
leakage calculations indicate the flow rate would be 350 gpm.
This calculation assumes liquid flow, but flashing of the hot
reactor water to steam would reduce this rate to a lower value.
Drive temperature would rapidly increase and initiate an alarm in
the control room.

If the plug failure were to occur during control rod withdrawal,(it would not be possible to unlatch the drive after such a
failure) the collet would relatch"at the first locking groove.If the collet were to stick, calculations indicate the control
rod withdrawal speed would be 11.8 feet per second. There would
be a large retardinq force exerted by the velocity limiter due to
a 35 psi pressure differential across the velocity limiter
piston

4.6.2.3.2.2.8 Drive Pressure Control Valve Closure
/Reactor pressu~re ~Osi

The pressure to move a drive is generated by the pressure drop of
practically the full system flow through the d~rive pressure
control valve. This valve is either a motor o'perated valve or a
standby manual valve; either one is ad justed to a fixed opening.
The normal pressure drop across this valve develops a pressure
260 psi in excess of reactor pressure.

If the flow through the drive pressure control valve were to be
stopped, as by a'alve closure or flow blockage, the drive
pressure would increase to the shutoff pressure of the supply
pump. The occurrence of this condition during withdrawal of a
drive at zero vessel pressure will result in a drive pressure
increase from 260 psiq to no more than 1750 psig. Calculations
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indicate that the drive would accelerate from 3 in./sec to
approximately 6.5 in /sec. A pressure differential of 1670 psi
across the collet piston would hold the collet unlatched. Flow
would be upward, past the velocity limiter piston, but retarding
force would be neqligible. Rod movement would stop as soon as
the drivinq signal was removed.

4.6.2.3.2.2.9 Ball Check Valve Fails to Close Passage
to Vessel Ports

Should the ball check valve sealing the passage to the vessel
ports be dislodged and prevented from reseating following the
insert portion of a drive withdrawal sequence, water below the
drive piston would return to the reactor through the vessel
ports and the annulus between the drive and the housing rather
than through the. speed control valve. Because the flow
resistance of this return path would be lower than normal, the
calculated withdrawal speed would be 2 ft/sec. During
withdrawal, differential pressure across the collet piston would
be approximately 40 psi Therefore, the collet would tend to
latch and would have to stick open before continuous withdrawal
at 2 ft/sec, could occur. Water would flow upward past the
velocity limiter piston, qenerating a small retarding force of
approximately 120 pounds.

4 6 2.3.2.2.10 ~Hdraulic Control Unit Valve Failures

Various failures of the valves in the HCU can be postulated, but
none could. produce differential pressures approaching those
described in the precedinq paragraphs and none alone could
produce a high velocity withdrawal. Leakage through either one
or both of the scram valves produces a pressure that tends to
insert the control rod rather than to withdraw it. If the
pressure in the scram discharqe volume should exceed reactor
pressure followinq a scram, a check valve in the line to the
scram discharge header prevents this pressure from operating the
drive mechanisms.

4 6.2 3.2 2.11 Collet Fingers Fail to Latch

The failure is presumed to occur when the drive withdraw signal
is removed. If the collet fails to latch, the drive continues
to withdraw at a fraction of the normal speed. This assumption
is made because there is no known means for the collet fingers to
become unlocked without some initiating signal. Because the
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collet fingers will not cam open under a load, accidental
application of a down siqnal does not unlock them. (The drive
must be qiven a short insert signal to unload the fingers and cam
them open before the collet can be driven to the unlock
position.) If the drive withdrawal valve fails to close
followinq a rod withdrawal, the collet would remain open and the
drive continue to move at a reduced speed

4. 6 2. 3.2.2.12 Withdrawal S~eed Control Valve Failure

Normal withdrawal speed is determined by differential pressures
in the drive and is set for a nomina1 value of 3 in./sec.
Withdrawal speed is maintained by the pressure regulating system
and is independent of reactor vessel pressure. Tests have shown
that accidental opening of the speed control valve to the full-
open position produces a velocity of approximately 6 in./sec.
The control rod drive system prevents unplanned rod withdrawal
and it has been shown above that only multiple failures in a
drive unit and in its control unit could cause an unplanned rod
withdrawal

4. 6 2 3 2 3 Scram Reliabili~t

High scram reliability is the result of a number of features of
the CRD system. For example:

(1) Two reliable sources of scram energy are used to insert
each control rod: individual accumulators at low
reactor pressure, and the reactor vessel pressure itself
at power.

(2) Each drive mechanism has its own scram and a dual
solenoid scram pilot valve so only one drive can be
affected if a scram valve fails to open. Both valve
solenoids must be deenergized to initiate a scram

(3) The reactor protection system and the HCUs are designed
so that the scram siqnal and mode of operation overrideall others.

(4) The co,llet assembly and index tube are designed so they
wilL not restrain or prevent control rod insertion
during scram.
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(5) The scram. discharqe volume is monitored for accumulated
water and the reactor will scram before the volume is
reduced to a point that could interfere with a scram.

4 6.2.3 2 4 Control Rod Support and Operation

As described above ~ each contro1 rod is independently supported
and controlled as required by safety design bases.

4. 6.2.3. 3 Control noH prius HousincCnSu >ports

Downward travel of the CRD housing and its control rod following
the postulated housing failure equals the sum of these
distances: (1) the compression of +he disc springs under dynamic
loadinq, and {2) the initial gap between the grid and the bottom
contact surface of the CRD flange. If the reactor were cold and
pressurized, the downward motion of the control rod would be
limited to the spring compression (approximately 2 in ) plus a

gap of approximately 1 in. If the reactor were hot and
pressurized, the qap would be approximately 1/4 in. and the
spring compression would be slightly less than in the cold
condition. In either case, the control rod movement followinq a
housinq failure is substantially limited below one drive "notch"
movement (6 in.) . Sudden withdrawal of any control rod through a
distance of one drive notch at any position in the core does not
produce a transient sufficient to damage any radioactive material
ba rrier.
The CRD housing supports are in place during power operation and
when the nuclear system is pressurized If a control rod is
ejected during shutdown, the reactor remains subcritical becauseit is designed to remain subcritical with any one control rod
fully withdrawn at any time.

At plant operating temperature, a gap of approximately 1/4 in.
exists between the CRD housing and the supports. At lower
temperatures the qap is greater. Because the supports do not
contact any of the CRD housinq except during the postulated
accident condition, vortical contact stresses are prevented.
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4 6.3 Test~in, and Verification of the CRDs

4 6 3 1 Control Rod Drives

4.6.3 1.1 Testi~n and Inn~ection

4.6.3.1 1 1 Development Tests

The development drive (prototype) testing included more than 5000
scrams and approximately 100,000 latching cycles. One prototype
was exposed to simulated operatinq conditions for 5000 hours
These tests demonstrated the following:

(1} The drive easily withstands the forces, pressures, and
temperatures imposed.

(2) Wear, abrasion, and corrosion of the nitrided stainless
parts are negliqible. 4}echanical performance of the
nitrided surface is superior to that of materials used
in earlier operating reactors.

(3) The basic scram speed of the drive has a satisfactory
margin above minimum plant requirements at any reactor
vessel pressure.

I

(4) Usable seal 'lifetimes in excess of 1000 scram cycles can
be expected.

4.6.3 1.1 2 Factory 9uali~t Control Tests

Quality control of weldinq, heat treatment, dimensional
tolerances, material verification, and similar factors is
maintained throughout the manufacturing process to assure
reliable performance of the mechanical reactivity control
components. Some of the quality control tests performed on the
control rods, control rod drive mechanisms, and hydraulic control
units are listed below:

(1) Control rod drive mechanism tests:
a e Pressure welds cn the drives are hydrostatically

tested in accordance with AS lE codes.

b. Electrical romponents are checked for electrical
continuity and resistance to ground.
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ci Drive parts that cannot be visually inspected for
dirt are flushed with filtered water at high
velocity. No significant foreign material is
permitted in effluent water.

d. Seals are tested for leakage to demonstrate correct
seal operation.

e. Each drive is tested for shim motion, latching, and
control rod position indication.

f. Fach drive is subjected to cold scram tests at
various reactor pressures to verify correct scram
performance

(2) Hydraulic control unit tests:

a. Hydraulic systems are hydrostatically tested in
accordance with the applicable code.

b Electrical components and systems are tested for
electrical continuity and resistance to ground.

c. Correct operation of the accumulator pressure and
level switches is verified

d. ~ The unit's ability to perform its part of a scram
is demonstrated.

e. Correct operation and adjustment of the insert and
withdrawal valves is demonstrated

4 6.3.1.1 3 Operational Tests

After installation, all rods and drive mechanisms can be tested
through their full stroke for operability

Durinq normal operation, each time a control rod is withdrawn a

notch, the operator can observe the in-core monitor indications
to verify that the control rod is followinq the drive mechanism.
All control rods that are partially withdrawn from the core can
be tested for rod-following by inserting or withdrawing the rod
one notch and returninq it to its original position, while the
operator observes the in-core monitor indications.

To make a positive test of control rod to control rod drive
:coupling integrity, the operator can withdraw a control rod to
the end of its travel and then attempt to withdraw the drive to
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the overtravel position. Failure of the drive to overtravel
demonstrates rod-to-drive couplinq integrity.
Hydraulic supply subsystem pressures can be observed from
instrumentation in the control room. Scram accumulator pressures
can be observed on the nitrogen pressure gages.

4 6 3.1.1 4 Acceptance Tests

Criteria for acceptance of the individual control rod drive
mechanisms and the associated control and protection systemswill be incorporated in specification and, test procedures
coverinq three distinct phases: (1) pre-installation, (2) aftezinstallation prior to startup, and (3) durinq startup -testing.
The pre-installation specification will define criteria and
acceptable ranqes of such characteristics as seal leakage,friction and sczam performance under fixed test conditions which
must be met before the component can be shipped.

The after installation, prestartup tests will be performed as
outlined in Chapter 14.

As fuel is placed in the reactor, the power test procedure will
be performed as outlined in Chapter 14.

4 6.3.1 1 5 Surveillance Tests

The surveillance requirements for the control rod drive system
are described below.

(2)

Sufficient control rods shall be withdzawn, following a
refuelinq outage when core alterations are performed, to
demonstrate with a margin of 0.25K Ak that the core can
be made subcritical at any time in the subsequent fuel
cycle with the strongest operable control rod fully
withdrawn and all other operable rods fully inserted.
Each partially or fully withdrawn control rod shall be
exercised one notch at least once each week.,

In the event that operation is continuing with three or more rods
valved out of sezvice, this test shall be performed at least once
each day.
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The weekly control rod exercise test serves as a periodic check
against deterioration of the control rod system and also verifies
the ability of the control rod drive to scram. Zf a rod can be
moved with drive pressure, it may be expected to scram since
higher pressure is applied durinq scram. The frequency of
exercising the control rods under the conditions of three or more
control rods valved out of service provides even further
assurance of the reliability of the remaining control rods.

(3} The couplinq inteqr3.ty shall be verified for each
withdrawn control rod as follows:

a. When the rod is first withdrawn, observe
discernible response of the nuclear
instrumentation; and

b. When the rod is fully withdrawn the first time,
observe that the drive will not qo to the
overtravel position.

Observation of a response from the nuclear instrumentation during
an attempt to withdraw a control rod indicates indirectly that
the rod and drive are coupled. The overtravel position feature
provides a positive check on the coupling integrity, for only an
uncoupled drive can reach the overtravel position

(4) Durinq operation, accumulator pressure and level at the
normal operating value shall be verified.
Experience with control rod drive systems of the same
type indicates that weekly verification of accumulator
pressure and level is sufficient to assure operability
of the accumulator portion of the control rod drive
system

(5) At the time of each ma jor refueling outage, each
operable control rod shall be subjected to scram time
tests from the fully withdrawn position.

Experience indicates that the scram times of the control rods do
not siqnificantly change over the time interval between refueling
outaqes. A test of the scram times at each refueling, outage is
sufficient to identify any significant lengthening of the scram
times.
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4.6.3 1.1 6 Functional .ests

The .functional testing program of the control rod drives consists
of the 5 year maintenance li e and the 1.5X design life test
programs as described in Subsection 3.9 4.4.

There are a nu'mber of failures that can be postulated on the CBD
but it would be very difficult to test all possible failures. A

partial test proqram with postulated accident conditions and,
imposed single failures is available.
The following tests with imposed single failures have been
performed to evaluate- the performance of the CBDs under these
conditions.

Simulated Ruptured Scram Line Test
Stuck Ball Check Valve in CRD Flange
HCU Drive Down inlet Flow Control Valve (V122) Failure
HCU Drive Down Outlet Flow Control Valve (V120) Failure
CBD Scram Performance with V120 Nalfunction
HCU Drive Up Outlet Control Valve (V121) Failure
HCU Drive Up Inlet Control Valve (V123) Failure
Coolinq Mater Check Valve (V138) Leakage
CBD Flange Check Valve Leakage
CRD Stabilization Circuit Failure
HCU Filter Restriction
Air Trapped in CRD Hydraulic System
CRD Collet Drop Test
CR Qualification Velocity Limiter Drop Test

Additional postulated CRD failures are discussed in Subsections
4.6.2.3. 2.2.1 through 4.6 2.3.2.2.11.

4.6.3 2 Control nod Drive Deus~in Su Dorts

4 6.3.2.1 Testing and ra~section

CRD housing supports are removed for inspection and maintenance
of the control rod drives. The supports for one control rod can
be removed during reactor shutdown, even when the reactor is
pressurized, because all control rods are then inserted. Mhen the
support structure is reinstalled, it is inspected for correct
assembly with particular attention to maintaining the correct gap
between the CRD flange lower contact surface and the qrid.
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4.6.4 Information for Combined Performance of Reactivity
Systems

4.6 4.1 Vulnerabili~t to Common Node Failures

The reactivity control systems have been located in accordance
with the separation criteria described in Section 3. 12. The
locations of the equipment for these systems are shown on the
figures in Section 1. 2.

4.6.4.2 Accidents Taking Credit for Multiple Reactivity
~Sstem s

There are no postulated accidents evaluated in Chapter 15 that
take credit for two or more reactivity control systems preventing
or mitiqating each accident.

4 6. 5 EV A'LUATION OF COiN BIN ED PERFORMANCE

As indicated in Subsection 4.6.4.2, credit is not taken for
multiple reactivity control systems for any postulated accidents
in Chapter 15.

4 6 6 REFERENCES

4 6-1 Benecki, J.E., «Impact Testing on Collet Assembly for
Control Rod Drive Mechanism 7RD B144A," General Electric
Company, Atomic Power Equipment Department, APED-5555,
November 1967.

4 6-39



'SSES-FSAR

CHAPTER 5 0

h-Xu~~ all utEI aL ~II
T~AB E OF Qg NT.~TS

5 1 SUHMARY DESCRIPTION

page

5. 1-1

5 1.1
5.1.2
5 1.3

Schematic Flow Diagram
Piping and. Instrumentation Diagram
Elevation D rawing

5. 1-3
5. 1-3
5 1«4

5 2.1 Compliance with Codes. and Code Cases

5.2.1.1 Compliance with 10CFR50,
Section 50.55a

5.2.1.2 Applicable Code Cases

5.2. 2 Overpressure Protection

5.2.2.1 Design Basis

5 2 INTEGRITY OF REACTOR COOLANT PRESSURE BOUNDARY 5. 2-1

5. 2-1

5. 2-1
5. 2-1

5. 2-1

5. 2-1

5-2 2 1 1
5.2.2 1 .2
5.2 2 1 3
5 ' 2.1.4

Safety Design Bases
Power Generation Design Bases
Discussion
Safety Valve Capacity

5. 2-2
5. 2-2
5. 2-2
5. 2-3

5.2.2.2 Design Evaluation

5 2.2.2 1 Nethod of Analysis
5.2.2. 2.2 System Design

522221
5 2 2 2 2.2
5 2 2 2 2.3
5 2 2 ' 2 4

Operating Conditions
Transients

.Scram
Safety/Relief Ualve Transient Analysis
Specif i'cations

5.2.2. 2.2.5 Safety Valve Capacity
I

5.2.2.2-.3 Evaluation of Results

5. 2-4

5. 2-4
5. 2-4

5. 2-5
5. 2-5
5. 2-5

5. 2-5
5. 2-6

5. 2-6

5 22 231
5.2.2 2 3 2

Safety Valve Capa'city
Pressure Drop in Inlet and Discharge

5 2-6
5. 2-7

5-2.2. 3
5.2. 2. 4

Piping 6 Instrumen t Diagrams
Equipment and Component Descriptionv'. 2-7

5. 2-7

REU 17'/80 5-i



5.2.2.4.1
522.42

SSES-PSAR

De scription
Design Parameters

5. 2. 2. 4. 2.1 Safety/Belief Valve

5 2-7
5 2-11

5 2-11

5.2.2 5
522 6
52.2 7
5 2 2 8
5 22.9
5 2 2 10

5 2 3

5231
5 2 3 2

~Mounting of Pressure Relief Devices
Applicable Codes and Classification-
Material Specification
Process Instrumentation
System Reliability
Inspection and Testing

Reactor Coolant Pressure Boundary Materials

Material Specifications
Compatibility with Reactor Coolant

5. 2-12
5 2-12
5 2-12
5 2-12
5. 2-12
5 2-13

5 2-14

5 2-14
5 2-14

5. 2. 3. 2. 152322523-23
5-2 3-2-4

5 23 3

5 2.3 3 1

PMR Chemistry of Reactor Coolant
BMR Chemistry of Reactor Coolant
Compatibility of Construction Materials with
Reactor Coolant
Compatibility of Construction Materials With
External Insulation and Reactor Coolant

Fabrication and Processing of Ferritic
Materials

Fracture Toughness

5 2-14
5 2-14

5 2-21

5 2-21

5. 2-22

5 2-22

523311
5 23 31 2
5 2.3 3.1.3

5.2.3.3.1. 4

5'.2.3.3 1 5
5 2 3 3.1.6

Compliance with Code Requirements
Accept abl e Fr act ur e Energ y Levels
Operating Limi'ts During Heatup,
Cooldown, and Core Operation
Temperature Limits for ISI Hydrostatic
or Leak Pressure Tests
Temperature Limits for Boltup
Reactor Vessel Annealing

5 2-22
5 2-23

5 2-23

5 2-24
5. 2-24
5 2-24

5 23 32 Control of Melding 5 2-24

5.2-3-3 2 1

5 23 32 2

5 23 32 3

Control of Preheat Temperature
Employed for Welding of Los Alloy
Steel. Regulatory Guide l. 50 (REV. 0)
Control of Electroslag Meld
Proper ties. Regulator y Guide l. 34
(REV. 0)
Melder Qualification for Areas of
Limited Accessibility. Regulatory
Guide 1.71 (REV 0)

5. 2-24

5 ~ 2-2 5

5 2-25

5.23 3 3 Nondestructive Examination of Ferritic
Tubular Products 5. 2-25

REV 17'/80 5-ii



5 2 3 4

5.2.3.4.1 Avoidance of Stress Corrosion Cracking

5 2 ~ 3 ~ 4 1 1523 412
5.23 41 3

Avoidance of Significant Sensitization
Process Controls to Minimize Exposure to
Contaminants
Cold Worked hustenitic Stainless Steels

SSES-PS AR

Fabrication and Processing of Austenitic
Stainless Steels 5 2-25

5. 2-26

5. 2-26

5 2-26
5. 2-26

5.2.3.4. 2 Control of Welding 5. 2-27

5 2-3 4.2 1
5 2.3 4 2 2
5-2.3 4 2.3

Avoidance of Hot Cracking..
Electroslag Welds
Welder Qualification for Areas of
Limited Accessibility. Regulatory
Guide 1.71 (Rev. 0)

5 2-27
5. 2-27

5. 2-27

5.2.3. 4.3

5 2.4

524.1524 2
5.2.4.3
5.2 4 4

5 2.4 4.1
524 4.2
5 2 4 4 3
524.44
5.2 4.5
5 2 4 6
5 2 4 7

Nondestructive Examination of Tubular
Products. Regulatory Guide 1.66 (Rev.. 0)

In-Ser vice Ins pection a n d 'est ing of
Reactor Coolant Pressure Boundary

System Boundary Subject to Inspection
Accessibility
Examination Techniques and Procedures
Inspection Intervals
Reactor Vessel
Piping Pressure Boundary
Pump Pressure Boundary
Valve Pressure Boundary

Evaluation of Examination Results
System Leakage and. Hydrostatic Pressure Tests
Augmented Inservice Inspection to Protect
Against Postulated Piping Failures

5 2-27

5.2-28

5 2-29
5 2-29
5. 2-31
5. 2-31

5. 2-32
5. 2-35
5. 2-37
5 2-38

5 2-39
5. 2-39

5 2-40

5 2.5

5.2 5 ' Leakage Detection Methods

Detection of Leakage Through Reactor Coolant
Pressure Boundary 5 2-40

5 2-40

5 2.5.1.1

52512

5.2.5 1 2

525 12

Detection of Abnormal Leakage Within the
Primary Containment(NSS-Systems)
Detection of Abnormal Leakage Within the
Primary Containment {Non-NSSS)

p'
1 Primar y Containment Temperature

Monitoring System
2 Primary Containment Pressure

Monitoring System

5. 2-42

5. 2-42

5. 2-43

5. 2-43

RBV 17'/80 5-iii



52.5123

5251231
5251.24

525124'1
5.2 5 1 2-4 25251243
52512.4
5.251245
5.2 5 1 2 4 6
5 2 5 1 2 4 7

SSES-FSAR

Primary Containment Atmosphere
Honitoring; Airborne Particulate
Radioactivity Honitoring

Sensivity and Response Time
Drywell Floor Drain Sump Honitoring
System

System Description
Instrumentation
Drywell Equipment Drain Tank
Level Honitoring System
Sensitivity and Response Time
of Heasurement
Signal Correlation and Calibration
Seismic Qualifications
Testing and Calibration

5. 2-44
5 2-44

5 2-49

5. 2-49
5 2-51

5. 2-51

S. 2-51
5 2-52
5 2-53
5 2-53

5.2.5.1.3 Detection of Abnormal Leakage
Outside the Primary Containment

Leak Detection Devices for NSS-System
Limits for Reactor Coolant Leakage

5252
5.2.5 3

5.2.5.3.1 Total Leakage Rate
5.2.5.3.2 Normally Expected. Leakage Bate

5.2.5.4 Unindentified Leakage Inside the Drywell

5. 2-53

5. 2-55
5 2-56

5. 2-56
5.2-56

5-2 5. 4. 1
525-42
5.2 5 4 3
5.2.5. 4.452545

525 5

5256
52.57
5 2 5 8

Unindentified Leakage Rate
Sensitivity and Response Times
Length of Through-Mall Flaw
Hargins of Safety
Criteria to Evaluate the Adequacy and
Hargin of the Leak Detection System

Differentiation Between Identified and
Unidentified Leaks
Sensitivity and Operability Tests
Safety Interfaces
Testing and Calibration

5 2-57,
5 2-57
5 2-58
5 2-60

5. 2-61

5 2-61
5 2-61
5. 2-62
5. 2-62

5 2.6

5 3 REACTOR

5 3.1

5 3.1.1
5.3.1-2

5 31.3
5.3 1 4

Ref erences

VESSEL
CP

Reactor Vessel Haterials

Haterials S pecif ications
Special Processes Used for Hanufacturing
and Fabrication
Special Hethods for Nondestructive Examin-
ation
Special Controls for Fe'rritic and Austenitic

5 2-62

5. 3-1

5. 3-1

5. 3-1

5. 3-1

5. 3-2

REV 17'/80



SSES-PSKR

Stainless Steels

5.3.1.4.1 Compliance Mith Regulatory Guides

5 3-2

5. 3-2

5 3.1 4.1.3

5-3.1.4.1-5

531 41 6

5 3-4

5-3.1.4.1.1 - Regulatory Guide 1.31 (Rev. 1), Contxol of
'tainlessSteel Melding 5. 3-2

5-3-1.4.1.2 Regulatory Guide 1.34 (12/72), Control of
Electrogslag Meld Properties 5 3-...2

Regulatory Guide 1.43 (5/73), Control,of
Stainless Steel Meld Cladding of
Lo~-Alloy Steel Components 5. 3-3

5.3 1.4.1..4 Regulatory Guide 1.44 (5/73), Control of
the Use of Sensitized Stainless Steel = 5. 3-3
Regulatory Guide 1.50 (5/73), Control of
Preheat Temperatur e for Melding
Los-Alloy Steel 5. 3-3
Regulatory Guide 1.71 (12/73), Welder
Qualification for Areas of Limited
Accessibility . 5 3-3

5.3.1.4.1.7 Regulatory Guide 1.99 (Rev. 1), Effects of
Residual Elements on Predicted Radiation
Damage to Reactor Pressure Vessel
Na terials 5. 3-3

5.3.1.5 Fracture Toughness

5 3 1.5.1.153-1512531513
Method of Compliance
Acceptable Fracture Energy Levels
Operating Limits During Heatup, Cool-
dovn and Core Operation
Temperature Limits for ISI Hydrostatic
or Leak Pressure Tests
Tempexature Limits for Boltup
Reactor Vessel Annealing

Material Surveillance

5 3 1 5.1.4

5.3.1 5.1-5
5 3.1.5 1.6

5.3.3..6

53161 Compliance with»Reactor Vessel Material
Surveillance Program Requirements"
Neutron Flux and Pluence Calculations
Intentionally Deleted
Positioning of Surveillance Capsules and
Method of Attachment
Time and Number .of Dosimetry
Measurements

5.3.1 6 2
5 31 6353.164
5 3.1.6 5

5.3.1 7

5.3.2

.5321

Reactor Vessel Fasteners~.

Pressure-Temperature Limits

Limit C ur ves

5.3.1.5.1 Compliance with 10CPR50 Appendix G 5 3-4

5. 3-5
5 3-5

5 "3-7

5. 3-8
5 3-8
5 3-8

5. 3-9

5 3-9
5. 3-10
Mall Materials

5 3-10

5. 3-10a

5 3-1 Oa

5. 3-1 ob

5 3-lob

REV l7 9/80 5-v



5.3.2 2

5 3.3

5 3 3 1

5 3.3-1.1

SSES-PSAR

Operating Procedures

Reactor Vessel Integrity
Design

Description

5. 3-1 ob

5 3-11

5 3-11

5 3-11

5.3.3. l.1. 1 Reactor Vessel
,5.3.3.1.1.2 Shroud Support
5.3.3.1.1.3 Protection of Closure Studs

5. 3-11
5. 3-12
5. 3-12

5. 3,3,1. 2
5.3.3. l. 3
5 3.3 1.4

Safety Design Bases
Power Generation Design Basis
Reactor Vessel Design Data

5. 3-12
5. 3-13
5 3-13

533141
5.33 142
5.3.3.1 4 3
S.3.3.1 4 4
5.3.3.1.4.5
5.3.3.1.4.6
5.3.3.1.4.7

Vessel Support
Control Rod Drive Housings
In-Core Neutron Flux Monitor
Reactor Vessel Insulation
Reactor Vessel Nozzles
Materials and Inspections
Reactor Vessel Schematic

Housings

5 3-14
5. 3-14
5. 3-14
5 3-14
5 3-15
5 3-16
5 3-16

5.3.3 2
5.3.3 3
5 3.3 4
5.3.3.5
5 3 3 65337

Materials of Construction
Fabrication Methods
Inspection Requirements
Shipment and Installation
Operating Conditions
Inservice Surveillance

5. 3-16
5 3-16
5. 3-17
5. 3-17
5 3-18
5. 3-19

-0

5.4.1 Reactor Recirculation Pumps

5 4 COMPONENT AND SUBSYSTEM DESIGN 5. 4-1

5. 4-1

5 4 1 1
5.4.1. 2
5.4.1.3
5 4 1 ~ 4
5.4.1.5
5.4.2
5 4.3
5.4 4

5 4 4 1
5 4 4 2
5.4.4. 3
5.4.4. 4

5.4.5

5 4.5.1

Safety Design Bases
Power Generation Design Bases
Description S

Safety Evaluation
Inspection and Testing

Steam Generators'PMR)
Reactor Coolant Piping
Main Steaml inc Flo w Res trictor s

Safety Design'ases
Description
Safety Evaluation
Inspection and Testing

Main Steamline Isolation System

Safety Design Bases

5. 4-1
5 4-1
5 4-1
5. 4-5
5 4-6

5 4-6
5 4-6
5. 4-7

5 4-7
5 4-7
5. 4-8
5. 4-9

5 4-9

5 4-9

REV 17~ 9/80 5-v i



5452
5 ~ 453
5 ' 5 4

5.4.6

5 4 6--1

546 11

SSES-PSAR

Description
Saf ety Evaluation

. Inspection -and, Testing

Reactor Core Isolation Cooling System

Design Bases

Residual Heat and Isolation

5 4-10
5 4-12
5 4-14

5 4-16

5 4-16

5. 4-16

54611.1
5.4 6 1.1 ~ 2

Residual Heat
Isolation 5 4-16

5 4-17

5.4.6.1.2 Reliability, Operability, and. Hanual
Operation 5. 4-18

54-6 121
5 4.6 1 2 2

Reliability and Operability
manual Operation

5 4-18
5 4-19

5.4.6 1.3
5 4.6.1.454615

Loss of Offsite Poser
Physical Damage
Environment

5 4-19
" 5.4-19

5. 4-20

546 2

5 4.6.2.1
System Design

General

5 4-20

5 4-20

546211
5 46 21 2546213

Description
Diagrams
Interlocks

5. 4-20
5. 4-21
5 4-21

5.4.6.2. 2 Eguipment and Component Description 5 4-23

546221
5-4 '6.2 2 2

Design Conditions
Design Parameters

5 4-23
5. 4-23

5.4.6.2.3 Applicable Codes and Classifications
5.4.6.2.4 System Reliability Considerations
5.4.6. 2. 5 System, Operations

5 4-28
5 4-28
5 4-29

546 25
5 4.6.2 554625
5.4.6.2.5.

1
2
3
4

Automatic Operation
Test Loop Operation
Steam Condensing (Hot Standby) Operation
Limiting Single Failure

5 4-29
5 4-31
5 4-.,32
5 4-33

5 4 6 3
5 4-6. 4
5 4 6 '
5 4.7

5 4-7 1

Performance Evaluation
Preoperational Tes t ing
Safety Interfaces
Residual Heat Removal System

Design Bases

5. 4-33
5.'4-3 3
5. 4-33

5. 4-34

5. 4-34

REV 17, 9/80 5-vii



54711
SSES-PSAR

Punctional Design Basis 5. 4-34

5 4.7 1 1 1

547112
5 4.7 1.1.3547114
5 4 7 1 1.5

Residual Heat Removal Node
{Shutdown Cooling Mode)

Low Pressure Coolan't Injection (LPCI)
Node
Suppression Pool Cooling Node
Containment Spray Cooling Node
Reactor Steam Condensing Node

5. 4-34

5. 4-35
5 4-35
5.4-35
5 4-36

5 4.7.1 2

5 4.7 1 3547.14
5 4.7 1.5

5.4.7.1. 6

5 4.7.2 Systems Design

Design Basis for Isolation of RHR System
from Reactor Coolant System
Design Basis for Pressure Relief Capacity
Design Basis with Respect to General
Design Criteria 5
Design Basis for Reliability and
Operability
Design Basis for Protection from Physical
Damage

5 4-36
5 4-36

5. 4-37

5 4-37

5. 4-38

5. 4-38

5472-15472254.72354724
5.4.7. 2.5
5 4.7-2-6

5.4.7 3

System Diagrams
Equipment and Component Description
Controls and Instrumentation
Applicable Codes and Classifications
Reliability Considerations
Manual Action

Performance Evaluation

5 4-38
5 4-38
5. 4-39b
5 4-39b
5. 4-39b
5 4-39b

5. 4-41

5 4.8

5.4 8.1

Reactor Mater Cleanup System

Design Bases

5.4.7.3.1 Shutdown WIth All Components Available
5.4.7.3.2 Shutdown With Most Limiting Failure
5.4.7.4 Preoperational Testing

5.4-42
5. 4-42

5. 4-42

5 4-43

5 4-43

5 4 8 1 1548 l2
5.4 8 2
5 4 8 3

5 4 9

5::.'4.9. l.
5.4.9 2
5 4 9.3
5 4.9.4
5 4.9.5

Safety Design Bases
Power Generation Design Bases

System Description
System Evaluation

Hain Steam Lines and Peedwater Piping

Safety Design Bases
Power Generation Design Bases
Description
Safety Evaluation
Inspection and Testing

5. 4-43
5. 4-43

5. 4-43
5. 4-45

5.4-46

5. 4-46
5. 4-46
5 4-46
5.4-47
5 4-47

REV 17'/80 5-viii



SSES-PShR

5-4 10
5 4 ll
5412
54121
5 4-12 2
5.4.12.3
5 4 12 4

5 413

54131
5 4.l3 254133
54134
5. 4.14

5 4141
5 4.14 254143
5.4 14 4

5 4.15

5.4.16
5 4.17
5 4.18

Pressurizer
Pressurizer Relief Discharge System
Valves

Safety Design Bases
Description
Safety Evaluati'on
Inspection and Testing

Safety-and Relief Valves

Safety Design Bases
Description
Safety Evaluation
Inspection and Testing

Component Supports

Safety Design Bases
Description
Safety Evaluation
Inspection and Testing

High Pressure Coolant Infection (HPCI)
System
Core Spray (CS) System
Standby Liquid Control „(SLC) System
References

5 4-47
5 4-47
5 4-47

5 4-47
5 4-48
5. 4-48
5 4-49

5 4-50

5 4-50
5. 4-50
5 4-50
5 4-50

5 4-50

5.4-51
5 '4-51
5 4-51
5.4-51

5. 4-52
5 4-52
5 4-52
5. 4.52

R'EV 17'/80 5-ix



SSES-FSAR
II

e

CHAPTER 5.0

Tables

Table Number

5.1-1

Title

Design and Performance Characteristics of the
Reactor Coolant System and Its Components

5.2-1 Reactor Coolant Pressure Boundary Components
Code Case Interpretations

5.2-2 Nuclear System Safety/Relief Set Po'inta

5.2-3 Design Temperature, Pressure and Maximum,Test
Pressure for RCPB Components

5. 2-4

5.2-5

Reactor Coolant Pressure Boundary'Materials

BWR Water Chemistry

5. 2-6

5.2-7

5.2-8

Systems Which May Initiate During
Overpressure Event

F

Water Sample Locations

Summary of Isolation/Alarm of System
Monitored and Leak Detection Methods Used

5.2-9

5.2.9A

5.2-10

Sequence of Events for Figure 5.2-1

Sequence of Events for Figure 5.2-1A

RCPB Components in Compliance.w'ith
10CFR50.55(a) (2) (ii)

5.2-11 Identified Leakages into the Drywel'1
Equipment Drain Tank

5.2-12 Unidentified Leakages into the Drywell Floor
Drain Sump

5.2-13

5.2-14

Estimated Monitor 'Responses

RCPB Leak Detection Monitors Ins'ide Primary
Containment Drywell

5.3-la

5.3-1b

5.3-2a

Appendix G Matrix For Susquehanna Unit '1

Appendix H Matrix For Susquehanna SES Uni.t 1

Appendix G Matrix For Susquehanna SES Unit '2

Rev. 26, 9/81 5-x



SSZS-FSAR

5 2 INTEGRITY OF REACTOR COOLANT PRESSURE BOUNDARY

This section discusses measures employed to provide and maintain
the integrity of the reactor coolant pressure boundary (RCPB) for
the plant design lifetime.

5 2 1 COMPLIANCE WITH CODES AND CODE CASES

5.2.1.1 Co~m liance with 10CFR50~ Section 50.55a

A table which shows compliance with the rules of 10CFR50 is
included in Section 3.2, (See Table 3.2-1). Code edition,
applicable addenda, and component dates are in accordance with
10CFR50.55a. Table 5 2- 10 lists those RCPB components vhich
comply vith the rules of 10CFR50 in accordance vith
10CFR50.55 (a) (2) (ii) .

5 2.1.2 Applicable Code Cases

!\ The reactor pressure vessel and appurtenances, and the RCPB
piping, pumps and valves, have been designed, fabricated, and
tested in accordance with the appplicable edition of the ASME
Code, including addenda that vere mandatory at the order date for
the applicable components. Section 50.55a of 10CFR50 requires
code case approval only for Class 1 components. These code cases
contain requirements or special rules which may be used for the
construction of pressure-retaining components of Quality Group
Classification A. The various ASME code case interpretations
that were applied to components in the RCPB are listed in Table
5.2-1.

5 2 2 OVERPRESSURE PROTECTION

This section provides evaluation of the system that protects the
RCPB from overpressurization.

5.2 2 1 Design Basis

Overpressure protection is provided in conformance with 10CFR50,
Appendix A, General Design Criteria 15. Preoperational and
startup instructions are given in Chapter 14.

rtev. lO, 6/79
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5.~2..1.1 Saf~et D~sic[a Bases

The nuclear pressure-relief system has been desiqned:

(1) To prevent overpressurization of the nuclear system that
could lead to the failure of the reactor coolant
pressure boundary.

(2) To provide automatic depressurization for small breaks
in the nuclear system occurring with maloperation of the
hiqh pressure coolant in jection (BPCI) system so that
the low pressure coolant in jection (LPCZ) and the core
spray (CS) systems can operate to protect the fuel
barrier.

(3) To permit verification of its operability.
(4) To withstand adverse combinations of loadings and forces

resulting from normal, upset, emergency and faulted
conditions.

5 2.2.1. 2 Power Generation Design Bases

The nuclear pressure relief system safety/relief valves have been
designed tc meet the following power generation bases:

(1) Discharge to the containment suppression pool.

(2) Correctly reclose following operation so that maximum
operational continuity can be obtained.

5. 2. 2. l. 3 Discussion

The ASLOPE Foiler and Pressure Vessel Code requires that each
vessel designed to meet Section EII be protected from
overpressure under upset conditions. The code allows a peak
allowable pressure of 110% of vessel design pressure under upset
conditions. The code specifications for safety valves require
that".(1) the lowest safety valve set point be set at or below
vessel design pressure and (2) the highest safety valve set point
be set so that total accumulated pressure does not exceed 110$ of
the desiqn pressure for upset conditions. The safety/relief
valves are designed to open via either of two modes of operation
as discussed in Chapter 15. The Safety (spring lift) set points
are listed in Table 5.2-2. These setpoints satisfy the ASME Code

5 2-2
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specifications for safety valves, because all valves open at less
than the nuclear system design pressure of 1250 psig
The automatic depressurization capability of the nuclear system
pressure relief system is evaluated in section 6 3 and in section
7 3 I

The following detailed "criteria are used in selection of safetyrelief valves:
h

(1) Hast meet requirements of ASIDE Code, Section IIX;
(2) Valves must qualify for 100% of nameplate capacitycredit for the overpressure protection function;
(3) Nust meet other performance requirements such as

response time, etc., as necessary to provide relief
functions

The safety/relief valve discharge piping is designed, installed,
and tested in accordance with the ESNE Code, Section IIX.

5 2 2 1.4 Sa'fat~Valve ~Ca acit

The safety valve capacity of this plant is adequate to limit the
primary system pressure, including transients, to the
requirements of the ASNE Boiler and Pressure Vessel Code,
Section III, Nuclear Vessels (up to and including Summer 1970
Addenda for Unit 1 and Unit 2) .

It is recognized that the protection of vessels in a nuclear
power plant'is dependent upon many protective syste'ms to'" relieve
or terminate pressure transients. Installation of pressurereliev'inq devices may not independently provide complete
protection. The safety valve sizing evaluation assumes creditfor operation of 'the scram protective system which may be tripped
by one of two sources; i.e. a direct or flux trip signal. Thedirect scram trip signal is derived from position switches
mounted on the main steam line is'olation valves or the turbine
stop valves-or from pressure switches mounted on the dump valveof the turbine control valve 'hydraulic actuation system. The
position switches are actuated when'he respective valves are
closing and followinq LOX travel of full stroke. The pressure
switches are actuated when a fast closure of the turbine control
valves is initiated. Further, no credit is taken for power
operation of the pressure relieving devices. Credit is taken for
the dual purpose safety/relief valves in their ASNE Code
qualified (spring lift) mode of safety operation.

p lt f
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The rated capacity of the pressure relieving devices shall be
sufficient to prevent a rise in pressure vithin the protected
vessel of more than 110% of the design pressure (1 10 x 1250 psig
= 1375 psig) for events defined in Subsection 4.3.1.
Pull account is taken of the pressure drop on both the inlet and
discharge sides of the valves. All combination safety/relief
valves discharge, into the suppression pool through a discharge
pipe from each valve vhich is designed to achieve sonic flov
conditions through the valve; thus providing flow independence to
discharge piping losses.

Table 5.2-6 lists the systems which could initiate during the
design basis overpressure event.

5 2 2.2 Des ~n e51aation

To design the pressure protection for the nuclear boiler system,
extensive analytical models representing all essential dynamic
characteristics of the system are simulated. on a large computingfacility. These models include the hydrodynamics of the flow
loop, the reactor kinetics, the thermal characteristics of the
fuel and its transfer of heat to the coolant, and all the
principal controller features, such as feedwater flow,
recirculation flov, reactor vater level, pressure, and load
demand. These are represented vith all their principal nonlinear
features in models that have evolved through extensive experience
and favorable comparison of analysis with actual BMR test data.

A detailed description of each model is documented in References
5.2-1 and 5.2-6. Safety/relief valves are simulated in a
nonlinear representation, and the model thereby allows full
investigation of the various valve response times, valve
capacities and actuation setpoints that are available in
applicable hardvare systems.

The typical valve characteristic as modeled is shown in Pigure
5.2-2 for the spring mode of operation. The associated bypass<
turbine control valve, and main steam isolation valve
characteristics are also simulated in the model.

5 2.2 2~2 S~st~e Design

A parametric study vas conducted to determine the requ3.red steam
flow capacity of the safety/relief valves based on the folloving
assumptions.

5. 2H
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5.2.2.2 2.~ Operat~in Conilitions

{1) operating power = 3439 Stat (104.4% of nuclear boiler
rated power),

I

(2) vessel dome pressure < 1020 psig; and

(3) steamflow = 14.153 x 10~ lb/hr {105% of nuclear boiler
rated steamflow)

These conditions are the most severe because maximum stored
energy exists at these conditions. At lover power conditions the
transients would be less severe.

The overpressure protection system must accommodate the most
severe pressurization transient. There are two major transients,
the closure of all main steamline isolation valves and a
turbine/generator trip with a coincident failure of the turbine
steam bypass system valves that represent the most severe
abnormal operational transient resulting in a nuclear system
pressure rise. The evaluation of transient behavior with final
plant configuration has shown that the isolation valve closure isslightly more severe when credit is taken only for indirect
derived scrams, therefore, it is used as the overpressure
protection basis event and shown in Figure 5.2-1. Table 5. 2-9lists the sequence of events of the various systems assumed to
operate during the main steam line isolation closure with flux
scram event. The ODYH results for the same event are shown in
Pigure 5.2-1A; sequence of events in Table 5.2-9A.

I
II I

5 2.2.2.2.3 Scram

(2)

scram reactivity curve - Figure 5.2-3 for the REDY model
and Figure 5.2-1A for the ODYN model.

control rod drive scram motion — Figure 5.2-3

5.2.2. 2.2. 4 Sa fet y/Relief Valve Transient Analysis
Specifications

(1) valve groups:

spring-action safety mode — 5 groups

Rev. 26, 9/81 5. 2-5
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(2) pressure setpoint (maximum safety limit):
spring-action safety mode — 1177-1217 psig

The set points are assumed at a conservatively high level above
the nominal set points. This is to account for initial set point
errors and any instrument set point drift that might occur during
operation. Typically the assumed setpoints in the analysis are 1
to 2% above the actual nominal set points. Highly conservative
safety/relief valve response characteristics are also assumed.

5.2 2 2.2. 5 Safest Valve Capacity

Sizing of the safety valve capacity is based on establishing an
adequate margin from the peak vessel pressure to the vessel code
limit (1375 psig) in response to the reference transients
Subsection 5.2.2 2.2 2.

5 2.2.2.3 Evaluation of Results

5.2.2.2.3.1 Safet~Valve Capacity

The required safety valve capacity is determined by analyzing the
pressure rise from a HSIV closure with flux scram transient. The
plant is assumed to be operating at the turbine-generator design
conditions at a maximum vessel dome pressure of 1020 psig. The
analysis hypothetically assumes the failure of the direct
isolation valve position scram. The reactor is shut down by the
backup, indirect, high neutron flux scram. Por the analysis, the
spring-action, safety set points are assumed to,;be;in the„ range of
1177 to 1217 psig. The analysis indicates that the design valve
capacity is capable of maintaining adequate margin below the. peak
ASIDE code allowable pressure in the nuclear system (1375 psig).
Figures 5 2-1 and 5.2-1A show curves produced by this analysis-
The sequence of events assumed in these analyses was investigated
to meet code requirements and to evaluate the pressure relief
system exclusively.
Under the General Requirements for Protection Against
Overpressure as given in Section III of the ASNB Boiler and
Pressure Vessel Code, credit can be allowed for a scram from the
reactor protection system. In addition, credit is also taken for
the protective circuits which are indirectly derived when
determining the required safety valve capacity. The backup
reactor high neutron flux scram is conservatively applied as a
design basis in detedmining the required capacity of the pressure
relieving safety valves. Application of the direct position
scrams in the design basis could be used since they qualify as

Rev. 26, 9/81 5.2-6
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acceptable pressure protection devices when determining the
required safety valve capacity of nuclear vessels under the
provisions of the ASHE code.

The parametric relationship between peak vessel (bottom) pressure
and safety valve capacity for the NSIV transient with high flux
and position trip scram is described in Figure 5-2-4- Also shown
in Figure 5.2-4 is the parametric relationship between peak
vessel (bottom) pressure and safety valve capacity for the
turbine trip with.a coincident closure of the turbine bypass
valves and direct scram, which is the most severe transient when
direct scram is considered. Pressures shown for flux scram will
result only with multiple failure in the redundant direct scram
system.

The time response of the vessel pressure to the HSIV transient
with flux scram and the turbine trip with a coincident closure of
the turbine bypass valves and direct scram for 16 valves is
illustrated in Figure 5.2-5. The results of the REDY analysis
show that the pressure at the vessel bottom exceeds 1250 psig
for less than 6 seconds which is not long enough to transfer any
appreciable amount of heat into the vessel metal which was at a
temperature'well'elow 5500F at the start'f the'=transient. The
ODYN result's are 'also shown on''these figures.'he'more *extensive
model predicts even more safety margin to the allowable pressure
limit of the reactor vessel system.

5.2.2 2~3.2 Pressure ~Do~ in Inlet and Discharge

Pressure drop on the piping from the reactor vessel to the valves
is taken into account in calculating the maximum vessel
pressures. Pressure drop in the discharge. piping.to the"
suppression pool is limited. by proper discharge line sizing to
prevent backpressure on each safety/relief valve from exceeding
40% of the valve inlet pressure, thus assuring 'choked flow in'he
valve orifice and no reduction of valve capacity due to the
discharge piping. Each safety/relief valve has its own separate
discharge line.

5.2.2.3 p aging S I~strumegt Diagrams

Figure 5.1-3 is the PSID for the Nuclear Boiler System including
pressure-r elieving devices.
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~5..2.4.1 Description

The -nuclear pressure relief system consists of safety/relief
valves located on the main steam lines between the reactor
vessel and the first isolation valve within the drywell.'hese
valves protect against overpressure of the -nuclear system.

I

The safety/relief valves provide three, main protection functions:

{1} Overpressure relief operation. The valves open
automatically to limit a pressure rise.

(2) Overpressure safety operation. The valves function as
safety valves and open {self-actuated operation if not
already automatically opened for relief operation) to
prevent nuclear system overpressurization.

{3) Depressuzization operation. The ADS valves open
automatically as part of the emergency co're cooling

, system:.(ECCS) for events involving small breaks in'he
nuclear system process barrier. The location and. number
of the ADS valves can be determined from Figure 5. 1-3.

Chapter 15 discusses the events which are expected to activate
the .primary system safety/relief valves. The chapter also
summarizes the number of valves expected to -operate during theinitial blowdown of the valves and the expected duration of thisfirst blowdown. For several of the events it is expected that
the lowest set safety/relief, valve will reopen and reclose as
generated heat drops into the decay heat characteristics. The
pressure increase and relief cycle will continue with lower
frequency and shorter relief discharges as the decay heat dropsoff and until such time as the RHH system can dissipate this
heat. The duration of each relief discharge should in most cases
be, less -than 30 seconds. Remote manual actuation of the valves
from the control room is recommended to minimize the total number
of these discharges, with the intent of achieving extended valve
seat life.
A schematic of the safety/relief valve is shown in Figure 5.2-7.It is opened by either of two modes of operation:

(1) The spring mode of operation which consists of direct
action of the steam pressure against a spring-loaded
disk that will pop open when the valve inlet pressure
force exceeds the spring force. Figure 5.2-6 diagrams
the valve lift vs time characteristic.

Rev. 26, 9/81 5. 2-8
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(2) The poser actuated mode of operation which consists of
using an auxiliary actuating device consisting of a
pneuaatic piston/cylinder and mechanical linkage
asselibly which opens the valve by overcoming the spring
force, even with valve inlet pressure equal to zero
psigo

Rev. 26, 9/81 5. 2-Sa
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The pneumatic operator is so arranqed that if it malfunctions it
will net prevent the valve disk from lifting if steam inlet
pressure reaches the sprinq lift set pressure.

For overpressure safety/relief valve operation (self-actuated or
sprinq lift mode), the sprinq load establishes the safety valve
openinq setpoint pressure and is set to open at setpoints
desiqnated in Table 5.2-2. The ASME code requires that full lift
of this mode of operation should be attained at a pressure no
qreater than 3'X above the setpoint.

To prevent backpressure from affecting the spring lift setpoint,
each valve is provided with a device to counteract the effects of
backpressure which results in the discharge line when the valve
is open and discharqinq steam.

The safety function of the safety/relief valve is a backup to the
relief function described below. The sprinq-loaded valves are
desiqnedin„ accordance with ASME III, NB 7640 as safety valves
with auxiliary actuating devices and manufactured in accordance
with ASME Section 'III Class .I component requirements.

For overpressure relief valve operation (power actuated mode),
each valve is provided with a pressure sensing device which
operates at the setpoints desiqnated in Chapter 15. When the set
pressure is reached, it operates a solenoid valve which in turn
actuates the pneumatic piston/cylinder and linkage assembly to
open the valve

When the piston's actuated, the delay time, maximum elapsed, time
between receivinq the overpressure -ignal at the valve actuator
and the actual start of valve motion, will not exceed 0. l
seconds. The maximum full stroke opening time will not exceed
0.15 seconds.

The safety/relief valves can be operated in the power actuated
mode by remote-manual controls from the main control room.

Each safety/relief valve is provided with its own pneumatic
accumulator and inlet check valve. The accumulator capacity is
sufficient to provide one safety/relief valve actuation, which is
all that is required for overpressure protection. Subsequent
actuations for an overpressure event can be spring actuations to
limit reactor pressure to acceptable levels.

The safety/relief valves are desiqned to operate to the extent
required fcr overpressure protection in the followinq accident
environments:

(1) 340oF for 3 hours at drywell design pressure
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(2) 3200F for an additional 3 hour period, at drywell design
pressure

(3) 250~F for an additional 18 hour period, at 25 psiq

{4) 200~F durinq the next 99 days at 20 psig. The dura'tion
of operability is two days following which the valves
will remain fully open or closed for the remaininq time
period.

The Automatic Depressurization'ystem (ADS) utilizes selected
safety/relief valves for depressurization of the reactor (See
Section 7.3) . Each of the safety/relief valves utilized for
automatic depressurization is equipped with an air accumulator
and check valve arranqement. These accumulators assure that the
valves can be held open following failure of the air supply to
the accumulators They are sized to be capable of opening the
valves and holding them open against a drywell pressure of 45
psiq with the reactor completely depressurized. The accumulator
capacity is sufficient for each ADS valve to provide two
actuations against 31.5 psig drywell pressure.

Each safety/relief valve discharges steam through a discharge
line to a point below the minimum water level in the suppression
pool. Safety relief valve discharge line pipinq from the safetyrelief valve to the suppression pool consists of two parts. Thefirst part is attached at one end to the safety relief valve and
attached at its other end to the containment diaphragm slab
throuqh a pipe anchor. The main steam piping, including this
portion'of the safety relief valve discharge piping, is analyzed
as a complete system. This portion of the safety relief valve
discharge lines is therefore classified as quality group C and
Seismic Category I.
The second part of the safety relief valve discharge pipinq
extends from the upstream anchor to the suppression pool.
Because of the upstream anchor on this part of the line, it is
physically decoupled from the main steam header and is therefore
analyzed as a separate pipinq system. Zn analyzing this part
of the discharqe pipinq in accordance with the requirements of
quality Group C and Seismic Cateqory I, the following load
combination will be considered as a minimum:

Pressure and temperature
Dead weight
Fluid dynamic loads due to S/R valve operation
Anchor relative seismic (SSE) movement

Novement of the safety relief valve discharge line wi11 be
monitored as a part of the preoperational and startup testing of
the main steam lines, in accordance with the requirements of
Chapter 14.
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The safety/relief valve discharge piping is designed to limit
valve cutlet pressure to 40% of maximum valve inlet pressure with
the valve wide open. Water in the line more than a few feet
above suppression pool water-level would cause excessive pressure
at the valve discharge when the valve is again opened. For this
reason, a vacuum relief valve is provided on each safety/relief
valve discharqe line to prevent drawing an excessive amount of
water up into the line as a result of steam condensation
followinq termination of relief operation. The safety/relief
valves are located on the main steam line piping, rather than on
the reactor vessel top head, primarily to simplify the discharge
piping to the pool and to avoid the necessity of having to remove
sections of this piping when the reactor head is removed for
refuelinq. In addition, valves located on the steam lines are
more accessible during a shutdown for valve maintenance.

The nuclear pressure relief system automatically depressurizes
the nuclear system sufficiently to permit the LPCI or CS systems
to operate as a backup for the HPCI system. Further descriptions
of the operation of the automatic depressurization feature are
found in Section 6.3, and in Subsection 7.3.1.1.1.

5 2 2.4.2 Des~in Parameters

Table 5. 2-3 lists design temperature, pressure, and maximum test
pressure for the RCPB components. The specified operating
transients fcr components within the RCPB are given in Table 3. 9-
15. Refer to Section 3.7 for discussion of the input criteria
for desiqn of Seismic Category I structures, systems, and
components.

The design requirements established to protect the principal
components of the reactor coolant system against environmental
effects are discussed in Section 3. 11.

5.2.2.4. 2.1 Safety/Relief Valve

The discharqe area of the valve is 16. 117 square inches and the
coefficient of discharge K is egual to 0.966. The diameter and
length of. the discharge pipe from each valve to the discharge
device in the suppression pool is defined in the Design
Assessment Report (DAR), Table 1. 3-2. The discharge pipe routing
within the suppression chamber .is shown in the DAR, Figures 1.3-2
throuqh 1.3-4. The design pressure and temperature of the valve
inlet and outlet are 1250 psig 8 575~F and 550 psig 8 500OF,
respectively.
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Cyclic testinq has demonstrated that the valves are capable of atleast 60 actuation cycles between required maintenance

See Fiqure 5.2-7 for a schematic cross section of the valve.

5 2.2.5 Mounting of Pressure Relief Devices

The pressure relief devices are located on the main steam piping
header. The mounting consists of a special, contour nozzle and
an over-sized flange connection. This provides a high integrity
connection that accounts for the thrust, bending and torsional
loadinqs which the main steam pipe and relief valve discharge
pipe are sub jected to. This includes:

(1) The thermal expansion effects of the connecting piping.
(2) The dynamic effects of the piping due to SSE.

(3) The reactions due to transient unbalanced wave forces
exerted on the safety/relief valves during the first few
seconds after the valve is opened and prior to the time
steady-state flow has been established. {With steady-
state flow, the dynamic flow reaction forces will be
self-eguilibrated by the valve discharge piping).

(4) The dynamic effects of the piping and branch connection
due to the turbine stop valve closure.

In no case will allowable valve flange loads be exceeded nor will
the stress at any point in the piping exceed code allowables for
any specified combination of loads. The design criteria and
analysis methods for considering loads due to SRV discharge is
contained in Subsection 3.9.3.3.

5.2.2 6 ~A licable Codes and Classification

The vessel overpressure protection system is designed to satisfy
the requirements of Section III, Nuclear Vessels, of the ASME
Boiler and Pressure Vessel Code. The general requirements for
protection against overpressure as given in Article 9 of SectionIII of the Code recognize that reactor vessel overpressure
protection is one function of the reactor protective systems and
allows the integration of pressure relief devices with the
protective systems of the nuclear reactor. Hence, credit is
taken for the scram protective system as a complementary pressureprotection device. The NRC has also adopted the ASME Codes as
part of their requirements in the Code of Federal Regulations
(10CFR50. 55A) .
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Pressure retaining components of valves in Quality Group A are
constructed only from ASME designated materials.

5 2. 2. 8 Process Instrumentation

Overpressure protect.ion process instrumentation is shown on
Figure 5. 1-3.

5.2.2 9 System Reliabili~t

This system is designed to satisf y the reguirments of Section III
of the ASME Boiler and Pressure Vessel code, therefore, it has
high reliability. The consegue'nces of failure are discussed in
subsections 15.1.4 and 15.6.1.

5. 2.2.10 In~section and Testing

The safety/relief valves are tested at the vendor's shop in
accordance with quality control procedures to detect defects and
to prove operability prior to installation. The following tests
are conducted:

(l) Hydrostatic test at specified test conditions.

(2) Pneumatic seat leakage test at 90% of set pressure, with
maximum permitted leakage of 30 bubbles per minute
emitting from a 0. 250-in diameter hole submerged 1/2 in.
below a water surface or an equivalent test using an
approved test medium.

(3) Set pressure test: valve pressurized with saturated
steam, with the pressure rising to the valve set
pressure. Valve must open at nameplate set pressure +

lX

(4) Response time test: each safety/relief valve tested to
demonstrate acceptable response time.

The valves are installed as received from the factory. The GE

equipment specif ication requires certification f rom the valve
manufacturer that design and performance reguirements have been
met. This includes capacity and blowdown requirements. The set
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point" are ad crusted, verified, and indicated on the valves by the
vendor. Specified manual and automatic actuation relief mode of
each safety/relief- valve is verified during the preoperational
test proqram.

lt is not feasible to test the safety/relief valve set points
while the valves are in place. The valves are mounted on 1500-lb
primary service rating flanges. They can be removed for
maintenance or bench checks and reinstalled during nor'mal plant
shutdowns. The valves will be tested to check set pressure in
accordance with the requirements of Chapter 16. The external
surface and seating of all safety/relief valves are 100% visually
inspected when the valves are removed fo" maintenance or bench
checks. Valve operability is verified during tne preoperational
test proqram in accordance with the requirements of Chapter 14.

5.2.3 REACTOR COOLANT PRESSURE BOUNDARY NATEBIALS

5.2.3.1 lfaterial Specifications

Table 5 2-4 lists the principal pressure retaining materials and
the appropriate material specifications for the reactor coolant
pressure boundary components.

5. 2.3.2 Compatibility with Reactor Coolant

5. 2. 3. 2. 1 PAR Chemistry of Reactor Coolant

Not applicable to BNRs.

5.2.3.2. 2 BMR Chemistry of Reactor Coolant

The coolant chemistry requirements discussed in this subsection
are consistent with the "equi ements of Regulatory Guide 1.56
(6/73) .

materials in the primary system are primarily austenitic
stainless steel and Zircaloy cladding. The reactor water
chemistry limits are established to provide an environment
favorable to these materials. Limits are placed on conductivity
and chloride concentrations. Conductivity is limited because it
can be continuously and reliably measured and gives an indication
of abnormal conditions and the presence of unusual materials in
the coolant. Chloride limits are specified to prevent stress
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corrosion cracking of stainless steel. Por further information,
see Reference 5. 2-2.

Several investigations have shown that in neutral solutions some
oxygen is required to cause stress corrosion cracking of
stainless steel, while in the absence of oxygen no cracking
occurs. One of these is the chloride-oxygen relationship of
Milliams fReference 5.2-3), where it is shown that at high
chloride concentration little oxygen is required to cause stress
corrosion cracking of stainless steel, and at high oxygen
concentration little chloride is required to cause cracking

These measurements were determined in a wetting and drying
situation using alkaline-phosphate-treated boi.ler water and,
therefore, are of limited siqnif icance to BMR conditions. They
are, however a qualitative indication of trends

The water quality requirements are further suppozted by General
Electric stress corrosion test data summarized as follows

o Type 304 stainless steel specimens were exposed in a
flowinq loop operating at 537~F The water contained
1.5 ppm chlozide and 1.2 ppm oxygen at pH 7. Test
specimens were bent beam strips stressed over their
yield strength. After 2100 hours exposure, no cracking
or failures occurred

o Melded Type-304 stainless steel specimens were exposed
in a refreshed autoclave operating at 550~F- The water
contained 0. 5 ppm chloride and l. 5 ppm oxygen at pH 7
Uniaxial tensile test specimens were stressed at 125% of
theiz 550~P yield strength. No cracking or failures
occurred at 15 F 000 hours exposure

Mhen conductivity is in its normal range, pH, chloride and other
impurities affectinq conductivity will also be within their
normal zanqe. Mhen conductivity becomes abnormal, chloride
measuzements are made to determine whether or not they are also
out of their normal operating values. Conductivity could be high
due to the presence of a neutral salt which would not have an
effect on pH or chloride. In such a case, high conductivity
alone is not a cause for shutdown. In some types of water-cooled
reactors. conductivities are high because of the purposeful use
of additives. In BMRs, however, where no additives are used and
where near neutral pH is maintained, conductivity provides a good
and prompt measure of the quality of the reactor water.
Significant chanqes in conductivity provide the operator with a
warninq mechanism so he can investigate and remedy the condition
before reactor water limits are reached. Methods available to
the operator for correctinq the off-standard condition included
operation of the reactor water cleanup system, reducing the input
of impurities, and placing the reactor in the cold shutdown
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condition. The major benefit of cold shutdown is to reduce
the'emperaturedependent corrosion rates and provide time for the

cleanup system to reestablish the purity of the reactor coolant.

The following is a summary and description of BWR water chemistry
for various plant conditions.

Normal pla~nt o aration

The BMR system water chemistry is conveniently described
by following the system cycle as shown on Figure 5. 2-8.
Reference to Table 5.2-5 has been -made as numbered on
the diagram and correspondingly in the table.
For normal operation starting with the condenser-
hotwell, condensate ~ater is processed through a
condensate treatment system. This process consists offiltration and demineralization, resulting in effluent
water quality represented in Table 5 2-5.

The effluent from the condensate treatment system is
pumped through the feedwater heater train, and enters
the reactor vessel at an elevated temperature and with a
chemical composition typically as shown in Table 5.2-5.

During normal plant operation, boiling occurs in the
reactor, decomposition of water takes place due to
radiolysis, and oxygen and hydrogen gas is formed. Due
to steam generation, stripping of these gases from the
water phase takes place, and the gases are carried with
the steam through the turbine to the condenser. The
oxygen level in the steam, resulting frcm this strippinq
process, is typically observed to be about 20 'ppm (see
Table 5.2-5). At the condenser, deaeration takes place
and the gases are removed from the process by means of
steam jet air ejectors (SJAEs). The deaeration is
completed to a level of approximately 20 ppb (0 02 ppm)
oxygen .in the condensate.

The dynamic equilibrium, in the reactor vessel water
phase, established by the steam-qas stripping and the
radiolytic formation (principally) rates, corresponds to
a nominal value of approximately 200 ppb (0.2 ppm) of
oxygen at rated operating conditions. Slight variations
around this value have been observed as a result of
differences in neutron flux density, core-flow and
recirculation flow rate.
A reactor water cleanup system is provided for removal
of impurities resultinq from fission products .formed in
the primary system. The cleanup process consists of
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filtration and ion exchange, and serves to maintain a
hiqh level of water purity in the reactor coolant.

Typical chemical parametric values for the reactor vater
are listed in Table 5.2-5 for various plant conditions.

Additional vater input to the reactor vessel originates
from the Control Rod Drive (CRD) cooling water. The CRD
water is essentially feedvater quality. Separate
filtration for purification and removal of insoluble
corrosion products takes place within the CRD system
prior to enterinq the drive mechanisms and reactor
vessel.

No other inputs of vater or sources of
present during normal plant operation.
conditions other than normal operation
and mechanisms are present as outlined
section.

oxygen are
During plan t

additional inputs i
in the following

(2) Plant Conditions Outside Normal 0 eration

During periods of plant conditions other than normal
power production transients take place, particularly
with regards to the oxygen levels in the primary
coolant. Systems other than the reactor are not
affected significantly to impact primary system
components or subsequent operation. In essence,
depending on what the plant condition is, i.e., hot
standby with/without reactor vessel venting or plant
shutdown, the hotwell condensate vill absorb oxygen from
the air when vacuum is broken on the condenser. Prior
to startup and input of feedwater to the reactor, vacuum
is established in the condenser and deaeration of the

.condensate takes place by means of mechanical vacuum
pump and steam jet air ejector (SJAE) operation and
condensate recirculation. During these plant
conditions, continuous input of control rod drive (CRD)
cooling water takes place as described previously.

a) Plan t D~eressur ized and Reactor Vented

During certain periods such as during refueling and
maintenance outages, the reactor is vented to the
condenser or atmosphere. Under these circumstances
the reactor cools and the oxygen concentration
increases to a maximum value of 8 ppm. Equilibrium
betveen the atmosphere above the reactor water
surface, the CRD cooling ~ater input, any residual
radiolytic effects, and the bulk reactor water will
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be established after some time. No other changes
in water chemistry of significance take place
during this plant condition because no appreciable
inputs take place.

b) Plant Transient Conditions Plant Star t~ugShutdown

During these conditions, no signif icant changes in
water chemistry other than oxygen concentration
ta ke place.

Depending on the duration of the plant
shutdown prior to startup and whether the
reactor has been vented, the oxygen
concentration could be that of air saturated
water, i.e., + 8 ppm oxygen.

Following nuclear heatup initiation, the
oxygen level in the reactor water vill
decrease rapidly as a function of water
temperature increase and corresponding oxygensolubility in water. The oxygen level will
reach a minimum of about 20 ppb {0.02 ppm) at
a coolant temperature of about 380 F, at which
point an increase will take place due to
significant radiolytic oxygen generation. For
the elapsed process up to this point the
oxygen is degassed from the water and is
displaced to the steam dome above the water
surface.

Further increase in power increases the oxygen
generation as well as the temperature. Thesolubility of oxygen in the reactor water at
the prevailing temperature controls the oxygen
level in the coolant until rated temperature
( w 540OF) is reached. Thus, a qradual
increase from the minimum level of 20 ppb to a
maximum value of about 200 ppb oxygen takes
place. At, and after this point {540OF)
steaming and the radiolytic process control
the coolant oxygen concentration to a level of
around 200 ppb.

(ii) Plant Shutdown

Upon plant shutdown following power operation,
the radiolytic oxygen generation essentially
ceases as the fission process is terminated.
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acid can be calculated, see Figure 5.2-9. Values
for these compounds essentially bracket values of
other common chloride salts or mixtures at the same
chloride concentration. Surveillance requirements
are based on these relationships.
In addition to this program, limits, monitoring and
sampling requirements are imposed on the
condensate, condensate treatment system and
feedwater by warranty requirements and
specifications. Thus, a total plant water quality
surveillance proqram is established providing
assurance that off specification conditions will
quickly be detected and corrected.

The sampling frequency when reactor water has a low
specific conductance is adequate for calibration
and routine audit purposes. Mhen specific
conductance increases, and higher chloride
concentrations are possible, or when continuous
conductivity monitoring is unavailable, increased
sampling is provided.

For the hiqher than normal limits of < 1 p mho/cm
more frequent sampling and analyses are invoked by
the coolant chemistry surveillance program, see
Table 5.2-5.

The primary coolant conductivity monitoring
instrumentation, ranges, accuracy sensor and
indicator locations are shown in Table 5.2-7. The
samplinq is coordinated in a reactor sample station
especially desiqned with constant temperature
control and sample conditioning and flow control
equipment.

Mater Purit~Dur~in a Condenser Leakage

The condensate cleanup system is designed to
maintain the reactor water chloride concentration
below 200 ppb during a condenser tube leak of 23
qallons per minute indefinitely. The condensate
cleanup system will sustain an effluent
conductivity of 0. 15 'micromho with a 46 gpm
condenser leak when the circulating water contains
1000 ppm of TDS. Refer to Subsection 10 4.6.

To protect against a major condenser tube leak,
sufficient instrumentation is provided to maintain
a reserve of 50 percent of the theoretical ion
exchange capacity during normal operation per
Requlatory Guide 1 56.
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5. 2. 3. 2. 3 Compatibility of Construction Materials with
Reactor 'Coolant

The materials of construction exposed to the reactor coolant
consist of the following:=

(1) Solution annealed austenitic stainless steels (both
wrought and cast) Types 304, 304L, 316 and 316L

(2) Nickel base alloys — Inconel 600 and Inconel 750X

(3) Carbon steel and low alloy steel.

(4) Some 400 series martensitic stainless steel (all
tempered at a minimum of .11000F) .

(5) Colmonoy and Stellite hardfacing material.

All of these materials of construction are resistant to stress
corrosion in the BWR coolant. General corrosion on all
materials, except carbon and low alloy steel, is negligible.
Conservative corrosion allowances are provided for all exposed
surfaces of carbon and low alloy steels.

5. 2.3.2. 4 Compatibility of Construction Materials with External
Insulation and Reactor Coolant

The materials of construction exposed to external insulation are:

(1) Solution annealed austentitic stainless steels. Types
304, 304L and 316.

(2) Carbon and low alloy steel.

Two types of external insulation are employed on BWRs.
Reflective metal insulation used does not contribute to any
surface contamination and has no effect on construction
materials. Nonmetallic insulation used on stainless steel piping
and components complies with the requirements of the following
industry standards:

(1) ASTM C692-71, Standard Methods for Evaluating Stress
Corrosion Effects of Wicking Type Thermal Insulation on
Stainless Steel (Dana Test).

(2) RDT-M12-1T, Test Requirements for Thermal Insulating
Materials for Use cn Austenitic Stainless Steel, Section
5 (KAPL Test)
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Chemical analyses are required to verify that the leachable
sodium, silicate, and chloride are within acceptable levels
Insulaticn is packaqed in waterproof containers to avoid damage
or contamination during shipment and storage

Since there are no additives in the BMR coolant, leakage would
expose materials to high purity, demineralized water. Exposure
to demineralized water would cause no detrimental effects.

5. 2 3. 3 pabrication and proces~sin of Ferritic materials

5. 2. 3. 3. 1 Fracture Toughness

Fracture toughness reguirements for the ferritic materials used
for pumps piping and valves of the reactor coolant pressure
boundary were as follows:
The pump components except for the bolting, are austenitic
stainless steel. The bolting meets Section III of ASME BSPV
Code, Summer 1971 Addenda which requires impact testing to be
performed at 10oF.

Safety/Relief Valves were exempted from fracture toughness
requirements because Section III of the 1971 ASME Boiler and
Pressure Vessel Code did not require impact testing on valves
with inlet connnections of 6 inches or less nominal pipe size.
Main Steam Isolation Valves were also exempted because the Code
existinq at the time of the purchase, ASME Section III Summer
197l Addenda 'did not reguire brittle fracture testing on ferritic
pressure boundary components when the system temperature was in
excess of 2500F at 20% of the design pressure.

Main Steam Piping was tested in accordance with and met thefracture toughness requirements of paragraph NB-2300 of the 1972
Summer Addenda to ASME Code, Section III, the applicable code at
the time of the purchase order.

5. 2. 3. 3.1. 1 Compliance with Code R~euirements

The ferritic pressure boundary material of the reactor pressure
vessel was qualified hy impact te'sting in accordance with the
1968 Edition of Section III ASME Code and Addenda to and
includinq the Summer 1970 Addenda. From an operationa1
standpoint, this Cede would require that for any significant
pressurization (taken to be more than 20'A of Code hydrostatic
test pressure = 312 psig) the minimum metal temperature of all
vessel shell and head material be 100~F (NDTT +60<F).
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5. 2. 3 3. l. 2 Acceptable Fracture Enemy Levels

Operatinq limits on reactor vessel pressure and temperature
durinq normal heatup and cooldovn, and during inservice
hydrostatic testing, vece established using as a guide Appendix
G, Summer 1972 Addenda, of Section III of the ASNE Boiler and
Pressure Vessel Code, 1971 Edition.

These opecatinq limits vill assure that a large postulated
surface flav, having a depth of one-quarter of the material
thickness, can be safely accommodated in regions of the vessel
shell remote from discontinuities. In addition the specific
additional margins required by 10CFR50, Appendix G, paragraph
IV.A.2.c are included in the operating limits for core
operations.

For the purpose of setting these operating limits, the reference
temperature, RT NDT, vas determined fcom the impact test data
taken in accordance with requirements of the Code to 'which this
vessel is desiqned and manufactured. The dropveight NDT

temperature was used as the reference temperature.

The hiqhest. ceference temperature of any part of the reactor
pressure vessel pressure boundary material vas used as the
reference temperature for calculating one set of operating
temperature and pressure limits for the shell remote from the
core beltline region. A second set of temperature and pressure
limits for the core beltline reqion vas calculated based on the
core beltline region material reference temperature.

The requirements of the Code to vhich the vesse1 was designed and
manufactured cesults in a third set of vessel shell temperature
pressure limits; namely, NDTT +60F or CVN +60F at pressure
qreater than 20A of preoperational system hydrostatic test
pressure. The more conservative of the above three limits vas
used to se t pressure and temperature limits for the vessel shell.

5. 2.3. 3.1. 3 Opecatinq Limits During Heatup, Cooldovn, and
Core Operation

Since 1000F/hour is the maximum average normal heatup or cooldown
rate foc vhich the reactor vessel is desiqned, a conservative
fracture toughness analysis was done for this assumed rate

The maximum temperature gradient through the vali corresponding
to this rate vas considered. The results of this analysis are a
set of operating limits for non-nuclear heatup or cooldovn
followinq nuclear shutdown, and another set for operating limits
for operation whenever the core is critical (except for low level
physics tests).
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5.2.3.3.1.4 Temperature Limits for ISI Hydrostatic or
Leak Pressure Tests

The fracture toughness analysis for pressure tests resulted in
the curves shown on Piqure 5. 3-4 of minimum vessel shell and
head temperatures versus vessel pressure as measured in vessel
top head. The dashed line curve, beltline region, is based on an
assumed initial RTNDT of +100P, the predicted shif t in the RT
from Figure 5.3-5 based on neutron fluence at 1/4 of vessel wall
thickness must be added to the beltline curve to account for theeffect of fast neutrons on the beltline material properties. The
curve for areas remote from the beltline (upper curve) is based
on an assumed RTgDT of +400P. The controlling minimum
temperature for a desired pressure is then selected as the
greater of the solid curve or the dashed curve plus the shift.
5.2.3.3 1.5 Te~m erature Limits for Boltug

Minimum closure flange and closure stud temperatures of 70op
(NDTT + 60oP) are required whenever the closure studs are under
preload or are being tensioned

5 2.3. 3. 1 6 Reactor Vessel nnneali~n

In-place annealing of the reactor vessel because of radiation
embrittlement is unnecessary since the predicted value intransition of adjusted reference temperature will not exceed
200oF — see 10CPR50, Appendix G, Paragraph IV.C.

5.2 3.3 2: Control of fielding

5.2 3.3.2.1 Control of Preheat Temperature Employed for
ifelding of Low Alloy Steel. Regu'latory
G u i de l. 50. g Re v. ~0

The use of low alloy steel is restricted to the reactor pressure
vessel. Other ferritic components in the reactor coolant
pressure boundary are fabricated from carbon steel materials.
Preheat temperatures employed for'elding of low alloy steel meet
or exceed the recommendations of ASME Section III, Subsection NA.
Components were either held for an extended time at preheat
temperature to assure removal of hydrogen, or preheat was
maintained until post weld heat treatment. The minimum preheat
and maximum interpass temperatures were specified and mcnitored.
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All velds vere nondestructively examined by radiographic methods.
In addition, a supplemental ultrasonic examination vas performed.

5. 2.3. 3. 2. 2 Control of Electroslag Weld Properties
|-

No electroslag velding was performed on BWR components.

5.2.3.3.2.3 Welder Qualification for Areas of I.imited
Accessibili~t Re ulator Guide 1.7~1Rev Og

For non-NSSS items, refer to response to Regulatory Guide 1 71 in
Section 3.13

There are few restricted access welds involved in the fabrication
of NSSS reactor coolant pressure boundary components. Welder
qualification for velds with the most restricted access vas
accomplished by mock-up welding. Nock-ups vere examined with
radiography or sectioning.

5. 2.3.3. 3 Nondestructive Examination of Ferritic
Tubular Products

Por non-NSSS items, refer to response to Regulatory Guide 1.66 in
Section 3. 13

Wrought tubular products were supplied in accordance with
applicable ASTN/ASNE material specif ications. These
specifications require a hydrostatic test on each length of
tubing or pipe.

These components met the reguirements of the ASME Codes existing
at the time of placement of order which predate Regulatory Guide
1.66. (Rev.0)

5.2.3 4 Fabrication and Processing of Austenitic Stainless
Steels

Por non-NSSS items, refer to response to Regulatory Guide 1. 44 in
Section 3. 13
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5.2.3.4.1 Avoidance of Stress Corrosion Cracki~n

5.2.3.4.1.1 Avoidance of Significant Sensitization

All austenitic stainless steel was purchased in the solution heat
treated condition in accordance with applicable ASIDE and ASTN
specifications. Carbon content was limited to 0.08% maximum, and
coolinq rates from solution heat treating temperatures were
required to be rapid enouqh to prevent sensitization.
Meldinq heat input was restricted to 110,000 joules per inch
maximum, and interpass temperature to 3500F. High heat welding
processes such as block weldinq and electroslag welding were not
permitted. All weld filler metal and castinqs were required by
specification to have a minimum of 5% ferrite.
Hhenever any wrought austenitic stainless steel was heated to
temperatures over 800oF, by means other than welding or thermal
cutting, the material was re-solution heat treated.
These controls were used to avoid severe sensitization.
Compliance with Regulatory Guide 1.44 (5/73) is discussed in
Section 3.13.

5. 2.3. 4. l. 2 Process Controls to Minimize
~Em osnte to Contaminants

Exposure to contaminants capable of causing stress corrosion
cracking of austenitic stainless steel components was avoided by
carefully controllinq all cleaning and processinq materials which
contact the stainless steel during manufacture and construction.
Special care was exercised to insure removal of surface
contaminants prior to any heating operations. Hater quality for
cleaning, rinsinq, flushing, and testing was controlled and
monitored. Suitable packaging and protection was provided for
components to maintain cleanliness during shipping and storage.

The deqree of surface cleanliness obtained by these procedures
meets the requirements of Regulatory Guides l. 44 (5/73) and 1.37
(3/73)-

5.2.3.4.1.3 Cold Morked Austenitic Stainless Steels

Austenitic stainless steels with a yield strength greater than
90,000 psi are not used.
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5. 2. 3. 4. 2 Control of Wc ld
in'or

non-NSSS items, refer to response to Regulatory Guide 1. 31 in
Section 3. 13.

5.2.3.4. 2.1 Avoidance of Hot Cracking

All austenitic stainless steel filler materials were required by
specification to have a minimum of 5% ferrite. This amount of
ferrite is considered adequate to prevent hot cracking in
austenitic stainless steel welds.

An extensive test proqram performed by General Electric Company,
with the concurrence of the Requlatory Staff, has demonstrated
that contrcllinq weld filler metal ferrite at 5> minimum produces
production welds which meet the requirements of Requlatory Guide
l.31, (Rev. 1). A total of approximately 400 production welds in
five BWR plants were measured and all welds met the requirements
of the Interim Regulatory Position to Regulatory Guide 1.31.

5 2.3. 4. 2.2 Electrosl~a fields

Electroslaq weldinq was not employed for reactor coolant pressure
boundary components.

5.2.3.4.2 3 Welder Qualification for Areas of Limited
Accessibility. Regulato~r Guide 1.71. QRev 0}

For non-NSSS items, refer to response to Regulatory Guide 1.71 in
Sec tion 3. 13.

There are few restrictive welds involved in t.he fabrica tion of
NSSS reactor coolant pressure boundary components. Welder
qualification for welds with the most restrictive access was
accomplished by mock-up weldinq. Nock-ups were examined with
radiography or sectioninq.

5.2.3. 4. 3 Nondestructive Examination of Tubulaz Products.
Regulatory Guide 1.66. QRev. OJ

For non-NSSS items, refer to response to REgulatory Guide 1. 66 in
Section 3. 13.

Wrought tubular products were supplied in accordance with
applicable ASTN/'ASIDE material specifications. These
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specifications require a hydrostatic test on each length of
tubing. Additionally, the specification for the tubular product
used for CRD housings specified ultrasonic examination to
paragraph NB-2550 of ASNE Code Section III.
These components met the requirements of ASNE Codes existing at
time of placement of order.

5.2 4 IN-SERVICE INSPECTION AND TESTING OF REACTOR
CCQL ANT PRESSUR E BOUNDARY

The construction permits for the Susquehanna SBS were. issued in
November, 1973. Relatinq this date to the requirements of
10CFR50.55a (g), the preservice examination program with
provisions for design and access should comply, as a minimum,
with the 1971 Edition of the ASIDE BGPV Code Section XI including
the Summer 1972 Addenda. .The Susquehanna SES preservice
examination program will not be conducted to the minimum
requirements of 10CFR50.55a (q) but rather to the more current
1974 Edition of Section XI including the Winter 1975 Addenda for
the RPV and the Summer 1975 addenda as modified by Appendix III
from the Winter 1975 addenda and IHA-2232 from the Summer l976
addenda for the piping systems to the extent practical within the
limitations of design, geometry, and materials of construction of
the component.

Throughout the service life of the Susquehanna SES, components
and their supports classified as ASNE Code Class 1, Class 2 or
Class 3, except for components excluded under'HB-1220, IHC-1220,
and IWD-2600(c), will meet the requirements, except design and
access provisions, set forth in Editions of Section XI of the
ASIDE BGPV Code and Addenda that became effective subsequent to
the editions specified above and are incorporated by reference in
10 CFR 50.55 a (q), and to the extent practical within thelimitation- of design, geometry, and materials of construction of
the component.

The initial in-service examinations conducted during the first 40
months will comply, to the extent practical, with the
requirements of the ASME BGPV Code Section XI and Addenda
incorporated by reference in 10CPR50.55a (g) and in effect no
more than six months prior to the starting date of each unit of
Susquehanna SES commercial operation.

The in-service examinations conducted during successive 40-month
periods throughout the service life of the Susquehanna SES will
comply, to the extent practical with the requirements of the ASIDE
BGPV Code Section XI and Addenda incorporated by reference in
10CFR 50.55 a(q) and in effect no more than six mcnths prior to
the start of each 40-month period.
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5.2.4.1 System Boundary Sub ect to Ins ection

The inspection requirements of Section XI of the Code are met for
all Class 1 pressure-containing components (and their supports)
except for components excluded under IMB-1220 of Section XI. The
system boundary includes all pressure vessels, piping, pumps, and
valves that are part of the reactor coolant system, or connected
to the reactor coolant system, up to and including:

a) The outermost containment isolation valve in system
pipinq that penetrates the primary reactor containment

b) The second of two valves normally closed durinq normal
reactor operation in system piping that does not
penetrate primary reactor containment,

c) The reactor coolant system safety and relief valves.

5.2 4.~ Accessibility

The desiqn and arrangement of system components are in accordance
with IMA-1500, "Accessibility", of the 1971 Edition of Section
XI. Adequate clearances for general access are provided as
follows:

a) Sufficient space is provided for personnel and equipment
tc perform inspections.

b) Provisions are made for the removal and storage of
structural members, shielding components, and insulating
materials, to permit access to the components being
.inspected.

c) Provisions are made for hoists and other handling
machinery needed to handle items in (b), above.

d) Provisions are made for alternative examinations if
structural defects or indications reveal that such
examinations are required.

e) Provisions are made for the necessary operations
associated with repair or replacement of system
components and piping.

Pipinq systems requirinq volumetric ultrasonic inspection are
designed so that welds requiring inspection are physically
accessible for inspection and ultrasonic equipment. Access is
provided by leaving adequate space around pipes at these welds
and by removing insulation and shielding as required.
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The surfaces of welds requiring ultrasonic examination have been
qround and contoured to permit effective use of ultrasonic
transducers, and to minimize gecmetric reflectors that could be
misinterpreted as flaws.

Piping systems requiring surface or visual examination are
designed to allow access and visibility adequate for performance
of such examinations.

Access is provided to reactor vessel components to meet, as a
minimum, the examination requirements of ASME Section XZ as
outlined above.

Because high potential radiation levels in the vicinity of the
reactor vessel limit access to the vessel, considerations for
meeting ASME Section XI have been incorporated into the plant
design as follows:

a) An annular space (8-in. minimum) sufficient to
accommodate remotely operated inspection equipment is
provided between the reactor vessel shell and the
thermal insulation for areas behind .the reactor shield
wall.

b) Removable sections of thermal insulation and openings in
the reactor shield with hinged shield plugs are provided
to allow access for remote or manual examination of the
reactor vessel nozzle-to-shell, nozzle-to-safe-end, and
safe-end-to-pipe welds.

c) Access to full penetration vessel welds, nozzle welds
above the reactor shield, and a11 top head welds is
provided by removable, freestanding thermal insulation.

d) Openings in the reactor shield and removab1e insulation
are provided to allow access to the reactor skirt-to-
bottom head welds.

e) Openings in the reactor skirt, removable insulation
panels, and walk-on grating are provided to allow access
to the bottom head welds inside the support skirt.

f) Remote visual examination of the reguired number of
patches on the interior clad surface of the reactor
vessel will he performed in -accordance with the
requirements of ASME Section XZ.

q) The reactor vessel closure head is stored dry in an
accessible area to provide direct access for inspection.

h) Reactor vessel studs, nuts, and washers are-removed to
dry storage for inspection.
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In-service inspection access to other major reactor coolant
system components is provided as follows:

a) Morking platforms are provided to facilitate access to
inspection areas.

b) The insulation covering component and piping welds and
adjacent base metal is designed for easy removal and
reinstallation in areas where inspection is required.

c) The physical arrangement of pipe, pumps, valves, and
other components allows personnel access to welds
requirinq in-service inspection in accordance with ASIDE
Sect'ion XI

5 2 4 3 Examination Techniques and Procedures

The methods, techniques, and procedures used in the Susquehanna
SES in-service inspection program comply with the requirements of
ASIDE Section X.I, Subarticle IMA-2200.

The visual, surface, and volumetric examination techniques are in
compliance with IMA-2210, 2220, and 2230, respectively. Xf any
alternative examination methods, combination of methods, or newly
developed techniques are substituted for the above-described
methods, results will be provided that demonstrate that the
alternative methods are equivalent to or superior to those
methods specified in Section XI.

If, as a result of the preservice or in-service examinations,
flaw indications are found to have developed and/or propagated
beyond the acceptance standards of IMB-3000, then further
examinations will be conducted, as needed, to determine the exact
condition. Following evaluation of this evidence, a decision
will be made reqardinq repair requirements related to plant
safety. Any repairs, if needed, will be pezformed to the rules
of 'IMB-4000.

5.2 4 4 Ins2ection Intervals

.Zn-service inspections will be performed during plant outages
such as refueling shutdowns or'maintenance shutdcwns. Mith the
exception cf the examinations that may be deferred until the end
of the inspection interval, the required examinations will be
completed in accordance with ZMB-2412, (Znspection Program B) for
the vessel (Minter 1975 addenda) and IMB-2411 (Regular Program)
for pipinq (1974 edition)
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Discussed below is the first inspection interval program thatwill be performed cn the Susquehanna SES Units 1 and 2 Class I
systems. Each system is discussed in categories corresponding to
ASIDE Section XI Editions and Addenda specified in Subsection
5.2.4. This discussion includes the area and extent of
examination of each category.

A combination of manual and mechanized techniques will be used
for in-service examinations. Preservice {or baseline) data will
be qenerated accordingly usinq the technique that will be used
for in-service examinations.

The detailed preservice and in-service inspection programs are
presented in the technical specifications, Section 3f'4 4.8 of
Chapter 16.

5 2.4. 4. 1 Reactor Vessel

Item 1.1, Cateqory A — Pressure Retaining Melds in Reactor
Vessel

In-service examination cf pressure retaining welds in the reactor
vessel includes manual ultrasonic examination of 100 percent of
the accessible length of each of the following welds:

a) Meridional, circumferential, and radial welds in the
vessel heads

b) Vessel shell-to-flange and closure head-to-flange wells.

c) Lonqitudinal and circumferential welds in the vessel
located above the reactor shield wall up to, but
excluding the vessel-to-flange weld {vessel shell course
Nos. 4 and 5).

In-service examination. of pressure retaining welds in the reactor
vessel also includes remote mechanized ultrasonic examination of
100 percent of the accessible lenqth of each of the following
welds:

a) Longitudinal and circumferential welds in the core
region (vessel shell course No. 2)

b) Longitudinal and circumferential welds in the vessel
located behind the reactor shield wall {vessel shell
course Nos. 1 and 3)
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Item 1.0, Category D — Full Penetration Melds of Nozzles in
Vessels

The vessel nozzle welds and nozzle to vessel inside radiused
section will be ultrasonical.ly examined by remote mechanized
equipment for nozzle diameters 10 in and larger, and by manual
ultrasonic techniques for nozzles smaller than 10 in. that are
not excluded by IMB-1220.

The examination of each nozzle will cover 100 percent of the
nozzle-to-vessel welds and 100 percent of the inner radius
section of the nozzle-to-vesse1 junctures.

Item 1.5, Cateqory E — Pressure Retaining Partial Penetration
Melds in Vessels

The 185 control rod drive penetrations, 55 in-core penetrations,
one drain penetration, and one core differential pressure and
liquid control penetration for each unit are included in this
category. The area around each of these penetrations will be
visually examined when the system boundary is subjected to a
pressure test. The examination will include 25 percent of each
qroup of penetrations of comparable size and function.

Item 1.6, Category F — Pressure Retaining Dissimilar Metal
Melds

The vessel nozzle-to-safe-end welds will be ultrasonically
examined by remote mechanized equipment for nozzle diameters
10 in. and larqer and by manual ultrasonic techniques for nozzles
smaller than 10 in. that are not excluded by IMB-1220. Nozzle-
to-safe-end welds will also be examined for surface indications
usinq dye penetrants.

The examination will cover 100 percent of the welds.

Items 1 7, 1. 8, 1. 9, 1. 10, Category G-1 — Pressure Retaining
Bolting~ Larger than 2 in. in Diameter

The closure studs and nuts wi.ll be surface examined when they are
disassembled for removal of the vessel head. The closure washers
and threads in the flange stud holes will be visually examined.
The vessel studs and flange ligaments between threaded stud holes
in the'vessel flange will be volumetrically examined usinq manual
ultrasonic techniques. There are no bushings used in the
threaded stud holes. The examinations performed during the
inspection interval will cumulatively cover 100 percent of the
studs, nuts, washers, threads in hase material, and flange
ligaments between threaded stud holes.
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Item 1.11, Category G-2 — Pressure Retaining Bolting, 2 in.
and Smaller in Diameter

There is no pressure retaining .bolting, 2 in and smaller, on the
reactor vessel

Item 1.12~ Cat~e~or H — Vessel Su2Horts

The reactor support skirt-to-reactor vessel weld will be examined
volumetrically using manual ultrasonic techniques. The
examination will include the weld to the vessel and'the base
metal beneath the weld zone and along the support skirt for a
distance of two support thicknesses The examination performed
during each inspection interval will cover at least 10 percent of
the circumference of the weld to the vessel

item.'1,13m CateHo~ri-1 — Closure Head Claddi~u

There is no cladding on the closure head.

Item 1. 14, Cateqory I- 1 — Interior Clad Surfaces of Reactor
Vessels

There are six claddinq examination patches at least 36 sq in.
each distributed on the cladding surface of the Nos. 3 and 4
shell ring and the shell flange. The patches are accessible for
examination by remote visual methods. The examinations performed
during each inspection interval will cover 100 percent of the
patch areas.

Item 1.1~5Catego~r N-1 — Interior of Reactor Vessels

Surfaces in the space above and below the reactor core will be
examined in selected areas by remote visual methods when those
areas are made accessible by the removal of components during
normal refueling outages. The examination will be conducted at
the first refueling outage and subsequent refueling outages at
approximately three-year intervals.
Item 1. 16, Category N-2 — Integrally Welded Core-Support
Structures and Interior Attachments to Reactor Vessels

All visually accessible attachment welds and visually accessible
surfaces of the core support structure will undergo a remote
visual examination durinq each inspection interval.
Item 1 17 Category N-3 — Removable Core-Support Structures

Not applicable to direct-cycle boiling water reactors.
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Item 1. 1S, Category 0 — Pressure Retaining Melds in Control
god drive Hous~in s

The control rod drive housing weld. metal and base metal for one
wall thickness beyond the edge of the weld will be examined
manually. During each inspection interval, 100 percent of the
welds in 10 percent of the installed peripheral control rod drive
housings will be volumetrically examined. For the preservice
examination, 100 percent of the welds in the installed peripheral
control rod drive housings will be examined.

Item 1. 19, Category P — Components Exempted from Examination
~b IWB-1220

All accessible components within this category will receive a
visual examination as required by Articles IMA-5000 and IWB-5000.

5.2.4.4. 2 P~i in@ Pressure Boundary

Item 4.1, Cateqory F — Pressure Retaining Dissimilar
Metal Melds

Volumetric and surface examinations of safe end to piping and
safe end in branch piping welds will be performed on 100 percent
of each dissimilar metal weld. Examination will include the base
material for one-half wall thickness or l-inch, whichever is less
beyond the edge of the weld.

Item 4.2 and 4.3, Category G- 1 — Pressure Retaininq Bolting,
2 in. and lair er in Diameter

There is no pressure retaining bolting larger than 2 in. in
diameter within the pipinq pressure boundary.

Item 4.4, Cateqory G-2 — Pressure Retaining Bolting, Smaller
ghan 2 in. and Smaller in Diameter

Safety valve to flange pipe connection bolting, top head nozzle
flange-to-pipe flange bolting and flanged pipe connection bolting
will under qo visual examination. Bolting at flow meter orifices
will underqo visual examination. The examinations will include
the bolt:, studs, and nuts when in place under tension, when the
connection is disassembled, or when the bolting is removed.

The visual examinations will cumulatively cover 100 percent of
the bolts, studs, and nuts.
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Item 4 5, 4. 6, 4e 7 and 4 8, Category J — Pressure Retaining
nelds ~in ~iin
During each inspection interval, 100 percent of the
circumferential welds and longitudinal welds and the base metal
for one wall thickness beyond the edge of the weld vill be
volumetrically examined. Longitudinal velds wil1 be
volumetrically examined for at least 1-foot from the intersecton
with the edqe of the circumferential veld selected for
examination.

For pipe branch connections exceeding 6-inch diameter, the weld
metal, the base metal for one pipe vali thickness beyond the edge
of the weld on the main pipe run, and at least 2-inches of base
metal, along the branch run vill be volumetrically examined.

Branch pipe connection velds 6-inch diameter and smaller and
socket welds will undergo surface examination.

The examinations performed during each inspeciton interval vill
cover all of the area of 25 percent of the circumferential joints
includinq the adjoining 1-foot sections of longitudinal joints
and 25 percent of the pipe branch connection joints. Item 4.4,
4.5, 4.6, 4.8, Category J — Pressure Retaining

Item 4 9 Cate~o~rK-1 — Sngport Kembers for piping
Inteqrally welded pipe supports vill be volumetrically examined
to the extent practicable on 25 percent of the supports during
each inspection interval. The examination will cover the velds
to the pressure retaining boundary and the base metal beneath the
weld zone and alonq the support attachment member for a distance
of tvo support thicknesses

Integrally welded pipe supports that cannot be practically
inspected by volumetric examination will be examined by the
surface method.

Item 4. 10~ Categor~K-2 — S~u port Components for Piping

Piping supports and hangers in this category will be visually
examined. The examination will cover the support components from
the pipe to and including the attachment to the supportingstructure. The examinations performed during each inspectio'n
interval vill cumulatively cover all support members and
structures. Also included will,be verification of the settings
of constant and variable spring type hangers, snubbers, and shock
absorbers.
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Item 4. 11, Category 'P — Components Exempted from
Examinationh 2MB-1220

All accessible components within this category will receive a
visual examination during each system pressure test, as required
hy Articles IMA-5000 and IWB-5000.

5.2.4 4 3 Pump Pressure Bounda~r

Items 5.2 and 5.3, Cateqory G-1 — Pressure Retaining

The reactor coolant recirculation pump cover-to-case studs are
included in this cateqory.

Mhen the bolting is removed for required maintenance or for the
examinations specified under Item 5.7 at the end of the
inspection interval, a volumetric and surface examination will be
performed.

The reactor coolant recirculation pump hanger bracket assemblies,
which are integrally welded to the pump casings, are included in
this cateqory. The confiquration of these assemblies precludes
meaninqful volumetric examination. During the inspection
interval, 25 percent of the integrally welded supports will be
examined by a surface method to the extent practicable
Item 5.5 Cate or K-2 — Su5port Cos2onents for pus2s

The reactor coolant recirculation pump supports will be visually
examined during the inspection interval. The examinations
performed durinq each inspection will cumulatively cover all
accessible support members from the pump at'tachment to and
including the attachment to the supporting structure. Also
included will be verification of the settings of the constant
support hanqers and hydraulic snubbers.

Item 5.6, Cateqory L-1 — Pressure Retaining fields on Pump
Ca s i~ns

There are no pressure retaining welds in pump casings within the
inspecticn boundary.
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Item 6.7~Catepo~rt-2 — P~um Ca~mls s

The internal pressure boundary surfaces of the reactor coolant
recirculation pumps are not normally accessible. If maintenance
of the pump internals is required during the inspection interval,
visual examination will be performed on the accessible surfaces.
Otherwise, visual examination of one pump will be performed in
each group of pumps performing similar functions in a system at
the end of the inspection interval
Item 5.8,. Cateqory P — Components Exempted from Examination
~bIMB-1 220

All accessible components within this category will receive a
visual examination during each system'pressure test, as required
by Articles IMA-5000.

Item 5. 9, Category G-2 — Pressure Retaining Bolting, and
Smaller 2 in. in Diameter

The reactor coolant recirculation pump seal assembly bolting
under this category will be examined visually in place. The
visual examination performed during each inspection interval will
cumulatively cover the accessible bolts on all pumps.

5.2.4. 4. 4 Valve Pressure Bounda~r

Items 6. 1 ~ 6.2 and 6. 3, Cateqory G-1 — Pressure Retaining
Bolting 2 in. and Larqer in Diameter

There are no items in this category.

Item 6.n~Catepo~r K- 1 — Support nemhers for Valves

Integrally welded valve supports will be examined to the extent
practicable on 25 percent of the supports during each inspection
interval. Integrally welded supports that cannot be practically
examined by ultrasonic methods will be examined by a surface
method.

Item 6 6a Cate~urI K-2 — SuPPOrt CpmPOnentS far ValyeS

Supports and hangers of the valves in this category will be
visually examined. During each inspection interval, all
accessible support members from the valve attachment to and
includinq the attachment to the supporting structure will be
examined, and the settings of constant and variable spring type
hangers, snubbers, and shock absorbers will be verified.
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Item 6.6, Category 5-1 — Pressu"e Retaining Welds in
Valve Bodies

There are no pressure retaining welds in valve bodies within the
inspection boundary.

Item 6.7~Cate~~or N-2 — Valve Bodies

The internal pressure boundary surface of one disassembled valve
exceeding 4 in. nominal pipe size in each group of valves of the
same constructional design will be visually examined in each
inspection interval when the valve is disassembled for normal
maintenance, or near the end of the inspection interval.
Item 6.8, Category P — Components Exempted from
Examination by 1MB-1220

All accessible components within this category will receive a
'isualexamination during each system pressure test, as required

by Articles IWA-50,00.

Item 6.9, Category G-2 — Pressure Retaining Bolting,
Smaller than 2 in. in Diameter

1

All valve bonnet bolting will be accessible for a visual
examination that will cumulatively cover all accessible bolts,
studs, and nuts.

5.2.4.5 /valuation of Examination Results

a) The standards for examination evaluation are in
agreement with the requirements of Section XIi IWB-3000,
"Standards for Examination Evaluations«. The program
for flaw evaluation agrees with Table IWB-3410,
"Evaluation Standards".

b) The program regarding repairs of unacceptable
indications or replacement of components containing
unacceptable indications is in agreement with the
requirements of Section XI, IWB-4000, "Repair
Proceduresii. The criteria that establish the need for
repair or replacement are in accordance with Section XI,
IWB-3000.

5.2.4.6 ~Sstem Leakage and Hydrostatic Pressure Tests

The pressure retaining Code Class 1 component leakage and
hydrostatic pressure test program agrees with the requirements of
Section 'XI, IMB-5000, »System Leakage and Hydrostatic Pressure
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Tests". XWB-5222, "System Hydrostatic Test Pressure», presentscriteria and a table of equivalent test temperatures versus test
pressures at which the system must be tested. The program is in
agreement with IWB-5222 with regard to the temperature-pressure
relationship of the system at test; and is in agreement, with the
technical specifications s reguirements for operating limitations
during heatup, cooldown, -and system hydrostatic pressure testing.
In some cases, these limitations may be more severe. than IWB-
5222

5.2 4 '7 AUGMENTED INSERVICE INSPECTION TO PROTECT AGAINST
POSTULATED PIPING FAILURES

'he

augmented inservice inspection program to provide.100 percent
volumetric exami'nation of circumferential and longitudinal pipe
welds in high enerqy systems beween containment siolation valveswill be reviewed and implemented on an ss doscribod in subsection 6,6-8.

5.2.5 DETECTION OF LEAKAGE THROUGH REACTOR
COOLANT PRESSURE BOUNDARY

5 2.5 l Leakage Detection methods

The nuclear boiler leak detection system consists of temperature,
pressure, and flow sensors with associated instrumentation and
'alarms. This system detects,,annunciates, and isolates {in
cer tai n ca ses) lea kages in the foliowing s'yst e ms:

(1) Mai-n steam lines

(2) Reactor water cleanup (RWCU) system

(3) Residual heat removal {RHR) system

{4) Reactor core isolation cooling (RCIC) system

{5) Feedwater system

{6) High Pressure Coolant In jection (HPCI) System

Isolation and/or alarm of affected systems and the detection
methods use'd are summarized in Table 5.2-8.

Small leaks (5 gpm and less) are detected by temperature and
pressure changes and drain pump activities. Large leaks are also
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detected by changes in reactor water level and changes in flow
rates in process lines.
The 5 gpm leakage cate is a technical specification limit onunidentified leakage. The leak detection system is fully capable
of monitoring flowrates with an accuracy of. one gpm and is, thus,in compliance with Paragraph C.2 of Regulatory Guide 1.45.

5.2 5.l 1 Detection of Abnormal Leakage Within the.
Primary Containment QNSS-Systems}

Normal leakage
and a pressure
vessel shroud.
the main steam

will resu.lt in a decrease of reactor water leveldifferential between the core spcay line and +he
A low reactor water level will cause isolation of

lines.

5.2.5. 1.2 Detection of Abnormal Leakage Within the
Primarv Containment /Non-NSSS}

Leakage through the reactor coolant pressure boun<kacy within the
primacy containment is detected by monitoring temperatures,
pressures, airborne particulate radioactivity, and changes oflevels in drain .,umps. These monitors and their respectivelocations are listed in Table 5.2-14.

The following systems ace used to monitor these variables:
a) Primary containment and suppression pool tempecature

mani tori ng s ystem.

b) . Primacy cont.ainment and suppression chamber pressure
monitoring system

c) Primary containment atmosphere monitoring system
(containment 'radiation detection)

d) Drywell floor drain sump monitoring an 3 dcywell
equipment drain tank level monitoring 'system.

The above mentioned leak detection systems are designed in
accordance with recommendations of Regulatory Guide 1.45.
The drywell leak detection system is not'ntended to be qualified
as a post LOCA system; it is designed for use during power
operation as implied by the Technical Specif ications. 'here
would he no practical way of recalibrating t.he system after the
LOCA transient.
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5 2.5.1.2. 1 Primary Containment Temperature
Moni toring System

Temperatures within the,drywell are monitored at various
elevations. A drywell ambient temperature rise'ill indicate the
pressure of reactor coolant or steam, leakage. Temperature
monitoring of the containment provides an indirect indication of
leakage as defined in the regulatory position (3) of Regulatory
Guide 1. 45.

A- detailed description of the. system, sensitivity and response
time, and the system reliability is discussed in Subsection
7 6.1b 1.2.

Limiting, leakage conditions are included in the technical
specification of Chapter 16.

Provisions for testing and calibration are described in Section
7 6. 2b.

5.2.5.1.2.2 Primary Containment Pre., ure
monitoring System

Pressure monitoring within the containment provides an indirect
method of detecting leaka ge.

The dryvell pressure fluctuates slightly during reactor operation
as a result of pressure changes in the reactor building and out-
leakage. A pressure increase above normal values indicates a
leak in the primary containment.

The primary containment monitoring system and instrumentation is
described in Section 7.6. 1b.

Section 7.5 lb identifies safety related display instrumentation.
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5.2. 5.1.2. 3 Primary Containment Atmosphere Monitoring-
Airborne Particulate Radioactivitg Monitoring

The primary containment is continuously monitored for airborne
radioactivity. A sample is drawn from -he primary containment
and a sudden increase of activity indicates a steam or reactor
water leakage.

5.2.5.1.2.3 1 Sensitivity and Response Time

The objective of the drywell lea
in H. G. 1.05 is to detect 1 gpm
pressure boundary leakage in 1 h
supplied to accomplish this are
(see Subsection 5.2.5.1.2.4), a
radioiodine monitor, and a parti
three radiation monitors sample
on the assumption that flashing
radioactivity in the atmosphere.

k detection monitors as indicated
of unidentified primary coolant
our. Several detection systems
the drywell sump level monitor
noble gas radiation monitor, a
culates radiaticn monitor. The
drywell for the activity level-
coolant leakage will result in

The reliability, sensitivity and response times of radiation
monitors to detect 1 gpm in l hour of Reactor Coolant Pressure
Boundary leakage will depend on many complex factors. The major
factors are discussed helow:

Source of Leakage

1) Location of Leakage

The amount of activity which would become airborne
following a 1 gpm leak from the RCPB will vary
depending upon the leak location and the coolant
temperature and pressure. For example, a feedwater
pipe leak will have concentration factors o f 100 to
1000 lower than a recirculation line leak. A steam
line leak will be a factor of 50 to 100 lower in,
iodine and particulate concentrations, than the
recirculation line leak, but the noble gas
concentrations may be comparable. A RMC[1 leak
upstream of the demineralize"" and heat exchangerswill be a factor nf 10 to 100 higher than
downstr eam, except for, noble gases. Differing
coolant temperatures and pressures will affect the
flashing fraction and partition factor for iodines
anil particulates. Thus, an airborne concentration
cannot be correlated to a quantity of leakage
without knowing the source of the leakage.

2) Coolant Concentrations

Rev. 17, 9/80 44



SSES- FS AR

Variations .in coolant concentrations during
operation can be as much as several orders of
magnitude within a time frame of several hours.
These effects are mainly,.due to spiking during
power transients or changes in the use of. the RWCU
system. Fxamples of these transients'for I-131 can
be found in NEDO.-10585 {8/72), Behavior of Iodine
in Reactor Mater During Plant Shutdown and Startup.
Thus, an increase in the coolant concentrations
could give increased containment concentrations
when no increase in unidentified leakage occurs.

3) Other Sources of Leakage

Since the unidentified leakage is not the sole
source of activity in the., containment, changes in
other sources will result in changes in the
containment airborne concentrations. For example,identified leakage is piped to the equipment drain
tank in the drywel 1, but the tank is vented to the
drywell atmosphere allowing the release of noble
gases and some small ~ quantities of iodines and
particulates from the drain tank.

B Drywell Conditions Affecting Monitor Performance

Fquilihrium Activity Levels

During normal opecation the activity release. from
acc ep ta ble quantities of identified and
unidentified leakage'ill build up to significant
amounts in the drywell air. Conversations with
several operating plants indicate that levels as
high as .1 to 10 times MPC are not uncommon for
noble gases and iodines., (MPC refers to "maximum
permissible concentration'~ as def ined hy 10CFR20,
MPC is used here only zs a convenient reference) .
Due to these high equilibrium activity levels the
small

inc�

"ease. due to a 1 gpm increase in leakage
may be difficult to see within an hour. Typical
MPC ranges are..

.1 MPC to 10 HPC

Noble Gases
Particulates
lodines

lx10-~ — lxl0-~ MCi/cc
lx10-< — lx10-4 PCi/cc
5x10-~ —'5x10-s P Ci/cc

Fresh fuel barkgrounds were not considered because
no fission products are available at that point in
time. The numbers given above include amounts of
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failed and/or irradiated fuel. These numbers also
include normal expected leakage rates.

2) Purge and Pressure Release Effects

Changes in the detected activity levels have
occurred during periodic drywell purges to lower
the drywell pressure. These changes are of the
same order of magnitude as approximately a 1 gpm
leak, and are sufficient to invalidate the results
from .iodine and particulate monitors.

Plateout, affixing, Fan Cooler Depletion

Plateout effects on iodines and particulates will
vary with the distance from the coolant release
point to the detector. Larger travel distances
would result in more plateout. In addition the

~ pathway of the leakage will influence the plateout
effects. For example, a leak from a pipe with
insulation will have greater plateout than a leak
from an uninsulated pipe. Although the drywell air
will be mixed by the fan coolers, it may be
possible for a leak to develop in the vicinity of
the radiation detector sample lines. Tn addition,
condensation in the coolers will remove iodines and
particulates from the air. Variations in the flow,
temperature and number of coolers will affect the
plateout fractions. Plateout within the detector
sample tube will also add to the reduction of the
iodine and pa rticulate activit y levels. Th e
uncertainties in any estimate of plateout effects
could be as much as one or two orders of magnitude.

C. Physical Properties and Capabilities of the Detectors

Detector Ranges

The detectors were chosen to ensure tha tthe
operating ranges co vere'he concentrations
expected in the drywell. The operating ranges are:

Noble Gases
Particulates
Iodines

lxl0-~ to lxl0"< p Ci/cc
lx10-~ to lxl0-~ p Ci/cc
lx10-~ to lx10-~ p Ci/cc

2) Sensiti vity
In the absence of background radiation and
equilibrium drywell activity levels, the detectors
have the following minimum sensitivity.
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3)

Noble Gas lxl0-~ p Ci/cc
Particulates lx10-~ p Ci/cc
Iodine lxl0-~ p Ci/cc

\

Counting Statistics and Monitor Uncertainties
In theory these radioactivity monitors are
sta tistically able to detect increases in
concentration as small as 2 or 3 times the square
root of the count rate, i.e., at 106 cpm an
increase of 2x10~, or 0.2%, is detectable; at 10~
cpm an increase of 240, or 20% is detectable. 5naddition at high count rates the monitors have
dead-time uncertainties and the potential for
saturating the monitor or the electronics.
Uncertainties in calibration (+5%) sample flow
(+10%) and other instrument design parameters tend
to make the unrertainty in a count rate closer to
20% to 40% of the equilibrium drywell activity.

4) Monitor Setpoints

Due to the uncerta inty and ext reme variability of
the concentrations to be measured in the
containment the use of alarm setpoints on theradioactivity monitors would not be practical or
useful. As indica ted in the following section the
setpoints which would he required to alarm at 1 gpm
would be well within the bounds oF. uncertainty of
the measurements. The use of such setpoints would
result in many unnecessary alarms and the frequent
resetting of setpoints. A setpoint alarm on the
sump level monitor alone is used; the radioactivity
monitors are for supporting inFormation +o confirm
that the leak is radioactive. The alarm setpointsfor the radiation monitors will be setsignificantly above background to prevent nuisance
alarms. The actual setpoint will be changed as
background increase At these levels, the
radiation monitors will provide no warning of a 1
gpm leak in one hour.

5) Estimated Monitor Responses

Table 5.2-13 estimates the expected monitor
responses for several types of leaks and several
types of monitors. As indicated in column 3, the
added activity in containment from a 1 gpm leak for
1 hour is less than the nominal 20% increase which
could be meaningfully detected. The final columns
estimate the detectable leakage in 1 hour.
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6) Operator Action

There is no direct correlation or known
relationship between the detector count rate and
the lea'kage rate, because the coolant activity
leavels, source of leakage, and background
radiation levels (from leakage alone) are not known
and cannot be cost-effectively determined in
existing reactors. There are also several other
sources of containment airborne activity (e.g.safety relief valve leakage) vhich further
complicate the correlation.
Thus, the recommended procedure for the control
room operator is to set an alarm setpoint at l gpmin 1 hour on the sump level monitor (measuring
water rollected in .the sump which may not exactly
correspond to water leaking from arr unidentified
source) . When t he alarm is actuated, the operator.vill reviev all other monitors (e.g., noble gas,particulates, temperature, pressure, fan cooler
drains, etc.) to determine if the leakage is from
the primary coolant pressure boundary and not from
an SRV or cooling water system, etc. Appropriate
actions will then be taken in accordance with
Ter hnica 1 Specification 3/4. 4. 3 .. The r eview of
other monitors will consist of comparisons of the
increases and rates of increase in the values
previously recorded on the strip chart recorders.
increases in all parameter- except sump level vill
not be correlated to a RCPB leakage rate. Irrsteacl,
the increases will be compared to normal operatinglimits and limitations (e.g., 2 psi maximum
pressure for ECCS initiation) and abnormal
increases will be inve. tigateB.
Since the 5 gpm Technical Specif icatiorr limit is
allowed to be averaged over 24 hours, quick and
accurate responses are not necessary unless the
leakage is very large 'and indicative of a pipe
break. Irr thi" case, the containment pressure-and
reactor vessel water level monitors vill alarm
within seconds, and the sump level monitor would
alarm within minutes o. tens of minutes.j
The radiation monitor alarms vill not be set to
levels that correspond to RCPB leakage levels since
the correlations can' be made. Also, since the
containment airborne activity levels vary by ordersof'agnitude during operation due to pover
transients, spiking, steam leaks, and outgassing
from sump „etc., an appropraite alarm setpoint, if
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one is used, should be determined by the operator
based on experience vith the specific plant. A
setpoint level of 2 to 3 times the background level
luring full pover steady state operation may be
useful for alarming large leaks and pipe breaks,
but it vould not alvays alarm for l gpm in l hour.

7) Conclusion

Due to the sum total of the uncertainties
identified in the previous paragraphs the iodine
and particulate monitors will not be relied uponfor leak detection purposes but only as supporting
instrumentation. The noble gas monitor is used to
give supporting information to that supplied by the
sump level monitor and it vould be able to give an
early warning of a major leak especially if
equilibrium containment activity level's are low.
However, the uncertainties and variations in noble
gas leaks and concentrations vould preclude the
setting of a meaningful set point on the monitors.

5.2.5.1.2. 4 Dryvell Floor Drain Sump Monitoring
est em

The drywell floor drain sump monitoring system is designed to
permit leak detection in accordance with Regulatory Guide 1.45.

5~5.1.2. 4. 1 ~S stem Descry tion

Two dryvell floor drain sumps are l.ocated in the primary
containment for collection of leakage from vent coolers,. control
rod drive flange leakage, chilled. water drains, cooling water
drains, and overflow from the equipment drain sump.

The drywell floor drain sump is located at the drywell diaphragm
slab low point. Unidentified leakages vill, by gravity, flov
down the slab surface into the floor drain sump. No .floor drain
piping system is employed. Piped inputs to the dryvell floor
drain sump are from clean system drains. No surveillance programis planned to detect piped equipment drain system blockage.

Small, unidentified leakages of concern floving into the drywellfloor drain sump will not be masked by larger, acceptable,identified leakages overflowing from the drywell equipment drain
tank. The drywell equipment drain tank drains hy gravity.
During conditions of acceptable identified leakage rates, the
gravity flow from the dryvell equipment drain tank vill he
capable of preventing the drywell equipment drain tank from
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17

overf loving to the drywell floor drain sump. The operation andcontrol of the drywell equipment drain tank drain is the same as
discussed in Subsection 5.2.5.1.2.4.1 for the drywell floor drain
sumps.

Rater flow rate better than 0.5 gpm can be obtained by monitoring
changes of level over a time period. The folloving method of-flov rate measurement was selected to comply vith the
requirements of Regulatory Guide 1.45. The necessary sensitivityis obtained by measuring the changes of level during a fixed timeinterval. For this purpose a continuous level measurement systemis installed in each of the sumps. An electronic signal directly
proportional to the actual sump level is applied to one pen of a
two-pen recorder, to an electronic sample and hold device, and to
an electronic differential switch. The sample and hold device,
upon command from a timer, applies its output signal to the
second pen,of the tvo-pen recorder and to the second input of theelectronic differential switch. The sample and hold unit's
output signal level is regularly updated to the reference sumplevel signal.

12
The actual level signal of the sump and the reference levelsignal are continuously displayed on the two-pen recorder. The
same signals are being monitored by the electronic differentialsvitch. Shen the level signals differ by + 50 gallons or more
during a 50 minute period (equal to 1 gpm) an alarm is actuated
on the local panel and on the contxol board in the main control
room. The change in sump level per unit of time determines the
leak rate and is available from the recorder slope for
confirmation.

17

There is no reliable quantitative relationship betveen the sumplevel and the leakage rate from any source. The quantity is
dependent upon the temperature and pressure of the containment
and the leak and the location of the leak. Part of the leak villflash to steam; it'ay be partially trapped betveen insulation
layers. Presumably the leakage will get to an equalibrium:level
where most of it ends up in the sump, unless the'rywell is
vented to relieve the pressure buildup. Since the Technical
Specification allows 24-hour averaged leak limits, short termvariations in the ability to relate the sump quantity to the
leaked quantity are ignored, and its is assumed that all leakage
reaches the sump. The errors iritroduced will not impair theability to detect larger leaks which could rapidly result in
severe accidents. Some leakage will no doubt he trapped ininsulation etc., but no large reservoirs for leakage have been
found.

Each sump is equipped with two submerged pumps which operate in
an alternating mode. — High sump level starts the pump
automatically. Remote manual control of the pump is provided in
the control room. Both pumps vill be operating as soon as an
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abnormal, high level is detected. The capability of each pump is
such that normal expected flow rates can be easily accomplished.

5 2.5e1 2.4 2 Instrumentation

Magnetic float type continuous level probes are used to measure
the fluid level and provide the signal for the recording of the
actual sump. level and the rate of- level change in the control
room. Excessive leak rate is alarmed on the local system panel
and with a group trouble alarm in the control room. The leak
rate can be observed by the control room operator.

5 2.5.1.2 4.3 Drywell Equipment Drain Tank Level
Honitoring System

The drywell equipment drain tank collects identified leakage
within the primary containment from reactor head seal leak off,
bulkhead drain, refueling bellows drain, RPV head vent,
recirculation pump seals, reactor recirculation pump cooler
drains, and RPV bottom drain.
All iden'bified leakages which may have temperatures of 212o 7 or
above are pard-piped directly to the drywell egnipment drain
tank. rhesh leakages will tend to partially flash into steam and
then condense in the drain pipe. This approach minimizes thepossibility that leakage will escape as steam into the
containment atmosphere prior to measurement in the equipment
drain tank.

I 12
11

)
17

I 12

~ The drywell equipment 'drain tank drains by gravity. The draintank's discharge valves automatically open when a predetermined
high level in the tank is reached. The discharge valves close at
a predetermined low level

17

~5. 5. 1. 2. 4. 4 Se nsiti vit~and Response Time of Neasurement

The method for liquid leak detection in the primary containmentis designed to meet the recommended water flow rate changes of
0.5 to 1 0 qpm as defined in Regulatory Guide 1.45.

The following assumptions and design considerations were
.incor pora ted:
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a) Leak rate is directly proportional to the associated
change in sump level.

b) measurement of the drywell floor drain sump is
discontinued during the pump operation and starts
immediately after the pump stops. Measurement of the
drywell equipment drain tank is discontinued when the
tank~s discharge valves are opened and, starts
immediately after the discharge valves close.

cj The selected measurement period T for the average changein level is 50 minutes

d) The drywell drain sumps have a, capacity of 300 gal with
a depth of 5 in.
The drywell equipment drain tank capacity is 1000 galwith a depth of 42 in.

e) The level instrumentation accuracy 'is + 5 percent offull r;ange

f) Recorder response is better than 1 second for full range

g) Recorder chart size/drive speed: 4'n./3/4 in./hr.
h) The electronic differential switch setpoint will alarm

rates less than or equal to one gpm.

These design factors allow a detection of 1 gpm flow rate within' 50 minute time period.
The operator can verify this leak rate on the recorder in thecontrol room by observation of the average change of level.

5. 2. 5.1 2. 4. 5 ~Si nal Correlation and Calibration

Dr~well Drain Sump

The sump depth of 0-5 in. is displayed on a 0-100 percent
recorder chart, which relates to the total sump capacity of 0-300
gal.
The average flow rate (changes of level) during the measurement
period T is calibrated to read 0-4 gpm over the full chart range.

C

D~r well Equipment Drain Tank

The tank depth of 42 in. is displayed on a 0-100 percent recorder
chart. This relates directly to the tank capacity of 1000 gal.
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The average flow rate is calibrated to record 0-4 gpm over thefull chart range.

5 2-5.1. 2. 4. 6 Seismic qualifications

The drywell floor drain sump, all drywell drain piping, and all
instrumentation used to monitor drywell floor drain sump and
equipment drain tank level will be qualified to operate following
an OBE. The drywell equipment drain tank, drywell equipmentdrain tank cooling coil, and, drywell floor drain sump pumps arenot qualified to operate following an OBE.

Credit will be taken for monitoring unidentified leakage.following an OBE thru the use of the drywell floor drain sumplevel monitoring system The proper functioning of at least one
leakage detection. system following an SSE is provided by the
design of the air borne radioactivity monitoring system. Referto Section 7.6. 1b for description.

5 2.5 1,2,a.7 7natan5 ann Calibration

Calibration of level sensors is possible by observing the changein level during the periodic pump down operations of the drywellfloor drain sump, and periodic draining of the drywell equipmentdrain tank.

For the drywell floor drain sump, the pumps are-automaticallystarted and stopped by mechanical level sensing switches (high
and low level set points), but can also be operated manually„ at.
any time, to check the calibration of the level sensors. In theevent that the high-high level is reached, two pumps will
operate. The drain tank discharge valves are opened
automatically on high level and can be operated manually at anytime, to check the calibration of the level sensors.
5.2.5.1.3 Detection of Abnormal Leakage Outside the

Primary Containment

Outside the drywell, the piping within each system monitored for
leakage is in compartments or rooms, separate from other systems
where feasible, so that leakage may be detected by area
temperature indications.. Each leakage detection system discussed
below is designed to detect leak rates that are less than thetechnical specification leakage limits. The method used tomonitor for leakage for each RCPB component may be seen in Table
5 2-8.
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fl) Ambient and Differential Room Ventilation Temperature

A differential temperature sensing system is installed
in each, room containing equipment that interfaces with
the reactor coolant pressure boundary. These are the
HPCI, RCIC, RHB, and reactor water cleanup systems
equipment rooms, and main steam line tunnel.
Temperature sensors are placed in the inlet and outletventilation ducts. Other sensors are installed in the
equipment areas,to monitor ambient temperature Adifferential temperature switch between each set of
sensors and/or ambient, temperature switch initiates an
alarm and isolation when the temperature reaches a
preset value. The HPCI, RCIC and RHR leak detection area
ambient temperature switch set points are designed toinitiate isolation signals at 1670F This set point
includes sufficient margin above the post LOCA maximum
area temperature to preclude inadvertent isolation
signals. Consideration has been given to keeping this
set point low enough to allow a timely detection of a 5
GPM leak, .with the room starting at the design minimum
temperature.

The HPCT, RCIC and RHR ventilation inlet and exhaustdifferential temperature switch set points are designed
to initiate isolation signals at a differential
temperature of 89~F This set point includes sufficient
margin to prevent inadvertent isolation signals when the
area ventilation exhaust is at the maximum post LOCA
temperature, and the ventilation inlet corresponds to
the minimum reactor building recirculating ventilation
design temperature. This set point will allow widefluctuations in outside air temperature without causing
inadvertent isolation signals. This setting will also
permit timely detection of a 5 GPM leak, with the areastarting at minimum design temperatures.

Annunciator Accessible areas are inspected periodically
and the temperature and flow indicators discussed above
are monitored regularly as required by Chapter 16. Any
instrument indication of abnormal leakage will be
investigated.

(2) Visual and Audible Inspection

Accessible areas are inspected periodically and the
temperature and flow indicators discussed above are
monitored regularly as required by Chapter 16. Any
instrument indication of abnormal leakage will be
investigated.

(3) Differentia1 Flow Measurement {Reactor Water
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Cleanu~Sstem O~nl

Because of the arrangement of the reactor water cleanup
system, differential flow measurement provides an
accurate leakage detection method. The flow from the
reactor vessel is compared with the flow back to the
vessel. An alarm in the control room and an isolation
signal are initiated when higher flow out of the reactor
vessel indicates that a leak may exist. Major leakageis also detected by excess flow monitoring in the
cleanup system suction lines.

~5..5.g Leak Detection Devices for NSS-Sfstee

Reactor ~ Vessel Head Closure

The reactor vessel head closure is provided with double
seals with a leak off connection between seals that is
piped through the normally closed manual valves to the
equipment drain tank. Leakage through the first seal is
indicated locally in,the reactor building. The second
seal then operates to contain the vessel pressure.

(2) Reactor Mater Recirculation Pump Seal

As disussed in Subsection 5. 4. l. 3, t he reactor
recirculation pump shaft is provided with two seals.,
Leakage past each seal is piped to the Drywell Eguipment
Drain Tank. Teakage past the first stage seal is
designed to flow at approximately 0.75 gpm normally..
The first stage seal leakoff line is provided with a
high/low flow alarm which actuates at Oe 9 gpm increasing
or 0.5 gpm decreasing. The second stage 'pump seal is
designed for zero leakage normally. The second stage
seal leakoff line is provided with a high flow alarm
which actuates at O.l gpm.

(3) Sa fe t~elie f Valves

Temperature sensors connected to a multipoint recorder
are provided to detect safety/relief valve leakage
during reactor operation. Sa fety/relief valve
temperature elements are mounted, using a thermowell, in
the safety/relief valve discharge piping several feet
from the valve body. Temperature rise above ambient is
annunciated in the main control room. See the nuclearboiler system PGID, "Figure 5.1-3.

(4) Valve Packing Leakage

Power-operated valves in the nuclear boiler system and
recirculation system are provided with valve stem

/
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X4/

packing leakof f connections. The packing leakof f
connection is provided with normally closed isolation
valves, and is capped These valve stem packing leakof f
isolation valves will be opened only during shutdown or
hydrostatic test conditions to verify the inner valve
packing leak tightness. Keeping these leakoff
connections isolated provides two sets of packings for
limiting stem leakage.

5~. 5. 3 Limits for reactor Coolan t 'ea kage

5~5.3 1 Total .Leak~ac Rate

The total leakage rate consists of all leakage, identified and
unidentified, that flows to the drywell floor drain and equipment
drain sumps. The criterion for establishing the total leakage
rate limit is based on the makeup capability of the RCIC system.
The total leakage rate limit is established at 30 gpm, 25
identified and 5 unidentified. The total leakage rate limit is
also set low enough to prevent overflow of the drywell sumps

5 2.5.3.2 Hormall~E~xected Leakage Rate

The pump packing glands,= valve stems, and other seals in systems
that are part of the reactor coolant pressure boundary and from
which normal design leakage is expected are provided with drains
or auxiliary sealing systems. Nuclear system valves and pumps
inside the drywell are equipped with double seals Leakage from
.the primary recirculation pump'eals is piped to the drywell

17) equipment drain tank a's described in Subsections 5. 2. 5.2(2) and,
5.4.1.3. Leakage from the safety/relief valves is identified by
temperature sensors in the discharge line that transmit to the
control room. Any temperature increase above the drywell ambient
temperature detected by these sensors indicates valve leakage.

Except for the leakof fs from the reactor recirculation pumps, all
drains routed to the Drywell Equipment Drain Tank are normally

17 isolated by closed values. Therefore, any leakage measured
during normal plant operation in the Equipment Drain Tank is
attributable to the recirculation pumps.

17(

1

The leakage rates from the recirculation pumps, plus any other
leakage rates measured while the drywell is open, are defined as
identified leakage rates. Table 5.2-11 lists normal and maximum
identified leakage'ates directed into the Drywell Equipment
Drain Tank, and the associated activity concentrations.
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5.2. 5. 4 Onidentif ied Leakage Inside the Drgwell

5.2.5 4 l Unidentif ied Leakage Rate

The unidentified leakage rate is the portion of the total leakage
rate received in the drywell sumps that is not identified as
previously described. A threat of signif icant compromise to the
nuclear system process barrier exists if the barrier contains a
crack that is large enough to propagate rapidly (critical cracklength). The unidentified leakage rate limit must be low becauseof the possibility that most of the unidentified leakage rate
might be emitted from a single crack in the nuclear system
process barrier.
An allowance for leakage that does not compromise barrierintegrity and is not identifiable is made for normal plant
operation.

The unidentified leakage rate limit is established at 5 gpm rateto allow time fog corrective action before the process barrier
could be significantly compromised. This 5 gpm unidentified
leakage rate is a small fraction of the calculated flow from acritical crack in a'rimary system pipe {Pigure 5.2-10) .. Safetylimits and safety limit settings are discussed in Chapter 16.
Table 5.2-12 lists unidentified leakage "ates directed into the
Drywell Ploor Drain Sump, and the associated Activity
Concentrations.

5.2. 5. 4 g Sensi+ivit~a nd Response Times

Sensitivity, including sensitivity tests and response time of the
leak detection system are covered in Subsection I.6.1.
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Experiments conducted by GE and Battelle Memorial Institute,
(BHI), permit an analysis of critical crack size and crack
opening displacement (Reference 5.2-4) . This analysis relates to
axially oriented through-sall crackers.

(l) Critical Crack Le~nth

Satisfactory empirical expressions have been developed
to fit test results. A simple eQuation vhich fits the
data in the range of normal design stresses (for carbon
steel pipe) is

150000
c

where
Rc = critical crack length (in.)
D ~= mean pipe diameter (in.)

a> = nominal hoop stress (psi) .

of

(2) Crack O~eni~n Di~slacement

The theory of elasticity predicts a crack opening displacement

2la

(EQ. 5. 2-1)

where
1 = crack length

a = applied nominal stress

E = Young' Nodulus
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Neasurements of crack opening displacement made hy BNX show that
local yielding greatly increases the crack opening displacement
as the applied stress s approaches the failure stress sf. A
suitable correction factor for plasticity effects is:

C = SEC
2af

(Eq. 5.2-2)

The crack opening area is given hy

m mk2a ma
A = g WR = —SEC—

4 2E 2af (Eq. 5.2-3)

For a given crack length R, af = 15,000 D/l.
(3) Leakage F low Rate

The maximum flow rate for hlowdown of saturated water at
1000 psi is 55 lb/sec-in~. and for saturated steam the
rate is 14.6 lb/sec-in~, (Reference 5. 2-5) . Friction in
the flow passage reduces this rate, but for cracks
leaking at 5 gpm (0.7 lb/sec) the effect of friction is
small. The required leak size for 5 gpm flow is
A = 0.0126 in'. (saturated water)
A = 0.0475 (saturated steam)

Prom this mathematical model, the critical crack length and the 5
gpm crack length have been calculated for representative BWR pipesize (Schedule 80) and pressure (l050 psi) .

The lengths of through-wall cracks that would leak at the rate of
5 gpm given as a function of wall thickness and nominal pipe size
are:

Nominal Pipe
Size~Sch 80} in~

Average Wall
Thickness~ in.

Crack Length P~in.
Steam Line Water Line

4
12
24

0. 337
0. 687
1 218

7.2
8. 5
8 6

4.9
4.8
4.6

The ratios of crack length, g,, to the critical rrack
as a function of nominal pipe size are:

length, Rc
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Homina1. pipe
Six~eSch 8~0in

12
24

Steam Line

0. 745
0-432
0 247

Ratio </<c

Ma te~Liny
0. 510
0 243
0 132

It is important to recognize that the failure of ductile pipingwith a long, through-wall crack is characterized by large crack
opening displacements which precede unstable rupture. Judging
from observed crack behavior in the GE and BMI experimental
programs, involving both circumferential and axial cracks, it isestimated that leak rates of hundreds of gpm will precede crackinstability. Measured crack opening displacements for the BMI
experiments were in the range of O.l to 0.2 in. at the time ofincipient rupture, corresponding to leaks of the order of 1 sqin. in size for plain carbon steel piping. For austenitic
stainless steel piping, even larger leaks are expected to precedecrack instability, although there are insufficient data to permitquantitative prediction.
The results given are for a longitudinally oriented flaw at
normal operating hoop stress A circumferentially oriented flaw
could be subjected to stress as high as the 550 F yield stress,
assuming high thermal- expansion stresses exist. It is assumedthat the longitudinal crack, subject to a stress as high as
30,000 psi, constitutes a "worst case" with regard to leak rate
versus critical size relationships. Given the same stress level,differences between the circumferential and longitudinal orienta-tions are not expected to be, significant in this comparison.

Figure 5.2-10 shows general relationships between crack length,leak rate, stress, and line size, using the mathematical model
described previously. The asterisks denote conditions at which
the crack opening displacement is,0.1 in., at which timeinstability is imminent as noted previously under "Leakage Flow
Rate«. This provides a realistic estimate of the leak rate to be
expected from a crack of critical size. In every case, the leakrate from a crack of critical size is significantly greater than
the. 5 gpm criterion.
If either the total or unidentif ied leak rate limits are r
exceeded, an orderly shutdown would be initiated and the reactor
would be placed in a cold shutdown condition within 24 hours.

5 2. 5. 4 4 Ha~rins of Sa f
et'he

margins of safety for a detectable, flaw to reach critical
size are presented in Subsection 5.2.5.4.3. Figure 5.2-10 shows
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general relationships between crack length, leak rate', 'stress and
line size using the mathematical model.

5.2.5.4.5 Criteria to Evaluate the Adequacy and
~sar in, of the Leak Detection~s stes

"r

For process lines that are nor~ally open, there are at least two
different'ethods of detecting abnormal leakage from ea'ch system
within the nuclear system process barrier located in the'rywell

'ndreactor building as shown in Table 5.2-8. The
instrumentation is designed so it can be set to provide alarms at
established leakage rate limits and isolate the affected system,if necessary. The alarm points are determined analytically or
based on'eas'urements of" appropriate parameters made during
startup and preoperational tests.
The unidentified leakage rate limit is based, with an adequate
margin for contingencies, on the crack size large enough 'to
propagate rapidly. The established limit is sufficiently lov so
that, even if the entire unidentified leakage rate were coming
from a single crack in the nuclear system process barrier,
correctiv'e action could be taken before the integrity of the
barrier would be threatened with significant compromise

The leak detection system vill satisfactorily detect unidentified
leakage of 5 gpm.

Sensitivity, including sensitivity testing and response time of
the leak detection system, and the criteria for shutdown if
leakage limits are exceeded, are covered in Section 7.6.1.

5.2.5.5 Differentiation Between Identified and
Unidenti~fie Leaks

Subsection 5.2.5.1 describes the systems that are monitored by
the leak detection system. The ability of the leak detection
system to differentiate betveen identified and unidentified
leakage is discussed in Subsections 5.2.5.1, 5.2. 5.4 and 7.6.1.

5+. 5 6 Sensitiv it~and ~Oerabilit~ Tests

Testability of the leakage detection system is contained in
Subsection 7.6. 1.
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ILK'he

Balance of Plant-GE'uclear Steam Supply System safety
interfaces. for the Leak Detection system. are the-signals from--the
monitored balance of plant equipment and systems which.-are part
of the nuclear" system process barrier;-.and associated wiring and
cable lying.outside the Nuclear Steam'Supply System'quipment.
These balance'f plant-systems"and equipment include: the

main'team,line'tunnel,the safety/relief valves,.and the- turbine-
building. sumps.

5.2 5.8: iest+g ~ail C~lib~tion
Provisions for Testing and. Calibration, of the--leak~,detection
system; is covered in Chapter 14.
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TABLE 5 2-11

IDENTIFIED LEAKAGES INTO THE DRYMELL EQUIPHENT DRAIN TANK

Leakage Source
Normal Activity
Concentration~cgcc

Normal Leak
Rate /GPSS)

Maximum Expected Leak
Bate QGPH)

Reactor Head Seal Leakoff
Bulkhead Drain
Bellows Leakage Drain
RPV Vent

Recirculation Pump Seals
Recirculation Pump Cooler Drain
RPV Bottom Drain

10- i

10

10- >

0
0
0
0

1 5
0
0

5 {Note 1)
0 {Note 2)
0 {Note 2)

50 (Note 1)

20
0
0 (No te 2)

NOTES

l. During hydrotest or cooldown only, with isolation valves open.

2 Drains valved closed. Drain opened only during shutdown, refueling or maintenance.
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TABLE 5 2-12

UNIDENTXPIED LEAKAGES INTO THE DRYWELL FLOOR DRAIN SUMP

Leakage Source
Normal Activity
Concentration-' cc

Normal Leak Maximum Expected Leak
Rat~e~GPM Rat~eG~PM

Vent Cooler Drains
CRD Plange/Control Blade

Backseat
Chilled Water Drains
Cooling $fater Drains
Misc. Valves 6 'Equipment

10-i
10->

<10

5
0

20
2 (Note 3)

0 (Note 1)
0 (Note 1)

.5 (Note 2)

NOTES:

l. Drains valved closed and capped. Opened only for maintenance.

2. Assumed value.

3. 2 -gpm/drive, maintenance only, one drive at a time.
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0
Habitability systems are designed to ensure habitability inside
the Control room Technical Support Center (TSC), Operational
Support Center (OSC), computer, relay, cable spreading, and
battery rooms for both Units 1 and 2 during all normal and
abnormal station operating conditions including the post LOCA
requirements, in compliance with Design Criterion 19 of 10CFR50,
Appendix A. The habitability systems cover all the equipment,
supplies, and procedures related to the control and auxiliary
electrical equipment so that control room operators are safe
aqainst postulated releases of radioactive materials, noxious
gases, smoke, and steam. Adequate water, sanitary facilities,
and medical supplies are provided to meet the requirements of
operating personnel during and after the accident. In addition,
the environment of the Control Structure Envelope rooms are
maintained to ensure the integrity of the contained safety
related controls and eguipment, during all the station operating
conditions.

6 4.1 DESIGN BASES

e
The desiqn bases of the habitability systems, upon which the
functional design is established, are summarized as follows:

a) The control structure envelope is occupied continuously
on a year-round basis. The occupancy of the operating
personnel is ensured for a minimum of 5 days, after a
design-basis accident tDBA) .

b)

c)

HVAC systems for radiological habitability are designed,
-to support personnel during. normal and abnormal station
operating conditions in the Control Structure Envelope.

Kitchen, sanitary facilities, and medical supplies for
minor injuries are provided for the use. of five control
room personnel for five days during normal and accident
conditions.

d) The radiological effects on the Control Structure
Envelope that could exist as a consequence of any
accident described in Chapter 15 will not exceed the
guide lines set by 10CFR50, Appendix A, General Design
Criteria 19.

e) The design includes provisions to preclude the effects
of chlorine and smoke from inside or outside the plant
from inhibiting the habitability of the control room,
TSC and OSC.

6. 4-1
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f) Eye washes and emergency showers are located on thebattery room floor. Respiratory and skin protectionfor emergencies are provided within the control
room.

g) The habitability systems are designed to operate
effectively during and after the DBA with the

~ simultaneous loss of offsite power, Safe Shutdown
Earthquake,.and failure of any one of the HVAC
system active components.

h) Radiation monitors, and chlorine and smoke detectors
continuously monitor the outside air'at the control
structure envelope outside air intakes. The detection
of high radiation, chlorine,. or smoke is alarmed in the
control room and related protection functions are
simultaneously initiated for high radiation and
chlorine. The operator may isolate the control
stru'cture on smoke alarm at his discretion.

6.4 2 SYSTEM DESIGN

Habitability system "boundaries for Susquehanna SES is the control
structure envelope.

a)

b)

An independent HVAC system is provided for the control
room area. This includes: control zoom, TSC, OSC,
kitchen, toilet and locker, office, and storage space.
A detailed description of this redundant system is
provided in Subsection 9.4. 1.

I ~ 4 &I ~

Two independent HVAC systems are provided for the
remaining areas. One system serves the computer room,
relay rooms, computer maintenance room, office, and OPS
rooms. The other system serves the lover cable
spreading room, upper relay rooms, upper cable spreading
rooms,. electrician's office, battery rooms, cold
instrument repair shop, and HV equipment room. Each of
these systems is described in Subsection 9.4. 1.

J

There are eleven exterior doors in the control structure envelope.
These doors are gasketted to minimize leakage and will be tested
to 1/8" H20 differential pressure to assure tightness.
The leakage path across the ventilation barrier between the
control structure envelope and outside environment is thru theisolation damper blades.. The isolation dampers are located in
the smoke removal systems and the relief air duct system.

t

6. 4-2
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Tests on the isolation dampers indicate a leakage rate as shovn
on Table 6.4-1 at- a 4 inch w.g. pressure dj.fferential. * The
analysis for control room habitability given in section 15.6-5
and Appendix 15B assumed a leakage of 10 cfm of outside air to
the Control Structure Envelope to a'cgoant for door openings etc.
Nakeup air to the envelope is also filtered, so the inleakage to
the Control Structure Envelope would npt be at outside air
concentrations.

The environment of the Control Structure Envelope is maintained
to ensure the integrity of the contained safety related controls
and equipment, during all operating conditions. Technical
Specification 3/4.7.2 discusses leakage allowable and
pressurization verification testing.-.
6 4.2.2 Ventilation System Desian~~e 9

The detailed HVAC system design is presented in Subsection 9.4.1.
These systems are shown on Pigures 9.4-1, 9.4-2, and 9.4-3.
Design parameters are listed in Table 9.4-2. A list of isolation
dampers with their leakage characteristics and closure times is
shown in Table 6. 4-1.

All the components are designed to function during and after a
SSE except for the outside air intake electri:c heating controls
and humidification equipment, control room relief fan, reheatcoils and their controls, which are supported to stay in position
even though they may not function.,'-,~;
Components are protected from internally and externally generated
missiles. Layout diaqrams of the control structure, shoving
doors, corridors, stairways, shield valls, equipment layout, and
the Control Structure Envelope are shovn'on Figures 6.4-1a
throuqh 6'.,4-,'1e.;.;." - '",.' "- ~'~ ",~',, ";~, '<,~",'.i ~ .'"."",.q",,

The description of controls, instruments, and radiation and
chlorine monitors for the control structure HVAR system is
included in Subsections 9.4 1 and 7.3.1. The locations of
outside air intakes and potential sources of radioactive andtoxic gas releases are indicated on Pigure .6.4-2.

A detailed description of the emergency makeup air filter trainsis presented i.n Subsection 6. 5.1.

The entire Control Structure Envelope is of leaktight
construction. The free air space volume is approximately 110,000
cubic feet in the control room floor, 80,000 cubic feet in the
battery room floor, and 320,000 cubic feet in the remaining

6 4-3
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spaces. of the envelope. All cable tray and duct..penetrations are
sealed. Approximately 5810 cfm of outside air is. introduced
through charcoal filters into the envelope, to maintain
approximately 1/8 in. Hq0 positive pressure over atmosphere;
this includes 3500 cfm Ko the battery: rooms 'as make-up air.
The battery rooms are exhausted thru th'e SGTS exhaust vent.
The air intake rates're the same for normal operation and
for emergency modes, except high chlorine isolation
mode.

When chlorine isolation of the Control Structure Envelope isinitiated, all the isolation dampers will automatically close,
and the control room toilet exhaust, kitchen exhaust fans, the
battery room exhaust fan, and the control room relief air fanwill shut off. When isolated, the only source of outside airinto the Control Structure Envelope is by leakage through the
dampers and around- doors, approximately 0.25 air changes by
volume per hour.

6.4.2.4 Interaction with Other Zones and Pressure-Containing
'ggujpme'rjt

The Control Structure Envelope is surrounded by the turbine
building, reactor building, and central access control area.
Each of these areas is separated from the control structure byshield walls and floors and served by independent HVAC systems.

All penetrations for conduits, pipes and ductwork penetrating the
Control Structure Envelope will be completely sealed; all air outlet
openings which continue to areas outside of the envelope will beisolated by a;."set. of"redund'an't isolation dampers;"." «"Th''uctwork
penetration is of welded construction.
The Control Structure Envelope is surrounded by the 'Turbine
Building and Reactor Building. These areas are served by
independent HVAC systems described in Section 9.4. The control
structure is isolated by the ventilation barrier between the
control structure and the other areas consisting of concrete wall
and floor slab construction and leaktight doors.

Except for fire protection halon bottles, fire extinguishers andself-containing breathing apparatus,, there are no pressure-
containing tanks in the control room area. ~ Steam piping is
excluded from the control structure.

6. 4-4
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6. 4.g.5 Shielding Design

The Control Structure radiation shielding design is discussed in
Section 12.3 which describes control structure room shield wall
thicknesses, the location of associated plant- structures relative
to the control structure, and provision to reduce radiation from
external sources. A description of radiation "sources used to
desiqn control structure shielding is presented in'ection 12.2
and in reference 6.4-1 and includes source strength, geometry,
and attenutation parameters.,

During normal plant operation, the mixture of recirculated air
and outside air for the control structure HVAC systems is
filtered through UL Class 1 particulate filters

upwith

a rated
efficiency of 90 -percent by ASHRAE Standard 52-68 atmos heric
dust spot method. The control structure HVAC systems are started
through remote hand switches that are, located in the control room
HVAC control panel. The operation of the control room HVAC
system is;descfibed in Subsection 9.'4.1:2. 1.

r'vg),, g a g, ~ lpnL i,4 < '~,. )n" . 'p't-'fff 'I
g

> ' ""[~%

To remove any noxious qases and odors from the control room, the
operator can manually isolate the control room HVAC system (high
chlorine simulation) and place the emergency outside filter train
in recirculatinq operation.

To remove smoke from the control room, the operator can manually
operate the smoke, exhaust fan and fire protection control damper
from the fire protection control panel in the control room.
Smoke will be exhausted by the fans, through the duct system -to
the turbine building'xhaust vent; ~ "'-;

In the event of hiqh radiation at the outside air intake'f the
control structure HVAC systems, the radiation mon'itoring system
automatically shuts off normal outside air supply to the syst'ems.
The outside air is automatically routed through the emergency
outside air filter train before entering the HVAC system.

In the event of a reactor isolation signal, the control structure
HVAC system will automatically transfer to the emergency outside
air filter train as described in the high radiation

mode.'n

the event of high chlorine in the outside air intake of the
control structure HVAC systems, the chlorine detection system
automatically shuts off all isolation dampers and closes off the
outside air supply to the control structure. The control
structure HVAC systems are automatically put in the recirculation
mode. After isolation, the emergency outside air filter train

6. 4-5
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system can be manually placed in. operation. This.,operation
cleans up the air in the control room.

Two emergency outside air filter trains and fans are provided.
Each train consists of an electric heater, prefilter, upstream
HEpA filter, charcoal adsorber, and downstream HEPA filter. The
system is desiqned to handle the reguirements of outside air for
the HVAC systems. Each train is sized to process 6000 cfm 110%
of outside air, providing 500 cfm a10% to the control room HVAC
system, 400 cfm f10% to the computer room HVAC system, and
5100 cfm a10% to the control structure HVAC system. The
emerqency outside air filter train system is described in detail
in Section 6.5.

6 4,4 DESIGN gVQJ,UQTIQ]gS

The control structure HVAC systems designed to maintain a
suitable environment for personnel and eguipment in the control
structure under all the station operating conditions. The
systems are provided with redundant equipment,to meet the singlefailure criteria. The redundant equipment is supplied with
separate Class 1E,-power sources and is 'operable during loss of
offsite power".'The power supply and"'control",and'instrumentation
meet IEEE-279 and IBEE-308 criteria. All the HVAC equipments,
except the normal outside air intake heating, humidification,
control room relief fan, reheat coils and their controls, and
surrounding structure, are designed for Seismic Category I..
The likelihood of an eguipment fire affecting control structure
habitability is minimized because early ionization detection is
anticipated, fire fiqhting apparatus is available, and filtration
and purging capabilities are provided. Refer to Subsection 9.5.1
for further description'f *the Pire protection'System-

The following provisions are made to minimize fire and smoke
hazards inside the control structure and damage to nuclear safety
related circuits:

a) Host electrical wiring and equipment are surrounded by,
or mounted in, metal enclosures.

b) The nuclear safety related circuits for redundant
divisions (including wiring) are physically segregated.

c) Cables used throughout the control structure are flame
retardant.

d) Structural floors and interior walls are of reinforced
concrete. Interior partitions are constructed of metal,
masonry, or gypsum dry walls on metal joists. The
control room ceilinq is suspended type with non-

6.4-6
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combustible acoustic tile, the door frames, and doors are
metallic. Woad trim is not used.

The control room raised floor consists of steel plates and supports
covered with carpet with acceptaMe fire safety characteristics (see
Re~tinn 3.2 of the Susquehanna Fire Protection Review Report).

A system is provided to .detect hiqh radiation at the outside air
intake. These monitors alarm the control room upon detection of
high radiation conditions. The emergency outside air filter
trains, desiqned to remove radioactive particulates and adsorb
radioactive iodine from the HVAC system outside air supply, are
autamatically started upon hiqh radiation signals.
A chlorine detection system is provided to detect chlorine at the
outside air intake. These detectors alarm i'n the control zoom
when chlorine is detected and automatically trip all isolation
dampers and shut off all related fans. Purther description is
provided in Section 9.4.,
The emerqency outside air filter trains and control room
shieldinq are designed to limit the occupational dose levels
required by Design Criterion -19 of 10CPB50, Appendix A.

The introduction of sufficient outside air to maintain the
Control Structure Envelope. at a positive pressure with respect to
surroundinqs, precludes infiltration of unfiltered aiz into the
control structure at all the station operating conditions except
when the system is in the recirculation mode.

6.4.4. 1 Radiological Protection

The control room air purification system and shieldinq designs
are based on,the most limiting desiqn basis assumptions, those of
Regulatory Guide 1.3.-

The airborne fission product source term in the primary
containment followinq the postulated LOCA is assumed to leak from
the containment at a rate of 1.0'X per day. Pull mixing in the
building wake, in which the control room and its ventilation
intake are presumed to be immersed for the duration of the post
accident, phase, is also assumed.

The concentration of radioactivity, which is postulated to
surround the control room after the postulated accident, is
evaluated as a function of the fission product decay constants,
the containment spray system effectiveness, the containment leak
rate, and the meteorology for'ach period of interest. The
assessment of the amount of radioactivity within the control room
considers the flow rate through the control room outside air
intake, the effectiveness of the control room air purification
system, the zadioloqical decay'f fission products, and the
exfiltration rate from the control room.
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The control room emergency filtration train draws the incoming
air throuqh.an electric heating coil, moderate efficiency filter,
HEPA filters, and a carbon adsorber to minimize the exposure of
control room personnel to airborne radioactivity. In order to
increase the effectiveness of the carbon adsorbers, incoming air
is warmed by the heatinq coil to decrease its relative humidity.
Air within the control room, TSC and OSC is recirculated
continuously throuqh the air 'handlinq unit, which controls room
temperature 75~P x 5oP and humidity 50% a 5%.

The resulting calculated doses for control structure ingress,
egress, and occupancy, (on a rotating shift basis) are less than
5 rem to the whole body or the eguivalent to any organ. These
doses are within the dose limits specified in General Design
Criterion 19. A detailed discussion of the dose calculation
model for control structure operators is discussed in Subsection
15. 1. 13.

Control structure shielding design, based on the most limiting
design basis LOCA fission product release, is discussed in
Section 12.3 and is evaluated in Subsection 15.1. 13. The
evaluations in Chapter 15 demonstrate that radiation exposures to
control structure personnel originate from containment shine,
external cloud shine, and containment, airborne radioactivity
sources. Total exposures resulting from design basis accidents
are below the dose limits specified by General Design Criterion
19; the portion contributed by containment shine and external
cloud shine is reduced to a small fraction of the total by means
o f shieldinq.

6.4.4.2 Toxic Gas Protection

The control structure
recommendation of the
systems are described

A detail ed discussion
Subsection 2. 2. 3.

HVAC systems are designed to satisf y the
Regulatory Guide 1.78 and 1.95. The HYAC
in Subsection 9.4. 1.

I

of the toxic qas protection is in

6.4.5 TESTING AND INSPECTION

The control structure HVAC systems and their components are
thoroughly tested in a program consisting of the following:

a) Factory and component qualification tests {see
Subsection 9.4. 1)

b) Onsite preoperational testing {see Chapter 14)
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c) onsite subsequent periodic testing {see Chapter 16).

All safety-related instruments and control's for the control
structure HVAC systems are'lectric or electronic,, 'except for
isolation damper actuators" which are pneumatically operated.
These dampers are desiqned to fail safe on loss of compressedair. The, compressed air system is not safety-related.

a) Each redundant HVAC system is provided with an
independent local control panel and each system is
separately controlled. Important operating functions
are controlled and monitored from the control room HVAC
panel.

b) Instrumentation is provided to monitor important
variables associated with normal operations.
Instruments are provided to alarm in the control room if
abnormal conditions are detected.

c), A radiation detection system is 'prov'ided to monitor theradiation levels'at the system outside air intakes.
high radiation signal is alarmed on the main control
board.

d) A chlorine detection system is also provided to monitor
the chlorine concentration at the system outside air
intakes. A chlorine present signal is alarmed on the
main control board.

e) Fire detection capability is provided in the outside air
intake plenum. Pire detection is annunciated on the
main control board via the fire protection contxol
panel.

f) The control room and control structure HUAC systems are
designed for automatic environmental control with manual
starting of the fans. The chilled water system has a
manual/auto selector switch.

g) A fire protection water spray system is provided for
each charcoal adsorber bed in the emergency outside airfilter train.

h) The emergency outside air filter train air flow rate and
upstream HEPA filter differential pressure are
transmitted to the HSV control board in the control
room, recorded, and alarmed.

Rev- 26, 9/81
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6.4.7 REFERENCES

6. 4-1, Susquehanna., Steam- Electric'tation; "Updated
Response, to TMI. Related-.Requirements", PLA-659,
dated March 16, 1981 (N. W. Curt'is to B. J.
Youngblood), section X.1.20
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6.6 INSERVICE INSPECTION OF CLASS 2 AND 3 COMPONENTS

"-The construction permit for Susquehanna SES vas issued in
November 1973.

Based on the conditions listed in 10CFR50.55a(g), the mandatory
preservice inspection requirements, including provisio'ns for
design and access, are stipulated to be Section XI of the ASME
BGPV Code effective six months prior to the date of issuance of
the construction permit. For Susquehanna SES the code in effect
would be the 1971 Edition including the Summer 1972 Addenda,
which required inspection of the reactor coolant pressure
boundary only.

The actual preservice inspection for Susquehanna SES vill be
conducted in accordance with the reguirements of the 1974 Edition
of the ASIDE Code, Section XI,'including Addenda through Summer,
1975 as modified by Appendix III to Winter 1975 Addenda and IWA-
2232 of the Summer 1976 Addenda to the extent practical vithin
the limitations of design and access provisions and the geometry
and materials of construction of the component. Subsequent
insezvice inspections vill be conducted in accordance vith the
requirements of 10CFR50.55a(q), also, on an "as practical" basis.

6.6 1 CONPONENTS SUBJECT TO EXANXNATION

The inspection requirements of ASNE Code Section XI, Articles
IWC-2000 and IWD-2000, vill be met within the limitations of
design and access provisions and the geometry and materials of
construction of the component, for all Class 2 and Class 3
pzessure retaininq components (and their supports) except for
components excluded under IWC-1220.

The scope and specific components subject to the requirements of
IWC-1000 and IQD-1000 of Section XI, Code Class 2 and 3, are
contained in tables that will be provided in an amendment to the
FSAR

6.6.2 ACCESSIBILITY

Inservice inspection access to the ASIDE Code Class 2 and 3
components listed in the technical specifications is provided in
the design of the plant on an "as practical" basis. There is, at
this time, no mandatory requirement for preservice inspection,
and 10CFR50. 55a (q) {4) requires inservice inspection tEto the
extent practical" within the limitations of design and access
provisions for Code Class 2 and 3 components. Aside from
providinq normal access to components for installation',

6. 6-1
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maintenance, and testing, the followinq provisions have been
considered in the Susquehanna SES design:

6.6 2 1 a~ting and C~om anent meldn

Access envelopes have been considered for Class 2 components
requirinq volumetric and/or surface examinations. Weld contours
and surfaces have been prepared for meaningful ultrasonic
examination where required.

6.6.2 2 Insulation Removal

Class 2 piping or components requiring volumetric and/or surface
examinations are equipped with removable, numbered, insulation
panels. Class 2 and Class 3 piping requiring a visual
examination during system pressure tests will not be equipped
with removable insulation. The visual examinations vill be
performed by inspecting the exposed surfaces of and joints in
component insulation to locate evidence of leakage and the floor
areas (or equipment) directly underneath components for evidence
of accumulated leakage that may drip from components.

6.6 2.~ Inaccessible Class 3 ~Pi i~n

Access will be provided for buried Class 3 piping systems. Spray
pond piping is embedded in concrete and is open-ended.

6 6.3 EXAHINATION TECHNI UES AND PROCEDURES

Inservice examination techniques and procedures used for Code
Class "2 and 3 components will conform to the requirements of
Subsection IWA-2200 of the 1974 Edition of Section XI, as
modified Addenda through Summer, 1975 with the addition of
Appendix III to the Minter, 1975 Addend and Subparagraph IMA-2232
of the Summer, 1976 Addenda.

6.6.3.1 Visual Examination

Visual examination techniques will be in agreement with IMA-2210
of Section XI of the Code. Visual examination will be employed
as a basis for reporting- the general condition of the part,
component, or surface.

6.6-2
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6.6.3.2 Surface Examination

Surface examination techniques will be in agreement with IWA-2220
of Section XI of the Code. Surface examination will be used toverify the presence of surface or near surface cracks ordiscontinuities.

6.6.3.3 Volumetric Examination

Volumetric examination methods will be in agreement with IWA-2230
of Section XI of the Code. Volumetric examination will be usedto determine the presence of subsurface discontinuities, their
size, locations, and orientation.

6 6,4 INSPECTION INTERVALS

The ISI program schedule of required examinations to be completedin each inspection interval meets the. requirements of IWC-2400
and IWD-2400 of Section XI. This schedule will be provided in an
amendment to the PSAR.

1'-6.5 EXANINATION CATEGORIES AND ~RE UIREMENTS

~ ISI examination categories and requirements for ASIDE Class 2 and
3 components will be examined in accordance with the criteria in
IWC-2500, IWC-2600, and IWD-2600 of Section XI. Areas sub ject to
examination and the extent of examination for Class 2 components
comply with the. requirements of Table IWC-2520 of Section XI on
an «as practical" basis. A list of these components will be
provided in an amendment to the PSAR.

6 6.6 EVALUATION OF EXAMINATION RESULTS

Evaluation of examination results will be in accordance with
IWA-3100 for ASME Code Class 2 and 3 components.

Repairs to, or replacement of compo'nents containing unacceptableindications will agree with the requirements of IWB-4000 of
Section XI. Criteria to establish the need or replacement will
conform to IWB-3000.
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6 6 7 'SYSTEM PRESSURE TESTS

System pressure tests will meet the requirements of INC-5000 and
IWD-5000 of Section XI.

6 6 8 AUGMENTED INSERVICE INSPECTION TO PROTECT AGAINST
POSTULATED PIPING FAILURES

The augmented, inservice inspection program to provide assurance
against postulated piping failures of high energy systems between
containment isolation valves will be reviewed and implemented as
described below. There are no guard pipes used to enclose high
energy piping on the Susquehanna SES.

The following augmented inspection program applies to piping
between the containment isolation valves for 'which no breaks are
postulated;

4

For ASME III, Class 1 and 2 piping, the requriements of the
applicable Code applies as is, with the exception that the extent

'fexamination will be augmented such that 100% of the
circumferential welds within the containment isolation boundarywill receive 100K volumetric examination during each inspectioninterval.
Volumetric examination of branch connections containing
weldolets, half-couplings, and socket welds would net be
meaningful due to the geometry of the branch connection and the
small pipe sizes involved. Full coverage of the .weld and
required volume cannot be obtained. Therefore, surface
examination will be performed on all branch to main run welds andall socket welds up to the first isolation valve on the branchline. All butt welds included in the bra nch piping up to thefirst isolation valve will receive full volumetric examination.
The inspection program will be performed, completely in
accordance with ASME Section XI requirements, however, the extentof examination of ASME Section XI .will be supplemented to comp'y
with the augmented inspection program requirements outlined
above.
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8. 2 OFFSITE POMER SYSTEM

8. 2. 1 DESCRIPTION

8. 2. 1.1 Transmission System

The bulk
500 K V.
supplies
and Unit
separate
plant is
system.

power transmission system of PPGL operates at 230 KV and
Unit ¹1 of the Susquehanna Steam Electric Station
power to the 230 KV system through a 230 KV switchyard
«2 supplies power to'the 500 KV system through a
500 KV switchyard. The offsite power system for the
supplied through the 230 KV portion of the bulk power

Figure 8.2-1 shows the Susquehanna 230 KV and 500 KV svitchyards
and the transmission lines associated with each yard and in thevicinity of the plant. The figure shows the line arrangement
with both units in operation. The tvo switchyards are physically
separate and are tied together by a 230 KV yard tie line with a
230-500 KV transformer in the 500 KV yard.

Two independent offsite pover sources are supplied to the
Susquehanna plant. One source is established by tapping the
Montour-Mountain 230 KV line north of the plant and constructing
1300 ft. of 230 KV line on painted steel pole structures to
startup transformer ¹10. The Montour-Mountain line shares doublecircuit steel pole structures with the Stanton-Susquehanna ¹2 230
KV line in the vicinity of the plant. The double circuit line
extends to a point 1.5 miles east of the transformer ¹10 tap at
vhich point the two circuits split as shown in figure 8.2-1. The
Montour-Mountain line extends 16.8 miles north on double circuitlattice towers with the Stanton-Susquehanna ¹ 1 230 KV line and
terminates in the Mountain Substation. The Stanton-Susquehanna
¹2 circuit extends southward on double cir=uit tovers with the
Stanton-Susquehanna ¹1 circuit and terminates in the Susquehanna
230 KV Svitchyard.

To the vest of the tap into the Susquehanna plant the Montour-
Mountain 230 KV circuit extends 1500 feet. on double circuit steel
pole structures at which point the Stanton-Susquehanna ¹2 circuit
separates and extends northward to Stanton Substation. The
Montour-Mountain 230 KV circuit then joins the Montour-
Susquehanna 230 KV circuit on doubl,e circuit steel lattice towers
and extends 29.0 miles to the Montour Switchyard. The total
distance to Mountain Substation from the tap into the plant is
18.7 miles. The distance from Montour to the tap is 29.7 miles.
Several lines feed the Montour Svitchyard and Mountain
Substation, as can be readily seen in figure 8.2-3. These lines
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offer a multitude of possible supplies for the tap into
Susquehanna startup transformer ¹10. Montour Switchyard is
supplied dire"tly by generation from the Montour Steam ElectricStation. Other generating stations are indirectly linked by thebulk power grii system. The conductors for the transformer ¹10
tap and the Montour-Mountain line are 1590 kcmil 45/7 ACSR and
are supported by single string insulator assemblies. Maximum
conductor tension is limited to 16,000 pounds oa steel pole linesections and 21,900 pounds on lattice tower sections under
maximum anticipated loading conditions.
The second offsite power source is supplied at 230 KV from the
yard tie circuit between the Susquehanna 500 kV and 230 kV
Substations south of the Susquehanna Steam Electric Station. The
source is provided by a single 400 ft. span tap from the 230 KV
yard tie circuit to startup transformer ¹20.
The yard tie line consists of 230 KV double circuit tubular steel
pole structures supporting two parallel circuits of 1590 kcmil
45/7 ACSR conductors on single string insulator assemblies. Thecircuits are tied together to form a two conductor per phasesingle circuit line The 400 ft. tap to transformer ¹20 consistsof one 1590 kcmil 45/7 ACSR conductor per phase. The distance
from the tap point west to the 500 KV yard is 1500 ft. The
distance from the tap point east to the 230 KV yard is 1.6 miles.
Maximum conductor tension is limited to 16,000 pounds in the yardtie line under maximum loading conditions.
The second offsite power supply is furnished by the multiple
sources throughout the bulk power grid system through the 230 KV
and 500 KV lines emanating from the Susquehanna 230 KV and 500 KV
switchyards. See figure 8.2-3.

All transmission lines meet or exceed design requirements setforth by the National Electric Safety Code. One or two overhead
ground wires are employed on the transmission lines above the
phase conductors to provide adequate lightning flashoverprotection. All lines meet the Army Corps of Engineers
requirements for clearance over flood levels. All bulk powertransmission lines are designed to withstand 100 mph hurricane
wind loads on bare conductors.

The Montour-Mountain. 230 KV line is crossed by the Stanton-
Susquehanna ¹2 230 KV line. No transmission lines cross over the
Susquehanna 500 KV to 230 KV yard tie line or the two tap lines
supplying transformers ¹10 and ¹20.

No single disturbance in the bulk power grid system will cause
complete loss of offsite power to the Susquehanna SES. This is a
basic system design criteria.
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8 2.1 2 Transmission Interconnection

PPGL is a member of the .Pennsylvania, Hew Jersey, and Maryland
Interconnection which permits economical exchanges of power with
neighboring utilities and provides emergency assistance. Direct
bulk power ties are between PPGL and Philadelphia Electric,
Luzerne Electric, Division of OGI, Metropolitan Ediso,
Pennsylvania Electric, Jersey Central Power and Light, Public
Service Electric and Gas, and Baltimore Gas and Electric
Companies.

8. 2. 1. 3 Switchyards

8 2. 1. 3. 1 Startup Transf ormers 010 a nd 020

The Montour-Mountain 230 KV line and the '230 KV 'yard tie line
supply power to startup transformers f10 and 420, respectively,
through motor operated air break switches. High speed positive
ground switches are installed between the motor operated air
break switches (NQABs) and the startup trans formers. The startup
transformers and low .,ide hns connections are discussed in
Section 8.3.1. The startup transformer yards are physically
separated from each other, the Unit Nl and «2 main transformer
yards and the 230 KV and 500 KV switchyards as can be seen on
figure 8.2-1. 1590 kcmil 45/7 ACSR conductors connect the air
switches to the startup transformers. 13.8 KV cables are
installed in underground conduit between the startup tranformers
and the turbine building. Non-segregated phase hus duct
establish the tie to the 13.8 KV startup buses within the turbine
building. See figure 8.2-4 for a one .line diagram of the offsite
power system.

Line relay protection for the Montour-Mounta in 230 KV line and
the 230 KV yard tie circuit is provided by two independent
directional comparison carrier hlocking pilot relaying and two
zone directional distance backup systems which ensures adequate
line protection in the event of a malfunction. These relaying
schemes detect faults on the transmission line and, isolate the
power sources to the transformers by tripping the power circuit
breakers (PCBs) at the line terminals. Breaker failure relaying,
applied at each line terminal, detects a failure to trip or
failure to interrupt condition at the line terminal and trips all
associated PCHs necessary to isolate the line. Power to the line
relaying facilities .is supplied from the local .switchyard power
sources.

Startup transformers 4 10 and $ 20 are protected hy high speed
percentage differential, sudden pressure and overcurrent
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relaying. Direct transfer trip facilities are utilized as the
primary relaying scheme to open the PCBs at the transmission line
remote terminals in the event of transformer trouble. Backup
protection is provided by the high speed ground switch on the 230
KV side of the startup transformer. This switch is closed to
place a positive fault on the 230 KV transmission line which will
be detected by the remote line terminal relaying systems if the
primary direct transfer trip scheme fails to function correctly.
The motor operated air switch automatically opens after the 230
KV system is de-energized to isolate the startup transformer from
the transmission system and permit reclosing of the transmission
line terminal PCBs.

A time delay undervoltage relay monitors the 13.8 KV startup bus
voltage. On loss of offsite power the relay trips the'startup bus
incoming feeder breaker and initiates transfer of the bus loads
to the other startup transformer through closure of the startup
bus tie breaker. The time delay undervoltage relay also prevents
unnecessary automatic trip of the incoming feeder breaker for
short duration disturbances on the transmission line.
Power to transformer ¹10 and ¹20 switchgear, motor operated air
break switches, and high speed ground switches is supplied from
the station 125 V DC power supplies.

8.2. 1.3.2 Susquehanna Unit ¹1 230 KV Hain Transformer Leads

Overhead 1S90 kcmil 45/7 ACSR cond.uctors, bundled two per phase,
tie the Unit 51 main stepup transformers, through a high voltage
Disconnect switch-Synchronizing PCB-Disconnect switch
arrangement, to the 230 KV switchyard. The synchronizing breaker
and disconnect switch arrangement is provided at. the Susquehanna
SES site to improve reliability in synchronization and
flexibility of operating Unit 1. Steel pole structures support
the strain bus and the 2. 2 mile 230 KV tie with single string
insulator assemblies. The tie line is capable of transmitting
the full 1280 NVA output of the Unit ¹1 generator.

Relay protection between the Unit ¹1 tran former and the
synchronizing breaker is provided by high speed percentage
differential relays. which trip Unit $ 1 and the synchronizing
breaker by the unit master trip lockout relays. A second
protection scheme is provided by the Unit ¹1 overall differential
relaying which also detects 'fault conditions between Unit, ¹1
transformer and the synchronizing breaker. Two directional
comparison carrier blocking pilot and two zone directional
distance backup relaying systems provide fault protection between
the 230 KV.synchronizing PCB and the Susquehanna 230 KV
Switchyard. Breaker failure protection relaying is applied at
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each terminal to detect a failure to trip or failure to interrupt
condition and to electrically isolate the faulty component.

Control power to the synchronizing power circuit breaker and
power to the onsite relaying equipment are provided by the plant
125 V DC power supplies.

8.2.1.3.3 Susquehanna 230 KU Switchyard

The 230 KV switchyard is an outdoor steel structure, comprised of
6 bay positions containing 14-230 KV power circuit breakers

,'arranged in a breaker„ and one half scheme. Terminating positions
are~ pi:ovided for seven lines, one generator lead, and a yard tie
to" the 500 KV switchyard. The switchyard breakers can be
operated by remote supervisory control from the PPGL System
Operating Offices.

„ Service power to the 230 KV switchyard is provided by a local 12
KV distribution line with a backup diesel generator in the 230 KV
switchyard. An automatic throwover scheme is employed in theevent'f one source failure. Line protection equipment power is
provided by a single 125 U DC switchyard service battery equipped
with two full capacity chargers.

8 .2. 1.3.4 Susquehanna Unit «2 500 KV Main
Transformer Leads

Unit ¹2 generator output is connected to the 500 KV switchyard by
a 1400 ft. overhead 500 KV transmission line. 2493 kcmil,;54/37
ACAR conductors bundled two per phase are supported by U-string
insulator assemblies on steel pole H-frame structures. Tkie tie
is capable of transmitting the full 1280 MVA generator output of
Unit ¹2 to the 500 KV switchyard.

Belay protection for the connection between the Unit ¹2
transformer and the Susquehanna 500 KV switchyard is provided by
high speed bus differential relays which trip Unit ¹2 and the
three 500 KV switchyard generator breakers by the master trip
lockout relays for a fault in the connection. An overall
differential protection scheme provides a second sy'tem to trip
Unit ¹2 and the three PCBs connected to the generator in the 500
KV switchyard for a fault on the transformer leads. Breaker
failure prote"tion is applied at each terminal to detect a
failure to trip or failure to interrupt condition and to
electrically isolate the faulty component.
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8 2. 1. 3. 5 Susquehanna 500 KV Switchyard

The 500 KV switchyard is an outdoor steel structure, comprised of
three bays containing five 500 KV power circuit breakers arranged
in a modified ring bus configuration. The switchyard provides
for ultimate future expansion to 5 bays in a breaker and one half
scheme. Terminating positions are provided for two lines, one
500 KV generator lead circuit. and a circuit to a bank of three
single phase 500-230 KV autotransfo mers. Manual operation of
the 500 KV generator lead synchronizing circuit breakers is by
the plant control room operator. The remaining PCBs can be
operated by PPGL's remote supervisory control or by the plant
supervisory control.
Service power to the 500 KV switchyard
sources: one from the generating stat
the tertiary winding of the yar i tie a
automatic low voltage throwover scheme
failure. Line protection equipment i-
DC switchyard service battery equipped
battery charger.."..

is provided by two
ion, and the second from
utotransformers with an

in the event of one source
powered by a single 125 V

with two full capacity

8.2.1.3.6 Mo»tour a»d Mountain 230 kV Switchyarls

Figure 8.2-5 . hows a one line diagram of the off-site power
system for Startup Transformer 410.

The Nontour Switchya"d is an outdoor -teel structure comp"ised oi:
.four bay po itions containing 11-2.30 kV power circuit breakers
arranged in a breaker and one half scheme. Two generating leads
from the Mo»tour Steam Electric Station and five transmission
lines are terminated in the yard. The switchyard breakers ran be
operate0 by romot» control rom the PPGL System Operating
office,.
The Mountain Switchyard is owned and op'orated by UGI Corporation,
Luzerne Electric Division. 1't is an outdoor steel struct.ure with
two bay position each containing one 230 kV PCB. The two PCBs
are arranged back to back between the Montour-Mountain and
Mountain-Lackawan»a Lines. Between the two PCBs is a normally
open MOAB to the Susquehanna-Sta»ton Pl line. The PCBs and MOAB
can be operated by remote supervisory control f rom the IJGI
Corporation System operator's of fice. PCB a»d. MOAB status is
monitored by PPBL ~ s System Operating office
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8.2.1.4 Offsite Power System Monitoring

PPSL's transmission lines are patrolled approximately three times
throughout a year to ensure that the physical and electricalintegrity of the transmission line supports, hardware,

Rev. 15, 4/80 8. 2-7
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insulators, and conductors is maintained for safe and reliable
continuity of service.

The periodic transmission line patrol is conducted hy helicopter.
Less frequent foot patrols and selective structure inspections
are performed depending on the age of the line.
Monitoring of the Unit ¹1 and Unit ¹2 offsite power sources in
the plant control room is via a hardwired mimic bus arrangemen+.
which shows startup transformers ¹10 and ¹20, the transformer ¹10
and ¹20 motor operated air break switches, the 13. 8 KV start-up
buses, the 13.8 KV bus feeder breakers, and the 13.8 KV bus tie
breaker. Annunciation signals abnormal tripping to the control
room operator. Control and status indication are provided for
the 230 KV MOAB switches and the 13.8 KV breakers. Potent.ial
indication for the PPGL grid and 13.8 KV bus and status
indication of the 230 KV high speed ground switches are provided.

A cathode cay tube (CRT) display is provided by the plant
computer system which provides the operator wi.th additional
information about the offsite power sources. The display is a
mimic bus arrangement, imilac to the hardwired mimic bus, and
includes the status of the PCBs at the remote terminals of the
transformer ¹10 and ¹20 supply l ines.

Monitoring of the Unit ¹1 main generator outpu+. leads to the 230
KV switchyard is provided in the control coom. A hardwired mimic
hus arrangement. Provides control and status indication of the
synchronizing PCB. Potential indication and monitoring of
current, watts, vars, watt houcs and voltage are provided.
Annunriation signals an «bnormal change in status of the
synchronizing PCB. The computer CRT display system provides the
operator with the status of all PCB's in thr 230 KV switchyard
and the synchronizing PCB via input f rom PPF.L's supervisory
control system. Annunciation accompanies a failure of the
supervisory system. Manual control of the 230 KV switchyard is
hy a supervisory system from ..elected PPGL System Operating
facilities.
Monitoring of the Unit ¹2 main generator output leads and the 500
KV switchyard is provided in the control room via a mimic bus
arrangement. PCB open-close status indicat.ion and control are
provided for all PCBs in the 500 KV .,witchyacd. Except for the
main generator synchronizing breaker., which are hardwired
dirertly to the control coom along with potential indication, all
500 KV PCB control and status indiration in the control Jnom is
provided through a supervisory system. Digital. displays monitor
output current, wat ts, vars, wat t hou" s, and voltage.
Annunciation accompanie" uncommanded PCH status changes, loss of
potential, transformer trouble, fire protection system actuation,
carrier equipment failure, and fault recorder failure. Control
of the 500 KV switchyard fault cecorler and tap change control on

Rev. 15, 4/80 8. 2-8



SSES-FSAR

the 500-230 KV transformer are made available to the operator.
Similar information is provided to the control room operator via
the computer CRT mimic bus arrangement display through the
supervisory system. Primary control of the 500 KY switchyard is
via the System Operating supervisory control system except for
the main generator synchronizing breakers which can he controlled
only by the plant operator.

Preoperational and initial startup testing of all apparatus+
equipment, relaying, and PCBs is conducted at transformers «10
and «20 and the 500 KV and 230 KV switchyards to ensure
compliance with design criteria and standard..

PCB protective relay testing, maintenance, and calibration in the
230 KV and 500 KV switchyards, Montour switchyard and at
transformers « 10 and «20 will be conducted approximately once
every two years. PCB protective relay testing, maintenance and
calibration at Mountain switchyard is performed approximately
every year.

8.2.1 5 Industry Standards

The requirements, criteria and recommended p actices set forth in
the following documents are implemented in the Resign of the
transmission system;

A

B

C.

D.

E.

National Electric Safety Code, 7th Addition.
PJM Interconnection Protective Relaying
Philosophy and Design Standards
MAAC Group Reliability Principles and Standards for
Planning Bulk power Electric Supply System of MAAC
Group, July 18, 1968 (Appendix R.2A)
In general, high voltage circuit breakers are
manufactured and tested in accordance with the latest
recommendations and rules of the ANSI, IHEF., NEMA,
a nd A EIC.
Pennsylvania Power 6 Light. Company Substation
and Relay and Control Engineering Instruction
Manuals, Fngineering and Construction Standards,
Operating Principles and Practices; Relay and
Control Facilities 3/3/76 and
sound engineering principles. The design
criteria include consideration of aesthetics,
reliability, economics, and safety.

8.2.2 Analysis

8.2.2. 1 Grid Availability
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The offsite power sources provide adequate capacity and
capability to start and operate safety related equipment; Jn
addition, the sources provide both redundancy and electrical and
physical independence such that no single event is likely to
cause a simultaneous outage of both sources in such a vay that
neither can be returned to service in time to prevent fuel design
limits and design conditions of the reactor coolant pressure
boundary from being exceeded. Each of the circuits from the off-
site transmision netvork to the safety related distribution buses
has the capacity and capability to supply the assigned loads
during normal and abnormal operating conditions, accident
conditions and plant shutdown conditions.

The PPGL bulk power system is planned in accordance with
established PPGL hulk pover planning criteria. These criteria
are based on the Reliability Principles and Standards of the Mid-
Atlantic Area Council {MAAC). MAAC is a regional reliability
council of the National Electric Reliability Council (NERC).
MAAC is comprised of the electric utility companies of the
Pennsylvania-New Jersey-Maryland (PJM) Interconnection, of which
PPGL is a member. The primary objective of NAAC is to augment
reliability through a continuing review of all planning in
connection vith additions or revisions to generating plant or
bulk power transmission facilities. The PPGL hulk power system
is designed to meet the MAAC Reliability Principles and
Standards, which are included in Appendix 8.2A.

Digital power flow and transient stability studies vere conducted
to demonstrate that bulk power system is in compliance with the
MAAC reliability criteria. The digital. power flov studies
included an evaluation of all practical single contingencies,
including double circuit tover line, outage conditions and
several abnormal system disturbance conditions.

Based on historical operating data for the PPGL transmission
network, the annual forced outage rate per 100 circuit miles for
500 KV and 230 KV lines is 0.46 and 6.04 outages, respectively.
The number of permanent faults per year per 100 circuit miles for
500 KV and 230 KV lines is 0.23 and 1.79 respectively. The
duration of the individual outages varies greatly (from 3 minutes
to in excess of 8 hours) depending on the cause of the outage.
The major causes of forced outages and permanent faults are
lightning and veather related phenomena, tree contacts, equipment
failure or malfunction, and emergency maintenance.

8.2.2.2 Stability Analysis

Transient stability studies vere conducted using a digital
computer program. These studies show that for various 230 KV and
500 KV bus and line faults, system stability and satisfactory
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recovery voltages are maintained resulting in uninterrupted
supply to the offsite power system. Specifically, the system isstable for any three phase fault cleared in normal clearing time
and for any single phase to ground fault with delayed clearing.
The system is also stable for any three phase fault applied to
the 500 KV and 230 KV transmssion associated with the Susquehanna
plant and cleared with delay. A transient stability case list is
included in Table 8.2-1.

The loss of either Susquehanna tJnit 41 or tJnit 02 represents theloss of the largest single supply to the network. For the loss ofeither Susquehanna unit, grid stability and the integrity of
supply to the offsite power system are maintained. Gridstability and the integrity of supply to the offsite power system
are also maintained for the loss of any other single generatingunit in the network. Supply to at least one of the offsite powersources is also maintained for the following abnormal
disturbances:

1. The sudden loss of all lines emanating from the
Susquehanna 230 KV Switchyard,

2. The sudden loss of all lines emanating from the
Susquehanna 500 KV Switchyard.

No single occurance is likely to cause a simultaneous outage ofall offsite sources during operating, accident, or adverse
environmental conditions. Mhile the loss of all offsite power is
improbable, such an event would not prevent the safe shutdown ofthe station because the onsite batte ies and standby diesel
generators are able to supply the necessary power to systems
required for safe shutdown.
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TABLE 8. 2-1

1982 50'X OF SUN NZR PEAK LOAD

SUSQUEHANNA UNIT ¹1 6 ¹2
STABILI'IY CASE LIST

CASE DESCRIPTION Result

3 phase Sault at Susquehanna 500 KV on the Stable
Sunbury 500 KV line. Fault cleared in
normal 3.5 cycle clearing time.

3 phase fault at Susquehanna 500 KV on
the Sunbury 500 KV line with one breaker
pole stuck at Sunbury. Clear Susquehanna
in 3. 5 cycles Clear remote
terminal in 7.5 cycles.

3 phase fault at Susquehanna 500 KV on
Rescosville 500 KV line with one Susquehanna
500/230 KV transformer breaker pole
stuck. Clear remote terminal in 3.5 cycles.
Clear Susquehanna in 7 5 cycles.

Stable

Stable

3 phase fault at Susquehanna 500 KV on Stable
Sunbury 500 KV line with one Susquehanna
500/230 KV breaker pole stuck. Clear remote
terminal in 3. 5 cycles. Clear Susquehanna in
7.5 cycles

Phase-ground fault at Susquehanna
500 KV on Sunbury 500 KV line with
Susquehanna 500/230 KV breaker stuck.
Clear remote terminal in 3.5 cycles
Clear Susuqehanna in 12 0 cycles.

Stable

3 phase fault at Susquehanna 230 KV
on the Susquehanna 500/230 KV transformer.
Fault cleared in normal 4.0 cycle
clearinq time.

Stable

3 phase fault at contour 230 KV on
Susquehanna 230 KV line. Fault cleared
in normal 4 0 cycle clearing time
(Reclosed after 10 seconds).

Stable

3 phase fault at Susquehanna 230 KV
on Montour line with stuck west bus
breaker. Clear remote terminal
in 4.0 cycles, clear Susquehanna
in 8.0 cycles {lose Stanton-
Susquehanna ¹2 230 KV line).

Stable

3 phase fault at Susquehanna 230 KV
on Jenkins line with stuck

Stable
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TABLE 8.2-1 ~Continuedg

CASE DESCRIPT ION RESULT

east bus breaker. Clear remote
terminal in 6.0 cycle", clear Susquehanna
in 8. 0 cycles

10 3 phase fault at Susquehanna 230 KV
on the 500/230 KV transformer with one
pole stuck on west bus breaker Clear
two poles in 4.0 cycles, clear fault in 8 0
cycles (lose Stanton-Susquehanna f2
230 KV line) .

Stable

12

3 phase fault at Susquehanna 230 KV
on Harwood line with stuck tie breaker pole.
Clear two poles in 4.0 cycles. Clear
stuck pole in 8 0 cycles (lose Sunbury-
Susquehanna 230 KV line)
3 phase fault at Susquehanna 230 KV
on E. Palmerton line with one
pole stuck on west bus breaker. Clear two
poles in 4.0 cycles. Clear stuck pole
in 8.0 cycles (lose Stanton-Susquehanna
42 230 KV line)

Stable

Stable

13 Phase-ground fault at Susquehanna 500 KV on Stable
Wescosville 500 KV line with Susquehanna
500/230 KV breaker stuck. Clear
remote terminal in 3.5 cycles. Clear
Susquehanna in 12. 0 cycles.

14

15

Susquehanna-Wescos vill.e 500 K V and
S usque ha n «a- Har wood (E. Pa1mert on) Dou ble
Circuit 230 KV crossing failure
(3 phase fault on all circuits)
Trip Susquehanna Unit 51 in 12
cycles. Clear Susquehanna-Wescosville
500 KV line in 3.5 cycles. Clear
S usquehan na-Harwood and Susquehanna-
E. Palmerton 230 KV lines in 4 0 cycles.

3 phase fault near E. Palmerton on
all lines in E Palmerton-Harwood R/W
corridor. Clear Susquehanna-Wescosville
500 KV line in 3 5 cycles. Clear
E. Palmerton-Susquehanna and Harwood
-Sieqfried 230 KV lines in 4.0 cycles.

Stable

Stable
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CASE DESCRIPT?0M

TABLE 8. 2-~1Continue~d

RESULT

16 3 phase fault near Susquehanna on
both lines in Sunbury-Susquehanna R/M
corridor. Clear S unbury-Susquehanna
500 KV line in 3 5 cycles. Clear
Sunbury-Susquehanna 230 KV line in 4.0
cycles.

Stable

17

18

19

3 phase fault near. Susquehanna 500 KV
at Sunbury 230 KV line crossing. Trip
Susquehanna-Nescosville 500 KV,
Sunbury-Susquehanna 500 KV, and
Unit ¹2 in 3.p cycles. Trip
Sunbury-Susquehanna 230 KV in 4.0 cycles.

3 phase fault at Susquehanna 230 KV
on Harwood {E. Palmerton) Double
Circuit. Trip Harwood and
E. Palmerton breakers in 4.0 cycles.

3 phase fault at Columbia-Frackville
230 KV line crossinq. Trip Sunbury-
Susquehanna 500 KV line in
3. 5 cyc les. Trip Colum bia-Fr ack ville
and Sunbury-Susquehanna 230 KV
lines in 6.0 cycles.

Stable

Stable

Stable

20 3 phase fault on 230 KV
main transformer. Trip
transformer. Trip Unit
overtrip Unit «2 in 4.0
entire station) .

side of Unit «1
Unit «1 main
¹1 and
cycles {loss of

Stable

3 phase fault at Susquehanna 230 KV on
Unit ¹1 generator leads with a
stuck west bus breaker. Trip Unit ¹1
and Stanton «2 line in 12 0 cycles.

Stable
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~A~enclix 9B

COMPLIANCE WITH

NRC BRANCH TECHNICAL POSITION ASB 9-1

SUSQUEH ANNA STEAN ELECTRIC STATION

UNIT I REACTOR BUILDLNG CHAN E
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The attached table compares the design of the Unit 1 crane with
Branch Technical Position ASB 9-1.

Compliance with each regulatory position in the BTP is classified
into one of the following categories:

a) comply

b) complied with based on our interpretation of the intent
of regulatory position

c) complied with by use of alternate means or methods

d) do not comply

Justification is provided for each item of noncompliance..
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TABLE 9B-1

COHPARISOH OP UNIT 1 REACTOB BUILDING CRAHE DESIGN
MITH BTP ASB 9-1

REGULATORI
POSITION

Compliance

Compliance
based on
our inter-
pretation of
regulatory
position

Use of al
ternative
method to
meet the
intent of
regulatory
position

Non-corn
pliance

Remarks

C ~ 1 ~ a Separate
Performance
Spec.

Environ.
Oper. Conti-
tions Struc-
tural mvt.
selection

Item 41

C 2

Seismic
Category I
HDE - Lamel
lar Tearing

Pa tique
Analysis

Preheat-
Postheat-
Melding

Controls-
Devices-
Safe
Holding
Position

Item S2

Item $ 3

Item ta

AUX+ Systs g
Dua 1 Com p.
Immob
Position

Heans for
Repairing

Item 45
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TABLE 9B-l a e 2

CONPARISON OP UNIT l REACTOR BUILDING CRANE DESIGN
QITH BTP ASB 9-1

REGULATORY
POSIT ION

Com pl iance

Compliance
based on
our inter-
pretation of
regulator y
position

Use of al-
ternative
method to
meet the
intent of
regulatory
position

Non-corn Remarks
pliance

C 3 a Dual Load
Attach.
Points

Lifting
Devices-
Redundant
Design

Dual hoist-
ing eg. 5
fpm lim.

Head Load
Block bal
ance

Dual Reev-
ing System-
Rope Std.

f Fleet Angles

200-static
desiqn test

Sensor over-
speed over-
loading etc.

Control sys-
tem Notors-
torque

Tvo-blocking-
precautions,
etc.

k Drum protection

R EV 1 8//8

Item 46

Item A7

Item 48

Item 09
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CONPhRISON OP UNIT l BEhCTOR BUILDING CBhNE DESIGN
WITH BTP hSB 9-1

R EGU LA TORY

POSITION
Compliance

Compliance
based on
our inter-
pretation of
regula tory
position

Use of al-
ternative
method to
meet the
intent of
regulatory
position

Non-corn Remarks
pliance

Excessive
brea kdovn
torque

Hoisting
brakes hold-
ing brakes

Dynamic-
Static
alignment

Incr em en t
drives

Item ¹10

Item ¹1 1

Trolley +

Bridgei. Notorsii. Speeds

Cab located
controls

Safety de-
vices, limit
devices

Operating
Nanuals-HWL

Item ¹12

Item ¹13

Change from
Constr. to
Operating

Insta1 la tion
Instructions
Nechanical
Check
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TABLE 98-~1 a a 4

CONPARISON OF UNIT 1 REACTOR BUILDING CRANE DESIGN
MITH BTP ASB 9-1

REGULATORY
POSITION

Compliance

Compliance
based on
our inter-
pretation of
regulatory
position

Use of al-
terna tive
method to
meet the
intent of
regulatory
position

Non-corn
pliance

Remarks

b 125% Static
test (2-
block)i. 125% sta-

tic testii. 2-block

c Preventive
Naintenance
Program

X'tem
v10

Item $ 15

REV. 1 8/78
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TABLE 9B-l~~ae 5

NOTES'tem

¹1

The load lifts during construction are not greater than those for
plant operation, therefore no separate specifications have been
prepared.

Item ¹2

Me consider that the Regulatory Position is complied vith to the
extend that all major structural load carrying welds are 100%
magnetic particle (NT) tested. Volumetric examination, in our
opinion, (RT or UT) of the welds used in the assembly of the
crane vill not produce meaningful results because of the joint
geometries, therefore, they are not performed.

Item ¹3

The crane is specified and has been designated as Service Class
C, per CNAA-70. This standard determines allovable stresses for
the crane structural and mechanical components as a function of
the specified crane service class. Service Class C allows for
100,000 to 500,000 loading cycles, which by far exceeds our
conservatively estimated F 000 cycle life. Therefore, no
additional fatigue analysis have been performed.

Item ¹4

This regulatory position is complied with to the extent that the
preheat and postheat treatment of the velds is in accordance with
AWS D1 1.

Item ¹5

Provisions are made for manual operation of the main hoist
holding brakes for lovering the load (Item ¹11). No special
provisions are made for manually moving the immobilized bridge or
trolley. However, there are options for moving the bridge or
trolley, if the electric power cannot be restored.

I tern ¹6

The fleet angle from drum to lead sheave and between sheaves does
not exceed 3-1/2 degrees (3 ~ 7~~ actual design). The NRC position
recommends limiting the fleet angles betveen individual sheaves
to 1- 1/2 degrees. The use of the 3-1/2 degrees limit is
justified because:

1. The 3-1/2 degree limitation has been proven to be a reliable
parameter for rope leads off of drums which are more critical
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TABLE 9B-l phoae g

than rope leads from sheaves; the latter being more deeply
qrooved

2. With redundant reeving, sheave spacings are double the normal
spacings. Thus to maintain a 1-1/2 degree fleet angle, the
distance from the hook to the top of the crane would have to
be needlessly and excessively increased to such a degree thatit would be inconsistent with a good crane design. This
would have necessitated, at least, eight to nine feet
increase in the building height.
The design ratio of running sheaves pitch diameters to the
rope diameter is 24:1 instead of the 30:1 or 26:1 recommended
by the NRC. The 24:1 ratio is justified because: Due to thelarge diameter of the wore rope used, 30:1 and 26:1 diameterratio sheave blanks are not readily available. Also 24:1ration is recommended by ASME Standard Committee on the
Design of Overhead and Gantry Handling Systems for Critical
Loads at Nuclear Power Plants, in their comments to the NRC
on QG 1.104 dated March 18, 1976, and is consistent with the
recommendations of CMAA Specif ica tion 570.

Item $ 7

The 2005 load test is in conflict with current safety standard
codes, specifically ANSI B. 30. 2 which states that the entire
crane is to be load-tested in the field at 125% of the ratedload. If this requirement for the load test of 200% of the rated
load is to,meet the safety requirements and be within the
allowable stress values for the crane design, it would reguire a
large crane. Also, the test may not proof the wire rope at 200%load as permanent deformation can results, and the rope will haveto be discarded after the test. Me do not recommend testing anyportion of the crane at 200% load, except each redundant hook,
which is specified to be tested at twice the rated load. However,the hoisting system components are all designed to support astatic load of 200% of the design rated load.
Item $ 8

The electric controls are set to limit the motor torque to 150%of rated motor torque, and are field ad justable between 125% and
200% of that torgue. Note that the "rated", not "required"
torque is limited The "required» rating of the motor is notclearly defined and opens the possibility for its misapplication.
Ratios of motor horsepower are given in Items 10 and 12.

Item 49

The mechanical and structural components of the hoisting systemshould be protected against the possibility of two blocking or
load hangup occurrence during hoisting. This protection is
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TABLE 9B-l~~ae

provided by a system of limit switches such'hat two
blocking'ouldnot occur after a first order failure. First order

protection for raising and lowering is provided by a geared limit
svitch coupled to a shaft on the drive gear case and wired to
stop the hoist motion and set a hoist brake by opening a
reversing switch control circuit. The second order protection in
the raising direction is provided by a pover circuit limit switch
wired to positively interrupt motor raising and lowering circuits
and set brakes. The interruption by the pover circuit limit
switch vill require manual release of the hoist holding brakes to
lower the upper block and reset the svitch. With this
arrangement the operator will be alerted to the fact that the
geared type lover upper limit svitch has failed. The second
order protection in the lowering direction is provided by a
second geared limit switch coupled directly to drum shaft and
vired so as to open the control circuit of the line contactor.
The first order protection against load hangup is an overload
device in the hoisting train that senses the overload and
interrupts motor raising circuit and set brakes. The overload
device can be set as lov as 1 10% of the rated load. The second
order of protection is provided with »over current" and "current
rate of rise» set at a higher torque (load) level, than the
overload device. This is necessary to allow for an additional
torque required to accelerate the load and the hoist mechanisms
from a standstill position.
Item ¹10

The hoist motor rating is limited to 105% of the combined
calculated running and accelerating horsepover requi'red to
accelerate the rated load to the maximum design hoist speed.
This regulatory position does not directly address the
accelerating portion of the calculated design horsepover;
however, the paragraph entitled, "Drivers and Controls» on pages
1.104-364 of Regulatory Guide 104 'ated February 1976 calls forits consideration. Based on the above interpretation, this
regulatory position is considered implemented.

Item ¹11

The crane design meets the requirements of this Regulatory
Position except that holding brake heat dissapation will be
accomplished by alternating the lowering and holding to provide
time for cooling the braking mechanism. Also ad ministrat ive
control (hand held tachometer) will be used to limit the lowering
s peed to less tha n 3. 5 fpm.

REV. l 8/78



SSES- PSAR

TABLE 9B-l~a~e 8

Item ¹12

The ratios of motor horsep'over ratings to the combined calculated
running and accelerating horsepovers required to accelerate the
load to the maximum design speed, are as follows:

trolley — 101%
bridge — 104%

Refer to Item 9 for a discussion of the inclusion of the
accelerating horsepower to the motor horsepowers.

No special provisions are made for manual operation of the b.ridge
and trolley holding brakes If necessary, they can be released
by using various methods not excluding brake partial disassembly.

The requirement that "opposite wheels on bridge and trolley have
identical diameters,'~ is not practical, since it has no tolerance
allowance. Our specification calls for wheels ground true to
.001 inch per inch of diameter. Trolley speed, using main hoist
is 10 fpm, well belov 30 fpm recommended by NRC. However, the
trolley speed, using auxiliary hoist, is 50 fpm, therefore
administrative controls must be maintained to prevent inadvertent
running of the trolley vith loaded main hoist at the higher (50fpm) speed.

The bridge speed (50 fpm) exceeds slightly the NRC recommended
speed of 40 fpm. The substantial runway length (323 ft.)
stepless type bridge speed control, and minor (10 fpm) difference
between the NRC recommended and the specified speeds do not
justify the reduction of the bridge speed from 50 f pm to 40 fpm.

Item ¹13

The Unit 1 and 2 crane main hoist rated loads and design loads
are the same and equal 125 tons.

Item ¹14

As stated in Item 9, protective means are provided to prevent the
occurrence of two-blocking or load hang-ups. Therefore, there is
no need to run the recommended tests. In addition, the
recommended tests present a potential for injuring personnel and
for causing an undetectable damage to the hoise components.
These conditions will exist whether the tests are performed in
the vendor shop or at the site Also, it vould be difficult,
after the tests, to assess any potential damages that might have
resulted from those tests. Verification testing of the upper
limit switches and the overloads vill be performed to assure
their proper functioning.
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Item 015

The Unit 1 and 2 cranes vill be maintained at their rated
capacities, i.e., 125 tons main hoists and 5 tons auxiliary
hoists.
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CHAPTER 10

STEAM AND POWER CONVERSION SYSTEM

TABLE OF CONTENTS

10. 1 SUMM AR Y DESCRIPTION

10 2 TURBINE — GENERATOR

10.2.1 Design Bases

10.2.2 Description

Pa~e

10. 1-1

10. 2-1

10. 2-1

10. 2-2

10;2 2 1
10 2 2.2
10.2.2 3
10 2-2.4
10.2.2. 5
10226
10.2.2.7
10 2 2.8

Turbine
Generator and Exciter
Protective Valves Functions
Extraction System Check Valves
Control System
Overspeed Protection
Turbine Shell Diaphragms
Turbine-Generator Load Following Capability

10. 2-2
10- 2-3
10. 2-4
10- 2" 5
10.2-5
10. 2-5
10.2-6a ll
10. 2-6a

10.2.3 Turbine Disk Integrity
10.2 3.1
10.2.3.2
10 2 3.3
10 2.3.4
10."-2. 3. 5
10 -2 3.6

Material Selection
Fracture Toughness
High-Temperature Properties
Turbine Design
Pre-service Inspection
Inservice Inspection

10;2. 4 Evaluation

10.2 5 References

10 3 MAIN STEAM SUPPLY SYSTEM

10.2-7

10 2-7
10-2-8
10. 2-8 14
10 ~ 28 I

10 2-9
10. 2-9

14
10 2-10 i

10 2-11

10. 3-1

10.3 1
10 3 2
10.3.3
10.3.4
10.3. 5

Design Bases
Description
Evaluation
Inspection and Testing Requirements
Water Chemistry tPWR)

10 3-1
1 0. 3-1
10. 3-2
10 3-3
10. 3-3

10.3.6 Steam and Feedwater System Materials

10.-3.6.1 Fracture Toughness
10.3.6.2 Material Selection and Fabrication

10 3-4

10. 3-4
10. 3-4

Rev. 14, 2/80 10-i



SS ES-FS AR

10. 4 OTHER FEATURES OF THE STEAN AND POMER CONVERSION SYSTEM

10.4.1 Main Condenser

10.4.1.1
10. 4.1. 2
10.4-1. 3

Design Bases
Description
Safety Evaluation

10 4-1
10 4-1
10. 4-2

10. 4. 1. 3. 1 Radioactive Gases
10.4.1.3.2 Condenser I.eakage
10.4.1.3.3 Circulating Mater System Rupture

10. 4. l. 4 Tests a nd Inspections
10.4.1.5 Cont'rois and Instrumentation

10.4.1.5.1 Condenser
10.4.1. 5.2 Condensate Contamination

10.4.2 Main Condenser Evacuation System.

10. 4-2
10. 4-2
10 4-3

10. 4-4
10. 4-4

10. 4-4
10.4-5

10. 4-5

10 4.2 1
10-4.2.2
10.4.2 3
10. 4. 2. 4
10 4.2.5

Design Bases
System .Description
Safety Evaluation
Tests and Inspections
Controls and Instrumentation

10 4-5
1O. 4-5
1O.4-6a
10.4-7
10. 4-7

10.4.3 Steam Seal System 10. 4-8

10-4.3.1 .

10.4.3. 2
10 4.3. 3
10. 4.3 4
10. 4.3.5

Design Bases
Description
Safety Evaluation
Tests and Inspections
Controls and Instrumentation

10. 4-8
10. 4-8
10.4-9
10 4-9
10. 4-10

10.4.4 Turbine Bypass System 10-4"11

10.4.4.1
10.4.4.2
10. 4. 4. 3
10.4 4.4
10 4.4.5

Design Bases
System Description
Safety Evaluation
Tests and Inspections
Controls and Instrumentation

10. 4-11
1'0. 4-12
10. 4-13
10. 4-14
10. 4-14

10.4.5 Circulating Mater System 10 4-14

10. 4. 5. 1
10.4.5. 2
10.4.5.3
10.4. 5.4
10.4.5.5

Design Bases
System Description
Safety Evaluation
Tests and Inspections
Controls and Instrumentation

10. 4-14
10 4-14a
10. 4-16
10 4-1 6
10. 4-17

10.4.6 Condensate Cleanup System 10. 4-17
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10.4.6.1 Design Bases
10.4.6.2 System Description

10.4"17
10.4-18

10.4.6.2.1
10.4.6.2 '
10.4.6.2.3
10.4.6.2.4

Condensate Demineralizer System
External Regeneration System
Acid and Caustic Dilution Systems
Waste System

10.4-18
10.4-19
10.4-20
10.4-20

10 '.6.3 Safety Evaluation
10.4.6.4 Tests and Inspections
10.4.6.5 Controls and Instrumentation

10.4-21
10.4-22
10.4-22a

10.4.7 Condensate and Feedwater 10.4-22a

10.4.7.1
10.4.7.2
10.4.7.3
10.4.7.4
10.4.7.5

Design Bases
System Description
Safety Evaluation
Tests and Inspections
Controls and Instrumentation

10.4-22a
10.4-23
10.4-25
10.4"26
10.4-27

10.4.8 Steam Generator Blowdown System (PWR)
10.4.9 Auxiliary Feedwater System (PWR)
10.4.10 Extraction Steam and Feedwater Heater Drain and

Vent System
10.4.10.1 Design Basis
10.4.10.2 System Description
10.4.10.3 Safety Evaluation
10.4.10.4 Tests and Inspections
10.4.10.5 Controls and Instrumentation

10.4.11 Auxiliary Steam System

10.4-28
10.4-28

10.4-28
10.4-29
10.4-30
10.4-32
10.4-32
10.4-33

10.4-33

10.4.11.1
10.4.11.2
10.4.11.3
10.4.11.4
10.4.11.5

Design Bases
System Description
Safety Evaluation
Test and Inspections
Instrumentation Application

10.4-33
10.4-33
10.4-34
10.4-35
10.4-35
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10. 1 SUNNAR'Y DESCRIPTION

The components of the steam and power conversion system are
-designed to produce electrical power from the steam coming from
the reactor. condense the steam into water, and return the
condensate to the reactor as heated feedwater, with a majorportion of the qaseous, dissolved, and particulate impurities
removed.

The power conversion system consists of the followinq component~

1) Turbine Generator with Auxiliaries
2) Hain Con denser

3) Condensate Pumps

4) Air Ejector with Mater Condenser

5) Gland Steam Condenser

6) Condensate Demineralizer

7) Five Stages of Feedwater Heaters

8) Reactor Feed Pumps with Turbine Drives and Auxiliaries
9) Interconnecting Piping and Valves

10) Dra in Coolers

Steam qenerated in the reactor is supplied to the high pressureturbine through the main stop and control valves. The steam then
passes throuqh the high pressure (HP) turbine and exhausts
through cross around lines to two moisture separators which
remove moisture from the steam. The dried steam leaves the
moisture separators and enters the low pressure (LP) turbines,
which share a common shaft with the HP turbine, through combinedintercept valves. After passinq through the low pressureturbines the steam exhausts to the main condensers where it is
condensed by the circulatinq water system (Subsection 10.4.5)
deaerated and collected in the hotwell of the condenser. The
condensate pumps remove the condensate from the hotwell and pumpit throuqh the air ejector intercondenser, the gland steam
condense=, the condensate demineralizer, the drain coolers and
the f ive stages of feedwater heaters to the suction of thereactor feed pumps which pump the condensate hack into thereactor vessel.

Steam is extracted from the HP and LP turbines and used to heat
the condensate as it passes throuqh the various feedwater

10. 1-1
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heaters. The extraction steam is condensed in each heater and
the condensed steam drained to the next lowest pressure heater.
The total cascaded heater drains are. collected in the drain
cooler from which they drain back to the condenser. The moisture
removed from the steam by the moisture separators is drained to
Heater No. 4 where it mixes with the condensed extraction steam
and is eventually drained back to the condenser

Should the water .level in any heater or moisture separator become
too high, the drains will be dumped directly to the condenser to
prevent water damage to the turbine.

If the reactor produces more steam than the turbine can use the
excess, up to 25 percent of rated flow, is dumped to the
condenser through the bypass valves (See Subsection 10 4.4).
The steam and power conversion systems are sized for the turbine
valves wide open condition of 3439 NWt.

Biological shielding is provided around
moisture separators, feedwater- heaters,
feed pump turbines to protect operating
to high radiation levels. Section 12.3
discussion on radiation protection.

t he main turbine,
condensers and reactor
personnel from exposure
provides additional

Figures 10. 1- 1 and 10 1-2 show the maximum guaranteed and maximum
calculated heat balances respectively.

Typical parameters are summarized in Table 10. 1-1.

Instrumentation is commercial quality, designed to meet the
process requirements and the G.E. turbine generator reguirements.
These instruments are described further in Sections 10.2 through
10 4. The turbine instrumentation is discussed in Subsection
7.2.2. 1.3: Control value fast closure and stop value closure
which initiates scram in the RPS.

Re v. 6, 3/79 10. 1-2
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10.2 TURBINE-GENERATOR

10 2 1 DESIGN BASES

The turbine is an 1,800 rpm, tandem compound, six-flov, non-
reheat steam turbine with 38 in. last-stage buckets. The
capability of the turbine is 1,084,825 kH when operating withinitial steam conditions of 965 psia, 1191.5 H, while exhausting
to the multipressure condenser at 2 99, 3.56 and 4.43 in. HgAbs,
back pressures, 0 percent makeup and extracting steam for normal
five stage feedvater heating and feed pump turbine drives. The
turbine is expected {not guaranteed) to produce 1, 134,993 kM vhen
operating at valves wide open {VROj and with corresponding VRO
steam and cycle conditions shovn on the heat balance.

The generator is a 1,280,000 kVa, 1,800 rpm, direct connected, 4
pole, 60 Hz, 24,000 V, liquid cooled stator, hydrogen cooled
rotor, synchronous generator rated at 0.90 power factor, 0.58
short circuit ratio at a maximum hydrogen pressure of 75 psig.
The generator is sized to accept the gross output of the turbine.
The Alterrex excitation system consists of a 60 Hz, 1,800 rpm air
cooled Alterrex generator and liquid cooled rectifiers with
static thyristor automatic regulation equipment. The exciter is
rated for a maximum output of 3210 kW at 530 V

The turbine-generator control is accomplished by an
electrohydraulic control (EHC) system capable of controlling
speed, load, steam pressure and flov under startup, shutdown,
transient and steady state conditions..
The turbine-generator is normally base loaded. Hovever, the
design allovs for the units to operate on a load following basis.

The turbine-generator unit, a GE design, is built in accordance
with GE standards and codes. The moisture separator vessels and
steam seal evaporator vessels are built in accordance vith ASME
BSPV Code, Section VIII.
The steam generation rate has the ability to follow turbine load
demand changes by as much as 35 percent without control rod
movement merely by changing the recirculation flow rate through
the core. If a load reduction of more than 10 percent occurs,
the turbine bypass valves will open momentarily until the
recirculation rate is sufficiently reduced. Bypass valves have
the ability to bypass 25 percent of the flow.
The turbine control valves are capable of changing turbine steam
flov at a rate of at least l0 percent nuclear boiler varranted

REV. 7,4 /79 10. 2- 1
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flow per second in both the opening and closing directions for
adequate pressure control performance.

During any event resultinq in turbine stop valve closure, turbine
inlet steam flow is not reduced faster than permitted by Figure
10. 2-1

Durinq any event resulting in turbine control valve fast closure,
turbine inlet steam flow is not reduced faster than permitted by
Fiqure 10.2-2.

10 2 2 DESC RI PTION

10.2. 2 1 Turbine

The turbine unit consists of one double flow hiqh pressure
turbine and three double exhaust flov low pressure turbines. The-
unit includes two horizontal moisture separator vessels located
on the operatinq floor, one on each side of the turbine. The
moisture separator vessels are of the non-reheat type.

Steam from the reactor enters the power conversion system through
four main steamlines. Each of the four main steamlines to the
hiqh pressure turbine is connected to a main steam stop valve and
a main steam control valve. The four stop valves and four
control valves are combined to form a single valve chest. A

pressure equalizinq line connects the stop valves together just
below the valve seats. Six combined intermediate valves (CIV)
{each composed of an intercept valve and an intermediate stop
valve) are located in each line between the moisture separator
vessels and the low pressure turbines. A five valve bypass valve
chest is connected to each of the main steamline between the main
steam isolation valves and main steam stop valves to remove
excess flow to the condenser.

There -is one stage of extraction from the high pressure turbine
and four staqes of extraction from each low pressure turbine.
The extraction steam is used to heat the five stages of feedvater
heatinq-

A portion of the cross-around steam is used to drive the reactor
feed pump turbines (RFPTs) during normal operation.

The turbine-generator is provided with an emergency trip system
that closed the main stop valves, control valves and combined
intermediate valves, thus shutting down the turbine, on the
followinq signals:

1 Turbine approximately 10% above rated speed.

10. 2-2
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2. Turbine approximately 12% above rated speed.
3. Vacuum decreases to less than 21.7 Hg.
4. Excessive thrust bearing wear.
5. Exhaust hood temperature in excess of 225O.
6. Prolonged loss of generator stator coolant.
7. Electrical trip, via master trip solenoids.
8. Loss of hydraulic fluid supply pressure. Loss

of emergency trip system fluid pressure automatically
- closes the turbine valves and then energizes the master
trip relay to prevent a false restart at 1100 psig decreasing.

9. Signal from High turbine vibration.
10. Loss of both speed signals above 100 rpm.ll. Loss of both the primary and secondary 24 VDC power

supplies.
12. Mechanical trip via manual trip handle of mechanical

trip solenoid.
13. High level in a moisture separator drain system.
14. Main shaft lube oil pump low pressure trip above 1300 rpm.
15. Primary and backup unit protection lockout relay trip.
16. High reactor water level trip at 54".
17. Loss of ETS pressure trip at 800 psig decreasing.

Tripping the turbine will automatically cause the reactor to
scram for reactor power greater than 30 percent.

10.2.2.2 Generator and Exciter

The generator stator is water cooled and the rotor is hydrogen
cooled. The generator hydrogen system includes all necessary
controls and regulators for hydrogen cooling (See Figure 10.2-
ll). The hydrogen purity inside the generator is monitored on a
continual basis. The pipe from the Generator Hydrogen system is
routed below grade to the generator and does not enter any safety
related areas, A seal oil system is provided to prevent hydrogen
leakage through the generator shaft seals. The Bulk Hydrogen
system is located between the cooling towers at grade level. A
hydrogen makeup supply is provided outside the turbine building
to replace any hydrogen leakage from the generator. To avoid
having an explosive hydrogen-air mixture in the generator at any
time, either when the generator is being filled with hydrogen
prior to being placed into service, or when hydrogen is being
removed from the generator prior to opening the generator for
inspection or repairs, carbon dioxide is used for purging out the
air or hydrogen in the generator casing. The generator is
designed to withstand a hydrogen detonation.

Automatic water type fire protection systems are provided to
protect the turbine and generator bearings, the area below the
generator, the hydrogen seal oil system, the permanent bulk
hydrogen storage area and the hydrogen truck unloading area. In
addition, portable fire extinguishers and fire hose will be
provided.

Rev. 26, 9/81 10.2-3
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10 2.2. 3 protective Valves Functions

l

The primary function of the turbine stop valves is to quickly
shut off steam to the turbine under emergency conditions. The
stop valve disks are totally unbalanced and cannot open againstfull pressure drop. An internal bypass valve is provided in one
of the four stop valves to permit slow warming of all stop and
control valves and to pressurize the stop valve'below seat area
to allow valve opening.

The function of the turbine control valves is to throttle steam
flow to the turbine. The valves are of sufficient size, relative
to their cracking pressure, to require that they be partially
balanced. A small internal valve is opened first to decrease the
pressure in a balance chamber. The valves are opened byindividual hydraulic cylinders.
The function of the bypass valves is to pass steam directly from
the reactor to the condenser without the steam going through the
turbine. The bypass valve chest is connected directly to the
steam leads from the reactor. This chest is composed of five
valves operated by individual hydraulic cylinders. Hhen the
valves are open steam flows -from the che t, through the valve
seat, out the discharge casing, and through connecting piping to
the pressure breakdown assemblies where a series of baffle plates
and orifices is used to further reduce the steam pressure before
the steam enters the condenser. {See Subsection 10.4.4)

The function of the combined intermediate valves (CXV's) is to
protect the turbine against overspeed from stored steam in the
cross-around piping and moisture separator vessels and to
throttle and balance steam flow to the LP turbines. Each valve
is composed of an intercept valve and an intermediate stop valve
incorporated into a single casing. The two valves have separate
operating mechanisms and controls. The valves are located as
close to the turbine as possible to limit the amount of
uncontrolled steam available as an overspeed source.

During normal plant operation the intercept valves will be open.
The intercept valves are capablo of opening against maximum
cross-around pressure and of controlling turbine speed during
blowdown following a load rejection. The intermediate stop
valves also remain open for normal operation and trip closed by
actuation of the emergency governor or operation of the mastertrip. They provide backup protection if the intercept valves or
the normal control devices fail.

REV. 11, 7/79
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10-2.2.4 Sxtsaction Slstem Check Valves

The energy contained 'in the extraction and feedwater heater
system can be of sufficient magnitude to cause overspeed of the
turbine-generator following an electrical load rejection or
turbine trip. To prevent this the energy must be contained in
the piping and feedwater heaters. This is done by installing
positive closing non return valves (PCNBV) and antiflash baffles
in the heaters, GE steam turbine design rules and code
requirements specify that the turbine controls will be capable of
preventing the turbine speed from rising above a certain maximum
value after a full load rejection oz trip. The PCNB valves and
antiflash baffles limit the. amount of energy flashing back into
the turbine so that the turbine speed increase is held .below the
maximum value. Antiflash baffles are used in feedwater heaters 1

and 2 extraction steamline since the distance to the turbine is
short and internal energy is low. PCNHVs are installed in the
extraction lines, to feedwater heaters 3, 4, and

5.'1.2

2.5 Contsol~sstem

The turbine generator control system is a GE Mark l
electrohydraulic control {EHC) system. The speed. control unit
produces the speed/acceleration error signal that is determined
by comparing the desired speed from the reference speed circuit,
with the actual speed of the turbine for steady state conditions.
For step changes in speed, an acceleration reference cizcuit
takes over to either accelerate oz decelerate the turbine at a
selected rate to the new speed. There is no limit to the
deceleration. The speed/acceleration error signal is combined
with the load requirements on the load control unit to provide
the flow signal to the control valves.

Because of the importance of overspeed protection the speed
control signal has two independent redundant channels. Two
independent pulse signals are obtained from magnetic pick-ups
located over a gear-toothed wheel on the turbine shaft. I.oss of
both- speed signals will trip the turbine.

10.2.2 6 Overspeed Protection

To protect the turbine generator against overspeed two trip
devices are provided either of which when initiated will close
the main stop valves, control valves, and combined intercept
valves thus shutting down the turbine.
These two trip devices are as follows:

REV. 11, 7/79,
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1. A mechanical overspeed trip which is initiated if the turbine
speed reaches approximately 10% above rated speed, and

2. An electrical overspeed trip which serve's as a backup to the
, mechanical trip and is initiated at approximately 12K above
rated speed.

The mechanical overspeed trip device is an unbalanced ring
mounted on the turbine sha'ft and held concentric with it by a
spring (See Figure 10. 2-.3) . Mhen the turbine speed, reaches the
trip speed (10% above rated) the centrifugal force acting on the
ring overcomes the tension of the spring and the ring snaps to an
eccentric position. In doing 'this it strikes the trip finger
which operates the mechanical trip valve, HTV. This is a three
vay valve that feeds hydraulic fluid (1600 psi) to the lockout
valve, and when tripped blocks the hydraulic fluid supply system
and removes the emergency trip system pressure which causes the
main stop valves, control valves and combined intercept valves to
close. Failure. of the hydraulic portion of this trip will result
in a stop valve closure..

The electrical overspeed trip receives its signal from a 112%
speed trip relay (VCS840) that is operated by a speed signal
sensed by a magnetic pickup from a toothed vheel on the turbine
shaft and fed to a power amplifier and. megacycles circuit,whose
output is a dc voltage proportional to speed (See Figure 10.2-4).

The signal from the speed trip relay energizes the master trip
relay XKT1000 (Figure 10. 2-5) vhich .then energizes the mechanical
trip solenoid ITS and deenergizes the master trip solenoid valves
5TSV-A 6 HTSV-B

Either one of these actions will trip the turbine, that is close
stop, -control and combined intercept valves.

Mhen the overspeed trip system is un'der test, the lockout valve,
L,V, is actuated, vhich bypasses the mechanical trip valve.
Hovever, under this condition, system protection's provided by
the backup overspeed trip acting on the master trip solenoid
valve, MTSV, by deenergizing BTSV-A 6 HTSV-B.

An additional feature of the protective system vhich will
minimize the likelihood of an overspeed condition is the
power/load unbalance circuitry (Figure 10.2-6)). Generator load
is sensed by means of three current transformers and is compared
with the turbine power input vhich is sensed by the turbine
intermediate pressure sensor.. If the difference between the
steam power input and the generator output rises to at least 40%i 35 msec, auxiliary relays will be actuated vhich vill energize
the control valves fast closing solenoids, remove the load
reference at the load control unit and automatically drive the
load reerence motor to zero set point.

REV. 11, 7/79
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Table 10.2-1 summarizes the overall turbine cverspeed protection
'ssurancethat a stable operation follows a turbine trip can be

obtained from the requirement that both the stop valves and the
combined intercept valves close in a turbine trip thereby
accomplishing two things: a) Preventing steam from the main steam
line from entering the turbine and b) preventing the expansion of
steam already in the high-pressure stage and in the moisture
separator. An addiitonal provision is also made to isolate the
major. steam extraction lines from the turbine.

There are four steam lines at the high pressure stage, each line
is provided with one stop valve and one control valve in series.
Steam from the high pressure stage flows to the moisture
separators and then to the three low pressure stages. Each of
the six low pressure lines has a combined intercept valve which
is actually made up of a stop valve in series with a control
valve in one housing. All of the'bove valves close on turbine
trip. Assuming a single failure to the above system of 20 valves
in case of a turbine overspeed trip signal, the turbine will be
successfully tripped. Purthermore, each of the major steam
extraction lines have an isolation valve and a bleeder trip valve
which are independently closed in case of a turbine trip.-

10. 2. 2.7 Turbine Shell Diap~hra ms

Por overpressure protection of the turbine exhaust hoods and the
condenser shells, two diaphragms are provided in each low
pressure turbine exhaust hood, which rupture at approximately
5 psig. An exhaust hood spray system is provided to spray
condensate into the hoods for overtemperature protection.
10 2 2. 8 TURBINE-GENERATOR LOAD FOLLOWING CAPABILITY

The load following feature of the turbine-generator system may be
discussed. with the aid of Pigs. 10.2-7 through 10.2-10. This
discussion starts with the generator running at rated speed and
a't any given load, with bypass valves fully cleared and with
control and intercept valve positions corresponding to the
generator load. The load follower responds to the increase or
decrease in generator output due to system frequency changes by
controlling the reactor recirculation flow and hence the reactor
steam generation rate. Past response to a step load change is
taken care of by the fast, adjustment of the control and intercept"
valves positions. This increases or decreases the steam pressure
drop at the valves when they are throttled closed or open and
adjusts steam pressure to the turbine. After a time delay the
reactor will have generated enough steam to cover the additional
load requirement. The load follower also adjusts the reactor
recirculation flow in response to an operator adjustment of the

REV. 11, 7/79
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load reference at the load control unit. The .load following
capability is limited to +35% of,reactor power level only.
Assume an electrical load increase due to a system frequency dip
with steady steam input to the turbine, the turbine speed
decreases. In Figure 10. 2-7, region C-3, two speed sensors SSPU-
1 8 SSPU-2 pick up the change, in speed. This signal is compared
with the speed reference at the speed summing amplifiers and its
derivative is compared with the acceleration reference at the
acceleration summing amplifier in each of two low value gates
(A23 6 A26) . The resulting outputs are gated together and the
controlling signal (SCU) feeds into the load control unit for the
control and intercept valves.

Xn Figure 10. 2-8, the signal SCU from .the speed control unit
(Figure 10.2-7) is compared with the load reference, which is
remote manually set, and inputed to the control and intercept
valve amplifiers (A48 8 A50). These amplifiers provide the
position signals for the flow control units of the respective
valves which are the final controlling units, of the control and
intercept valves. A typical valve flow control unit is shown in
Figure 10. 2-9.

The recirculation flow control signal is the speed signal minus
the speed reference (Figure 10.2-8) . This is amplified in the
auto-load following unit Figure 10.2-10 and fed into the reactor
recirculation system flow controller. This is the end point of
the turbine-generator system control of load following.
The above analysis is based on a generator load increase. Asimilar discussion also applies to load decrease. The sameeffect can be obtained if, instead of a change in electrical
load, a load reference change. is made by the operator since arecirculation flow error signal is achievable in either case.

REV. 11, 7/79 >0.2 6b.
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10 2 3 TURBINE DISK INTEGRITY

The turbine assembly is designed to withstand normal conditions
and anticipated transients including those resulting in, turbine
trip without loss of structural integrity. The design of the
turbine assembly meets the following criteria: 8

a) Turbine shaft bearings are designed to retain their
structural integrity under normal operating loads and
anticipated transients, including those leading to
turbine trips.

b) The multitude of natural critical frequencies of the
turbine shaft assemblies existing between zero speed and
20 percent overspeed is controlled in the design and
operation so as to cause no distress to the unit during
operation.

c) The maximum tangential stress in wheels and rotors
resulting from centrifugal forces, interference fit and
thermal gradients will not exceed 0.75 of the yield
strength of 'the materials at 115 percent of rated speed.

10.2.3. 1 Material Selection

Turbine wheels and rotors for .turbines operating with light water
reactors are forged from vacuum degassed Ni-Cr-No-V alloy steel
by processes which minimize flaw occurrence and provide adequate
fracture toughness. Tramp elements are controlled to the lowest
practical concentrations consistent with good scrap selection and
melting practices, and consistent with obtaining adequate initial
and. long life fracture toughness for the environment in which the
parts operate. The turbine wheel and rotor. materials have the
lowest fracture appearance transition temperatures {FATT) and
highest Charpy V-notch energies obtainable, on a consistent basis
from water quenched Ni-Cr-No-V material at the sizes and strength
levels used. Since actual levels of PATT and Charpy V-notch
energy vary depending upon the size of the part and the location
within the, part, etc., these variations are taken into, account in
accepting specific forgings for use in turbines for nuclear
application. Charpy tests essentially in accordance with
Specification ASTN A-370 are included.

Rev. 14, 2/80
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10.2. 3. 2 Fracture To~uhness

Suitable material toughness is obtained through the use of
materials described in Subsection 10.2.3.1 to produce a balance
of adequate material strength and toughness to ensure saiety
while simultaneously providing high reliability, availability,
efficiency, etc., during operation. Bore stress calculat ions
include components due to centrifugal loads, interference fit,
and thermal gradients where applicable. The ratio of material
fracture toughness, Kzc (as derived from materia'l tests on each
wheel or rotor) to the maximum tangential stress for wheels and
rotors at speeds from normal to 115 percent of rated speed is at
least 2 ~in. (The highest anticipated speed resulting f om a
loss of load is 110 percent of rated speed) . Adequate material
fracture toughness needed to maintain this ratio is assured hy
destructive tests on material taken from the wheel or rotor using
correlation methods which are more conservative than that
presented by J.A.Begley and W.A.Logsdon in Westinghouse
Scientific Paper 71-1E7-NSLHF-P1.

Turbine operating procedures are employed to preclude brittle
fracture at startup by ensuring that the metal temperature of
wheels and rotors (a) is adequately above the FATT and (b) as
defined above is sufficient to maintain the fracture toughness to
tangential stress ratio at or above 2 ~an. Details of these
start-up procedures are contained in Reference 10. 2-1.

10. 2. 3. 3 ~Hi h-Te~m erature Pro3erties

The operating temperatures of. the high pressure rotor in turbines
operating with light water reactors are below the creep rupture
range. Therefore, creep rupture is not considered to be a
significant factor in assuring rotor integrity over the lifetime
of the turbine. Basic data is obtained from laboratory creep
rupture tests.

10.2.3.4 Turbine Dssic[n

The turbine assembly is designed to withstand normal conditions
and anticipated transients including those resulting in turbine
trip without loss of structural integrity. The design of the
turbine assembly meets the following criteria:
a) The maximum tangential stress in wheels and rotors resulting

from centrifugal forces, interference fit, and thermal
gradients does not exceed 0.75 of the yield strength of the
materials at 115% of rated speed.

Rev. 14, 2/80
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b) Turbine shaft bearings are designed to retain their
structural integrity under normal operating loads
anticipated transients, including those leading to turbine
trips.

c) The multiple of natural criteria frequencies of the turbine
shaft assemblies existing between zero speed and 20~o

overspeed are controlled in the design and operation so as
to cause no distress to the unit during operation.

10.2.3.5. Pre-service Ins ection

The pre-service inspection program is as follows:

a) Wheel and rotor forgings are rough machined with minimum
stock allowance prior to heat treatment.

b) Each rotor and wheel forging is subjected to a 100~o

volumetric (ultrasonic) examination. Each finish-machined
rotor and wheel is subjected to a surface magnetic particle
and visual examination. Results of the above examination
are evaluated by use of General Electric acceptance
criteria. These criteria are more restrictive than those
specified for Class 1 components in the ASME Boiler and
Pressure Vessel Code, Sections III and V and include the
requirement that subsurface sonic indications are either
removed or evaluated to assure that they will not grow to a
size which will comprise the integrity of the unit during
the service life of the unit.

c) All finish-machined .surfaces are subjected to' magnetic
particle examination. No magnetic particle flaw indications
are permissible in bores, holes, keyways, and other highly
stressed regions.

Each fully bucketed turbine rotor assembly is spin tested at
or above the maximum speed anticipated following a load
rejection from full load.

10.2.3.6 Inservice Ins ection

The in-service inspection program for the turbine assembly and
valves include the following:

a) Disassembly of the turbine is conducted during plant shutdown
coinciding with the in-service inspection schedule.
Inspection of all parts that are normally inaccessible when

the turbine is assembled for operation, such as couplings,

Rev. 14, 2/80 10.2 9
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coupling bolts, turbine shafts, low pressure turbine
buckets, low pressure wheels, and high pressure rotors is
conducted.

This inspection consists of visual, surface, and volumetric
examinations, as indicated below.

1. The bore and keyway region of each wheel receives an
ultrasonic examination. In addition, each wheel is
inspected visually and by magnetic particle testing on
all accessible surfaces. Also, ultrasonic inspection
of the tangential entry dovetails and pins of the
finger dovetails are conducted. This inspection is
conducted at intervals of about 6 years.

2. A thorough volumetric ultrasonic examination of the
hi h ressure rotor is conducted. In addition, all
accessible rotor surfaces are inspected visually and by
magnetic particle testing. This inspection is
conducted at intervals of about 10 years.

3. Visual and surface examination of all pressure buckets.

4. 100~a surface examination of couplings and coupling
bolts.

b) Dismantle at least one main steam stop valve, one main steam
control valve, one reheat stop valve, and one reheat
intercept valve, at approximately 3-1/3 year intervals
during refueling or maintenance shutdowns coinciding with
the in-service inspection schedule and conduct a visual and
surface examination of valve seats, wheels, and stems. If
unacceptable flaws or excessive corrosion are found in a
valve, all valves of its type are inspected. Valve bushings
are inspected and cleaned, and bore diameters are checked
for proper clearance.

c) Main steam stop and control, reheat stop and intercept
valves are exercised at least once a week by closing each
valve and observing by the valve position that it moves
smoothly to a fully closed position. At least once a month
this observation is made by actually watching the valve motion.

10.2.4 EVALUATION

The turbine generator and the related steam system have been radiologically
evaluated and the results are described in Chapter 12.

Rev. 14, 2/80 10.2-10
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17 ~ - UALIT . ASSUR CB DURING THE PER TX S PHASE

17. 0 .I ACTI

PPSX is fully responsible for testing, operating maintaining,', refuelinq and modifying the Susquehanna SES in compliance. with
Federal, State, and local laws and the plant operating license
requirements '.',.These a'ctivities 'are also performed in response to

.reguired 'codes and specified QA related NRC requlatory guides.

.Thes'e rerqulatory guides and associated ANSI standards. are listed'n Table-17.2-1..
'

To assure, compliance with 10CFR50, Appendix B requirements, PPSL
' has.established and. implemented a management control plan for *

assuring the quality of safety-related activities during the
operations phase. The plan consists of 1) this Operational
Quality Assurance {OQA) Program which contains'PPSL's guality
assurance commitments to the Nuclear Regulatory Commission; 2)the OQA Hanual which contains Operational Policy Statements (OPS)
and defines PPSL's policies for meeting these commitments; and 3)functional unit procedures which contain. the detailed steps
-necessary for a functional unit tc comply with the OQA Program
requirements. The relationships between these documents are

. shown in Figure 17.2-1

In implementing the OQA Program, PPSL assures that its activities
comply with Federal Regulations which are designed to protect the
health and safety of the public.
The OQA policies'oals and obgectives of PPSL are stated in thefollowinq Nuclear Quality Philosophy and Intent statement.
For the Susquehanna Steam Electric Station, Pennsylvania Power SLight Company will comply with the requirements of 10CFR50,

IL--
and rdel~ejrocessi~n plants and other applicahle federal
regulations with respect to all safety-related activities whichinclude engineering, design, procurement, construction,
preoperational testing, power testing, operation, maintenance,refuelinq, repairing, modification and in-service inspection.
PPSL is also committed to be responsive to the applicable
Requlatory Guides, Industrial Codes and Standards, or parts
thereof, as specifically noted in controlling documents. Theapplicability of these Guides, Codes, and Standards, or partsthereof, and their effectiveness shall be interpreted by the
responsible managers. If Guides, Codes or Stancards are
nonexistent or inadequate, PPSL shall develop the reguired
practices and procedures with the controls necessary for their
implementation.

R EV 18'l/80 17 2-1
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.PPSL has established the Nuclear Department in order to provide a
cohesive management team with the primary objective of providing
long term technical and management support for Susguehanna SES.

. In addition to the resources within the Nuclear Department,
„auxiliary support is provided by the Construction Hanager and the
'anager-Procurement The key. nanagement positions responsiblefor the performance of safety related activities are described in

~ .the following subsections. Figure 17 2-2 shows the
organizational structure and lines of responsibility for the
gr'oups that provide technical and management support for
Susquehanna SES.

The positions listed below are described in the following
subsections:

Senior Vice President-Nuclear
Vice President-Engineering and Construction {ESC)-Nuclear

(Project Director)
Vice President-Nuclear Operations
Assistant Project Directors
Manager-Nuclear Plant Engineering
Project Construction Manager
Manager-Nuclear Quality Assurance (NQA)
Superintendent of Plant
Assistant Superintendent of Plant
Integrated Startup Group Supervisor
Manager-Nuclear Support
'Manager-Nuclear Training
Hanaqer-Nuclear Safety Assessment
Manager-Nuclear Fuels
Manager-Nuclear Licensing
Manager-Nuclear Administration
Construction Manager
Manager-P rocure ment

In addition to the ybove individuals, the Susquehanna Review
Committee {SRC) is established as a review, audit and advisory
group, comprised of at least five key Nuclear Departmeht
managers, whose function is to independently verify that the
Susquehanna SES is being tested, operated and maintained in
accordance with all safety related, ALARA and environmental
reguirements. The SRC will perform the independent review
mandated by ANSI N18.7.

~17 2 1 1 senior vi~ce resident — nnclear
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The Senior Vice President — Nuclear has overall authority and
responsibility for the Susquehanna OQA Program and, as a result,
he:

0

Requires the performance of an annual, preplanned and
documented assessment of the O{}A Program in which
corrective action is identified and tracked.

Sets OQA Policies, .goals and objectives for safe
operation of Susquehanna SES.

"o Commits PPSL to an OQA Program designed to assure
compliance lith regulatory, requirements.

o . Requires compliance lith the provisions of the OQA
Program and causes periodic assessments of PPSL
commitments and established practices for safe plant
operation.

In order to maintain a continuing involvement in QA matters, the
Senior VP-Nuclear receives monthly written reports on the status
and adequacy of the OQA Program issued by the Manaqer-NQA and
reviews and approves the Operational Policy Statements contained
in the OQA Manual

The Senior VP — Nuclear delegates to the VP — ESC — Nuclear and
the'VP-Nuclear =Operations those responsibilities for attaining
specified quality levels and tc the Manager-Nuclear Quality
Assurance those responsibilities for verifying that those qualitylevels have been met.

The Senior VP — Nuclear delegates to the Manager-Nuclear Safety
Assessme'nt the responsibility for performing the on-site
Independent Safety Engineering Group (ISEG) function mandated by
NUREG-0731

In addition, the Senior Vice 'President-Nuclear has overall
corporate responsibility'for Susquehanna SES activities related'o engineering, construction, start up and operations. The Senior
VP-Nuclear deleqates these responsibilities to the Vice
President-ESC-Nuclear, and the Vice President-Nuclear Operations.
The reporting relationships are shown in Figure 17.2-2.
17 2.1~1) Nice PEesident — EnEineeri~ns Construction — Nuclear

The VP — ESC (also identified as the Project Director on Figure
17.2-2) has overall corporate responsibility for the Susquehanna
engineering, construction and licensing activities as delegated
by the Senior .VP-Nuclear. In addition, as Project Director, he
directs and is accountable for all facets of project performance
through project completion.
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17 1 1.1 Ass ~a~n~ro ect Di ect s

The Assistant Project Directors at the site (APD-S} and Allentown
(APD-A) are responsible to the Project Director for the
engineering and construction aspects .of the project. Theirresponsibilities encompass the day-to-day decision-making
process, conduct of pxoject activities, and contract
administration. They also coordinate the support functions of
other company departments as they interface with the prospect

The Assistant. Project Director at SSES (APD-S} has a direct
coordination and integration relationship with 'the NQA Resident
Nuclear Quality Assurance Engineex (BNQAE) The BNQAE, in turn,
has the responsibility to suppcrt the APDS objectives by alerting
;,the APDS to quality related matters which have the potential for
adversely affecting construction activities.

~17 2 1~1,~1 ga~acaeN - Nucleag Plant Encninee~inq

The Hanaqer — NPE is responsible for engineering activities andtheir quality management. These activities include a) design and
design verification xela ted to plant mcdif ications, b) the
technica l eval ua tie n and appro val o f acceptable suppliers
(excludinq nuclear fuel) of parts, components, equipment, and
systems, c) specifying technical requirements fox the procurementof spare parts, d) modifications to the <as-builtPN plant and e)
enqineerinq outage support.

The Project Construction Hanager is respcnsible fcr'the
performance of ccnstruction'ctivities at Susquehanna SES,
includinq that of prime contractors, and for the prepaxation of
equipment and systems for turnover to the Integrated Startup
Group for testing. The Project Construction Hanager receives

t
administrative and project technical direction fxom the ProjectDirector throuqh the Assistant Project Director-SSES.

17.2 1 1.1.4 Ma~acaen — Nucleau Li~censin

The Hanaqer-Nucleax Licensing is responsible for directing the
licensinq aspects for Susquehanna SES. This includes interfacing
with the Licensing Branch of the NRC, updating and changing the
PSAR to reflect as-built conditions or modifications, and
coordinating responses to the NRC relative to IE Bulletins

BEV 18 ll/80 17 2-4
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,The Vice President-Nuclear Operations is responsible for the
'nitialTest'Program and operation of Susquehanna SBS. This'ncludes for'mulating and establishing the necessary 'technical andadministrative'taff and planning and coordinating the activities

~ . of,'hese'ersonnel.
The. Vice President-Nuclear operations delegates responsibilities
to,the Superintendent of Plant, Hanager-Nuclear Support, Hanager-
Nuclear Training, and Nanager-Nuclear Fuel.

='RIRU

.-.,''h'. Superintendent of Plant is responsible for Susquehanna SBS
, dur'ing plant testing, startup and operation and has overall
re'sponsibility for the Initial Test Program conducted by the
Integrated Startup Group.

The Superintendent of Plant is;responsible for the safe operationof Susquehanna SES and has overall responsibility for the
execution of the administrative controls at the plant to assure
safety. The, Superintendent of Plant ensures that plant
operations. are conducted in accordance with the plant operating
license, technical specifications, the FSAR, and the OQA Programwith its 'implementing documents. The Superintendent of Plant
delegates his authority for performing activities related to
,opera'tion of the plant to the Assistant Superintendent of Plant,
Supervisor of Operations, Supervisor of Naintenance, Technical
Supervisor, and other personnel assigned to the staff
organization.

. The Superintendent of Plant has direct'ccountability to and
reports to the Vice President-Nuclear Operations for. activities
directly related to plant suppcrt of preoperational testing.

The Assistant Superintendent of Plant assists the Superintendent
of Plant in all matters and assumes the responsibilities of the
Superintendent of Plant in his absence.
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I e ed St ~Go~S~uej;~g~o

The Integrated Startup Group Supervisor has the responsibilityfor supervisinq the conduct of the Integrated Startup Group
{ISG) . The ISG Supervisor reports to the Superintendent of Plant
on matters pextaining to the Initial Test Program {ITP). Thequalifications for this position are listed in Chapter 14.2.

.e 8 -lla
*

.The Hanaqer —NNucle'ar Support is',responsible for coordinating
both.. Nuclear Department activities and selected outside service
orqanization activities in support of Susguehanna SES startup and', operation.

The Hanager — Nuclear Support provides technical assistance to
the Susquehanna SES Plant Staff in the areas of operation and
maintenance.

The Hanaqer — Nuclear Suppoxt advises the VP-Nuclear Operations
of ~ activities within or affecting the Nuclear Department and
advises. the Susquehanna SES Plant Staff of potential changes to
plant operatinq and maintenance reguirements by reviesing changes
to Requlatory Guides, Industry Standards and other industryliterature.

17 2.'1.1.2.3 dana er — Nuclear rrai~nin

The Hanaqer-Nuclear Training is responsible for assessing the
long term training needs regarding Susquehanna SZS and developing
training progxams commensurate vith those needs.

17 2 1.1 $~5 Na~na e~l1uclea5 Nuel

The Manager-Nuclear Puel is responsible for fuel managementactivities off-site, such as procurement {including the technical
evaluation and approval of acceptable fuel suppliers), design
data verification, core transient analyses, and core analysis for the
purposes of in-core fuel management and operations support. The
Manager-Nuclear,Puels interfaces with the onsite operations groupregardinq nuclear fuel shipping and receiving, fuel and core
performance monitorinq, and spent fuel shipping

/~7 2.1 1.2 5 5anacane — nuclear Ndalnistratlun
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The Nanaqer-Nuclear Administration is responsible for developing
and implementinq a nuclear records management system anddirectinq'll interfacinq organizations toward the implementationof the system. The Nanager-Nuclear Administration is also
responsible for establishing and maintaininq a document control
system for SSPS.

'I

17.2.1.1.2.6 JNana er — Nuclear Safetv Assessment

18

The Nanaqer-Nuclear Safety Assessment is responsible for
independently revievinq and monitoring all nuclear activities to
ensure that they are performed in a manner which results in safereliable operation. u

17,2. l~la4 ~nape~ -+ucleag gualit~assu ance

h

The Nanaqer-NQA is responsible for:
0 Directinq and coordinating the development and updatinq

of PPGL's OQA Program.

0

0

0

Assuring overall implementation of the OQA Program.

Interpreting the OQA Program, subject to the approvalof the Senior Uice President — Nuclear.

Auditing, monitoring, inspecting and witnessing, as
necessary, contractor, vendor and plant safety-relatedactivities to assess compliance with the requirements
of the OQA Program and/or procurement documents, and
reportinq the results of these activities to
responsible management.

fxs

0

Beviewinq functional unit procedures to assure
compliance with the OQA Program.

Providinq traininq assistance in OQA Program
requirements.

o Implementing the QA and site QC activities identified
in the OQA Program.

o Reviewinq and auditing the OQA Program provisions that
are applied to the fire protection program and

22
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0

0

reportinq the results of these activities to
responsible management.

Implementing the nondestructive examination training,qualification and certification program.

Evaluating potential suppliers of material equipment
and services to determine their capabilities for
providinq quality products or services.
Administrative integration of the OQA and Environmental
auditing proqzams for Susquehanna SES.

ll

Reviewing and approving guality assurance requirementsin procurement documents.

The Manager — NQA is responsible for taking action (including
work stoppaqe), except for plant operation, as

necessary.to'orrectconditions adverse to quality. At Susguehanna SES, the
Manager — NQA is responsible for informing the Superintendent of
Plant when it is determined that safety-related corn'ponents or theactivities performed on these components fail to comply with
appzoved specifications, plans, oz procedures. The
Superintendent of Plant retains the responsibility for the
evaluation of conditions adverse to quality with regard to plant
operation and is responsible foz determining when an operatingunit ts) is to be shut down.

PPGL requires that the Manager-NQA shall have qualifications that
are commensurate with the responsibilities of that position. As
a minimum, these shall include a B.S. in Engineering and ten
years experience in Engineering and/or Construction. At least
one year of this ten years experience shall be nuclear power
plant experience in the overall implementation of the quality
assurance program.

The Manaqer - NQA and the NQA Staff are independ'ent of
organizations responsible for performinq safety-relatedactivities. The NQA Section has sufficient authority and
organizational freedom to identify quality problems, to initiate,
recommend or provide solutions through designated channels, andt'o verify implementation of solutions.
The PPSL Nuclear Quality Assurance functional structure is shownin Pigure 17.2-3. The Manaqer - NQA delegates functional
responsibilities for accomplishing quality assurance activities
as follows:

1. Quality Znqineerinq

Rev. 18, ll/80 17. 2-8
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(a) Interface with engineering organizations to
accomplish the incorporation of quality
reguirements in 4'esign, test, 8 procurement
documents via the specification, review and
approval process.

(b} 'Interface to provide QA coverage of nuclear fuel.
{c)'evies and maintain cognizance of applicable codes

and standards.

(d) Review and support responses to NBC Bulletins,
Circulars, and Infornaticn Notices

'(e) Beview and support for reporting items per
10CER50. 55 (e) and 10CFB21.

(f) Provide technical support for auditing
2. Proc uremen t

(a) Vendor QA program evaluations 'urveys and
performance trending and rating, vendor audits

(b) Technical review/acceptance of Vendor QA records.

(c) Post Award Vendor meetings (review P.O.
provisions).

(d), Source surveillance/verification
0 Con s~t~ut jog

Interface with QA and QC organizations for plant
constructicn support.

(b) Interface wi'th NBC construction inspectors.

(c) Direct support of the preservice inspectionactivities.
{d) Direct responsibility for the review of NDE

procedures.

(e) QA support for specified ma)or modifications
during plant operations

Interface with the Authorized Nuclear Inspector.

(g) Audits of construction activities.

REV 18~ ll/80 $ 7 2-9
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(h) Review of construction procedures and
instructions.'i)

Pield checks and verification of responses to NRCcitations, bulletins, circulars and reportable
conditions related to construction activities.

(g) Completion of N-3 Pores.

0

{k) Quality trending of construction relatedactivities.
t

g~ey~io n s

1. Quality Assurance

(a) Xnterface with the Plant Staff and XSG for the QA
support of preoperational~ startup testing and
plant operations

{b) Review administrative preoperaticnal and startuptest procedures

{c) Interface with NRC operations inspectors.
(d) Pield checks and verification of responses to NRCcitations, bulletins, circulars and reportable

conditions related to operations activities.
(e) Audits of operations.

(f) Quality trending of plant operations relatedactivities.
2. Quality Control

(a)

(b)

Inspection of maintenance, modification, repair,testing and PPCI. Construction activities'.
Performing and interpreting the results of NDE

(c) Receipt inspect ion and acceptance of material,
equipment and consumables.,

(d) Evaluating NCRs for trends.

(e) Procedure review for 'insertion of witness/hold
points.

(f) Inspection planning.

gu~alit s stems s Training

REV. 18'l/80 17 2-10
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l.. (a) Auditor training, qualif ication and certification.
(b) Xnspector training, gualification and

certification.
(c) QA indoctrination and training for the NQA section

and other PL organizations.

(d) maintaining the construction QA program

(e) Developing and maintaining the operational QA
,proqr'am.

(f) .Developing and maintaining NQA Section procedures.

(q) Coordination of responses to NRC inspections.

(h) Administrative support functions.
o ~A diting

l. (a} Scheduling and scopinq programmatic audits of PPSL
and other organizations

(b) Coordinating the implementation of programmatic
audits and the allocation of auditcr resources
throuqh the other NQA supervisors.

(c) Performing audits of other NQA subsections.

(d) Evaluating and trending the results of the
auditing effort.

(e) Audit follow-up and verification/close-out
The Manager-NQA is responsible for initiating correspondence such
that the NRC is notified of changes to (l) the accepted PSAR QA
program description prior to their implementation, and (2)organizational elements within thirty (30) days after their
announcement. {Note —editorial changes or personnel
reassiqnments of a non-substantive nature do not reguire NBCnotification.)
17.2.1,2 Construction Manager

The Construction Nanaqer is responsible for providing the
necessary organization and trained resources and equipment for
the performance of maintenance tasks during normal operations and
for outaqes. These same resources will also be responsible for
completion of plant modificaticns repairs and/or additions to the
operatinq plant. These operations will encompass projects/tasks

BEV. 18'l/80 17M 2 1 1
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assigned by the Superintendent of Plant either directly or
through his on-site organization.
Activities will be defined in functional unit procedures
developed in accordance with OQA Program requirements.

17 2.1 3 Hangover — geocnceaent

The Manager — Procurement is responsible for the purchase of
eguipment, materials, supplies and related services that conformto all applicable purchasing specifications and for placingorders for equipment, materials, supplies, and services with
appzoved suppliers (except for nuclear fuel as specified in
Subsection 17.2. 1. 1.2.5). Functional unit procedures shalldefine how the procurement process is controlled in accordancewith OQA Program requirements.

The Operational Quality Assurance (OQA) Program is applied to allsafety-related Susquehanna SES structures, systems, components,
and activities.
SAFETY RELATED is a generic term applied to:

Those systems, structures, and ccmponents that meet oneor more of the followinq requirements:

a. Haintain the integrity of the .Reactor Coolant
System pressure boundary;

b Assure their capability to prevent oz mitigate the
consequences of accidents that could cause the
release of zadioactivity in excess of 10CFR100limits;

Ce Preclude failur es which could cause or increase
the severity of postulated accidents or could
cause undue risk to the health and safety of the
public due to the release of radioactive material;

d. Provide for safe reactor shutdown and immediate or
long term post accident control

2 Those activities that affect the systems, structures
and components discussed in Item 1 above such as their
design, procurement, construction, operation,refuelinq, maintenance, modification and testing.
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The Manager — NPE is responsible for maintaining a list
designating those structures, systems, components, parts, and
procured services vhich are safety-related (See Table 3.2-1).
The OQA Program will he implemented at least 90 days prior tofuel load. Safety-related activities occurring prior to the
implementation of the OQA Program will be controlled by the
Susquehanna QA Proqram. The Susquehanna QA Program will be
modified'hrough amendments to the PPCL QA manual, as necessary,to cover nev activities occurring during the preoperational
testinq phase.

i
'heSenior Vice President — Nuclear has assigned'to the Nanager-

Nuclear Safety Assessment the responsibility for reqularly
assessinq the scope, status, implementation, and effectiveness of
the OQA Program. This vill assure that the Program is adequate
and complies vith 10CFR50, Appendix B.

t

The OQA Program requires that safety-related activities be
performed using specified equipment under suitable environmental
conditions. and that prerequisites have been satisfied prior to
inspection and =test.

18

22 18

The Manager — NQA is responsible for establishing and maintaininq
the OOA Proqram and for insurinq that it provides adequatecontrol of all activities. The Manager — NQA is responsible for
assuring that functions delegated to principal contractors are
beinq properly accomplished. Supplier QA programs are evaluated
to determine that the requirements of 10CFR50 Appendix B will be
implemented and this evaluation is documented.

The corporate OQA policies, goals, and objectives are transmitted
to the persons performinq activities vhich are required by the
OQA Program and supporting documents. The commitments- of the OQA
Program are described in Chapter 17 which also assignsresponsibilities for implementing OQA Program commitments. The
OQA Manual contains Operational Policy Statements (OPS) which
stipulate PPGL QA policies, goals and objectives for implementinq
the OQA Program commitments. These policies give genericdirection for the performance of activities. A synopsis of the
OPS and a matrix which cross-references them to each criterion of
Appendix B to 10 CFR Part 50, is contained in Table 17.2-2.

The OOA Program is patterned after and fully complies with ANSI
N18.7-1976 as modified hy NRC Regulatory Guide 1.33, Revision 2.
The degree of compliance with other requlatory guides and
associated ANSI Standards is listed in Table 17. 2-1. Mhere
guides, codes or standards are nonexistent or inadequate, PPGLvill develop methods to provide the necessary control.

tf '!
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The OQA Program requirements are mandatory for all safety-relatedactivities. Each functional unit manager is responsible for
assuring that safety-related activities performed by that
functional unit, meet the requirements of the OQA Pzoqram. The
Manaqer — NQA is responsible for the audit, review, inspection
and verification of activities both onsite and offsite to assurethat they are accomplished according to the OQA Program
requirements. QC activities shall be performed in compliance
with the OQA Program requirements.

Disaqreements between NQA and other department personnel (such as
Enqineering, Construction, Fuels, Enqineering Services, and
Procurement) concerninq the OQA Program and related activitieswill be resolved between the Manager-.NQA and the affected
department's supervisor or manaqer. Disagreements not resolved
at these levels will be referred to the Senior Vice President-
Nuc lear for resolution.

II

The OQA Manual which contains OPS, is controlled and distributed
by the NQA Section. All managers responsible for the performance
of safety-related. activities vill be issued'controlled copies of
the OQA Manual.

,The Manaqer — NQA is responsible for obtaining appropriate review
and approval of the content and changes to the OQA Program and
Manual. Any group performing activities governed by the OQA
Program and Manual may propose changes to these documents. All
OQA Program (FSAR Section 17.2) changes require review by the
Manager. — NQA, the Vice President, — ECC — Nuclear and the V.P.
Nuclear Operations, and approval by the Senior Vice President—
Nuclear. All OQA Manual changes shall be reviewed by functionalunit manaqers affected by the change and reviewed and approved by
the Hanaqer — NQA, Vice President — ECC — Nuclear, V.P. — Nuclear
Operations and Senior VP — Nuclear. Functional unit procedures
shall be reviewed by the Manager — 'NQA and reviewed and approved
by the appropriate functional unit manaqer. Control of QA
programs other than the applicant~s is addressed in Subsection
17. 2 7- ~

Individuals performing inspection, examination and testing
functions associated with normal operations of the plant, such asurveillance testing, routine maintenance and certain technical
reviews normally assiqned to the on-site operation organizationshall be qualified to ANSI N.18.1-1971. Personnel whose
qualifications are not required to meet those specified in ANSI
N18.1 and who are performing inspection, examination and testingactivities during the operational phase of the plant shall be
qualified to ANSI N45.2.6-1973, except that the QA experience
cited for Levels I, II and III shall be interpreted to mean
actual experience in carryinq out the types of inspection,
examination and testing activity beinq performed.'"
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Hanaqers are responsible for assuring that their personnelreceive -the indoctrination anl training necessary to properly
perform their activities. The indoctrination and training
program shall he such that personnel performing activities are
knowledgeable in procedures and requirements and proficient in
implementing those procedures. The program assures that:

o Personnel responsible for performing activities, areinstructed as to the purpose, scope, anl implementation
of the safety-related manuals, instructions, and
.procedures which control their activities

: 'o'', 'Personnel performing activities are trained and
qualified in the principles and techniques of the'ctivity'einq performed.

o The scope, the obgective, anl the method of
implementing the indoctrination and training program
are documented.

o Proficiency of personnel performing activities is
maintained by retraining. Re-examination and/orrecertification will be utilized as applicable.

~ o Hethods are provided for documenting training sessions;including a description of the content and results and
a record of attendance.

The Hanagement and technical interfaces between Bechtel GeneralElectric and PPSL during the Initial Test Program are describel,in the Start-up Administrative Hanual. The Susguehanna SES QA
.Program as modified by amendments to the QA Hanual will describethe receipt and 'processing of QA records by PPST..

Zn addition to safety-related structures, systems., components anlactivities, certain provisions of the OQA Program are applied tofire protection. These provisions apply to those items withinthe scope of the fire protecticn program such as fire protection
systems, emergency lighting communication anl breathing
apparatus, as well as the fire protection reguirements of
applicable safety-related equipment. Specifically, the OQA
Program applies to the 10 criteria listed in Regulatory Position
C.3 in the U.S. NRC Regulatory, Guile 1. 120, Revision 1 Pire
Protection Guidelines for Nuclear Power Plants.

The OQA Program documents identify those managers responsible for
performinq desiqn activities and describe their responsibilities
and methods for meeting the OQA Program requirements.
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The functional unit's procedures detail the steps necessary forits compliance with the requirements for its associated designactivities These procedures assure that design activities
including changes in the design are carried out in a planned,-'ontrolled, and orderly nanner.

Applicable design inputs such as regulatory requirements, codes
and standards, and design bases shall be reflected in design
output documents such as specifications, drawings written
procedures, and instructions. These design output documents
shall,sp'ecify the appropriate quality standards and any

. deviations 'fro'm,these quality standards will be accomplished in
accordance with OQlL Program reguirements.

~ The'design .control process shall include, but not be limited to,
the following, where applicable:

o 'Reactor physics

o Seismic, stress, thermal, hydraulic, radiation, and
accident analyses

o Haterial compatibility
o Accessibility of items for in-service inspection,

maintenance, and repair
o Verification that the design characteristics can be

controlled, inspected and tested
'o 1dentification of inspection and test criteria

The design engineer shall evaluate and select suitable materials,
parts, equipment, and processes for safety-related structures,
systems, and components. This evaluation and selection shall
include the use of appropriate industry standards and
specifications. Hate'rials,'arts, and equipment which are
standard, commer'cial (off the shelf), or which have been
previously a'pproved for a different application, shall he
reviewed for suitability 'in the intended application prior to
use.

Internal and external interfaces between organizations performing
work affecting quality of design shall be identified. Procedures
shall be established to control the flow of design information
between organizations. These procedures shall include the
review, approval release, distribution, and revision of
documents involving design interfaces with other organizations.
Designs shall be reviewed to assure that design characteristics-
can be verified and acceptance criteria are identified
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Designs shall he verified hy revieving, alternate calculations,
or qualification testing. Design verification shall he performed
by a qualified person or group other than the original designer
or the designer's immediate supervisor However, supervisors may„
perform design verification subject to the restrictions of
Paragraph C.2 of Regulatory Guide 1.60 Revision 2 Proceduresfor design verification shall identify the responsibility and
authority of persons or groups performing design

verifications.'hen

a test program is used to verify the adeguacy of a design,
the test vill he performed on a prototype unit or initial
production unit and shall demonstrate adeguacy of performance
under the most adverse design conditions.
Changes to design output documents, including field changes,shall be subjected to design control measures the same as, or*equivalent to, the original measures.

Responsible plant personnel are made aware of design
changes/modifications which may affect the performance of their
duties by:

o Plant Operations Review Committee review of all
modification packages prior to installation.

o Installation of modifications are controlled by the
plant work authorization system.

o Nuclear Plant Engineering notifies plant supervisors of
desiqn changes to allow updating of procedures.

'o Effects of modification's are incorporated into the
plant traininq program.

Errors and deficiencies in the design or the design process that
could adversely affect safety-related structures systems, and,
components vill be documented and corrective action'ill he takenin accordance with Subsecti'on 17 2. 16. Design documents,
including changes are filed as described in Subsection 17.2.17

17 2 4 P~ROCU HURRI DOCUMHHT COHTROI

OQA Program documents identify those managers responsible foractivities related to the control of procurement documents and
describe their responsibilities and methods for meeting the OQA
Program requirements. Punctional unit procedures detail the
steps to be accomplished in the preparation, reviev, approval andcontrol of procurement documents Each manager is responsiblefor establishing, maintaining and implementing the functional
unit!,s procedures in compliance vith OQA Program requirements.
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Procurement documents shall contain or reference as applicable:
o Design basis technical requirements including the

applicable regulatory reguirements.

o Component and material identification requirements.
o Dra wings

o Specifications
o Codes and industry standards.

o Manufacturers'est and inspection requirements.
o Special process instructions.

Procurement documents shall identify a) the applicable quality
requirements which must be met and described in the supplier's QA
program, b) the documentation (such as drawings, specifications,
procedures, inspection and fabrication plans, inspection and test
records, personnel and proceduze qualifications and material,
chemical and physical test results) to be prepared, maintained
and submitted to PPSL for revie'w and approval, and c) those
records which shall be retained, controlled, maintained or
delivered to PPSI. prior to use or installation of the purchased
items. Procurement documents shall also contain provisions for
PPSL or its aqent, as applicable, to have the right of access tosuppliers'nd subtier suppliers'acilities and records for
source inspection and audits. Procurement documents shall also
require that the supplier submit, when required, its QA Program
or portions thereof to PPGL foz review and approval by qualified
QA personnel prior to initiation of activities controlled by the
Proqram

Procurement documents shall be reviewe'd by gualified personnelfor adequacy of quality zeq'uirements (such as acceptance andrefection criter'ia). Quality requirements shall be correctlystated, inspectable and controllable. Prior to their release,
procurement documents shall have been prepared, reviewed and
approved in accordance with OQA Program reguirements. The
procurement document review and approval is documented and filed
as described in Subsection 17.2. 17.

Shen procurement documents are revised, they are subject to the
same oz equivalent review and approval as the original document.

Procurement documents for safety-related spare or replacement
parts for structures, systems and components are subject to
controls the same as or equivalent to those used for the original
equipment. All activities described in this subsection are to be
performed by personnel qualified to perform the activity.
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Activities shall be accomplished in. accordance with dccumented
instructions, procedures or drawings This subsection applies tointernal PPSL instructions, procedures and drawings. Such
requirements far cantractors and vendors are included in
procurement documents as discussed in Subsection 17.2.4.
There are two general levels of OQA Proqram documents which are
used to .implement the OQA Program. The first document level is
comprised of Operational Policy Statements {OPS) which describe
PPSI. s policies for complying with, 10CFB50, Appendix B and OQA
Program,requirements. These OPS delineate the reguirements for
preparing, reviewinq, approving, and controlling instructions,
procedures, and drawings.

The second document level used to implement the OQA Program
consists of functional unit procedures which describe haw each
functional unit performs its activities. These activities
include specifying in instructions, pracedures or drawings the
methods for complying with OPS reguirements. Instructions,
procedures and drawings controlled by the OQA Program shall
include quantitative (such as dimensions, tolerances, and
operatinq limits) and qualitative (such as workmanship samples)
acceptance criteria for use in determining that importantactivities have been satisfactorily accomplished.

The functional unit manager shall 'prepare, obtain the appropriate
review, approve, issue, and revise the functional unit procedures
which control the activities of that group These proc'edures are
reviewed by cognizant functional unit personnel for accuracy and
workability and by QA personnel for compliance with OQA Program
requirements

Xnspectian plans; test, calibration, special pxocess,
maintenance, modification and repair procedures; drawings and
specifications; and changes thereto are subject to audit fortheir campliance with OQA Program requirements.

/

17~26 OCUNRNT CONTROI.

The document control system described in OQA Program documents
requires that, prior to their release, documents and changes
thereto are reviewed for their adequacy and approved and released
by authorized personnel and distributed for use at the location
where the prescribed activity is to be performed. The documents
controlled under this subsecticn as a minimum include:

o Design Specifications
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o 'rocurenent Documents

o, Test Procedures

o Design, Banufacturing, Construction and Installation
Drawings

.'o. Hanufacturing, inspection, and testing instructions
=o Final Safety 'Analysis Report

o OQA Program documents,.

-o... Haintenance, modification and operating procedures
o' Non-conformance Reports

The N{}'A Section oz other qualified individuals delegated by N{}A
but other than the person who generated the document, shall
review and concur with'the document and changes thereto, with
regard to {}A-related aspects prior to implementation.

Each manager who is responsible for issuing a document, is also
responsible for obtaining the propez review and approval of that
document. Changes to documents are reviewed and approved by the
same organizations that performed the original review and
approval unless specifically delegated to other gualified
organizations. This review will be completed prior to issuing
the document except for temporary procedures/instructions issued
by the Susguehanna SES Plant Staff. This special case is
descr'ibed in Section 6 of the Technical Specifications and the
Susguehanna plant Administrative Procedures.

Each functional unit manager is responsible for preparing and
periodica1ly issuing distribution lists and revision status lists
for the control of quality documents issued by that'funcfional
unit. These lists identify'he additions and changes made to
documents since the previous report period and assist recipients
in maintaining up-to-date files. Each recipient is responsiblefor reviewing the latest distribution lists to confirm that the
current revision of each document is available. Prior to
implementation, approved changes are included in instructions,
procedures, drawings oz other documents by procedurally
controlled change mechanisms.

It is the responsibility of each functional unit
supervisor/manager to assure that the proper documents such as
instructions~ procedures, and drawings are available at the
location where the prescribed activities are performed
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The issuinq department is responsible for describing and
'implementinq measuxes which provide controls to prevent the
inadvertent use of obsolete or superceded documents

Individuals„or .groups responsible for preparation, review,
approval, issue and distributicn of quality documents and their
revisions are identified in the OQA Program documents.

I!—"

PPSL OQA Program .documents list those managers responsible for
..performi.ng activities related to the control of purchased

~ -material,''!equipment and services; describe their
.responsibilities; and specify their methods for meeting the OQA
requirements. Each functional unit's procedures detail the steps

,necessar'y for complying with these requirements for theiractivities.
PPSL ~ s system for control is comprised of supplier evaluation,
surveillance of the supplier during production, receipt
inspection of items or services, and evaluation cf supplier
records. The extent and methods of control used assure
compliance with applicable technical, manufacturing, and quality
requirements.

Prior to the award of a purchase order. or contract, PPSL
evaluates the prospective supplier s ability to provide material,
equipment, and services which comply with the technical, design,
manufacturing and quality requirements. The suppliers |udged
capable of meeting the requirements are considered approved
suppliers for the speci'fic article. The results of supplier
evaluations are documented and the records maintained in
accordance with Subsection 17 2 17.

The evaluation includes, as necessary, reviews of the records and
performance of suppliers wh'o have previously supplied similar
articles, surve'ys of their facilities and evaluations cf their
quality assurance programs to determine their ability to meet the
design, manufacturing and quality requirements of the purchase
order. 'Zhese guality requirements include the applicable
elements of 10CFR50 Appendix„B.

Suppliers activities during the design, fabrication, inspection,
testing, and preparation for shipment of material, eguipment and
components are under surveillance to assure their compliance with
the purchase order requirements.

The surveillance of suppliers is planned and performed in
accordance with written procedures as described in Subsection
17.2. 18. These procedures specify the characteristics or
processes to be witnessed, inspected or verified and accepted;
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'he

method of surveillance; the extent of documentation reguired;
and those responsible for implementing these procedures. These
procedures also specify the audits and surveillances required to
assure that the supplier complies with the guality reguirements
where compliance-cannot be'etermined by receipt inspection.
As applicable, qualified personnel perform receipt inspection of
materi.al, equipment and services to assure that:

0 The material, component or equipment is properlyidentified and corresponds with the receivinq
documentation.

/
o. - The'aterial, component or eguipment and its acceptance

records are judqed acceptable in accordance with pre-
"determined inspection instructions prior to
installation or use.

o Inspection records or certificates of conformance
attesting to the acceptability of material, components,
and equipment are available at Susguehanna SES prior toits installation or use'.

Upon completion of the receipt inspection, items accepted and
released are identified as to their inspection status prior to
forwarding them to a controlled storage area or releasing themfor installation or further work.

Supplier furnished records shall be reviewed and accepted by a
qualified individual knowledqeable in quality assurance. These
recor'ds shall, as a minimum, contain:

o Documentation that specifically identifies by purchase
order number the purchased material or equipment and
the specific procurement reguirements, such as codes,
standards, and specifications met by the items.

o Documentation that identifies any procurement
requirements which have not been met together with a
description of those nonconformances dispositioned
"accept as is" or "repair".

The requirements of this subsection shall. also he applied to the
purchase of spare and replacement parts and shall assure that
these parts have a level of quality consistent with their
importance, complexity, and quantity.
Supplier certificates of conformance are periodically evaluated
to verify their validity.
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The effectiveness of the control of quality by suppliers is
assessed by PPSL at intervals consistent ~ith the importance,
complexity, and quantity of an item.

OQA Program documents list those managers responsible for
performing activities related to the identification and control
of-materials, parts and components, including partially
fabricated subassemblies, describe their responsibilities, and
specify. the methods for meeting the OQA program reguirements.

Each functional unit's procedures detail the steps necessary to
comply with these requirements.

Procurement documents specify the requirements that PPGL
suppliers must comply lith for the identification of material,
parts, and components (including partially fabzicated
subassemblies) .

Xtem identification is maintained either on the item or on
records traceable to the item to prevent the use of incorrect or
defective items throughout fabrication, erection, installation
and use. The location, type, and application method 'of the
identification shall not affect the fit, function, or quality of
the item being identified.
Materials and parts, as required by their importance to plant
safety and applicable Codes, Standards and Regulatory

. requirements, shall be traceable to appropriate documentation
such as'rawings, specifications, purchase orders, manufacturing
and inspection documents, deviation reports and physical and
chemical mill test reports.
The correct identification of materials, parts, ~ and components is
verified and documented prior to release for fabrication,
assembly, installation or shippinq.

17 2 9 CONTROL OP SPECIAL PROCESSES

Special processes are those that require interim in-process
controls in addition to final inspection to assure guality. OQA
Program documents identify those managers responsible for the
writing, qualifying, approving and issuing of procedures for
special processes. Procedures for" special processes are prepared
in accordance with applicable codes, standards, specifications,
criteria, and other special requirements to control processes
such as Melding, heat treating, nondestructive examination

fNDE),'EV
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and chemical cleaning. Personnel performing special processes
and the procedures and equipment used for this activity are
qualified in accordance with applicable codes, standards and
specifications The procedures for special processes specify the
requirements for their control~ the parameters to be considered,
the methods of documentation, and applicable codes, standards,
specifications or supplementary requirements which govern their

. qualification. The special prccesses are accomplished in
accordance with written process sheets, or equivalent with
recorded evidence of verification. When special processes are "

.not covered. by existing codes and standards, or when item quality
requirements-exceed the requirements of established codes or
standards, the necessary qualifications for personnel, procedures
or equipment are defined.

Records verifying the qualification of personnel to perform
special processes are maintained in a current status

* Procurement
controlling
verify that
established

documents specify contractor responsibility for
special processes and for maintaining records to
special processes are performed in accordance with
requirements.

17 2 10 X HSPZCTIO N

OQA Program documents identify those managers responsible for the,
pzeparation, approval, and issuance of inspection procedures.
The documents also identify those managers responsible for the
performance of inspections. Onsite and offsite activities
affectinq quality aze inspected in accordance with written
control'led pzocedures to verify conformance with applicable
procedures, design documents, codes and specifications for
accomplishing the activity. Activities affecting quality are
subject to inspections in areas such as:

1

*

o ~ Special processes as identified in Subsection 17.2.9.

0 Modifications to the plant.
0 Receipt of materials, parts oz components.

Plant operation

0

0

Repairs or replacement of equipment.

Insezvice inspection.
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/
Inspection activities conform to the following reguirements:

0 Inspection personnel are qualified individuals other
than those who performed or directly supervised the
activity being inspected..

0 Mandatory inspection hold points are identified in
inspection procedures.

0 Modifications, repairs and replacements are inspected
in accordance with the oriqinal design and inspection
requirements or approved alternatives.

0 Maintenance and modification procedures are reviewed by
qualified personnel knowledgeable in quality assurance
requirements to determine the need for (a) inspection,
(b) identification of inspection personnel, and (c)
docu ment inq inspection results. The criteria for
performinq inspections are based upon an activity's
complexity, uniqueness and impact on safety.
Xf direct inspection of processed material ar products
is impossible or disadvantageous, indirect control by
monitorinq processing methods, equipment, and personnel
is provideda

0 Inspectors are trained and qualified in accordance with
appropriate codes, standards, and company training
programs and their qualifications and certifications
are kept current.
Inspection instrumentation is calibrated and has an
uncertainty (error) equal to or less than the tolerance
stated in the acceptance criteria.

4

Inspection of activities is accomplished according to
approved procedures, instructions, and check lists.
These inspection documents contain the following:
(a) Identification of the items or activities to he

inspected.

(b) Identification of the characteristics of the itemsor'ctivities inspected.

(c) Identification of the individuals or groups
responsible for performing the inspection.

(d) Identification of acceptance and re]ection
criteria.
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(e) A description of the method of inspection
including necessary measuring and test equipment.

(f) Evidence of completion and verification of a
manufacturing inspection, or test.

(g) A record of the inspector, or data recorder, the
date and results of the inspection.

Inspection procedures or instructions contain or
reference necessary procedures, drawings and
specifications to be 'used when performing inspection
operations.

Provisions for inspection results to be documented,
evaluated and accepted by the supervisor responsiblefor the inspection function.

17 2 1 1 TEST CONTROL

The OQA Program documents identify those managers responsible fortestinq structures, systems and components during the
preoperational testing, power testing and operations phases of
Susquehanna SES. (Prior to implementation of this OQA Program
preoperational testing will be performed under the control of the
Susquehanna Quality Assurance Program as supplemented by interim
procedures to the PPGL Quality Assurance Manual.) The test
proqram described herein and further detailed in Operations
Policy Statements is designed to assure that structures, systems
and components will perform satisfactorily in service.
Modifications, repairs and replacements are tested in accordance
with the original design and testing reguirements or by approvedalternates.
Testing is established, documented and accomplished in accordance
with written controlled procedures. These procedures contain or
reference:

0 The requirements and acceptance limits specified in the
applicable design and procurement documents.

0

The instructions for pezf orminq the test.
The test prerequisites such as:

o That test instrumentation is calibrated and
has an uncertainty (error) equal to or less
than the tclerance stated in the acceptancecriteria.
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o That testing equipment is adequate and
appropriate for the test.

o That personnel performing the test are
properly trained and qualified and licensed
or certified as required

o That the item is sufficiently complete to be
tested.

o That environmental conditions are suitable
and controlled.

o That provisions are made for data collection
and storaqe.

o The mandatory inspection hold pcints for witness by
PPSI„ their contractor or agent.

o The test acceptance and rejection criteria.
o The methods of documenting or recordinq,the test data

and test results.
Tests are required to be performed:

o Periodically to provide assurance, that failures or
substandard performance do not remain undetected and
that the required reliability of safety-related systemsis maintained.

o Pollowinq maintenance, modification or procedural
changes to demonstrate satisfactory performance.

The test results are documented and evaluated to determine the
acceptability of the test. The individuals or groups responsiblefor evaluating the te'st res'ults shall be qualified to performthis evaluation.

When by evaluation of the test results, the structure, system or
component is determined to be nonconforming, it shall be
controlled in accordance with Subsection 17.2. 15.

17 2 'l2 CONTROL OE MEASURING AND TE~ST E BIPMENT

PPGL'Es OQA Program documents provide measures to assure that
tools, gauges, instruments and other measuring and testing

'evicesare controlled. Calibrations are scheduled with
su fficient frequency to maintain required accuracy. The

'easurinqand test equipment controls assure that=
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o Procedures are used to control measuring and test
equipment. These procedures describe the calibration
technique and frequency, maintenance and method of
control of measuring and test equipment (such as
instruments, tools, gauges, fixtures, reference and
transfer standards, and nondestructive examination.
equipment) which are used in the measurement,
inspection, and monitoring of components, systems and
structures.

o Measuring and test equipment is identified and
traceable to the calibration test data.

o: Heasurinq and test instruments are calibrated at
o specific intervals based on the required accuracy,

,purpose,- degree of usage, stability characteristics and
other conditions affecting the measurement.

o Neasurinq and test equipment is labeled or tagged to
indicate the date of the calibration and the due date
of the next calibration.

o Mhen measurinq or test eguipment is found to be out of
calibration, measures are taken and documented to
determine the validity ef previous inspections
performed since the last valid calibration.

o Calibration standards have an uncertainty (error) of no
more than 1/4 of the tolerance of the eguipment being
calibrated, unless limited by the »state-of-the-art».

0 A complete status of all items under the 'calibration
system is recorded and maintained.

o Reference and transfer standards are traceahle to
nationally recognized standards; or where'ational
standards do not 'exist, provisions are established to

~ document the bhsis for calibration.

Ogh Program documents list those managers responsible for the
handling, preservation, storage, cleaning, packaging and shipping
of materials, parts and components; and describe their
authorities and methods for meeting the quality requirements.

Each functional unit's procedures control their activities and
assure compliance with the quality requirements contained in
drawings, specifications and procurement documents These
requirements include those necessitated by the design, as
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outlined in the desiqn output documents, and those submitted by
the supplier. These procedures provide control to prevent damage
and loss or deterioration by environmental conditions, such as
temperature or humility, and specify the personnel qualifications
required to satisfactorily accomplish the activity.

Consumables such as chemicals, reagents, veld rod, lubricants,
etc. shall be stored in accordance vith manufacturer's
instructions or other approved methods to prevent harmful
deterioration of the item. Materials vith an identified shelflife shall be controlled such that they are used or discarded
prior to expiration date.

17 2 10 ZNSP CTIO TEST AND OPERATING STATUS

OQA Program documents list those managers responsible for the
development and implementation of procedures to assure that the
inspection, test, and operating status of structures, s ystems,.
and components is properly identified and controlled.
These procedures incorporate the folloving provisions:

The inspection~ test, and operating status of
structures, systems, and components is identified to

.the affected parties.
Application and removal of inspection and veiling
stamps and status indicators, such as tags, markings,
labelso and stamps are procedurally controlled.

0

Hethods for bypassing of required inspection, tests,
anl other critical operations are controlled through
documentel Punctional Unit Procedures.

~ The status of nonconforming, inoperative or
malfunctioning structures, systems or components isidentified to prevent their inadvertent use.

OQA Program documents list those managers responsible and their
methods for handling nonconforminq materials, parts, components,
or services. Procedures contrcl the identification,
documentation, segregation, reviev, disposition and notification
to affected organizations of nonconforming materials, parts,
components, or services.
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Materials, parts, components or services which do not meet
established drawing, specification, or workmanship requirements,
are identified as nonconforming and documented on a
nonconformance report. Nonconforming items are identified as
discrepant and segregated from acceptable items until they are
properly dispositioned.
The manaqer of each functional unit is responsible for the review
and disposition of nonconforming items which fall under the scopeof responsibility of that manager Qhen requested, or identified
as having responsibility for the dispositioning~ other
departments will be notified of the nonconformance.

Nonconformance reports and associated records are maintained in
accordance with Subsection 17. 2.17.

Information pertaining to nonconforming items is recorded on the
nonconformance report which identifies the nonconforming item or
service, details of the nonconformance, the disposition and the
approval signature(s).
Acceptability of rework or repair of materials, parts
components, systems, and structures is verified by re-inspecting
and re-testing the item by a method which is the same as or
comparable to the original inspection and test and in accordance
with written procedures.

Inspection, testing, rework, and repair procedures are
documented. Vendor nonconformance reports dispositioned "accept
as is" or "repair" are made part of the inspection records and
forwarded with the hardware to PPSL for review and assessment.

Nonconformance reports are periodically analyzed for quality
trends, and the results are reported to management for review and
assessment.

17- 2- 16 CORRR~CTIV ACTION

PPSI,~s OQA Program establishes the requirements for controlling
conditions adverse to quality (such as nonconformances, failures,
malfunctions, deficiencies, deviations, and defective material
and equipment) .

Conditions adverse to quality are promptly identified, reported,
evaluated, corrected and documented. 0{}A Program documentsidentify the methods used and personnel responsible for theseactivites.
Conditions adverse to quality aze identified and reported to the
appropriate levels of manaqement of the affected organizations.
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The respansible organization evaluates the conditions to
determine if they are significant conditions adverse to quality
and to determine the corrective action reguired.
If significant conditions adverse to guality are detected, the
cause of the condition and the corrective action taken are
reported to the appropriate management levels of affected homeoffice organizatians, plant staff and guality assurance for
review and assessment

The corrective action for conditions adverse to quality shall
correct the specific conditians. For conditions determined to besignificant', the corrective action provides measures to correctspecific'onditions and preclude recurrence.

The responsible organization shall implement the corrective
action and document the details of the conditions including their
resolution. Pallow-up action is conducted to determine that the
required corrective action has been completed and that the
corrective action documentation has been closed out.

A QA record system, detailed in OQA Program documents, has been
established by PPGI which assures that records are identifiable,retrievable and that sufficient records are maintained to provide
documentary evidence of the quality of items and services. The
system assures that reguirements and respansibilities for recordtrans'mittal, retention (such as duration, location fire
protection and assigned responsibilities) and maintenance,
subsequent to completion of work, are consistant with applicable
codes, standards and procurement documents QA records include:

o Plant historical records

o Operatinq logs'

Principal maintenance and modification activities
o Reportable occurrences

o Results of reviews, inspections, tests, audits and
material analyses

> o Monitoring of work performance

o Qualification of perscnnel, procedures and equipment
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These records also include other documentation such as drawings,specif ications proc urement documents, calibration procedures andreports, nonconformance reports, and corrective action reports.
Each manager is responsible for developing procedures whichcontrol the origination and transmittal of QA records within thatfunctional unit. Each manager is responsible for transmitting QArecords to the storage location designated for that record.
PPSL record storage facilities are constructed, located, and
secured to prevent destruction of the records by fire, flooding,theft, and deterioration by environmental conditions such as
temperature or humidity.

17 2 18 ~ AUDITS

The PPSL audit program reguires the planning, performing
documenting, and evaluating of audits It assures compliancewith license commitments, OQA Program requirements, technicalspecifications, and other applicable reguirements. It also
assures that corrective measures are taken in response to auditfindings to resolve the original problem and minimize theprobability of its recurrence.

Audits of selected operational phase activities are performed by
NQA. These audits include areas which require implementation of
10CPR50, Appendix B. These areas include activities associatedwith:

Plant operation, maintenance and modification.
The preparation, review, approval and control of
designs, specifications, procurement documents,
instructions, procedures and drawings.

o ~ Receiving and plant inspections.
o Indoctrination and training programs.

o The implementation of operating and test procedures.

o Calibration of measurinq and testing eguipment.

Audits are regularly scheduled based on the status and safety
importance of the activity. Audits are also scheduled accordingto the requirements of Section 6 of the Technical Specification.
The audx,t schedule assures proper coverage of all applicableactivities. Additionally, the audit program provides for
scheduling audits which can be conducted on short notice to
respond to specific quality problems.
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Audits are 'structured with a sufficiently defined scope to permit
objective eyaluaticn of the activity observed. Quality-related
practices,'rocedures, and instructions are audited to measure

,both the effectiveness of their implementation and their
conformance to OQA Program requirements.

The audit process is conducted according to procedures which
require that a'written audit plan be prepared. The audit plan'nsures the proper scope, team preparation, and depth of
coverage. The audit process includes, as applicable, an

'evaluation of work areas, activities, processes, and items.
~ Audits i'nclude a review of associated document's and records.

~ Audit teams consist of trained personnel, not directly
'responsible for the areas audited. Each team shall have a
designated leader who is responsible for the planning, conduct,
an'd reporting of the .audit.
The auditor qualification program ensures that audit team members
are qualified to perform their assigned tasks-

Audit results are documented ia a formal audit report which is
transmitted to the responsible levels of management.

Audit team leaders, through their supervisors, ensure that
responsible management takes necessary action to correct
deficiencies noted, and provide a basis for preventing their
recurrence. Team leaders verify, either through review of
documentation resulting from corrective action, or if necessary,reaudit, that deficiencies have been properly -corrected

Formal audit reports are reviewed by HQA management to determine
the effectiveness of the OQA pxogram, and indications of qualitytr'ends. If additional manaqement action is required, the resultsof these reviews are formally reported to the appropriate managerof the responsible organization.
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TABLE 17.2-1

OPERATIONAL UALITY ASSURANCE PROGRAM

COMPLIANCE MATRIX

Page 1

NRC Reg. Guide ANSI Standard Subject Clarifications 8 Exceptions

1.8 Rev. 1

1.17 Rev. 1

1.28 Rev. 1

1.30 8/72

1.33 Rev. 2

1.37 3/73

1.38 Rev. 2

1.39 Rev. 2

N18.1 - 1978

N18.17 - 1973

N45.2 - 1977

N45.2.4 - 1972

N18.7 - 1976

N45 ~ 2 ~ 1 - 1973

N45.2.2 " 1972

N45.2. 3-1973

Personnel Selection 8
Training,

Security

QA Requirements

Electrical Iastallation,
Inspection 8 Testing

Admiaistrative Controls 8
Operational QA

Cleaning Fluid Systems St

Componeats

Packaging, Shipping, Receiv-
ing, Storage 8 Handling

Housekeeping

See Chapter 13

Not included in the OQA Program

Full compliance

Commitment to the exteat required by
ANSI N18.7-1976*

Full compliance

Commitment to the extent requi.red by ANSI
N18.7-1976*

Commitment to the exteat required by ANSI
Nlg.?-1976*

Commitment to the extent required by ANSI
N18.7-1976*

22

1.54 6/73

1.58 Rev. 1

1.64 Rev. 2

1.74 2/74

1.88 Rev. 2

1.94 Rev. 1

1.116 Rev. 0-R

1.123 Rev. 1

Rev. 22, 4/81

N101.4 - 1972

N45.2.6 - 1978

N45.2.11 - 1974

N45.2.10 - 1973

N45.2.9 - 1979

N45.2.5 - 1974

N45.2.8 " 1975

N45.2.13 - 19?6

QA for Protective Coatings

Qualifications of Inspection,
Examination, 8 Testing
Personnel

QA for Desiga

QA Terms 8 Definitions

Collection, Storage 6
Maintenance of Records

Coacrete 8 Structural Steel
Installation, Inspection,
8 Testing

Mechanical Installation,
Inspection 8 Testing

QA for Procurement of Items
8 Services

Commitment to the extent required by ANSI
Nlg.?-1976*

Commitment to the extent required by ANSI
Nlg.?-1976+; personnel who only handle test
results or perform document control
activities will not be certified.

Full compliance

Full compliance

Full compliaace

Commitment to the extent required by ANSI
N18.7-1976+

Commitment to the extent required by ANSI
Nlg.?-1976*

Full compliance

(2o
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page 2

1 120 Rev. 1

'1 144 1/79

1.146 8/80

H45-2 12-1977

H4 5 22 3-197 8

Pire Protection Guidelines
for Huclear Power Plants

Auditing of {}A Proqraas

{}ualification of {}A
Progran Audit Personnel

Pull coaplian"e liaited to Regulatory
Position ". 3, puRlil:y Assnrln" e proqraa

Pall coapliaace

Full coapliance

+These standards will be applied as directed by the Hanager-H{}A for activitia- whi"h "... are comparable in nature and
extent to related activities occurring during construction> as required by AHSZ H18. 7-1975.
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Table 17.2-2
OPERATIONAL POLICY STATEMENT CROSS REFERENCE MATRIX ~

WITH 10CFR50 APPENDIX B CRITERIA

OPS TITLE

1 Operational Quality
Assurance Program
Definition

SYNOPSIS

Defines the scope and applicability of the OQA Program. Establishes requirements for
the OQA Manual and defines the tiers of documents comprising the OQA Program.

CRITERIA 1, 2

II, V, VI

2 Terms and Definitions Defines those terms having particular meaning within the context of the OQA Program.

3 Control and Issuance of
Documents

Establishes controls for the issuance and use of documents. Defines those documents
controlled by the OQA Program and requires review, approval, and use of documents at
required locations.

V> VI

4 Document Reviews

5 Deficiency Control

Establishes the requirements for performing and documenting document reviews.

Delineates those activities associated with the control and correction of nonconforming
material, parts or components; other conditions adverse to quality; and significant
conditions adverse to quality.

. III> IV, VI

VIII, XV, XVI

6 Personnel Qualification
and Training

Establishes the requirements for the training and qualification of personnel performing II, IX, XVIIIactivities affecting quality to assure that they achieve and maintain suitable proficiency.
7 Auditing/Quality

Verification Activities
Establishes the requirements for the development of programs for auditing and monitoring
quality related activities and includes performance, qualifications, reporting, and
follow-up action.

II, XVIII

8 Records Establishes the requirements for the collection, storage, and maintenance of quality
assurance records.

XVZI

9 Control of Modifications &
Design Activities

10 P rocurement

Establishes the requirements for ensuring that the quality of modified structures, systems
or components is at least equivalent to that specified in the original design bases,
material specifications, and inspection requirements.

Establishes the requirements for the procurement of material, parts, components> services
and spare parts.

IV, VII

11 Procurement of Nuclear
Fuels

Establishes the requirements for the procurement of reload nuclear fuel. IV, VII

12 Administrative Control of
Plant Operations

Establishes the requirements for the administrative and procedural controls that ensure
the plant is operated in a safe and efficient manner.

13 Control of Maintenance Establishes the requirements for ensuring that structures, systems, and components are
maintained in a condition to perform their intended function. The field activities
associated with modifications are also included.

IX, XIV

14 Control of Testing and
Inspection Activities

Establishes the requirements for testing and inspection activities. X> XI> XIV

15 Inservice Inspection Establishes the requirements for the quality-related Inservice Inspection activities. X, XI
16 Instrument and Calibration

Control
Establishes the requirements for the calibration and control of calibration standards,installed plant instrumentation, and measuring and test equipment.

XII

17 Control of Plant Material

Rev. 18, 11/80

Establishes the requirements for the control of plant material and includes receiptinspection, handling, storage, and shipping. VII> VIII» XIII





Page 2

Table 17.2-2 Cont.

18 ASME Supplement Establishes the requirements for PP&L to perform engineering, fabrication, and repair. N(A,activities in accordance with Section XI of the ASHE Code.

19 Reporting of Substantial
-Safety Hazards and Licensee
Events

Establishes the requirements for reporting substantial safety hazards (10 CFR 21) and N/A
reportable occurrences.

Footnotes:

(1) Criterion I, Organization, is covered extensively in Section 17.2.1 and is not repeated in a separate OPS.
However, the "Responsibility" section in each OPS identifies the managers responsible for implementation
and verification of the OPS'equirements.

(2) Criteria such as V, Instructions, Procedures, and Drawings, and XVII, Records, could be cross referencedwith the ma)ority of OPS identified. A deliberate effort was made to cross reference the Criteria onlyto those OPS which have a direct relationship.
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2.4.8.4.1 Design Basis Plood Level (DBPL)
.4.8.4.2 Safe Shutdown and Operating

Basis Earthquakes

2.4. Channel Diversions
2.4. 10 Flooding Protection Reguirements
2.4.11 ow Mater Considerations

)8'7
2. 4-27

2 4-30

2 4-33
2 4-33
2 4-34

2-4 11-1

2.4 11 1 1

2 4 11.1 2

w Flow in Rivers- and Streams

I. w Plow Resulting From Hydrometeoro-
lo 'cal Events
Low low Resulting from Dam
Pailu es

2 4-34

2. 4-34

2. 4-35

2.4 11 2

2 4 11 3
2 4 11 4

Low Water esulting from Surges,
Seiches, o Tsunami
Historical L w Water
Future Contro s

2. 4-35
2 4-36
2. 4-36

2.4.11.4.1 Legal Consump ive Use Restrictions
2. 4. 11.4. 2 Changes in Con umptive Use Upstream

2 4.11.5 Plant Requirements
2.4.11.6 Heat Sink Dependabi ty Reguirements

2.4 12 Dispersion Dilution and ravel
Time of Accidental Relea es of
Liquid Effluents in Surfa e Waters

2. 4. 12. 1 River Flow Characteristics

2. 4-36
2 4-37

2.4-38 I
2

2 4-38

2.4-40

2. 4-41

2.4.12.1. 1 Flow Duration
2.4.12.1.2 Extreme Low Flow
2. 4 12. 1 3 Travel Times

2.4.12.2 .Accidental Releases
2. 4. 12 3 Efflue.nt Dilution
2 4.13 Groundwater

2.4.13.1 Description and Onsite Use

2. 4. 13. 1. 1 Regional Groundwater Conditions

2. 4-41
2. 4-41
2 4-42

2. 4-42
2 4-43

2. 4-45

2 4-45

2 4-45

2 4.13 1 1

2 4.13 1 1

2 4.13 1 2
2.4 13 1 3

1 Primary Aguifers of the Region
Pleistocene-Age «Deposits

2 Secondary Aguifers of the Region
Llewellyn Formation

Local Groundwater Conditions
Onsite Use of Groundwater

2 4-48

2. 4-53

2.4- 7
2. 4-6

REV 12'/79 2-v



SSES-PSAR

2. 4. 13. 2 Sources

2 4.13 2-1
2 4 13 2.2
2. 4. 13.2. 3

Mater Mell Inventory
Groundwater Mithdrawal
Aquifer Characteristics and
Groundwater Conditions at
the Site

2 4.13.2.3.1 Data Sources
2 4. 13. 2. 3 2 Groundwater Parameters and Movement

at the Site

2. 4. 13. 3 Accidents Effects

2 4-60

2 4-60
2. 4-61

2. 4-62

2. 4-62

2. 4-63

2.4-72

2 4 13.3. 1

2.4. 13 3 2241333
2 4 13 3 4

Postulated Accident and
Potential Plow Paths
Description of the Models Used
Selection of Parameters
Simulation and Results of
Analysis

2 4-72
2 4-73
2. 4-76

2. 4-82

2.4-13.4 Design Bases for Subsurface Hydrostatic
Loadings

2.4. 14 Technical Specification and
Emerg4ncy Operation Requirements

2 4.15 References

2. 4-82

2 4-83
2 4-83

2 5 GEOLOGY'EISMOLOGY, AND GEOTECHNICAL
ENGINEERING 2. 5-1

2.5.1 Basic Geologic and Seismic
In formation

2 5 1 1 2 1

2 5 1 1 2 2
2 5 1.1 2.3

The Appalachian Basin
The Valley and Ridge Province
Stratigraphic Units Mithin the
Site Vicinity

2.5.1.1.3 Reqional Tectonics

2 5
2- 5.

2.5.

1 1.3 1 Tectonic Provinces
1 1.3.2 Structural Elements within

the Craton
1.1.3.3 Structural Elements in the

Site Vicinity

2. S. 1.1 Regional Geology

2.5.1.1.1 Physiography and Geomorphology
2.5 1.1.2 Stratigraphy and Lithology

2. 5-1

2. 5-1

2. 5-1
2. 5-4

2. 5-4
2. 5-6

2. 5-7

2. 5-15

2. 5-15

2. 5-16

2 5-20
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2. 5 1. 1. 3. 4 Relationship Among S tructural
Elements

2.5. 1.1 3.5 Age of Deformation

2.5. 1. 1. 4 Regional Uplift and Subsidence
2.5.1 1.5 Natural Hazards

2 5-23
2 5-24

2 5-27
2. 5-28

2.5. 1. 2 Site Geology 2. 5-29

2 5 1.2 1

2.5. 1 2. 2
Site Physiography
Site Lithology and Stratigraphy

2 5-29
2. 5-31

251221
2.5 1.2 2.2

Lithology and Stratigraphy in
the Site Vicinity
Lithology and Stratigraphy at
the Site

2 5.1.2.3 Structural Geology

2. 5-31

2. 5-37

2. 5-39

2 5 1 2 3 1

2 5-1.2-3 2
2 5 1.2 3 3

Major Geologic Structures in
Site Vicinity
Geologic Structures at the Site
Geologic Features in Surficial
Materials at the Site

2. 5-39
2 5-41

2. 5-53

2.5.1.2.4 Site Geologic History
2. 5. 1. 2. 5 Engineering Geology Evaluation

2. 5-54
2.5-56

2 5 1 2 5 1

2.5-1-2. 5 2
2.5.1.2 5.3

2.5. 1. 2. 5. 4

251255
2.5 1.2 5 6

2 5 1.2 5 7

2 5.1.2 5 8

2.5.1 2. 5.9

Geologic Conditions Under-'Categoryl Structures
Landslide Potential
Areas of Potential Subsidence,
Uplift, or Collapse
Behavior of Site Durinq Prior,
Earthquakes

Zones of Def ormation or Structural
Weakness
Zones of Alteration or Irregular
Wea therinq
Potential for Unstable or Hazardous Rock
or Soil Conditions
Unrelieved Residual Stress
on Bedrock
Conclusions and Summary

2. 5-56
2. 5-57

2. 5-58

2. 5-61

2 5-61

2. 5-62

2 5-63

2.5-64
2. 5-64

2.5.1.2.6 Site Groundwater Conditions

2.5.2 Vibratory Ground Notion

2. 5-64

2 5-65
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2. 5. 2. 2. 1

2522.2
2.5. 2.2.3

2 5.2.2.4

Tectonic Provinces
Tectonic Differentiation of the
Appalachian Orogen
Tectonic Differentiation of
the Craton
Tectonic Differentiation of the
Mobile Belt

2 5.2 1 Seismicity
2.5. 2.2 Geologic Structures and Tectonic

Activity
2. 5-66

2. 5-69

2. 5-69

2 5-70

2. 5-70

2. 5-72

2 5 2 3

2.5. 2.4
2.5.2 5

2 5 2 6
2.5 2.7

Correlation of Earthquake Activity with
Geologic Structures or Tectonic
Provinces
Maximum Earthquake Potential
Seismic Wave Transmission
Characteristics
Safe Shutdown Earthquake (SSE)
Operatinq Basis Earthquake (OBE)

2. 5-74
2 5-80

2. 5-81
2. 5-81
2 5-82

2. 5.3 Surface Faultinq
2.5. 4 Stability of Subsurface Materials

and Foundations

2. 5-82

2. 5-83

2. 5. 4. 1 Geoloqic Features

2.5.4. 1.

2 5 4 1

2.5 4.1

2 5.4.1.

2.5. 4. 1

1 Areas of Potential Subsidence, Uplift,
or Collapse

2 Previous Loadinq History of the
Foundation Materials

3 Structures and Zones of Weathering,
Disturbance or Weakness in Foundation
Materials

4 Unrelieved Residual Stresses
in Bedrock

5 Potential for Unstable or Hazardous
Rock or Soil Conditions

2.5 4.2 Properties of Subsurface Materials

2.5.4.2.1 Properties of Foundation Rock
2.5.4.2 2 Properties of Foundation Soils

2. 5-83

2 5-84

2. 5-84

2. 5-84a

2. 5-88

2. 5-88

2. 5-89

2. 5-89
2. 5-91

2 5.4 3
2.5 4.4
2 5.4.5

Exploration
Geophysical Surveys
Excavations and Backfill

2. 5-93
2. 5-94
2 5-96

2 5 4. 5.

2. 5. 4 5.

1 Extent of Seismic Category I
Excavations, Fills, and Slopes

2 Excavation Methods and Dewatering
2 5-96
2. 5-96
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2.5.4.5.2.1 Excavations in Rock
2.5.4.5.2.2 Excavations in Soil

2.5-96
2.5-97

2.5.4.5.3 Backfill and Compaction
2.5.4.5.4 Bedding Material for Seismic Category I

Pipes and Electrical Duct Banks

2.5.4.6 Groundwater Conditions
2.5.4.7 Response of Soil and Rock to Dynamic

Loading

2.5.4.7.1 Response of Rock to Dynamic Loading
2.5.4.7.2 Response of Soil to Dynamic Loading
2.5.4.7.3 Soil Structure Interaction

2.5.4 ' Liquefaction Potential
2.5.4.9 Earthquake Design Bases
2.5.4.10 Static Stability

2.5.4.10.1 Static Stability of Safety-Related
Structures Supported on Rock

2.5.4.10.2 Static Stability of Safety-Related
Structures Supported on Soil

2.5.4.11 Design Criteria

2.5-97
2.5"99

2.5-99a

2.5-101

2.5-101
2.5"101
2.5-102

2.5-102
2.5-103
2.5-103

2.5-103

2.5-103

2.5-106

2.5.4.11.1

2.5.F 11.2

Design Criteria of Safety-
Related Structures on Rock
Design Criteria of Safety-
Related Structures on Soil

2.5"106

2.5-106

2.5.4.12 Techniques to Improve Subsurface Conditions 2.5-107

2.5.4.12.1 Foundations in Rock
2.5.4.12.2 Foundations in Soil

2.5"107
2.5-107

2.5.4.13 Subsurface Instrumentation 2.5-107

2.5.4.13.1 Instrumentation for Rock Foundations
2.5.4.13.2 Instrumentation for Soil Foundations

2.5-107
2. 5" 107

2 '.4.14 Construction Notes

2.5.5 Stability of Slopes

2.5.5.1 Slope Characteristics

2.5-108

2.5-108a

2.5-108a

2.5.5.1.1
2.5.5.1.2
2.5.5.1.3
2.5.5.1.4

Geologic Conditions
Groundwater Conditions
Field Sampling and Testing
Laboratory Testing

2.5-109
2.5"110
2.5-111
2.5-114
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2.5.5 '.4.1
2.5.5.1.4.2
2.5.5.1.4.3
2.5.5.1.4.4
2.5.5.1.4.5
,2.5.,5.1.4.6
2.5.5.1.4.7

General
Grain Size Distribution
Unit Weight
Maximum-Minimum Densities
Relative Density
Static Triaxial Shear Test
Cyclic Triaxial Shear Tests

2.5-114
2.5-114
2.5-114
2.5-115
2.5"115
2.5-116
2.5"116

2.5.5.2 Design Criteria and Analyses

2.5;5.2.1 Design Criteria for Spray Pond

2.5.5.2.1.1 Ground Surface Acce'leration
2.5.5.2.1.2 Liquefaction
2.5.5.2.1.3 Slope Stability

2.5.5.2.2 Design Analyses for Spray Pond

2.5.5.2.2.1 Spray Pond Seepage Analysis
2.5.5.2.2.2 Iiquefaction Potential

2.5-117

2.5-117

2.5-117
2.5"118
2.5-118

2.5-118

2.5-118
2.5-120a

2.5.5.2.2.2.1
2.5.5.2.2.2.2

2.5.5.2.2.2.3
2.5.5.2.2.2.4
2.5.5.2.2.2.5

2.5.5.2.2.2.6
2.5.5.2.2.2.7

Method of Analysis
Soil Profiles and Positions of
Groundwater Table
Shear Moduli
Cyclic Shear Strength
Determination of Dynamic Shear
Stresses
Design Earthquake
Results of Liquefaction Analyses

2.5-120a .

2.5-121
2.5-121
2.5-122

2.5-123
2.5-124
2.5-124

2.5.5 '.2.2.7.1 Liquefaction Potential
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2 5 GEOLOGY SFISNOLOGY AND GEOTECNNICAL ENG'INEERIMG

2 5 1 BASIC GEOLOGIC AND SEISNEC INFORNATION

2 5 1 1 Regional Geolo~

2.5.1.1. 1 ~Ph eiocCra~hand Geoeo~rh~olo I

The site is located (Fiqure 2. 5-1) in the Valley and Ridge
Physioqraphic Province which is bordered on the southeast by the
Readinq Prong and on the northwest by the Appalachian Plateau
Physioqraqhic Province (Fiqure 2. 5-2) .

The Valley and Ridge Province is characterized by folded
Paleozoic sedimentary rocks of varying erosional resistance.
These strata form a series of level ridges and intervening
valleys which trend generally northeast to southwest. Higher
ridges are formed on the more resistant, inclined sandstone
whereas lower ridges are underlain by other competent formations.
The valleys occur in less resistant limestone and shale.

The Valley and Ridqe Province attains a maximum width of about 80
miles along a line drawn northwest throuqh fharrisburg,
Pennsylvania. In Pennsylvania, folds generally plunge away from
this line to the northeast and to the southwest. Because of the
foldinq, resistant strata form broad, zig-zag outcrop patterns
across the province. These strata form steep slopes, that flank
anticlinal valleys, and canoe-shaped synclinal valleys.
Lithology and structure control the drainage pattern, the
principal direction of which is to the southeast. Na jor drainage
generally follows the strike of less competent strata and crosses
the strike at water gaps where transverse structures, such as a
hiqh concentration of fractures, exist. Minor drainage trends
normal to the regional strike or along ma jor fracture sets, and
usually intersects major streams at right angles to form a
trellis pattern

The Great Valley Section, in the southeastern third of the
province, consists of broad, rollinq valleys of low relief formed
in Paleozoic sof t limestones and calcareous shales. To the
southeast, the Beadinq Prong exposes the oldest rocks
(Precambrian) within 50 miles of the site (Figures 2.5-2 and 2 5-
3). In qeneral, the Readinq Pronq consists of high grade
metasedimentary and metavolcanic rocks along with dominantly
acidic plutonic rocks. These rocks experienced deformation
commencing with the Grevillian orogeny about 1 billion years ago
which imparted the dominant structural fabric, i.e., foliations,
lineations and polyphase folds, present today. Succeeding

2. 5-1



SSES-FSAR

tectonism during the Paleozoic and Mesozoic eras, and possibly
even more recently, have also affected these rocks. According to
Drake (Ref 2. 5-1) the rocks of the Reading Prong are
allochthonous. The Triassic Lowlands of the Piedmont Province
lie to the east and southeast of the Reading Prong, and contain
the youngest rocks in eastern Pennsylvania'Figures 2.5-2 and
2 5-3). The rocks in the lovlands are dominantly red clastic
sediments vith associated basic intrusives and flows. Diabase
dikes near Pottstown, Pennsylvania yielded K/Ar whole reck ages
of 151 to 198 million years (Ref. 2.5-2, p. 3-25).

Northeast of the site, folds are broader and more open and give
way to the gentle synclinal Pocono Plateau Section vhich is
underlain by Devonian sandstone and shale. To the northwest, the
Valley and Ridge Province terminates abruptly at the Allegheny
Structural Front. Beyond the front lies the Appalachian Plateaus
(Figure 2.5-2), a qently rolling highland formed on broad folds
of low structural relief that plunge gently to the southvest.
The strata consist predominantly of an upper Paleozoic cyclic
sequence of sandstone, shale, limestone and coal.

The Susquehanna River, which flows past the site, has two
important features associated with it. First the river makes
several sharp bends along its length with the closest being
adjacent to the site. East of the site the river maintains a
vest-southwest course which parallels the regional tectonic
fabric. However at Shickshinny, Pennsylvania, about 5 miles
north of the site, it makes a sharp right-angle bend and flovs in
a south-southeast direction for about 5 miles Just below the
site it again swinqs sharply and resumes its vest-southwest flov
direction. This phenomenon has been cogently explained by Ztter
(Ref. 2. 5-3).. He noted that this area was submerged during the
Cretaceous and coastal plain sedimentation ensued Sedimentation
completely covered the pre-existing drainage pattern Folloving
coastal plain sedimentation, the area underwent broad uplift
while the North Branch of the Susquehanna River apparently flowed
southeastward, across the Pocono Plateau to Trenton, New Jersey
(Ref. 2. 5-3, p. 12-13). Tributaries must also have developed on
this coastal plain. Following downcutting of the coastal plain
sediments the streams encountered bedrock. Of these dovncutting
streams the present-day Susquehanna River, south of the
confluence of the North and West Branches, apparently vas able to
incise more rapidly than other major streams. This resulted in
stream capture and the pronounced bends seen along the river
toda y.

The second feature of import is the buried valley of the
Susquehanna. This buried valley occurs in bedrock overlain by a
broad, flat plain across vhich the present-day Susguehanna flovs
{Ref. 2. 5-3, p. 26). Xt extends upstream as a series of elongate
basins, for about 15 miles, from near Nanticoke, Pennsylvania
(approximately 10 miles northeast of the site) to just above West
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Pittston (Ref. 2.5-4, p. 8). This valley is filled with
alternatinq layers of water laid gravel, sand and clay. The
development of this valley is attributed to the erosive action of
the Wisconsinan ice sheet which must have flowed diagonally
across the valley (Ref. 2.5-3, p. 27 and 2.5-4, p. 7). l„

Subsequently, this valley was filled with sediment deposited by
streams which emanated from this aelting ice.

Host of the reqion, north and east of the site, has been scoured
by at least three periods of glaciation in the last 150,000 years
{Ref. 2. 5-5, p. 15 and 2.5-6) . The three major directions of ice
advance were postulated as follows: 1) south and southeast from
central Ontario, 2) south and southwest from approximately the
Adirondack region, and 3) south and southwest from the Hudson
Valley by way of the Catskills (Ref. 2.5-5, p. 18). Effects of
qlacial scouring aze most notable on the Pocono Plateau.

At the present time, there is no positive evidence that any pre-
Illinoian qlaciation occurred in northeastern Pennsylvania
althouqh elsewhere in the eastern United States, such evidence
does exist for pre-Illinoian glaciation. It is thus suggested
that it should also have occurred here (Ref. 2.5-6) . The
recorded qlacial events include the Illinoian and two stages of
the Wisconsinan, the Altonian which spans the interval from about
70,000 years to about 28,000 years B.P., and the.Woodfordian
which lasted from about 21,000 years to approximately 13,000
years B. P.

In earlier literature (Ref. 2.5-5) the terms Altcnian and
Woodfordian were not utilized. Instead the Wisconsinan was
divided into the Binghamton, Olean, Valley Heads and Nankato
substaqes. Hovever, it is not precisely known how the Altonian
and Moodfordian subdivisions relate to the older terms except
that the Mankato is somewhat younger than the Woodfordian (Ref.
2. 5-6) .

In the site region a lobe of Illinoian ice extended down the
valley of the Susquehanna River from just above Berwick to the
West Branch of the Susquehanna at Northumberland, Pennsylvania
The exposed length of deposits left by this lobe is about 40
miles whezeas the maximum width does not exceed 8 miles
Illinoian drift is present on the slopes to vithin 60 feet of the
present river level suggestinq that only moderate deepening of
the Susquehanna Valley has occurred since deposition of the
Illincian drift (Ref. 2.5-7, p. 24-25).

Valley trains of Misconsinan gravel were examined along the
Susquehanna River and its tributaries by Leverett (Ref. 2. 5-7)
He noted that from just east of. Berwick downstream (westward) to
the Mest Branch at Northumberland, the surface of a Wisconsinan
gravel train is well defined and generally occurs at about 40 to
60 feet above the river.
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Moderately eroded terraces underlain by freshly appearinq gravels
mark the upper level attained by waters derived from the
Wisconsinan ice sheet along the Susquehanna River and its
tributaries. These terraces occur at lover elevations than those
exposinq Illinoian qravel and have also been much less
extensively eroded than Illinoian gravel (Ref. 2.5-7, p 16) . En
general the relative heights of the terrace levels representing
each of the four Wisconsinan sub-stages are fairly constant. Por
example, in the site vicinity relative heights for the Mankato,
Valley Heads, Binqhamton and Olean are 9, 15, 30 and 45 feet
respectively (Ref. 2. 5-5, p. 77) . The surfaces of most of the
terraces have been eroded subjectinq the observed height of any
terrace to an error of as much as 30 percent. However, no
evidence is presented inDicating differential vertical offest of
these terraces.

At Bervick several well developed kame terraces and terrace
remnants of frontal kames vhich formed at the end of marginal
kames occur (Ref. 2. 5-5, p. 91). The four lowest marginal kames
were identified by Peltier as the First Olean, Second Olean,
Third Olean, and Fourth Olean kame terraces vhich are
respectively 86, 98, 110, and 158 feet above the river.

2.5 1. 1. 2 Strati~r~ah and I.ithologg

2 B. 1 1. 2 1 The~A Balachian Basin

The Valley and Ridge Province, in vhich the site, is located, is
part of a structural entity known as the Appalachian Basin. As
defined by Col'ton (Ref. 2 5-8, p. 6-7), the Appalachian Basin is
not a physioqraphic province. Rather, it is an elongate feature
extending from the Canadian Shield in southern Quebec and
Ontario, southwestward to central Alabama (Figure 2.5-4). It is
bounded on the west by the Pindlay Arch and on the south by the
boundary between Paleozoic and Cretaceous strata The eastern
edge is marked by the surface contact between slightly-to-
unmetamorphosed Paleozoic rocks on the west and more intensely
metamorphosed Paleozoic and Precambrian rock on the east. Xn
Pennsylvania this boundary coincides with the boundary between
the Valley and Ridqe and Piedmont Physiographic Provinces

Isopach maps and stratigraphic columns show the respective
thicknesses and relationships of the Cambrian through
Pennsylvanian sequences in the Appalachian Basin (Figures 2. 5-5
and 2. 5-6) .

In the Appalachian Basin, as outlined by Colton (Ref. 2.5-8), the
J.over Cambrian clastic sequence is a vedge-shaped mass which is
thickest along the eastern marqin of the basin and thinnest along
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the northern and western marqins. The rocks along the eastern
margin are dominantly Early Cambrian whereas the rocks along the
northern and western marqins are mainly Late Cambrian. The Lower
Cambrian sequence is conformably overlain in most of the
Appalachian Basin by a suite of dominantly carbonate rocks with
lesser amounts of quartz sandstone. This overlying suite
consists mainly of rocks ranqinq in age from Middle and X.ate
Cambrian to Early and Middle Ordovician and was designated by
Colton (Ref 2 5-8, p 19) as the Cambrian-Ordovician carbonate
sequence. This sequence ranges in thickness from about 600 ft.
in northern New York State to a little more than 10,000 ft. in
southeastern Tennessee. A belt of maximum thickness extends
alonq, and approximately parallel to, the eastern edqe of the
Appalachian Basin frcm southeastern New York State to northern
Alabama {Ref. 2 5-8, p. 23) .

This carbonate sequence is conformably overlain in most of the
basin by dominantly non-calcareous clastic rocks, the majority of
which are Late Ordovician in aqe. These Upper Ordovician clastic
rocks are thickest alonq the northeastern margin of the basin in
Pennsylvania and show a qenerally uniform thinning to the north,
west and southwest. An exception to this generally uniform
pattern of thinninq occurs in Pennsylvania and adjacent New York
State where the sequence thins more abrupt1y against the
southwestern extension of the Adirondack axis (Ref. 2.5-8, p.
23)

Althouqh the boundary between these rocks and the older Cambrian-
Ordovician sequence is conformable, the boundary with the
overlyinq Silurian clastics is marked by an unconformity in the
northeast and southwest portions of the Appalachian Basin.
"Volumetrically the unconfirmity is qreatest in eastern
Pennsylvania and contiguous parts of New Jersey" {Ref. 2 5-8, p.
23). This unconformity was considered by Colton as evidence of
Late Ordovician or Early Silurian diastrophism.

The Early Silurian rocks are mainly clastic and extend across
most of the Appalachian Basin. These rocks are thickest (2,600ft.) and coarsest in the northeastern part of the basin where
they are composed mainly of sandstone and conglomerate.

Carbonate rocks, c
Silurian-Devonian
Silurian to early
the basin. They,
east and thinnest
northeastern Penns
northeastern Penns
actually consists
comprisinq, among
northwest and sout
alternatinq suite

lassified by Colton (Ref. 2.5-8, p. 31) as the
carbonate sequence, range in aqe from Middle
Middle Devonian and occur throughout much of
like the older sequences, are thickest in the
in the west. The thickest section is found in
ylvania where it is about 3300 ft thick. In
ylvania the lower half of this sequence
of a thick wedge of red clastic rocks
others, the Bloomsburq Red Beds. Rest,
hwest of this area the red beds grade into an
of varieqated shale and siltstone, carbonates
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and evaporites . The margins of this suite are predominatly
dolomite and limestone

Rocks of Middle and Late Devonian age consist of a moderately
thick sequence of shale, mudrock, siltstone and sandstone and
extend thrcuqhout most of the basin. In most areas these Middle
to Upper Devonian clastic rocks rest conformably on the strata of
the Silurian-Devonian carbonate sequence. Like the underlying
rocks this Devonian suite is wedge-shaped with the thickest part
near the eastern margin of the basin and the thinnest part near
the western periphery The northeastern part of the basin, which
includes east-central Pennsylvania, contains the thickest
accumulation (more than 10 F 000 ft.) dominated by coarse-grained
sedimentary rocks {including red beds). As the thickness
decreases the average qrain size of the rocks shows a
correspondinq diminution, being medium-grained where the rocks
are of intermediate thickness and fine-grained where the section
is thinnest "(Ref. 2.5-8 ~ p 34).

The Middle to Upper Devonian clastic suite is conformably
overlain by Mississippian rocks in most of the basin, but the
contact is slightly disconformable along much of the eastern
margin. However, in parts of northeastern Pennsylvania the
entire Mississippian is missinq. This anomalous unconformity is
probably due to erosion prior to Pennsylvanian sedimentation
(Ref. 2.5-9, p. 35). Generally the Mississippian sequence
defines a crudely wedge-shapped mass. The qreatest accumulation
occurs in southeastern Virginia (6800 ft.), but Wood {Ref. 2.5-
10, p. C39) reported a thickness exceeding 6,000 ft. in eastern
Pennsylvania.

Pennsylvanian rocks overlie those of Mississippian age with the
basal boundary, in much of the basin, marked by a sudden change
from older, thinly-bedded, relatively fine-grained rocks to
younger, massively-bedded, conglomeratic quartz sandstone. The
Pennsylvanian sequence is commonly thickest and coarsest-grained
alonq, the eastern periphery. In eastern Pennsylvania, where only
the lower half of the Pennsylvanian is preserved, a thickness of
4600 ft. of principally sandstone, conglomeratic sandstone and
conglomerate was recorded (Ref. 2.5-10).

2 5.1. 1 2.2 The Valle and Ridge Province

The Valley and Ridge is a physiographic province which is
situated within the Appalachian Basin, and consists of a nearly
continuous sequence of rocks extendinq from the Cambrian to the
Pennsylvanian. Within this sequence are two major clastic
intervals, the Cambrian-Silurian Taconic cycle and the Devonian-
Pennsylvanian Appalachian cycle (Ref. 2.5-11, p. 231). Each
cycle consists of pre-orogenic carbonates and orthoquartzites
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overlain by turbidite flysch deposits which are, in turn,
succeeded by molasse. The first phase of the older cycle is
represented by Cambrian to Middle Ordovician carbonates (Ref.
2 5-12, p. 4). The flysch phase is represented by siltstone,
silty-shale and qray sandstone of the Upper Ordovician
Reedsville The molasse phase comprises the Upper Ordovician
Bald Eagle and Juniata Formations and the Lower Silurian
Tuscarora Formation. The transition from the molasse phase to
the renewal of marine conditions is delineated by the
successively younger Rose Hill, Keefer, Nifflintown and
Bloomsburq Formations of Middle Silurian age. Upper Silurian to
Lower Devonian carbonates (Wills Creek to Onondaga) identify the
first phase of the Appalachian cycle (Ref. 2. 5-12, p. 4) Within
this younger cycle direct passaqe from the carbonate phase to the
turbidite phase was interrupted by deposition of a local sub-
aqueous delta identified in central Pennsylvania as the
Mahantanqo Formation. Following sedimentation of the Nahantango,
the turbidite beds of the Upper Devonian Trimmers Rock Formation,
constituting the second phase of the Appalachian cycle, were laid
down. The molasse phase was initiated by the Upper Devonian
Catskill Formation which, at an outcrop along the Lehigh River
(Fiqure 2.5-7), is in qradational contact with the underlying
Trimmers Rock (Ref. 2.5-13 '. 8) . The molasse phase culminated
twice, first in the Misissippian Pocono Formation and later in
Pennsylvanian rocks (Ref. 2.5-12, p. 4).

2 5.1 1.2.3 Stratiqr~a hic Units Within the Site Vicinity

Stratiqraphic nomenclature used throughout this FSAR follows the
recent usage of the Pennsylvania Geologic Survey who have not
recently used the terms Susquehanna Group, Hamilton Group or Fort
Littleton Formation in the site vicinity (See for example Ref.
2-5-12 and 2. 5-17)

Middle Silurian to Pennsylvanian rocks within 10 miles cf the
site have been folded on the Berwick Anticlinorium. The units
exposed across the fold are:

0
0
0
0
0
0
0
0
0
0

The Middle Silurian Bloomsburq
Upper Silurian Wills Creek
Upper Silurian Tonoloway
Middle Devonian Marcellus
Middle Devonian Mahantanqo
Upper Devonian Trimmers Rock
Upper Devonian Catskill
Upper Devonian-Lover Nississippian Pocono
Niddle Nississippia-Pennsylvanian Nauch Chunk
Pennsylvanian Pottsville and "Post-Pottsville"
(Llewellyn) Formations
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In central Pennsylvania the Bloomsburg Formation was deposited in
a brackish, shallow water, marine environment which is
transitional between fluvial, continental sediment to the east
and marine carbonates, shale and marl of the interfingering Mills
Creek Formation to the west (Ref 2.5-14, p. 119) . It is a
thick-to massive-bedded, dominantly grayish-red silty claystone
with two sandstone intervals which occur both at the base and
near the top (Ref 2. 5-14, p 119). The sandstone intervals are
medium-to-.thin-bedded, poorly sorted hematitic sub-gray wacke
The Bloomsburg is highly calcareous in the vicinity of Lewisburg,
Pennsylvania, approximately 40 miles southwest of the site.
In central Pennsylvania the Bloomsburg is separated from the
Narcellus Formation by about 1770 ft of dominantly limestone and
calcareous shale These litholoqies belong, in stratigraphically
higher order, to the Mills Creek (Upper Silurian), Tonoloway
(Upper Silurian), Keyser (Upper Silurian to Lower Devonian), Old
Port (Lower Devonian) and Onondaqa (Lower to Middle Devonian)
formations (Re f. 2. 5-12, Table 1) .

The Mills Creek Formation gradationally overlies the Bloomsburg
and consists of interlayered dark gray to greenish shale, red
siltstone, light gray-qreen to olive siltstone and silty shale
(all calcareous) and light qray dolomite to arqillaceous
dolomite Nedium gray limestone may be present

The Tonoloway Formation gradationally overlies the Mills Creek
and is ccmposed of medium tc dark qray, thinly laminated to
thinly bedded limestone with some thin beds of medium gray
calcareous shale. The Tonoloway is dolomitic at several
locations.

The Upper Silurian to Riddle Devonian Keyser, Old Port and
Onondaga Formations were not mapped north of, nor east of
Bloomsburq, Pennsylvania. The Keyser, therefore, does not appear
to occur within ten miles of the site but was mapped further
southwest (Subsection 2. 5. 1. 1. 3. 3).

The lower Keyser is dominantly medium gray, fossiliferous,
"pseudo-nodular» limestone which is cobbly when weathered. The
upper Keyser contains laminated to thin bedded limestone similar
to the underlyinq Tonoloway.

The Old Port and Onondaga Formations do not occur in the site
vicinity but do crop out north of Bloomsburg (Subsection
2.5. 1. 1. 3.3) . The Old Port consists of dark gray, whitish
weatherinq chert, underlain hy calcareous shale and thin qray
limestcne. The chert is locally overlain by gray to buff, medium
to coarse grained fossiliferous sandstone.
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The lower Onondaga is medium qray, hiqhly fissile shale which is
calcareous toward the top. The upper Onondaga is medium to dark
qray, dense, fossiliferous argillaceous, locally carbonaceous,
microcrystalline limestone.

The Narcellus, in central New York State, where it was defined,
is about 350 ft. thick and consists predominantly of black shale
with lsser amounts of black limestone (Ref. 2.5-15, p. 103) . Xn
east-central pennsylvania, between Harrisburg and Hilliamsport,
the Narcellus is a uniformly massive black, carbonaceous shale
with several thin to thick bedded fine grained sandstone units
(Ref 2 5-16, p. 156) . Accordinq to Faill (Ref. 2. 5-l7) the
Narcellus refers exclusively to black shale overlying the
Onondaga Formation.

The Nahantanqo Formation, which underlies most of the site,
consists primarily of silty mudrock, shale, siltstone and
sandstone with local occurrences of conglomerate, limestone and
ircnstone (Ref. 2. 5-18, p. 13- 14). In eastern Pennsylvania the
Nahantanqo overlies the Narcellus shale and is, in turn, overlain
by the Harrel Shale (Ref. 2.5-19„ p. 18), a feature corroborated
by Kaiser (Ref. 2. 5- 18, p. 6) who indicated that the Nahantango
is defined by black shale, both at its base and its top.

Kaiser (Ref. 2 5-18, p. 18) .informally divided the Nahantango
into lower, middle and upper members. The basal member consists
of an olive-gray shale with a basal sandstone and the middle
member contains siltstone and shale, but where it is sandy it is
identified as the Nontebello. The upper member comprises an
olive-,colored shale, siltstone and sandstone with the sandstone
locally highly ferruqinous, finer qrained, darker colored and
more argillaceous than the underlying Nontebello Zail1 (Ref.
2. 5-17, p. 23-24) divided the Nahantango into five members which
are, in stratiqraphically higher order, the Turkey Ridge,
Dalmatia, Fisher Ridqe, Nontebello and Sherman Creek According
to Hells and Faill (Ref. 2 5-12, Table 1) the Turkey Ridge is a
light to olive-gray, fine to coarse-grained sandstone and the
Fisher Ridge is predominantly a laminated olive gray to medium-
qray silty shale. The Nontebello is an olive-gray, medium-light
gray to dusky yellow, fine to medium-grained, locally
conqlomeratic, fossiliferous sandstone with interbedded siliceous
siltstone and silty claystone which display cycles of reverse
graded bedding. The Sherman Creek (Ref. 2. 5-17) or Sherman Ridge
(Ref. 2. 5-12) comprises olive-qray, fossiliferous, silty
claystone with two interbedded siltstone and fine sandstone units
which coarsen upward.

Faill (Ref. 2. 5-17, p. 23-24) noted that the Niddle Devonian
rocks are cyclic with each cycle marked by black to dark gray,
silty claystone at the base and displaying an upward increase in
qrain size to conqlomeratic sandstone. Immediately overlying the
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coarsest rock units there is a marked decrease in grain size with
claystone or siltstone markinq the base of the overlying cycle. —.

The cyclic nature of the Middle Devonian strata is reflected
within the Mahantanqo. These internal cycles are asymmetric and
are smaller scale reflections of the cyclicity recorded
throughout the entire Middle Devonian. That is, they commence
with black to dark or olive-gray silty claystone which jrades
upward into arqillaceous siltstone, silty sandstone and fine to
medium-qrained, locally conglomeratic, silty sandstone. The
cycles within the Mahantanqo are repetitive and range,,in
thickness, from approximately 7 to 250 ft. The thicker cycles
can usually be traced over distances of from 5 to 35 miles.
(Re f. 2. 5-20, p. 113) .

The averaqe thickness of the Mahantango is about 1650 ft. with
respective maximum and minimum thicknesses of about 2900 f t. at
McCullocbs Mills, Pennsylvania and 840 ft. at Riverside which is
northeast of McCullochs Mills and about 20-22 miles west of the
site (Figure 2.5-7) . Overall the Mahantanqo shows a qeneral
thinninq to the north, a feature reflected in the Montebello
sandstone member which is thickest just west-northwest of
Harrisburq and thins to the west, north and east. North of the
41st parallel, which lies just south of the site, the Mcntebello
has totally disappeared (Ref. 2. 5-18, p. 13-14) .

In the Anthracite region of Pennsylvania the Mahantango and the
Marcellus were combined to form a lithotectonic unit. As defined
by Wood and Berqin (Ref. 2.5-21, p 151) this J.ithotectonic unit
actually includes the Marcellus, Harrell and Brallier Shales and
the Tully, Limestone. However the Brallier overlies the
Mahantanqo at about the Tully horizon (Ref. 2 5-19, p 18). The
Tully, in this area, has been incorpoated into the Mahantango.
Thus, in this report, the lithctectonic unit of Wood and Bergin
is considered as containinq the Marcellus, Mahantanqo,Tully and
Harrell. In the southwestern and western parts of the Anthracite
region this unit is 1100 + .ft. thick whereas in the central and
eastern parts it is about 3000 + ft. thick; the average thickness
is 2000 + ft. (Ref; 2 5 21, p 148) . However, a greatly
thickened section of this unit occurs in the P Good No l Well
(Figure 2.5-7) on the crest of the Berwick Anticlinorium, east of
the site. This excess thickness is believed to be due,to
faultinq and disharmonic folding (Ref. 2. 5-21, p. 148)

At the site the Mahantanqo consists of a lower, qray, calcareous
siltstone (120-150 ft. thick) overlain by a dark gray, locally
fossiliferous siltstone which is intermittently calcareous.
These two members are lithologically similar to and occur within
the same stratigraphic interval as the Harrell Shale and the
underlying Tully Limestone; thus, the latter two units were
incorporated into the Mahantango.
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In the site vicinity, the Mahantanqo is represented only by the
uppermost member, the Sherman Creek which is dominantly a dark
gray to blue gray, olive gray to brown weathering mudrock.
Siltstone and fine qrained sandstone units crop out locally.
Both calcareous and non-calcareous strata occur at several
localities.
In the site vicinity an interval of light, medium-gray
argillaceous limestone, near or at the top of the Mahantango, was
recoqnized as a Tully Limestone equivalent and was included
within the Mahantanqo. Calcarous silty mudrocks which may be
Tully equivalents also occur (Subsection 2.5. 1.2.2). Paill (Ref.
2.5- 17, p. 24) also included the Tully as part of the Mahantango
because of its litholoqic similarity to the Sherman Creek Member.
The overlying Harrell Pormation, a poorly exposed, dark silty
shale which appears to be in qradational contact with the
Mahantanqo was incorporated into this map unit (Subsection
2. 5. 1. 2. 2)

Fossils are relatively abundant within the Sherman Creek member
of the Mahantango Formation and include various genera of
brachiopods, bryozoa, pelecypods, coral, trilobites and crinoid
fraqments. Fossil casts are abundant with occasional molds and
raze preservation of internal structure and original shell
material.
Concretions (commonly rusty weathering), spheroidal weathering
and prominent closely spaced steeply dipping cleavage, which may
quite easily be mistaken for primary beddinq fissility, are other
features characteristic of the Mahantanqo. Due to its
predominantly arqillaceous nature and cleavage, the Mahantango is
fairly easily eroded and is thus topographically expressed as a
relatively low area.

In the general area marked by the confluence of the Susquehanna
and Juniata Rivers, the Trimmers Rock Formation comprises an
interlayered assemblage (about 2000 ft. thick) of thin to medium-
bedded, medium qray siltstone and medium gray, slightly silty and
somewhat fissile shale. Thin layers of fine-grained 'sandstone
occur in the upper part (Ref. 2.5-12, Table 1) . Graded bedding,
alonq with groove and flute casts, occur in some of the siltstone
beds indicating deposition by turbidity currents. Load casts or
ball and pillow structures are also present in some siltstone
layers. These litholoqies and sedimentary structures are also
present in the Trimmers Rock at an outcrop along the Lehigh River
about 16 miles southeast of the site (Ref. 2. 5-13, p. 8) (Figure
2 5-7). At this exposure both bedding thickness and grain size
increase upward in this formation which is about 1165 ft. thick.
Xn the site area the Mahantanqo and Harrell grade upward into the
Trimmers Rock (Subsection 2.5. 1.2.2) . The Trimmers Rock is
dominantly interbedded, medium to olive gray, thinly laminated
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siltstone, silty shale and fine grained, laminated to massive
sandstone. These rocks weather to brownish gray color.
Sedimentary structures include fining-upvard sequences, groove
casts, current lineations, load casts, ball and pillow and flow
roll structures Ripple marks were also locally indentified
These structures indicate deposition by turbidity currents in a
marine environment Fossils are often restricted to relativley
thin layers of brachiopods. Other fossils include pelecypods and
crinoid fragments.

The upper Trimmers Rock Formation consists of light to medium
grayish green silty shale and micaceous, dark greenish gray
siltstone (both of vhich weather to a dark reddish brown color),
a reddish brovn silty fine to medium grained sandstone to
siltstone and an olive green vitreous, fine grained sandstone to
siltstone. The uppermost units of the Trimmers Rock Formation
qrade upward into the basal Catskill Formation This gradation
between the Trimmers Rock and the Catskill has apparently caused
problems concerning the placement of the contact between them
However, Paill and Wells (Ref. 2. 5-22) have placed this contact
at the base of a thick sandstone unit which is the lowest
occurrence of upward fining cycles, a feature characteristic of
the Catskill This unit vas selected by Faill and Wells becauseit is easily mappable. Glaeser (Ref. 2. 5-13, p. 4) evidently
concurred vith Faill and Wells for he considered the base of the
Catskill to lie at the first occurrence of distinctive sandstone
units which are found above or near the top of the turbidite
suite vhich constitutes the bulk of the Trimmers Rock Pormation.

The Catskill Formation at the Lehigh River outcrop is about 7675ft. thick and consists mainly of siltstone and sandstone vit,h
some ccnqlomerate and shale. Upward fining cycles were
recognized at various intervals throughout the entire formation
both at Lehigh River (Ref. 2. 5- 13, Figure 2) and near Halifax,
Pennsylvania (Figure 2 5-7), (Ref 2. 5-22, p. 107).

Complete or nearly complete sections of Upper Devonian rocks are
preserved, both in outcrop and in the subsurface, at the Lehiqh
River outcrop, the Richards Well and the Hudson Realty Mell
{Piqure 2. 5-7) . Based on these occurrences Glaeser (Ref. 2. 5-13,
p 35) estimated the original thickness of the Upper Devonian
section at various locations in northeastern Pennsylvania. He
then compared these estimates to the amount of section preserved
today and ultimately estimated the amount of section lost. The
amount of missing section ranges from 0 ft. to about 6125 ft.
(Ref. 2. 5-13, p. 38) a variation due mainly to the location of
the sections with respect to structure. For example, in the P.
Good Well, vhich occurs on the nose of the Berwick Anticlinorium,
about 8 miles east of the site (Figure 2.5-7), about 5203 ft are
missinq. Glaeser (Ref. 2. 5-13, p 36) assumed that these
sections were lost due to erosion.
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In the site area, the contact between the Catskill and the
underlying Trimmers Rock was dravn at the base of the first
relatively thick reddish brown to maroon sandstone or brownish
red siltstone and more massive reddish brown '(maroon) micaceous
fine qrained sandstone. This mappable contact appears to occur
at or near the lowest fining upward seguences. The lower
Catskill Formation contains sedimentary structures such as
intraformational clasts of green shale vithin light gray fine
sandstone oscillation ripple marks and roots which are
indicative of the marine to non-marine transition zone.

The Pocono Formation which overlies the Catskill, consists
typically of medium and coarse grained light gray to vhite, rusty
weatherinq quartz sandstone with thin layers of quartz pebble
conglomerate. Olive qray, fine grained sandstone, reddish gray
medium to fine grained sandstone and siltstone and greenish gray
medium grained, cross bedded sandstone also occur within this
formation. Cross bedding is common.

Grayish red sandstone layers occur near the base of the Pocono.
These vere recoqnized alonq the east side of the Susguehanna
River South of Nocanaqua and along the road between Aldean and
Folstovn. North of the site, the Pocono consists of an
interlayered sequence of predominantly medium gray, thick, well
laminated, gray weatherinq quartz sandstone and subordinate, red,
flagqy quartz sandstone. Near Folstovn, well laminated red
sandstone is interlayered with, but decidedly subordinate to,
well laminated, rusty veatherinq, light gray, coarse grained
sandstone and fine grained gray sandstone Coarse to medium
grained, mainly qrayish to greenish qray sandstone featuring
rather subtle cross beddinq dominate the upper portion of the
exposure. These strata, alonq with an underlying thin zone of
liqht qreenish gray sandstone, in turn, underlain by green shale
and mudrock, has been selected as marking the basal Pocono.
Beneath all of these units, is a red, well laminated,
argillaceous siltstone which is interpreted as marking the top of
the Catskill. Red shale, which marks the base of the outcrop
underlies cross bedded medium, liqht gray, olive gray weathering
quartz sandstone. The lower (topographically and
stratiqraphically) portion of the outcrop is dominated by red
litholoqies in contrast to the upper part in which no red
litholcqies vere exposed Besides the obvious color change the
sandstone above the inferred contact is coarser grained and more
subtly cross bedded than sandstone which occurs betveen the red
units near and at the base of the outcrop. Thus, contrary to
other interpretations the Catskill-Pocono contact appears to be
gradational in the site area rather than unconformable.

The upper Pocono Formation in the vicinity of Shickshinny
consists of medium to light gray conqlomeratic sandstone with
rounded to sub-rounded quartz pebbles and shale fragments and
rusty veatherinq, fine to medium qrayish green, micaceous
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siliceous sandstone and finely laminated greenish gray, rusty
weatherinq, siliceous quartz sandstone. Rusty weathering, medium
liqht qray, medium to coarse qrained quartz sandstone is
interbedded with thin layers of dark gray silt Shale and medium
gray quartz lithic sandstone fills channels.

The overlying Mauch Chunk Formation is generally bright red in
color and consists of mudrock, silty shale, siltstone and fine to
medium qrained cross bedded, veil laminated sandstone. In the
southern part of the Anthracite region, this sequence of red bedsis 2,400 + feet thick and is overlain by a sequence of
alternating red sandstone and shale beds.and gray conglomerate
and sandstone beds 300 to 600 feet thick This upper sequence
represents a transition zone in which red beds typ'ical of the
underlyinq Mauch Chunk are interbedded with gray beds typical of
the overlying Pottsville Formation (Ref. 2.5-10) . Detailed
stratiqraphic studies indicate that the beds of the transition
.zone (upper Mauch Chunk) intertonque with and laterally .replace
the lower beds of the Pottsville Formation from south to north.
The upper Mauch Chunk is, therefore, late Mississippian and Early
Pennsylvanian in aqe (Ref. 2.5-10).

Both lover and upper members of the Mauch Chunk Formation are
exposed in the site area. The lower member is exposed
immediately above the conformable contact vith the underlying,
Pocono Formation at several locations. The upper part of the
formation along the south limb of the Lackawanna Synclinorium is
marked by interlayered red and olive gray sandstone, siltstone,
and silty shale. Locally the siltstone contains layers of
rounded, circular to elliptical calcite filled voids. Elsewhere
the Mauch Chunk contains greenish gray to grayish green medium to
coarse qrained, locally micaceous sandstone, thinly laminated
gray, fine grained sandstone and siltstone and massive medium
grained sandstone.

The Pottsville and Llevellyn formations represent the coal
bearing zones of the Anthracite Region and. have, for the purpose
of this report, been combined and treated as a single formation.
The Pottsville is composed of coarse pebble conglomerate,
quartzose sandstone, subqrayvacke, siltstone, shale and
anthracite. This formation ranges in thickness from about 1,400
feet in the southern Anthracite field to about 600 feet in the
Mestern Middle Anthracite field (Ref. 2. 5-10)

Strata overlying the Early to Middle Pennsylvanian Pottsville
have been informally termed «Post-Pottsville» rocks (Ref. 2. 5-
24). «Post-Pottsville rocks» in the Southern and Mestern Middle
Anthracite fields vere named the Llewellyn Formation by Mood
(Ref 2 5-10) . This name is informally used for the grayish and
brownish conglomeratic sandstones, quartz sandstones,
subgraywackes, and siltstones overlying, but not subdivided from,
the Pottsville Formation in the site area Usage of the name
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Llewellyn for "Post-Pottsville" rocks in the Northern Anthracite
field is consistent with Berqin (Ref. 2. 5-23) .

within five miles of the site, the Pottsville and Llewellyn,
collectively consist of quartz pebble conglomerate in a quartz
sandstone matrix, quartz pebble conqlomerate in a carbonaceous
quartz sandstone matrix, coarse grained dark to medium gray,
massive and flaqqy, carbonaceous sandstone and shale, dark gray
to black siltstone and coal. The non-carbonaceous quartz pebble
conglomerate displays cross beds.

2.5 1.1. 3 Be ional Tectonics

2.5 1 1 3 1 Tectonic Provinces

The Appalachian orogen in the northeastern United States was
divided into two parts, the mobile belt and the craton {Ref. 2.5-
25 and Subsection 2.5.2.2). The mobile belt in this area lies
along the east coast with its western edge parallel tc, and west
of, the easter n limit of North America (Figure 2.5-8) . In
general the mobile belt .is underlain partly by Precambrian
crustal rocks and partly by presumably mafic crust. However, in
the Maritime Provinces of Canada as well as in southeastern
Massachusetts it is underlain by a volcanic-sedimentary sequence
which formed less than 600 million years aqo. These three
grossly-qrouped litholoqies, i.e. Precambrian crustal rocks,
mafic crust and volcanic-sedimentary rocks of the Avalon Platform
provided the basis for dividinq the mobile belt into the 1)
eastern cratonic margin, 2) the Central New England tectonic
province and 3) the Avalon Platform tectonic province
respectively (Ref. 2.5-25). In the eastern cratonic margin the
Precambrian basement is overlain by 1) Late Precambrian clastic
rocks and associated mafic dikes and volcanics, 2) a
miogeosynclinal assemblaqe and 3) a euqeosynclinal assemblage
(Ref. 2. 5-25) The eastern cratonic margin is marked by a zone
of faulting, contrasting structural'tyles and contrasting
metamorphic facies. The Central New England province is bounded
on the east by the Avalon platform and on the west by the Inner
Piedmont. It features a thick, dense, presumably mafic crust
overlain by euqeosynclinal sed.iments. It is also marked by
intense deformation and Lover Paleozoic metamorphism. The Avalon
Platform province is characterized by crystalline, continental
crust (Late Precambrian) intruded by Ordovician to Devonian age
plutons. In juxtaposition with, and to the vest of the mobile
belt, lies the craton which is underlain .by Precambrian
crystalline rocks that were deformed during the Grenvillian
orogeny about 1 billion years ago. Based on gross geologic
structure the craton vas divided into an eastern belt and a
western basin. The eastern belt is coincidental vith the
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Highlands Tectonic Province (Figure 2.5-8) which is characterized
by Grenvillian (Precambrian) rocks deformed during Paleozoic
crustal convergence. The western portion, which is subdivided
into the Fold ~ and Thrust Belt and the stable interior is
characterized by the absence of basement involvement during
Paleozoic crustal convergence (Ref. 2.5-25). The Fold and Thrust
Belt, in which the site is located, is in contact with the
Highlands Province of the eastern craton and exposes tightly
folded and faulted Paleozoic sedimentary rocks. To the west of,
and in sharp contact with, the Fold and Thrust Belt lies the
Stable Interior which is underlain by very gently folded, shelf
delta type deposits. The Fold and Thrust Belt and the Stable
Interior coincide approximately with the Valley and Ridge
(including the Great Valley) and Appalachian plateaus
Physiographic provinces respectively

2 5 1.1 3.2 Structural Elements within the Craton

The site is situated upon the Scranton gravity high (Figure 2.5-
9) which extends southwestward from Albany, Hew York to
Harrisburg, Pennsylvania where it abruptly terminates (Ref. 2.5-
26, p. 198; Ref. 2.5-27, p. 71 1). To the. west of this
termination, zegional gravity patterns suggest a northwest
trending Precambrian fault with left lateral displacement of
several tens of miles {Ref. 2.5-27, p. 711).

The high, itself, is located in both the Fold and Thrust Belt and
the Stable Interior. The maximum Bouguer anomaly values
associated with this feature occur in northeastern Pennsylvania
and adjacent New York State where the overlying sedimentary
section is at least 39,370 ft. thick (Ref. 2.5-28, p. 52 and 2.5-
26, p. 201). Of all the models (which include tensionally
induced rifting) proposed to explain this feature (see Ref. 2.5-
26, p. 203-209) the favored one involves warping of the mantle
with the anomaly due to an extensively broad mass occurring deep
within or at the base of the crust. This structure is apparently
related to the tectonic evolution of the Appalachian system (Ref
2. 5-26, p. 213 and 218-219)

Principally the Fold and Thrust Belt contains deformational
features indicative of regional crustal compression (Figure 2.5-
8). In the area northeast of Roanoke, Virginia the structural
style, at the surface, is dominated by folding with faulting
subordinate, whereas southwest of Roanoke reverse faults
predominate over folding at the surface (Ref. 2 5-29, p. 125).
Another feature present in this belt, and indeed in the entire
Appalachian Orogen, is an arcuate configuration which is
especially well expressed in central Pennsylvania
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The largest folds in the Fold and Thrust Belt exceed 125 miles in
length but folds of microscopic to hand specimen scale have also
been recognized. The larqest folds, with wave lengths ranging
from 6 to 11 miles, were classified by Nickelsen (Ref. 2.5-30, p.
16) as first order folds, vhereas the hand specimen and
microscopic size folds were classified as fifth order folds.
Second through fourth order folds are intermediate in size. The
larqest folds are not restricted to the Fold and Thrust Belt for
they also occur in the adjacent Stable Interior (Ref. 2.5-30) .

Generally these folds do not display an ideally parallel form,
rather their hinges are usually narrow relative to their wave
lengths. They are somewhat akin to similar folds yet they lack
the characteristic features of similar folds vhich include
attenuated limbs, vith correspondingly thickened axial regions,
and a sinusoidal form (Ref 2. 5-31, p 10) . Thus, according to
Faill, the fold geometry is neither parallel, similar nor
intermediate for it shows features that are not associated with
either geometric type, i.e., the bedding in the limbs is planar
and the hinqes are narrow (Ref. 2.5-30, p 19) .

Althouqh the folds lack the characteristic geometry of parallel
folds, they are flexural slip in nature for they display wedge
faults, uniform bed normal thickness across the fold and
slickensides on bedding surfaces (Ref. 2.5-32, p. 1289 and 2.5-
31, p. 11). In addition to these flexural slip folds, kink
bands, a fev inches to hundreds of feet vide, are visible in
outcrop. Kinematically and geometrically the kink bands and the
flexural slip folds are congruent and, therefore, related (Ref
2. 5-32, p 1289)

Kink bands are usually considered to be small scale structures,
however they occur on a much larger scale in the Fold and Thrust
Belt vith smaller kink bands and folds present in the limbs of
the larger-scale structures. Faill attributed the existence of
large scale kink bands to the vide spacing between bedding
surfaces.

Frcm southeast to northwest across the Fold and Thrust Belt, and
westward into the Stable Interior, the folds become
progressively less tightly appres ed This gradual change from
tiqht to mere open folds is illustrated by changes in the inter-
limb angle which is about 50™70~ on the east side of the Great
Valley and approximately 80~ on the vest side. In the central
Valley and Ridqe (Fold and. Thrust Belt) the limbs subtend an
anq'le of about 100o and in the Appalachian Plateaus (Stable
Interior) this angle is nearly 180~ (Ref. 2. 5-32, p. 348) . This
change is also expressed by differences in structural relief
which diminishes from possibly.35,000 ft. on the South 5ountain
Anticlinorium on the southeast (Ref. 2.5-33, p. 348) to 7,000-
9,000 ft in the central Valley and Ridge to about 4,500 ft in
the western Valley and Ridge. In the eastern Plateaus area 2,500
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to 3,000 feet of structural relief occur. Across the Plateaus
area this relief continues its progressive decrease with the most
westerly folds showing less than 300 ft. (Ref. 2 5-33, p. 349) .
In fact in the Plateaus reqion the folds are so broad and gentle
that structural contour maps are required in order to analyze
them. Between the Valley and Ridge (Fold and Thrust Belt) and
the Appalachian Plateaus (Stable Interior) there is an abrupt
decrease in structural relief. This area has been termed the
Appalachian Structural Front (Ref. 2.5-34).

LANDSAT imaqes of an area alonq the west branch of the.
Susquehanna River at Lewisburq, Pennsylvania suggested the
presence of a nearly northwest trending cross or tear fault.
This structure shows about one mile of left lateral separation of
a prominent ridqe underlain by the Tuscarora Formation. However,
geological reconnaissance mapping confirms that this left lateral
topographic offset is caused by a kink, fold as shown on the
Geologic Hap of Pennsylvania (Ref. 2.5-24).

Faults, like the folds, occur on all scales within the Fold and
Thrust Belt and show displacements ranging from inches to
hundreds of feet The largest 'faults range in length from about
7 miles to 200 miles (Ref. 2.5-33, p. 349).

According to Faill and Nickelsen (Ref. 2.5-31, 20) most faults
seen at the surface can be classified as wedge faults or cross
faults. Root (Ref. 2.5-33, p. 349) stated that all major faults
in the Fold and Thrust Belt and the Stable Interior. are moderate-
to steep thrusts with dips ranginq from 40o-70~ to the southeast.
However, in the southern Great Valley (affecting part of the Fold
and Thrust Belt), he also identified steeply dipping, west facing
thrust faults and tear or cross faults (Ref. 2.5-34). Wood and
Berqin (Ref. 2.5-21) noted that in the southeastern part of the
Anthracite region (of the Valley and Ridge Province) there are
hundreds of reverse, tear and bedding faults, whereas in the
northern part faults are far more scarce with only reverse
faults, showinq minor displacements, having been recognized.
Glass (Ref. 2. 5-36, p. 9) identified at least eighty major,
essentially vertical faults in the Appalachian Plateaus Province.
Generally these faults are normal to the regional tectonic grain
althouqh variations between NO5W and N891 were observed. Wedge,
splay and reverse (thrust) faults are categorized together
because they all result in crustal shortening and duplication of
strata. Faill (Ref. 2.5-32, p. 1298) indicated that splays off
decollements and wedqe faults are identical. However, .Root (Ref.
2.5-35) distinquished between thrusts dipping steeply to the west
and those dippinq steeply to the east with the former equated to
wedge faults and the latter to splay faults off decollements.
The Hunting Valley-Cream Valley Faults and the Sweet Arrow Thrust
(Fiqure 2. 5-7) appear to fit into this category.
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Wedge faults intersect beddinq at a lov angle (10~-30>) and
terminate in beddinq planes {Ref. 2 5-32, p. 1295), although a
number of them terminate in folds (Ref. 2.5-32, p. 1298) .
Commonly they occur as isolated structures on the limbs of folds
but they have also been observed in fold hinges. In outcrop
vedqe faults generally occur in interlayered sequences displaying
contrastinq mechanical properties and only cut across beds of
sandstone or siltstone that are surrounded by shale (Ref. 2. 5-32,
p 1297 and 2.5-31 ' 23). This same relationship also holds on
a much larger scale, since most of the large, mappable faults
occur in interlayered sequences of contrasting lithologies.
Root (Ref 2.5-35, p. 105-106) identified faults in the southern
Great Valley which presently dip steeply to both the east

and'est.

The steeply inclined, east dipping reverse faults
generally parallel the trace of anticlinal hinges and cut the
vertical to overturned, west facing anticlinal limbs. These
faults developed as steeply dipping schuppen structures which
splayed off subhorizontal reverse faults (decollements) (Ref.
2.5-37, Figure 5, 2.5-33, P 350 and 2.5-35, Figure 5). Reverse
faults, which dip steeply to the vest, are also present in the
vest-facinq subvertical to overturned limbs and parallel the
structural fabric However, some have been rotated during
foldinq and now display the geometry of east-dipping normal
faults.
In the Anthracite reqion, faults (akin to the steeply east-
dippiaq sglays described by Root) are inferred to occur in the
cores of anticlines (Ref. 2.5-21). Wood and Bergin interpreted
that many of these faults vere folded along vith the rock units,
however folded splay faults have not been depicted in other
publications (e.q. Ref. 2.5-37. and 2.5-33)

Cross (transverse) faults are commonly vertical to nearly
vertical structures vhich are approximately perpendicular to the
regional tectonic grain. They are less common than wedge faults
although they have been mapped in the southeastern part of the
Anthracite region, in the Great Valley and in the Appalachian
Plateaus region (Ref. 2. 5-21, p. 149, 2. 5-35 and 2.5-36) They
are also evident in the Cambro-Ordovician rocks of the Conestoga
Valley near York and Lancaster, Pennsylvania (Ref 2 5-24)
Commonly cross faults display strike-separation and, in fact,
have been described in the Appalachian Plateaus Province as
vrench faults (Ref. 2.5-36). According to the verbal description
provided by Glass (Ref. 2. 5-36, p 6) at least some of these
faults could be identified as paired conjugate wrench faults, for
those that strike nearly north show left lateral separation
whereas those which strike in a more vester'ly direction 'display
right lateral separation. Despite his verbal description the map
pattern shows a qeneral pattern of anastomosing fault traces
which are more or less subparallel to each other and normal to
the trend of the Allegheny Structural Front {Ref. 2.5-36, p. 8).
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It is conceivable that both wrench faults and cross faults occur
in the Appalachian Plateau but attempting to distinguish them is
of little import for both are predictable cogenetic products of
reqional horizontal compression. Two cross faults in the
southern Great Valley have lateral movements associated with them
(Ref. 2. 5-35, p. 104), and the map pattern in the Conestoga
Valley shows lateral separations of lithologic units along the
cross faults there (Ref. 2. 5-24). Another feature common to most
cross faults is that reverse or wedge faults freguently terminate
against them. According to Root {Ref. 2. 5-35, p. 103), however,
their most distinctive feature is that the rocks cn either side
of these faults have experienced different amounts of horizontal
shorteninq

2 5.1 1. 3 3 Structural Elements in the Site Vicini~t

The site rests on the easterly plunging nose of the Berwick
Anticlinoirum. Across this folded structure, at depths of
17,500-25,000 ft + 3,500 ft, the strata (based on seismic
reflections) are nearly horizontal to- slightly north dipping
(Ref. 2. 5-38, p. 134) . According to Mood and Bergin (Ref. 2. 5-
21) either a major deco11ement or a series of decollements
probably exists within the Marcellus Shale throughout most of the
Anthracite region. Althouqh not seen at the surface the presence
of decollements is inferred based upon the existence of disturbed
outcrops "differinq styles, wavelengths and amplitudes of folds
above and below the Narcellus, and by ~elis that penetrated
either duplicated sections or greatly thickened sections" (Ref.
2 5-21 p 151)

It is worthy to note, however, that neither this fault nor any
other fault appears as a surface feature associated with the
Berwick Anticlinorium in either Wood and Berqin ~ s paper (Ref.
2. 5-21, Figure 2) or Gwinn's paper (Ref. 2.5-38, Figure 1) The
1960 edition of the Pennsylvania Geologic Nap (Ref. 2 5-24) does
indicate a fault along part of the north limb of the Berwick
Anticlinorium just north of Bloomsburg. This fault approximately
8 miles long, separates the undifferentiated Mills Creek,
Tonoloway and Keyser Formations from undifferentiated Onondaga,
Narcellus and Nahantanqo Formations (Ref. 2. 5-24, map unit Skw
from map unit Dho, respectively). According to the state map,
the missinq interval between these two sets of units includes the
Nandata and Oriskany Formations. Recent mapping indicates that

'the Tonoloway Formation is juxtaposed to the Narcellus Formation
(Figure 2.5-10, Stations DJ-4B ~ -33 and -34) . The fault on the
qeoloqic map of Pennsylvania was probably postulated to explain
the missing stratigraphic interval on the north limb of the
Berwick anticlinorium, .which includes dominantly carbonate rocks
of the Keyser, Old Port and Onondaga Formations; these units are
present west of the indicated fault. The south limb of the
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Berwick anticlinorium shows the same relationships occur on the
north limb; that is, that the Keyser, Old Port, and Onondaga
Formations are missing along the more western portion. However,
no fault has been indicated to account for the missinq section
along the south limb (Ref. 2.5-24).

Napping on a scale of 1:24,000 (Figure 2.5-10) indicates that
vest of the confluence of Fishing Creek and Little Fishing Creek
(and also west of the interpreted fault), the Tonolovay, Old
Port, Onondaga and Narcellus Formations vere recognized but no
limestone of the Keyser Formation was identified Thus, one of
the units (the Keyser Formation) vhich is interpreted as missing
due to faultinq is absent from the stratigraphic section about
4,000 feet vest of the postulated fault, despite the fact that
the Old Port and Onondaga are present there.

Field investigations at two locations along the trace of the
proposed fault (Stations DJ-4A, DJ-4B, DJ-32, DJ-33, and DJ-34;
Figure 2.5-10) failed to reveal any evidence of cataclasis except
for dip slip slickensides associated with a small flexural slip
fold in the Narcellus Formation at DJ-4B. In both cases the
Tonoloway limestone and Narcellus shale vere exposed vithin 100
feet of the hypothesized fault. In the former case, hovever, at
DJ-4A and DJ-4B the Tonoloway and Marcellus are separated by less
than 20 feet. Consideration vas.qiven to the difficulty of
detectinq faulting within argillaceous units; however, vhere
faulting was recognized within the study area, all lithologies
(i. e., limestone, shale, mudrock, siltstone, 'and sandstone)
showed some evidence of cataclasis. While continuous exposure
across the postulated trace was not available, no positive
evidence for faultinq was observed and thus, at best, the fault
can only be inferred. The only location alonq or near the trace
of the postulated fault where significant cataclasis occurs is at
Station DJ-31 (Figure 2.5-10) about 1,500 feet north of the
»fault trace» where shale of the Mahantango Formation is exposed.
Here the strata show noticeable variations in both strike and dip
directions. For example, at the west end of the exposure strata
swing from an attitude of N45 E: 35~SE to N40 M: 15~SM. In the
center the attitude chanqes from N20~E: 30oSE to N10>M: 35>E back
to N15oE: 45~SE, and at the eastern end, strata are oriented
about N60~E: 400NW and N35 E: 45 SE. At the western end of the
outcrop the chanqe in orientation represents a fairly smooth
continuum whereas at the eastern end both continuous and
discontinuous chanqes in orientation occur. The discontinuous
chanqes are marked by oblique slip faults vith slickensides
displayinq rakes of about 60~ to 70~. Three such faults trend
N55OE: .35 NM, N80 E: 350NM, and N88 E: 29~NM. No unequivocal
movement. plan was ident ified ~ but structures recognized elsewhere
in the Valley and Ridqe Province, as veil as the area within five
miles of the site, show that reverse faults form in response to
the release of stored strain energy in tightly appressed kink
hands; thus, these faults are interpreted as relatively small
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scale accommodating reverse faults. This exposure (DJ-31) occurs
within an area in which there is map scale folding producing
deflections in the lithologies, which is not unlike patterns seen
elsewhere in the Valley and Ridge Province.

In the P. Good Well, located on the Berwick Anticlinorium east of
the site (Figure 2 5-7), faulting has been interpreted at an
approximate depth of 5,800 feet which is well above the depth
range (17,000 to 25,000 ft) at which a major decollement is
implied {Ref. 2. 5-38) . Thus, the decollement alluded to by Wood
and Bergin (Ref 2.5-21) as well as the fault seen on the
Geoloqic Map of Pennsylvania (Ref. 2.5-24) 12 miles west of the
site may actually be a splay fault{s) off a more deeply buried
decollement. This suggested splay fault may also be, in part,
responsible for the excess thickness seen in the P Good Well of
lithotectonic Unit 2, as defined by Wood and Bergin (Ref. 2. 5-
21)

In summary, no direct unequivocal evidence exists to either
postulate oz refute the existence of the fault which has been
mapped on the north limb of the Berwick Anticlinozium west of the
site (Ref. 2. 5-24) . 'However (1) the absence of the Keyser
Pormation on the north limb, west of the western limit of the
inferred fault, and (2) the map pattern in which the units
missinq from the north limb of the anticlinorium are also absent
from the south limb, yet the fault restricted to the north limb
suqqests that the missing section of the north limb is perhaps
better explained by an unconformity than by faultinq. Regardless
of whether or not a fault is interpreted, data from the P. Good
Mell show that the limestone sequence missing from both the north
and south limbs of the Berwick Anticlinorium is absent from the
nose of the fold as well. Thus, if a fault is postulated, it
pre-dates the formation of the Berwick Anticlinorium and does not
pose a safety-related problem to the site.
Flanking the Berwick Anticlinorium on the north and south
respectively, are the Lackawanna and Eastern Middle synclinoria.
The Lackawanna Synclinozium, the axis of which passes about 3-1/2
miles north of the site, is about 120 miles long and displays a
wavelength of 8 to 9 miles and an average amplitude of 4,000-
5,000 ft (Ref. 2.5-21, Table 2) Near the axis of this fold the
Mocanaqua decollement is exposed. The axis of the Eastern Middle
Synclinorium is approximately 3-4 miles south of the site. This
fold is about the same size as the J.ackawanna Synclinorium (Ref.
2.5-21, Table 2) .

The Nittany Anticlinorium is a large structure which is located
gust to the west of the Berwick Anticlinorium about 50 miles west
of the site. Based on seismic records garnered from longitudinal
and traverse profiles, there exists a series of well defined,
subhorizontal velocity interfaces which are correlative with
similar velocity contrasts in the Cambrian sequence and at the
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top of the Precambrian .basement (Ref. 2. 5-38, p. 134) . The
deepest interface was estimated to occur at a depth of about
25,000 + 3,000

The Birmingham Fault is located in the core of the Nittany
Anticlinorium and is the only fault in Pennsylvania associated
with a major, well-exposed decollement known as the Sinkinq
Valley Fault (Ref. 2. 5-33, p. 350). This fault is a steeply,
east dippinq splay (thrust) which is about 33 miles long.

2.5.1.1.3.4 Relationship Amogn Structural Elements

In the opinion of all previous workers all of the structural
elements encountered in the Valley and Ridge Province are
genetically rela ted, a feature which is clearly demonstrated in
several instances. First, cross faults and reverse faults are
generally spatially related with the reverse (or wedge) faults
commonly terminating against the cross faults. In fact, there
are instances where one passes into the other A prime example
of this is in the Carbauqh-Marsh Creek Fault ib the southern
Great Valley. This fault is composed of two segments, an east
dippinq reverse fault which parallels the regional grain and
passes continuously into a nearly east trending, subvertical
cross fault across which right lateral separation has occurred
(Ref. 2. 5-37, p. 8, 9 and 822 and 2. 5-35, p. 102-103) Rock
units across this cross, or transverse, fault seqment have
shortened independently of one another Because of this
independent behavior of rock units across the transverse portion
of this fault, Root (Ref. 2. 5-35, p. 103) concluded that this
segment existed prior to most of the regional deformation

Faill and Nickelsen {Ref. 2. 5-31) and Faill (Ref. 2. 5-32) pointed
out that slickenside orientaticns on: 1) bedding surfaces
associated with flexural slip foldinq, 2) wedge faults, and 3)
cross faults are similar indicatinq kinematic compatibility
amonq these three structural elements. Furthermore, the lines of
intersection of the wedqe faults and bedding are subparallel to
the fold axes. Splay faults with large displacements occur in
the hinges of anticlines which posses a kink band geometry
suqqestinq that these folds were produced by the splays which
oriqinate at depth alonq unexposed decollements (Ref. 2.5-38,
2. 5-37 and 2.5-33, p. 349) . Faill (Ref 2. 5-32, p. 1298) also
conceded that possibly all major anticlinoria are underlain by
splay faults. Prior to Gwinns work, the existence of major
decollements and thin skinned tectonics in the Appalachian orogen
was somewhat debatable but the results of his latest study (R f
2 5-38) indicate clearly that these subsurface structures exist
In the southern Great Valley, Hoot (Ref. 2.5-35) deduced the
sequential development of folding and faulting. He suggested
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that the cross faults existed prior to, or at the initiation of,
most of the reqional deformation, although he indicated that
their origin is not understood. Nonetheless, he concluded (Ref.
2.5-35, p 109) that the cross faults which are subvertical and
normal to the regional grain were, during folding, equivalent to
ac fractures. This is logical since the orientation of cross
faults vith respect to the other structural elements is not
consonant with having oriqinated as shear fractures; rather it is
likely that they formed early in the tectonic history of this
area as extension (ac) fractures which were subsequently utilized
as strain discontinuities (tear faults) during the same
protracted period of stress application. This interpretation is
supported by Nickelsen and Hough (Ref. 2 5-39) vho stated that
systematic extension fractures in shales are grossly transverse
to northeast-trendinq fold axes, and formed early and
independently of folding and faulting. Root continued (Ref. 2.5-
35, p. 111) by indicating that the earliest folds vere broad and
open and as horizontal shortening continued and the folds became
more appressed; west dippinq steep thrusts (wedges) formed in the
upper strata. Continued shortening resulted in the development
of subsidiary folds, east dipping thrusts (splay faults) and the
rotation of the earlier formed, vest dipping thrust to a steeper
inclination. In the case of the Carbaugh-Marsh Creek Fault the
east dippinq splay fault linked up with a portion of the cross
faults to form the Carbauqh-Marsh Creek Fault system

Faill and Nickelsen (Ref. 2. 5-31, p. 37) noted that deformation
vas initiated by vertical compaction during sedimentation.
Regional horizontal compression followed, vhile the strata verestill horizontal, with the earliest stage marked by microfolding
in shal'es and limestones. Major decollements probably also
occurred during this early stage and vere folloved by buckling
and kink band folding. As the folds tightened, faults in the
hinge along with some wedge and cross faults, developed. These
faults were accompanied by tightly spaced fractures (fracture
cleavage) which formed parallel to the axial planes of the folds
Faill and Nickelsen further concluded that with time the deformed
materials passed progressively from a ductile stage to a more
brittle staqe.

2 5. 1.1 3 5 ~A e of Deformation

Boot (Bef. 2. 5-35) concluded that all the structural elements in
the cratcn developed durinq a single orogenic event (hlleghenian)
about 230 million years aqo. This age is based on an inferred
episodic lead loss about 230 million years ago recorded by Rankin
(Ref. 2. 5-00) in zircons from the Catoctin Formation. However,
Faill and Nickelsen {Ref. 2.5-36, p. 19) implied that the
deformation occupied a greater time span, possibly commencing
prior to complete lithification of Silurian age sediment {e. g.,
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the Lower Silurian Tuscarora Formation). Despite this apparent
difference concerninq the aqe of the onset of deformation; there
is qeneral agreement that the ma jor structural elements in the
Fold and Thrust Belt and the Stable Interior are no younger than
Late Permian to Riddle Triassic in age (Ref. 2. 5-37, 2.5-33, 2.5-
35, 2. 5-32, 2.5-31, 2.5-38, 2. 5- l1, 2. 5-34, and 2.5-21) .

There is considerable disagreement as to the age, nature and
method of form'ation of the curvature that is so prominent along
the entire Appalachian Chain Drake and Noodward (Ref. 2.5-42,
p. 49) conlcuded that this arcuation in central Pennsylvania is
truly a rounded structure which formed in response to r ight
lateral slio along the east trendinq Cornwall-Kelvin Fault,
perhaps around Late Devonian time (Ref. 2. 5-42, p. 59) - Faill
(Ref. 2. 5-32, p. 1305-1306) noted that it is not smooth and
continuous, as it appears, but instead is composed of straight,
seqments the joining of which marks the boundary between the
northern and southern Appalachians Furthermore, he concluded that
this "curvature" and the major folds were contemporaneous. Root
(Ref. 2. 5-37, p. 825) noted the same observations as Faill and
indicated that these rectilinear elements oriented N17 E south of
the Carbauqh-,"larsh Creek Fault and about Y40~-50~E north of the
fault, assume their present position by rotation across the
fault. He also added that all structural elements seen in the
Piedmont to the southeast would be more compa tib le if the
Piedmont were arcuate hy the Early Paleozoic. This appears to be
a contradiction since on the one hand, Root suggested that
rotation across the Carbauqh-Marsh Creek Fault (presumably durinq
the Late Paleozoic Alleqhenian event) was responsible for this
curvature, whereas on the other hand, he suggested that the
curvature already existed by Early Paleozoic time. Fleming and
Sumner (Ref. 2.5-42, p. 58) suqqested that an embayment
associated with the Late Precambrian-Early Paleozoic proto-
Atlantic was responsible for this arcuration in central
Pennsylvania. Rankin (Ref 2.4-40) and Rodgers (Ref. 2.5-44)
stated that Appalachian salients and recessess formed during the
initial breakup of a continental mass which commenced about 820
million years aqo. Thus, at present, although there is no
unique hypothesis concerning the aqe and origin of this curvature
there is qeneral agreement that it is pre-Mesozoic in age

Evidence of younger tectonics is confined to the mobile belt.
The southern border of the Newark-Gettysburg basin is obscured in
New Jersey by the overlap of Coastal Plain sediments; however, in
Pennsylvania and Maryland, the Triassic sedimentary rocks lie
unconformahly upon lower Paleozoic quartzites and carbonates and,
in a few areas, upon Precambrian gneisse's, qranites and
metabasalts. Residual gravity anomalies indicate that southern
»border faults" are covered by the younqer Triassic sediments
(Ref. 2.5-45).
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The northern edqe of the basin, in the area east of the
Schuylkill River, borders on the granitic-gneissic complex of the
New Jersey Highlands and its southwest extension, the Reading
Prong Nest of the Schuylkill River, rocks north of the border
are Cambrian and Ordovician carbonates. Triassic rocks
unconformably overlie adjacent older rocks along much of the
northern border suggestinq that this margin is not continuously
faulted (Ref. 2.5-2). In Pennsylvania, only 35 percent of the
margin is known to be faulted (Ref. 2.5-46). The northern border
faults are characterized as en echelon fault zones that gives a
crenulated appearance'o the northern margin. Where over1ap has
occurred the contact dips approximatley 20o to the south (Ref
2 5-46)

The Ramapo Fault System, a continuation of the northeast trending
system of border faults, crosses the New York-New Jersey State
boundary north of New York City No evidence of surface rupture,
warpinq or offset of qeomorphic features has been observed along
its member fault zones (Ref. 2.5-47).

Several faults of apparently large displacement occur within the
center of the Newark-Gettysburg basin (Figure 2. 5-11). These are
the Chalfont and Furlong Faults in Pennsylvania and the
Fleminqton and Hopewell Faults in New Jersey. Orientation and
direction of movement of these faults are not known. Although
generally considered to be steeply south dipping normal faults
(Ref. 2. 5-48 and 2 5-49) ~ Sanders (Ref. 2.5-50) has suggested
predominant strike slip movement and Faill (Ref. 2. 5-46)
indicates they may be high angle reverse faults resulting from
intersection of two different axes of monoclinal foldinq within
the basin.

Smaller Triassic faults cross cut the basin margins and extend
well into the surrounding rocks, but usually show less than 3,000
feet of displacement. Associated with these .faults are local.
concentrations of small faults of constant attitude and sense of
displacement (Re f. 2. 5-2) .

The Triassic basins and associated faulting are located in the
mobile belt, whereas the site is situated on the craton which
includes the Fold and Thrust Belt. No tectonic structures of
Mesozoic or younger age have been recognized in the Fold and
Thrust Belt.

Analysis of lineaments observable on I.ANDSAT imagery yielded data
consistent with these observations. The greatest number of
linears plotted in the Valley and Ridge Province within the
Appalachian salient strike N10-250M (Figure 2 5-11) This is
rouqhly normal to fold axes in the area and thus the cluster of
lineaments parallels the direction of extension fractures and
cross faults. The fold axes and bedding are well expressed as a
cluster of east-northeast trendinq lineaments.
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Seccndary trends oriented north-northeast and northeast may
indicate jointing of Mesozoic age; These are the dominant
lineament trends expressed in the Newark-Gettsburg Basin.

Several investigators have presented evidence for present day
crustal movement in the Atlantic Coastal Plain, the Fold and
Thrust Belt and exposed shield areas (Ref. 2.5-51, 2.5-52, 2.5-53
and 2 5-54) Based on the accumulation of an eastward facing
clastic wedqe of sediments along the coastal plain, Owens {Ref.
2.5-52) concluded that post-Triassic diastrophism has affected
the entire central and southern Appalachians with the latest
recorded upwarpinq having occurred in the Pliocene to Quaternary.
Brown and Oliver (Ref. 2.5-54) concluded that the '~Appalachian
Hiqhlands are presently rising relative to the Atlantic Coast at
rates of up to 6 mm/yr" with the elongate zones of relative
movement paralleling either the major Appalachian Structural
trend or the Appalachian drainaqe divide. Superimposed on this
broader uplift are local zones marked by a slightly qreater rate
of vertical crustal movement. One of these, known as the
Harrisburg feature, occurs near the eastern limit of the Valley
and Ridge Province along a line which extends northward from the
eastern. edge of the Blue Ridge Province (Ref. 2.5-54, p. 26) .
They further suggested that the entire thickness of the
lithosphere is involved in these movements.

No instances of faulting due to tectonism have. been associated
with this regional scale activity. The only known instance of
surficial displacements in the Fold and Thrust Belt occurs in New
York (about 120 miles east of the site) and New England where
small scale (less than one inch of vertical separation), high
anqle reverse faults that parallel the regional tectonic fabric
offset qlacial striations. Oliver and others {Ref. 2.5-51) have
considered glacial rebound and surficial effects such as thermal
chanqes, hydration or a chemical process in the shales as well as
tectonic stresses as possible causes of these faults. While
admittinq the available data are inconclusive, they appear to
favor the hypothesis that the faults are the result of expansion
due to hydration or the release of continuing pressure by melting
of overlying ice or other causes. They further suggest that if
the faults are of tectonic origin, an apparently poor correlation
between fault locations and modern seismicity indicates that that
episode of deformation is already completed (Ref. 2.5-51, p
587). No structures of this nature have been found in
Pennsylvania.

" As discussed further in Subsection 2.5. 1.2. 3, the available data
do not indicate that regional uplift is of significance to the
Susquehanna SES.
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2. 5. 1. 1. 5 N at ur al Hazards

A natural hazard has been defined by Burton and Kates as "those
elements of the physical environment that are potentially harmful
to man and his works". Thus, qeological natural hazards would be
potentially harmful geological elements of the physical
environment. The qeoloqic hazards to be considered are:
subsidence due to coal mine collapse, subsidence due to karst
collapse, and landslides.

The coal (anthracite) of northeastern Pennsylvania is located in
the Northern, Middle, and Southern Anthracite fields. The
southwest end of the Northern Field is the closest to the site
being about' miles to the northeast (Figure 2 5-7) . Within this
Northern Field there are many well documented incidences of
subsidence, particularly in the cities of Scranton, Wilkes-Barre,
Nanticcke, and Pittstown (Ref. 2. 5-55). There have also been
incidences of subsidence in the Middle and Southern Fields, which
at their closest points, are about 10 miles southeast of the site
(Fiq. 2.5-7). Thus, the site will not be affected directly by
subsidence due to coal mine collapse.

The nearest major carbonate units are the Silurian Keyser and
Tonoloway Formations which are composed of gray to dark gray,
thick to thin bedded, crystalline to argillaceous limestones
(Ref. 2. 5-24). These formations are not major cavern producers
(Ref. 2. 5-56) especially in this portion of Pennsylvania, and
thus do not pose a hazard of collapse. As mapped, these two
formations occur as relatively thin beds on both limbs of the
Berwick Anticlinorium which come together in the town of Berwick,
Pennsylvania. This location is about 5 miles west of the site;
thus, these units would pose no subsidence problems at the site.
Miller (Ref. 2. 5-57) stated that Onondaga limestone crops out
along road and railroad cuts near Beach Haven, Pennsylvania
Examination of these outcrops indicates that the rock is dark
gray, brownish weathering calcareous silty mudrock interbedded
with thin layers of silt to clay shale or with siltstone.
Lithology and fossil fauna indicates that these rocks belong to
the Mahantango Formation (Subsection 2.5.1.2.2) which does not
pose a subsidence problem at the site.
Radbruch-Hall (Ref. 2 5-58) placed the site in a region of
moderate landslide incidence with a high susceptibility to
landsliding. Moderate incidence means that generally less than
15 percent, but more than 1. 5 percent, of the underlying rock or
earth material is estimated to be involved in landsliding. A

hiqh susceptibility means that natural or artificial cutting,
loadinq of slopes or anomalously high precipitation may cause
landslidinq involving more than 15 percent of the rock or soil.
On this regional basis no specific statement can be made on local
susceptibility to landslidinq. However, some general statements
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can be made. Althouqh moderate to steep, natura1 slopes of the
local formations (Marcellus, Manhatango, which is
stratiqraphically equivalent to the Hamilton, and Trimmers Rock)
are stable, cut slopes qenerally have only poor to fair stability
due to rapid disintegration of the shales upon exposure to
weatherinq. Much of the surf ace area in the vicinity of the site
is covered, with glacial till and outwash. The stability of this
material in cut slopes needs to be carefully analyzed Slope
stability and landslide potential at the site are discussed in
greater detail in Subsection 2 5. 1.2.5.

2 5.1 2 Site Geo~lo

2 5 1.2.1 Site Ph sio za h

The Susquehanna Steam Electric Station is located in the Valley
and Ridqe Physiographic Province which is described in Subsection
2.5.1.1.1. The site is situated within a broad undulating valley
developed in mudrock, shale and siltstone of the Devonian
Mahantanqo Formation along the axis of the Berwick Anticlinorium
(Fiquze 2.5-12).

Lee Mountain (about 2-,1/2 miles north) and Nescopeck Mountain
(about 4-1/2 miles south of the site) are held up by the more
resistant sandstone and conglomerate of the Mississippian Pocono
Group. Lesser ridqes formed by sandstone of the Trimmers Bock
Formation occur at the north end of the site and along the south
bank of the Susquehanna River (about 2 miles south of the site) .

Topography and drainage of the area is controlled to a large
deqree by the lithologic and structural characteristics of the
bedrock. Ridqes and valleys generally trend east-northeast
parallel to the strike of the Paleozoic strata. The site fronts
on the south flowing Susquehanna River which here flows
perpendicular to the east-northeast trending axis of the fold,
resuminq its west-southwest flow about l-l/2 miles south of the
site, to follow the strike of the shale valley. The north-
northwest segment of the Susquehanna River which flows normal to
the strike appears to have been inherited from the course of the
Ancient Little Schuylkill River (Ref. 2. 5-3) (Refer to Subsection25124)
Topographic elevations in the site vicinity range from 500 to
1,100 feet above sea level. Hiqher elevations occur in the more
ruqged terrain further north and west of the site. The site
itself contains generally gentle to moderately sloping hills and
well developed drainage patterns. Existing surface elevations
vary from about +750 feet in the western portion to about +500
feet in the east Portions of the area were formerly cultivated.
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In those areas not cultivated, heavy to moderate woodlands and
scrub brush are found. A steep sandstone ridge borders the north
side of the site. A narrow east-west trending interior bedrock
ridge, rising some 60 feet above the surrounding ground surface,
is located just north of the center of the site A rounded
bedrock knoll about 80 feet high occurs at the western edge of
the site in the southwest quandrant.

The site is well-drained by eastward trending depressions near
the north and south edges of the site. Plant grade at 650 feet
above sea level (about 150 feet above the flood plain of the
Susquehanna River) is at about the level of the Pourth Clean Kame
Terrace (Ref. 2.5-5) which is well preserved southward between
the site and the Susquehanna River.

The irreqular bedrock surface underlying the site is the result
of a combination of preglacial weathering and stream erosion,
glacial scour, later erosion by glacial melt waters, and the
varying resistance of the lithologic units to erosion. The
maximum thickness of the overburden is on the order of 40 feet in
the southern half of the site, with bedrock occasionally cropping
out at the surface. North of the east-northeast bedrock ridge
that is located near the center of the site just north of the
reactor and turbine buildings, glacial deposits fill a bedrock
valley to a depth exceeding 100 feet

During excavation at the site, abundant evidence of glacial and
qlacio-fluvial scour of the bedrock surface was found in the form
of channels, potholes, grooves, striations and fluted rock. A

large, buried pothole over 30 feet wide and more than 30 feet
deep was exposed in the Unit 1 turbine building excavation
(Pigure 2.5-13) Similar large buried potholes have been
documented farther north alonq the Susquehanna River Va1ley (Ref
2 5-3, p. 23-27 and 2.5-59, p. 195). At the site, numerous other
smaller potholes and rounded pits and channels in unweathere'd
bedrock were observed in the excavations. Smooth, east-northeast
trendinq linear channels about 6 to 8 feet deep eroded in
unweathered bedrock were observed north of the radwaste building.
Similarly, somewhat larqer features were excavated in the
northeast and west rims of the Unit 1 cooling tower This
flutinq of the rock surface observed in a number of places at the
site was either gouged by ice, eroded by water or b'oth, and
apparently served as flumes for torrential glacial meltwater
runoff which evidently at one time cascaded across much of the
site area. Undoubtedly many steep or even undercut surfaces of
the bedrock at the site are attributable to ice scour and intense
fluvial erosion that was associated with the Olean and earlier
glaciations. These features are discussed in Subsection
2 5.1-2.3.3-
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As indicated in Subsection 2.5. 1. 2 5, landslide potential,
surface or subsurface subsidence, uplift or collapse are not of
ccncern at the site.

2. 5.1. 2. 2 Site Litholoqa and Stnatignaphg

~25.1.. 2 1 r.it~hole ~and dtnatigra~h in the Site Vicinity

Figure 2.5-12 illustrates the distribution of the geologic units
within at least 5 miles of the site. The stratigraphic
relationships of the various formations are shown on the site
qeoloqic column (Piqure 2.5-14). Silurian and Devonian
formations occur throuqhout the Valley and Ridge Province.
Silurian and lower and middle Devonian strata consist of marine
shale, mudrock, siltstone, sandstone and limestone. The upper
Devonian strata are generally non-marine sandstone and shale.

A northeast trending fold, referred to as the Berwick
Anticlinorium, completely encompasses the site area. This
feature has been breached by'rosion, exposing rocks of Silurian
and Devonian aqe along the core and at the flanks of the
anticlinorium. As it plunges to'he east, progressively younger
formations are exposed. Silurian formations present west of the
site include, from oldest to younqest: the Tuscarora sandstone,
the Clinton ferruginous sandstone, the McKenzie greenish shale
with limestone, the Bloomsburq red shale, the Mills Creek shale
and the Tonoloway limestone. The Tuscarora sandstone caps
Montour Ridge alonq the axis of the Berwick Anticlinorium in the
vicinity of the West Branch of the Susquehanna River. Here as
elsewhere in the Valley and Ridge Province, the Tuscarora is a
prominent ridqe former. The Clinton Formation contains a fossil
iron ore which was formerly mined along Montour Ridge. The
Bloomsburg Pormation supports the eastern extension of Montour
Ridqe., The Mills Creek and Tonoloway Formations occur in the
flanks of the Anticlinorium west of Berwick (Pigure 2.5-10).

The basal Devonian formations are the Keyser limestone and Old
Port sandstone. These formations crop out along the flanks of
the Berwick anticlinorium. Hast of Bloomsburg they are no longer
exposed having presumably been removed from the section hy
erosion or faulting (Subsections 2. 5. 1. 1.3 and 1.5. 1.2 3).

Stratiqraphic units exposed in the map area are from oldest to
younqest: the Devonian Mahantango (which includes the Marcellus
Shale, Trimmers Rock and Catskill Formations), the Nississippian
Pocono Formation, the Mississippian to Pennsylvania Nauch Chunk
Formation, and the Pennsylvania Pottsville and post-Pottsville
Formations.
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Above the Marcellus, the Mahantango Formation is represented only
by the uppermost member, the Sherman Creek which is dominantly a
dark gray to blue gray, olive gray to brown weathering mudrock.
Siltstone and fine grained sandstone units crop out locally,
includinq at the site and at certain outcrop locations both
calcareous and noncalcareous strata coexist (Figure 2.'5-12,
Stations DF-2, DF-3, and DF-6) .

An interval of light, medium gray argillaceous limestone near .the
top of the Mahantango, was recognized as correlative with the
Tully I.imestone and was mapped as part of the Mahantango (Figure
2.5-12, Stations DF-53 and DF-45). The overlying Harrel Shale, a
poorly exposed, dark silty shale which appears to qradationally
overlie the Mahantango (Fiqure 2.5-12, Stations DP-30, DF-31, DF-
43, and DE-44b) was also mapped as part of the Mahantango Shale.

Fossils are relatively abundant within the Sherman Creek member
of the Mahantanqo Formation and include various genera of
brachiopods, bryozoa, pelecypods, coral, trilobites, and crinoid
fragments. Fossil casts are abundant with occasional molds and
rare preservation of internal structure and oriqinal shell
material.

Concretions (commonly rusty weatherinq), spheroidal weathering,
and prominent, closely spaced steeply dipping cleavage, which may
quite easily be mistaken for primary bedding fissility, are other
features characteristic of the Mahantango.

The Mahantango grades upward into the Trimmers Rock (Pigure 2. 5-
12, Stations DF-30 and DF-33) . The Trimmers Rock Pormation is
dominantly interbeded, medium to olive gray, thinly laminated
siltstcne, silty shale and fine grained, laminated to massive
sandstone These rocks weather to a brownish qray color.
Sedimentary structures include fining-upward sequences (Figure
2.5-12 ~ DP-7, DF-8, and JW-10); groove casts, current lineations,
load casts, ball and pillow structure, and flow rolls (Figure
2.5-12, JM-7B, JM-10, and JM-ll). Ripple marks were also locally
identified. These structures indicate deposition by turbidity
currents in a marine environment. Fossils are often restricted
to relativley thin layers of brachiopods (spirifers DF-9). Other
fossils include pelecypods and crinoid fragments (DP-17b) .
Channels were observed at DF-25.

The upper Trimmers Rock Formation consists of light to medium
grayish qreen silty shale and micaceous, dark greenish gray
silstone, both of which weather to a dark reddish brown color, a
reddish brown silty fine to medium grained sandstone to
siltstone, and olive green vitreous fine grained sandstone to
siltstone (DF-26, DF-27, DP-28, DF-32, DP-36, DF-37 and DF-68).

The Catskill Formation rests conformably upon lithologically
similar interlayered rocks of the upper Trimmers Rock but is
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predominantly red colored. It is this dominantly red color as
well as sedimentary structures (roots, oscillation ripple marks;
Station DF-68) which distinguishes the Catskill from the Trimmers
Bock. The contact between the Catskill and the underlying
Trimmers Rock was mapped therefore, at the base of the first
relatively thick reddish brown to maroon sandstone (Figure 2.5-
12, Station DF-68) or brownish red silstone and more massive
reddish brown {maroon) micaceous, fine grained sandstone (Figure
2. 5-12, Stat.ion DF-37c) At Station JW-65 (Figure 2. 5-12), the
upper Trimmers Rock consists of fine grained, medium gray
sandstone overlain by a thin band of green mudrock which is, in
turn, overlain by a fine grained, green, well laminated
sandstone. The green sandstone grades upward into a fine
qrained, red, well laminated sandstone vhich marks the basal unit
of the Catskill.
The basal red unit at Station DF-37c (Figure 2.5-12) is overlain
by qreenish gray, fine grained sandstone and olive green shale
and at DF-68 it is overlain by thinly laminated, light green,
silty shale and siltstone. These units are succeeded, upvard, by
interbedded maroon and light olive gray to greenish gray
sandstone, siltstone, and shale (Figure 2. 5-12, Stations DF-37c
and DF-68). Stratiqraphically younger units within the Catskill
include: (a) reddish bzovn mudrock and silty mudrock, (b)
brownish red medium grained sandstone, (c) reddish brown to
maroon micaceous, fine grained sandstone, and (d) greenish qray
m'caceous, fine to medium grained sandstone. Sedimentary
structures include intraformational clasts of qreen shale,
oscillation ripple marks, roots, and prominent cross bedding.

The Pocono Formation, vhich overlies the Catskill, consists
typically of medium and coarse grain'ed light gray to white, rusty
weatherinq quartz sandstone with thin layers of quartz pebble
conglomerate. Olive gray, fine grained sandstone, reddish qzay
medium to fine qrained sandstone and siltstone (Figure 2.5-12,
Station DF-14) and greenish gray medium grained, cross bedded
sandstone (Figure 2. 5-12, Station DF-67) also occur within this
formation. Cross bedding is common.

Near the base of the Pocono, grayish red sandstone .layers occur.
These vere recognized along the east side of the Susquehanna
River south of Mocanaqua (Stations JW-l and JW-64) and along the
road betveen Alden and Folstown (Stations JW-28 and JW-29). At
JW-1 and JW-64, the Pocono consists of an interlayered sequence
of predominantly medium gray, thick, well laminated, gray
veatherinq quartz sandstone and subordinate, red, flaggy quartz
sandstone. At JW-28 well laminated red sandstone is interlayered
with, but decidedly subordinate to, well laminated, rusty
weatherinq, liqht qray, coarse grained sandstone and finer
grained gray sandstone. Coarse to medium qrained, mainly grayish
to qreenish gray sandstone featuring rather subtle cross bedding
dominate the upper portion of the exposure at JW-29 This, along
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with an underlying thin zone of light greenish gray sandstone in
turn, underlain by qreen shale and mudrock, has been selected as
markinq the basal Pocono. Beneath all of these units at JM-29,
is a red, well laminated, argillaceous siltstone which we have
interpreted as marking the top of the Catskill. 1his red
siltstone rests upon a green shale which overlies a cross bedded,
medium liqht gray, olive gray weatherinq quartz sandstone. Red
shale, which marks the base of the outcrop, underlies the quartz
sandstone. The lower (topographically and stratigraphically)
portion of the outcrop is dominated by red lithologies in
contrast to the upper part in which no red lithologies

were'xposed.Besides the obvious color change the sandstone, above
the inferred contact, is coarser qrained and more subtly cross
bedded than the sandstone which occurs between the red units near
and at the base of the outcrop. Thus, contrary to other
interpretations (e.g. Ref. 2.5-16) we suggest that the Pocono-
Catskill contact is qradational in this area, rather than
unconf ormable.

The upper Pocono Formation in the vicinity of Shickshinny
consists of medium to light gray conqlomeratic sandstone with
rounded to sub-rounded quartz pebbles and shale fraqments, and
rusty weatherinq, Sine to medium grayish green micaceous
siliceous sandstone (DF-56) and finely laminated greeni.sh gray,
rusty weatherinq, siliceous quartz sandstone (DE-57, DF-58) .
Rusty weathering, medium light gray, medium to coarse grained
guartz sandstone is interbedded with thin layers of dark gray
silty shale and medium gray quartz-1'ithic sandstone fills
channels at DF-59.

The Mauch Chunk Formation is generally bright red in color and
consists of mudrock, silty shale, siltstone and fine to medium
qrained, cross bedded, well laminated sandstone. The upper part
of the formation along the south limb of the Lackawanna
Synclinorium (Figure 2. 5-12, Stations JM-22 to JW-24) is marked
by interlayered red and olive gray sandstone, siltstone, and
silty shale. Locally the siltstone contains layers of rounded,
circular to elliptical calcite filled voids. Elsewhere the Mauch
Chunk consists of greenish gray to qrayish green medium to coarse
grained, locally micaceous sandstone, thinly laminated gray, fine
grained sandstone and siltstone (Figure 2. 5-12, Station DF-54)
and massive medium grained sandstone (Station DF-55).

The Pottsville and Llewellyn Formations represent the coal
bearing zones of the Anthracite Region and have, for the purpose
of this report, been combined and treated as a sinqle formation.
Collectively, the Pot ts ville and Llewellyn (formerly post-
Pottsville) consist of quartz pebble conglomerate in a quartz
sandstone matrix, quartz pebble conglomerate in a carbonaceous
quartz sandstone matrix, coarse grained dark to medium gray,
massive and flaggy, carbonaceous sandstone and shale, dark gray
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to black siltstone and coal. The non-carbonaceous quartz pebble
conqlomerate displays cross beds.

'Pleistocene unconsolidated deposits of glacial drift blanket most
of the region north of the site. They extend approximately 10
miles to the south and 50 miles to the west of the site.
Deposits of various glacial advances are recognized in the
region. The drift materials include glacial till and stratified
waterlain deposits consisting of poorly sorted mixtures of clay,silt, sand, gravel and boulders. The youngest and best preserved
deposits are those of the Misconsinan glacial stage.

The site lies just behind the Pleistocene terminal moraine of
Olean drift, deposited between 55,000 and 60,000 years ago (Ref.
2.5-60, Zigure 4; 2.5-6 1, plate 3; and 2. 5-5, p. 25) . '.Zhe Olean
drift represents an early qlacial substage of late Pleistocene,
or Misconsinan time and has been correlated with the Altonian
substage by Sevon (Ref. 2.5-62) to distinguish it from the later
Misconsinan, or Moodfordian, drift farther north. The Olean
drift is an assemblage of contemporaneous drifts deposited by
several ice lobes that occurred from New Jersey westward to
Indiana, believed to represent a regional glacial advance in
early Misconsinan time. A correlation chart of deposits of early
and middle Misconsinan age by Dreimanis and Goldthwait (Ref. 2. 5-
60, Figure 4) utilizinq available qeomorphic, lithologic,
paleontoloqic and radiocarbon data shows the Olean drift to be
between about 55,000 and 60,000 years old; conservatively, the
Olean drift may therefore be considered to be in excess of 50,000
years old according to this correlation. Drifts recording later
ice advances in Misconsinan time are not present in northeastern
Pennsylvania (Ref. 2.5-6 1, plate 4), so in this area evidence of
the earlier Misconsinan drift is preserved (Ref. 2.5-62 and 2.5-
63)

The leadinq edge of the Olean terminal moraine is depicted by
Denny and Lyford (Ref. 2.5-61, plate 4) as occurring in the
Susquehanna Valley about three miles southwest of the site, just
west of the village of Beach Haven. Ahead of (downstream from)
this moraine are deposits left by an earlier Illinoian glaciation
(Ref. 2.5-7, p. 24); however, no Illinoian deposits have been
recoqnized north of the Misconsinan terminal moraine in
Pennsylvania (Ref 2.5-5, p. 26), indicating that Olean ice
overrode and reworked apparently all of the pre-existinq
Illinoian drift. Nevertheless, it is possible that some burieddrift at the site and elsewhere, particularly that located in
bedrock depressions, may represent unrecognized remnants of
overridden Illinoian or earlier deposits.

The glacial deposits near the Susquehanna site have been studied
in some detail by Peltier (Ref. 2.5-5). He describes (Bef. 2.5-
5, p. 25) the various features and processes associated with the
terminal moraine near Beach Haven He characterizes the,morainic
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material as "a qravel moraine.. composed largely of poorly
sorted, coarse kame gravel, medium-grained valley train gravel,
and sand... During the early staqes of kame terrace development,
the marqinal channels flowed at a level which was high above the
valley. . Continued ablation of the ice in the Valley probably
caused the marqinal streams to flow at successively lower levels.
These streams, where they flowed along the ice, both eroded the
earlier deposits and filled in their channels... In this manner
any till deposited at the ice front became buried or eroded. "
This description of erosion .and deposition near the site by ice-
margin streams at elevations above the valley floor is consistent
with the development of large potholes and steep or even undercut
erosional contacts at the site. Evidently waterfalls and large-
volume torrential streams occurred at the site during retreat of
the early Misconsinan ice. (Additional discussion of the origin
and features of glacial deposits at the site is presented in
Subsection 2. 5.1. 2.3. 3) .

Peltier (Ref. 2. 5-5, Figure 33) profiles discontinuous .kame
terraces along a 25-mile stretch of the Susquehanna River
includinq the site. The highest, such terrace formed by a stream
marqinal to Olean ice is indicated to occur at about 650 ft. msl
at the site (about mile 165), or about 160 ft. above the river.
Glacial deposits at elevations higher than this, which would
include the glacial deposits in most of the site area, would be
part of either the Olean terminal moraine or the ground moraine
behind it
The moraine in the Berwick-Beach Haven area is noncalcareous
(Ref. 2. 5-5, p. 24). Sedimentary rocks, mostly gray and red
sandstone and siltstone, constitute over four-fifths of the
material in the moraine (Ref. 2.5-5, Table 3). Peltier (Ref-
2.5-5, p 24) considers that the remaining igneous and
metamorphic types in the moraine indicate it was derived from the
Mohawk tongue of an Olean ice lobe originatinq from the
Adirondack area or east of it (Ref 2. 5-60, p 83) .

Unconsolidated sediments mantle most of the Susquehanna River
Valley within 5 miles of the site. The valley deposits consist
of qlaciofluvial deposits (outwash alluvial terraces, kame
terraces), alluvium and colluvium. Unconsolidated deposits were
examined at Stations DF-4, DF-15, DF-16, DF-37, DF-42, DF-44a,
DF-44b, DF-52, DF-64, and DF-66 at all DJU stations. Thin
deposits were noted at various other localities (Figure 2.5- 12}.

Station DJU- 1 is located at a currently (Spring, 1977) operating
gravel guarry exhibiting excellent exposures. This quarry
contains well layered, brownish qray, very coarse sand to medium
qravel interlayered with gray, medium, well sorted gravel with
medium to coarse gravel and cobble layers This is overlain by
pebble to cobble gravel with coal and rare boulders interlayered
with coarse sand to medium qravel with little coal. The dip of

2. 5-36



SSES-PSAR

beddinq tends to decrease or flatten toward the south. The,
middle level contains medium to coarse, well rounded, gravel with
coarse sand containing lenses of cobbles and gravel below fine to
medium gravel and coarse sand with some coal rich laminae. The
overlying unit is generally finer grained and dominantly fine to
medium sand, some silt with fine laminae of coal. This unit
contains layers of cobbly gravel, silt plus fine sand, and coarse
to medium finely laminated gravel and coarse sand; Local coarse
sand to medium gravel plus cobble layers have steeper dipp'ing
beds which appear to flatten southvard. On the uppermost level,
tan cobbly gravel with rare boulders under tan fine grained 'sand
with coal exhibiting possible load casts is exposed above slumped
material. This is overlain by medium yellow brown silt withlittle fine sand. This silt contains rare sub-angular cobbles.
Feint layerinq is visible in the thickly bedded silt.
The deposit described above is the .largest good exposure of
unconsolidated sediments observed during this mapping program.
Based on sedimentology (well sorted, rounded gravels in contact
with well sorted sands or well sorted silts which appear to
indicate rapidly changing hydraulic regimes; gravels withintersticial silt) sedimentary structure (steeply dipping bedding
whose dip flattens southward or downstream) and qeographical
location (aqainst the valley wall); these sediments are
interpreted as a kame terrace deposit. No faults were observed
cutting this layered sequence.

Kame terrace deposits vere observed at the other DJU stations.
Xce contact deformation vas obsrved at several locations (refer
to Subsection 2.5.1.2.3).
A yellow-brovn silt with some fine sand, occasional to rare
pebbles or cobbles vas observed at several, locations (DJU-1 at
Elevation <665 feet; DJU-2 at Elevation +600 feet; DJU-3 at
Elevation + 580 feet; DJU-4 at Elevation> 595 feet; possibly at
DJU-7 at Elevation+ 640 feet overlain by cobbly gravel; and'F-15
at Elevation + 1040 feet) . These deposits have been interpreted
as loess (Ref. 2.5-5) but may represent relatively quiet fluvial
conditions

Mell rounded cobbly qravels observed at DF-52 and DJU-5 may
represent either valley train or kame terrace deposits.

2.5. 1. 2.2 2 Lithol~og and Stratigr~a~hat the Site

At the site, the thickness of the surf icial materials occurring
south of coordinate line N342,000, vhich includes all of the
principal plant structures except the spray pond facilities,
ranges from zero to about 40 feet. These materials consist oftill and kame outvash, typically grading upward from a basal
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gravelly boulder zone to a'urface layer of silty fine sand and
sandy silt. The surface layer may represent reworked loess.
Rock fragments in the gravelly outvash are well rounded and are
conposed mainly of hard, well cemented, -white to brown or red
sandstones of various textures. No calcareous'raqments were
noted. In places, the 'sands and'ravels contain minor amounts of
anthracite grains and rounded anthracite pebbles'p to' foot in
diameter These anthracite fragments cannot have been transported
less .than 3-1/2 miles from Shickshinny, the nearest occurrence of
coal beds.

In the spray pond area in the northern part of the site,
permeable, qravelly outwash and alluvial material fillan east-
west bedrock valley to depths in excess df 100 feet. Cobble and
boulder pockets were encountered at various depths in most of the
boreholes drilled in this locality. The deposit is glacial in
origin, possible in part pre-glacial and. overridden by ice, and
reworked by water derived from ablation of the ice mass in the
manner described hy Peltier It consists of sequences of sand,
gravel and boulders, overlain by sind and gravel, overlain in
turn by sand and silty sand a geologic map of the surficial
materials excavated in the spray pond area is presented on Figure
2 5-15

Bedrock at the site, is in,the upper part of the Hiddle Devonian
Hahantanqo Formation, except for, a strip along the northern
margin of the site. The uppermost member of the formation, vhich
forms the top of rock in the east-vest bedrock valley north of
about N342,000, is a dark gray, noncalcare'ous siltstone in vhich
bedding is generally delineated by thin, inconsistent, light-
gray, fine-grained sandstone stringers. Upward and with
increasing sand content. the Hahantanqo Formation grades into the
Trimmers Rock Formation, vhich occurs north of about N342,500 at
the northern edge of the site. The Trimmers Bock, a gray fine-
@rained sandstone which caps the high, northeast-trending. ridge
north of the site, is massive to flaqqy and exhibits well-
developed )oint systems.

Beneath its uppermost member, the Hahantanqo is comprised of 120
to 150 feet of hard, dark gray calcareous siltstone. It is
harder and more resistant to erosion than the uppermost member,
forming .the east-vest trending bedrock ridge gust north of the
reactor location'nd underlyinq the site to past the southern
limit of the site area The principal plant structures are
founded on it.

t

These tvo upper members of the Hahantango Formation are similar
in lithology and occur at the same stratigraphic position as the
Harrell shale and underlying Tully limestone. However, the
characteristic fossils of the Tully are not present in the site
area vhich require these members to be assigned to the Hahantango
Formation.
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As exposed in the foundations, the unweathered bedrock is a dark
gray, massive to thick bedded slaty siltstone, homogeneous in
appearance and lackinq the beddinq plane fissility that is
normally associated with less well indurated shaly rocks. The
rock also exhibits a variably developed slaty cleavage or
fracture cleavage, further indication of its indurated nature.
Typically the rock is slightly calcareous and has intermittent
fossiliferous zones which display impressions of brachipods,
crinoids, corals, 'bryozoa and trilobites. Scattered veinlets and
joint fillings consist of white, crystalline calcite or a mixture
of calcite and quartz.

The rock weathers to a brown color, with irori oxide stains on
joint and cleavaqe 'surfaces. Meathering progresses initially by
dissolution of calcite from joint and fracture fillings, followed
by more pervasive weatherinq of the rock mass and refilling of
joints and veinlets with clay and other weathered material.
Advanced weathering on exposed, natural surfaces evidently
proceeded mainly along cleavage planes, so that on well weathered
outcrops the platy cleavage fabric dominates greatly over
jointing or bedding. Lack of significant weathering of the rock
surface is often associated with areas where there is evidence of
considerable glacial scour or fluvial erosion of the rock.
Additional information on the engineering characteristics of the
bedrock at the site is given in Subsection 2.5.1.2.5.

2.5 1.2. 3 Structural Geoloqpr

The major structural features in the vicinity of the site are the
Berwick Anticlinorium and the Lackawanna and Eastern Middle
synclinoria which are discussed in Subsection 2. 5.1. 1. 3

Structurally the site is situated slightly north of the axis of
the Berwick Anticlinorium. The term »anticlinorium» as used
herein is defined as a series of minor, intermittent anticlinal
structures so arranged that they form a general arch or
anticline.
virtually all structural elements in the site area are related to
Paleozoic crustal compression. These elements include kink bands
which occur on all scales (Ref. 2.5-31 and= 2.5-32) and most
likely account for the Berwick and Lackawanna folds, contraction
(reverse and bedding-plane} faults, and small scale flexural slip
folds. These structures occur on all scales (e.g., Ref 2. 5-30
and 2.5-31). Where exposed it can qenerally be inferred that the
small scale kink bands, contraction faults, and flexural slip
folds are cogenetic, developed early in the tectonic history and
were rotated by later, larqer scale, genetically related folds.
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For example, at Station JW-3 (Figure 2.5-12) bedding strikes
N700-75~E and dips 70 -75~NM. A reverse fault strikes N80oE,
dips 70>NNM, and displays slickensides which rake 85~ in the
direction S80~M. The axis of the associated drag fold plunges
15~ in the direction N850E. The enveloping bedding on a small
kink fold at this same exposure is oriented N70~E: 70~NM and the
kink band is oriented N68 E: 600SE. Similarly, at Stations DF-,
34 and DF-55 the geometric relations among cleavage, faulting and.
foldinq strongly suqqest these structures are all coeval.

Like the folds, contraction faults also occur at different
scales. At least some of the larger faults appear to have
developed in response to a space problem created by the
development of tightly appressed folds. An example of this is
noted at Station JM-30, where the strain energy associated with atiqht kink fold was released along one fairly large reverse fault
(which parallels bedding on the hanging wall and cross cuts
beddinq on the foot wall) and several smaller faults which strike
parallel to the larger one yet dip in the opposite direction. At
JM-30 bedding, the kink fold and the associated faults all show
nearly parallel trends; slickensides on the faults and bedding
surfaces deformed by the kink band rake approximately 90~.
Similar observations have been made elsewhere in the Fold and
Thrust Belt (Valley and Ridge Province) and, as described byFaill and Nickelsen (Ref. 2 5-31), all of these structures are
kinematically congruent, i.e., cogenetic.

Besides the aforementioned structures, local evidence of lateral
movement was recognized along the north-south segment of the
Susquehanna River at Stations JW-3 and JM-60. At JM-3 ~
slick'ensides rake 20~ in the direction S05~E on a surface
striking N05~W and dippinq 70~M At JW-60, slickensides rake 20~
in the direction S100M on a surface striking N100Z and dipping
50oE. This movement appears to be related to cross faulting in .

which case it, too, would be coqenetic with the other structures
(Subsection 2.5 1.1.3). Xn any case lateral movement along this
seqment of the river was too small to produce any perceptible
displacement on the map scale of 1: 24,000.

As indicated in Subsection 2.5. 1.1.3, all of these structural
elements developed durinq the Late Paleozoic. No evidence was
observed in outcrops within five miles of the site which would
suggest that they have been active since that time.

Minor structural features were'bserved in Pleistocene sediment
at a few locations in the site vicinity. Two small faults
{exhibitinq 18 inches and 2.5 inches of vertical separation) were
observed at the margin of an apparent ice melt collapse feature
in kame or kame terrace deposits at station DF-47. Asymmetric,
reclined folds in unconsolidated sand and silt were observed at
stations DJU-3, DJU-7, DF-7 and DF-47 (Figure 2. 5-12) . A small
scale fault oriented N30-35E: 73-75SE with appzoximately 2 mm of
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dip slip separation occurs at DJU-9. This apparent reverse fault
dies out upward. A coal bearinq sand which lies about 6 cm above
the observed displacement is not disturbed. Similar features at
the site have been related to syndepostional slump, differential
compaction and ice contact phenomena {Subsection 2.5.1.2.3.3).

2. 5. 1. 2. 3 2 Geolocpic Structures at the Site

During pz.econstruction exploration at the site, geologic
structures in the bedrock at the site were defined and evaluated.
Since bedrock exposures at the site were scarce (see Figure 2.5-
17), most of this information was obtained from borehole cores,
supplemented by geophysical logging of boreholes, seismic
refraction surveys, cross-hole and down-hole measurements, test
pits and trenches, and geologic mapping of the surface.
Presented herein is a summary discussion of the geologic
structures at the site as defined from the preconstruction
exploration, followed by a description and discussion of the
geologic structures that were observed in the excavations for the
principal plant facilities
The principal structural features in bedrock beneath the site are
shown on Fiqure 2.5-18. The axis of a minor anticline crosses
the site generally alonq the east-vest base line (approximately
N341,700). To the nozth of this base line, the strata dip to the
north at between 20 degrees and 35 degrees. South of the base
line„ dips are to the south at between 5 degrees and 15 degrees.
The predominant strike of the strata is N75E.

The prominent joint directions are parallel and perpendiculaz to
the strike of the strata. The major joints strike parallel to
beddinq. This joint set is nearly perpendicular and dips
opposite in direction to the dip of the beddinq. A more open but
less frequent series of vertical joints strikes parallel to the
direction of dip of the strata. High angle joints healed by
secondary calcite and quartz mineralization are present in the
vicinity of minor shear zones.

The most prevalent type of rock displacements occurring in the
reqion generally aze low angle thrust faults. It has been
indicated (Ref. 2. 5-21) that. many low angle thrusts shear upward
throuqh competent rocks utilizing incompetent strata as glide
zones. Small shear planes that step stratigraphically from one
shale-siltstone layer to another by shearing across intervening
sandstone or conglomerate strata have been reported exposed in
numerous road cuts and strip pits (Ref. 2.5-21)

Based on interpretation of initial data obtained for the PSAR
from 100 and 200 series borings, particularly those located near
coordinate line E2,442,400 {location of Section A-B, Figure 2. 5-
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22), two areas of minor shearing were recognized at the site;
namely, one in the vicinity of N341,200, slightly east of the
reactor facilities and the other in the vicinity of N342,700.
The evidence of shearing is manifested by .the presence of
slickensides, calcite-healed gash fractures, and breccia zones.
The shears are of the low-angle type generally parallel to the
bedding and are mechanically associated with the forces that
acted to produce the folding of the strata.
The shear zone which occurs to the north of N342,600 is
characterized by a series of bedding plane slips associated with
breccia, slickensides, thin clay seams, and numerous fractures.
The shear zone is contained within the less competent upper
member of the Nahantango Formation and the lower portion of the
Trimmers Rock Formation. The shear zone probably terminates at.
depth in the more competent calcareous member of the Mahantango.

No evidence of displacement was encountered in the main body, of
the more competent strata of the calcareous member of the
Nahantanqo Formation between N341,950 and N342, 600. The stresses
that acted on these strata were taken up by the development of

.joints and fracture cleavaqe. Detailed inspection of the rock
cores extracted from this area reveals microshear offsets along
the cleavaqe planes. The net effect of this mechanism is to
thicken the strata as revealed hy the stacking and shortening of
sandy stringers. The cleavage planes are generally healed by
secondary lithification of the rock matrix.
The contact between the top of the Mahantango Formation and the
base of the Trimmers Rock Formation was encountered in borings
117, 108, 122 and 126, all located north of N342,550. Detailed
examination of bedding planes cbserved in the rock cores from
these borings indicated that the dip of the strata increases with
increasinq depth. This is confirmed by borehole geophysical
data. The numerous breccia, slickensides, thin clay seams and
fractures encountered in borinqs 122 and 126, and to a lesser
extent in borinq 108, represent a zone of en echelon shear
planes, both parallel and subparallel to the bedding. These
shears are related to the original tectonic stresses which
produced the regional foldinq.
A petroqraphic examination of the clay and rock encountered in
some of these borings in the northern part of the site was
conducted by Dr. Charles Thornton of Pennsylvania State
University. The examination indicated that the rock and clay in
the broken zones were mineraloqically similar to the intact rock
obtained from the core above and below the broken zones. Since
no secondary mineralization was encountered in association with
the clay and broken rock, it appears that this condition was
mechanically induced and is not a result of chemical alteration
and/or weathering.
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In the second area of minor shearing identified above, evidence
of structural adjustment which may be called a shear zone is
present as slickensides and healed breccia at various depths in
borinqs 125, 127, 132 and 103 as indicated on the subsurface
section (Figure 2.5-21) ~ and in borings 100, 217 and to a minor
extent in 105 perpendicular to -the section. These borings are in
the area adjacent to and immediately east of the reactor
facilities. Based on this evidence, this zone of structural
adjustment strikes east-notheast and dips southerly at
approximately 10 degrees. If this zone of structural adjustment
extended northward beyond boring 102, it has been subseguently
removed by erosion.

Detailed inspection of the microstructue in the rock coze
extracted from the borings at the site reveal shear-fold
structural relationships similar to those encountered on a larger
scale across the site. The displacements observed in the rock
core are completely healed by secondary calcite and quartz
mineralization.

It is probable that the bedrock at the site served as an
intervening buffer or adjustment zone during the regional folding
of the strata.
Stresses that formed the Berwick Anticlinorium and synclinal
structures appear to have been absorbed within the rocks of
Mahantanqo and underlying Harcellus formations, as flexural slip,
disharmonic foldinq and glide thrustinq The stresses that vere
necessary to produce these structural features were compressional
from the southeast. These structural features vere formed no
later than the close of the Paleozoic Era, approximately 200
million years aqo.

Based on thorough consideration of all the information provided
by the pre-construction foundation exploration, it was concluded
that the minor structural conditions observed at the site are not
of siqnificance with respect to siting or desiqn for the use of
the site for its intended purpose. An evaluation of subsequent
data assembled from additional boring exploration and from
qeoloqic mappinq of the foundations, confirms the initial
conclusion.

During excavation and clean-up of the rock at Unit 1 reactor and
turbine foundations, at the circulatinq water pumphouse, and
along the trench for the hot water intake pipeline to Unit 1

coolinq tower, a bedding plane shear showing stronq slickensides
vas uncovered. This bedding plane shear is the same shear plane
that was identified in the early phases of the site exploration
and is herein referred to as "bedding plane shear A" (refer to
Figures 2.5-18 and 2.5-19)
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In the northeast corner of the Unit 1 reactor foundation, bedding
plane shear "A" strikes N85~E and dips 7~SE. The surfaces of the
bedding plane contain 1/4-inch to 3/4-inch thick laminae of
calcite, siltstone and some quartz. The calcite laminae are
approximately 1/16-inch thick, alternatinq with thinner siltstone
laminae. The entire exposed area of this bedding plane contains
prominent slickensides trendinq N30~ to 40~M, with a 6o to 7~SE
plunge. Up-dip and closer to top of rock, the bedding plane
contains a 1/2 to 1-inch wide, iron-stained zone, and it also
shows extensive leaching of the minerals filling the shear In
places, the adjacent rock is weathered to a granular,sandy soil.
The calcite which fills the bedding plane shows no sign of
crushing The weatherinq and staining on the bedding plane shear
occurs only near top of rock where surface, water and groundwater
could penetrate along the plane; at foundation grade which is
well below the weathered zone, the unweathered laminae have the
properties of firm rock. In places the bedding plane shear is
apparently not a prominent feature in the unweathered rock. For
example, it was identified only as a slickenside surface with
associated jointinq in borinq 105 and as horizontal jointing
planes in borinq 351 (geologic section E-E~, on Figure 2.5-19)

J

A second essentially parallel bedding plane shear striking N75~E
and dippinq 7~SE was exposed in the trench for the circulation
pipe, at the interesection of column lines 19 and G.
Slickensides trending .N30~W with a 7oSE plunge are also exposed
on this plane. The surface is coated with a 1/8 to 1/4-inch-
thick layer of unweathered calcite. This shear plane is
designated '~bedding plane shear B" on Figure 2.5-18 Although
similar in appearance to bedding plane shear A at this location,
apparently this shear is more restricted in areal extent, becauseit was not recorded on the logs of nearby bore holes. nor was it
mapped in the radwaste foundation area where it should have been
exposed if it had continued that far north.

It proved possible to collect intact samples from the sheared
portion of bedding plane shear "A" for more detailed analysis,
includinq petrographic thin sectioning. The mineralization along
the bedding plane consists of thin, parallel bands of interqrown
calcite and quartz. The bands, 0.5 to 5. 0 mm wide, are separated
by thin .films of dark shaly material on which slickensided
striations caused by shearing have formed. Within the bands, the
majority of guartz qrains shows recrystallization into
interlocking, strain-free qrains up to 5 mm long, but becoming
cryptocrystalline in the thinner bands. These relationships
suggest that the quartz-calcite mineralization was not a late,
post-tectonic occurrence, but rather was probably introduced in
association with shearinq, which is known to have taken place at
the end of the Paleozoic (refer to discussion at the end of this
Subsection 2 5. 1.2.3.2) . Undeformed microscopic veinlets of
calcite can be observed to cut across the bands at nearly right
angles These veinlets are not themselves offset, and therefore
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constitute mineralization that has not been crushed or deformed
since its deposition. Similar instances of undeformed calcite
veinlets crossing slickensided beddinq planes are observed on a
meqascopic scale in the site excavation Figures 2.5-20a through
2.5-20q illustrate such occurrences

Beddinq plane shear »A» was mapped in the excavations westward
from the northeast corner of the Unit 1 reactor foundation to the
west slope of the circulating vater pumphouse excavation (Figure
2.5-18). Xt was also exposed in the trench for the Unit 1

cooling tower hot water intake piping and in two pedestal (No. 6

and No. 7) excavations for the tower itself. Although it
displays minor undulations, the average strike of the bedding
plane shear is close to N850E eastvard from the turbine and
reactor foundations, approximately parallel to the axis of the
minor anticline at the site and to the regional structural trend.
Near the Unit 1 cooling tower, the bedding plane shear strikes
about N70oE, consistent vith measured bedding attitudes in that
area. Representative dip measurements on the shear plane in the
foundations vere .between 5~ and 8oS, which is parallel to the dip
of bedding. The trend of the slickenside lineation on this
bedding plane shear across the foundation area ranges between
S100E and SPODE, most between S20~E and S30~E, a direction
consistent with regional north-northvest compression during
fo ldinq.

Drill hole data were utilized to pro ject beddinq plane shear»A»
down-dip. Geologic sections E-E'nd F-F'n Figure 2.5-19 shov
profiles of the shear through the reactor and turbine
foundations. The source of data for the e profiles is from
foundation geoloqic mapping and elevation surveys, supplemented
by subsurface data from the boring logs. Zt is evident that the
foundation mapping and boring log data are in very good
agreement, and that the minor shear zone originally identified in
this area from 'exploratory borings is identical to the bedding
plane shear »A» identified during construction (see Figure 2.5-
2 1, vhich vas prepared before excavation for the plant structures
beqan). Although this figure suggests that bedding plane shear
»A» may not be completely para.llel to bedding, no evidence was
found during later exploration and excavation to indicate that
the shear plane transects beddinq

Beddinq plane shear»A» can be traced updip along the Unit 1 hot
water intake pipeline trench to the excavation 'for Unit 1 cooling
tower pedestals 6 and 7, where the shear plane crosses the axi"
of the minor anticline that trends through the site At pedestal
6 vhich vas excavat'ed to Elevation 667 feet, the veathered
beddinq plane shear vas exposed and dips gently scuth,
conformable to bedding (Fiqure 2. 5-18) At the adjacent pedestal
7 which vas excavated to elevation 668 feet, the same weathered
beddinq plane shear was again exposed, but here it dips gently
north, aqain conformable to bedding At these locations the
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weathered shear is two to three inches thick. Where unveathered,
the shear is tightly healed vith calcite and quartz
mineralization; vhere weathered, these minerals have been
partially removed and replaced with claylike material. A roller-bit probe made during the Unit 1 cooling tower foundation
exploration recorded a thin seam of soft rock in the vicinity of
pedestals 8 and 9 at about elevation 662 feet, which vas probably
a penetration of beddinq plane shear «A«, and, together with
measured bedding attitudes, reveals a continuation of the
northward dip of the shear plane. West and south of the
circulating water pumphouse, undulations in the bedding are
evidenced by local northward dips of 5 to 10 degrees Elevations
at which shears vere intersected by boreholes 318, 321 and B-5
suggest that bedding plane shear «A« closely parallels the
undulaticns of the strata in this area. These structural
relationships are shovn in profile in geologic section G-G ~ on
Figure 2 5-19. The fact that the shear plane is folded in
conformance to local structure demonstrates that the shear plane
originated before or during the time of folding and effectively
dates its formation at 200 million years ago or earlier, which is
the minimum aqe of Appalachian deformation in the region (Refer
to Subsection 2 5. 1 1.3 and the discussion at the end of t'his
S ub sect ion 2. 5. 1. 2. 3. 2) .

Other slickensides were recorded on many joint planes at the
site, particularly on lov-angle joint planes. Most of these
slickensides plunge southeast. The geologic map (Figure 2.5-18)
shovs these measurements. Numerous slickensided joint planes had
been recorded in bedrock cores in the early stages of the site
exploration see boring logs, holes 100-132 and 210-219, Figures
2.5-23a through 2. 5-23t); they were also observed in rock removed
during foundation excavation. Many of these low-angle
slickensided joint planes are calcite-coated, and some are
undulatory in form rather than planar. They vere noted in some
instances to splay out from the more prominent bedding-plane
shears described above. Evidently, differential movement which
occurred principally along bedding planes was transmitted
laterally to the encompassing bedrock mass alonq these
bifurcating slickensided joints or shear planes. Such
slickensides and shears should be expected in viev of the
tectonic history and the nature of deformation vhich the region
has underqone.

Siqnificantly, regardless of the orientation of the planes on
vhich slickensides occur {whether they dip north or south), the
trend of the slickenside lineation is almost invariably in the
northwest-southeast quadrant, clustering N20-35~8 {or S20-35~E).
This direction is completely consistent vith the northwesterly-
directed tectonic compressive stress that produced the regional
foldinq and thrust faultinq durinq the Appalachian orogeny, and
.is further evidence that the slickensides that occur at the site
are qeologically old; that is, they originated over 200 million
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years aqo. Their consistent orientation suggests deformation
durinq a sinqle tectonic episode, rather than recurrent
deformation at different times in geologic history.

Beddinq plane shear»A« intersects the top of bedrock surface in
the diesel qenerator and Unit 1 turbine and reactor area. During
excavation, tvo exposures of this intersection vere examined to
determine the nature of this contact (exposures at intersections
of grid line N341,400 with column line G and with column line N

(Fiqure 2. 5- 18), and photographs (Figures 2.5-20b through 2.5-
20e) vere taken. Glacial deposits overlay the rock at these
points. In each case the eroded rock surface was continuous
across the trace of the beddinq plane without displacement or
offset. If displacement had occurred subsequent to erosion of
the rock surface, this would be apparent as an angular, sharp
projection of rock into the overlying glacial deposits; instead,
the rock surface across the trace of the bedding plane is
smoothed by erosion. Figures 2.5-20b through 2. 5-20d shov this
relationship. In the area north of this intersection, the
bedding plane shear had been eroded avay, thus confirming the
original evaluation based on exploratory borings (compa re
geoloqic section E-E ~, Figure 2. 5-19 vith geologic section B-C,
Figure 2.5-21) . The erosion of the rock surface would
necessarily have occurred prior tc the deposition of the
overlying glacial deposits, which have been established as being
more than 50,000 years old (refer to Subsection 2 5.1.2 2 1) .
Consequently, this relationship shows that any displacement along
bedding plane shear »A« occurred more than 50,000 years ago.
Actually, regional relationships plus the fact the plane is
folded indicate that any displacements are a result of the
tectonic forces which occurred prior to the late Triassic, over
200 million years ago.

Thus, the original preconstruction appraisal of shears which
occur at the site as reported in the PSAR remains the same.
These minor shears and structural conditions are consistent with
the mode of deformation which occurred during the Appalachian
oroqeny, over 200 million years aqo. They are not significant to
the plant site or to the operation of the plant.

Clea~va e. Secondary cleavage is variably as developed in the
rock exposed at the site; in some places, such in the slopes of
the ESSM pipe trench north of the circulation water pumphouse and
in parts of the coolinq tower areas, it forms the dominant
structural feature of the rock, both on fresh and on weathered
exposures. The strike of the cleavage is oriented east-
northeast, approximately parallel to the trend of the major fold
axes, and dips with variable steepness to the south, but
generally in the range of 40-800. Where the dip of the cleavage
locally becomes fairly shallow, such as along the eastern
perimeter of the south coolinq tower, it is sometimes difficult
to distinguish cleavage planes from bedding planes. The fact
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that the cleavage is oblique to beddinq demonstrates its
secondary origin, apparently during the episode of regional
tectonic deformation, 200 million or more years ago

Joints and Fractures Jointing in the rock excavated for
foundations is fairly well developed. Figure 2.5-18 maps the
principal joints encountered at foundation grade, vhich is at a
sufficient depth below top of rock to be in essentially
unweathered material. Here joints are tight and either uncoated
or coated vith calcite or a mixture of quartz and calcite.
Relatively few joints at foundation level contained significant
iron staining; some iron-stained joints are mapped in the
radvaste foundation area. Toward the surface these joints
qenerally become more heavily iron-stained with greater degree of
veatherinq, and calcite coatinqs tend to be leached out,
resultinq in open joints, in joints partly coated with quartz or
in clay-filled joints in the zone of weathering.

The most abundant joint set in the principal foundations area
{Figure 2. 5-18) strikes east-northeast (N60~-85>E) ~ roughly
parallel to the major reqional fold axes and to the seccndary
fold axis at the site. North of the anticlinal axis at N341,300,
these joints strike N70-85~E and dip, with some skatter about the
vertical, 75oS-75~N, most 850S85 N. South of N341 ~ 100 similar
but more numerous joints, shown diaqramatically on Figure 2. 5-18,
strike N500-60oE, dip uniformly 500-600SE, and appear to comprise
a distinquishable set. Less numerous but guite prominent joints
with a similar east to east-northeast trend dip gently northward
at 10~-180 and are best represented along the vicinity of
coordinate line N341,200.

Other dominant joint sets are steeply dipping to vertical north-
northwest to northwest joints, and north-south joints. Dips in
both sets are usually greater than 700 with both east and vest
dips represented although the majority of those measured dip
toward the west.

Many joints are filled with white calcite or a mixture of calcite
and quartz, but there appears to be no preferential orientation
for these filled joints. The lov-anqle joints are commonly
slickensided (discussed above). In the turbine building
excavation, tvo vertical, calcite-filled joints cut across
beddinq plane "B" The calcite in these vertical joints is
continuous across the bedding plane with no offset, showing that
the joints vere formed and the calcite was deposited in the
joints subsequent to the development of the slickensides on the
bedding plane. Photographs were taken of this exposure (Figures
2.5-20e throuqh 2.5-20f).
In addition to these principal joints, high-angle, discontinuous,
white calcite and quartz-calcite veinlets are typically exposed
locally throughout principal plant foundations. These veinlets
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probably represent fractures that originated during Late
Paleozoic tectonic deformation. They tend to occur. most
abundantly in the vicinity of bedding plane shears (discussed
below) and as such may have arisen as gash fractures, as for
example the veinlets mapped in the vicinity of N341,350-E2,
441,550 (Figure 2. 5-18) At this same location is a singular
occurrence of numerous vest-dipping open vugs and seams up to
several inches wide containinq undeformed, euhedral quartz
crystals up to 2 inches long These seams were here exposed
several feet above a bedding plane shear (see description above).
Chunks of loose, coarsely crystalline white calcite also occur in
the vuqs. It is evident'that these vugs had originally been
relatively wide (up to 5 inches) gash fractures containing a
coarsely crystalline quartz-calcite mineral filling; later the
rock weathered and the calcite was selectively dissolved by
circulating ground water (Refer to Subsection 2.5.1 2.5.1) .

Bedrock ~Confi uration at the Site. Figure 2. 5- 7 7, a uap shoving
top of rock contours at the site, illustrates the general
original configuration of the bedrock surface. It is evident
that the major erosional feature of this surface is a buried,
east-vest bedrock valley in the northern part of the site,
includinq the spray pond location. Here glacial or pre-glacial
erosion has incised the bedrock surface approximately 100 feet
below the qeneral top of rock elevations to the south. In
detail, the bedrock surface is very irreqular due to the action
of glacial pluckinq and subsequent glacio-fluvial erosion. The
large pothole over 30 feet deep and 30 feet wide was found in the
Unit 1 turbine building excavation; other smaller ones also occur
at the site Additional discussion of erosional features in
bedrock at the site is presented in Subsections 2.5 1 2.1 and
2 5.1 2.3 3

Relation of Site~Genic ic Structure to Regional Structure.
Geoloqic mapping at the foundation excavations for the plant
structures, together with subsurface borehole data, shows that
bedding plane shear "A", the only shear plane traceable across a
siqnificant part of the foundations area is, within the accuracy
of the data, parallel to bedding and follows, the folds which the
bedding defines, indicating that the bedding plane shear was
either formed prior to folding, or, more likely, developed in
conjunction with folding (refer to geologic section G-G ~ on
Figure 2.5-19) . Therefore, knowledqe of the age cf folding would
provide a minimum date of origin of the bedding plane shears
exposed at the site. With that objective in mind, the literature
was examined first to determine whether or not the structures of
the site are consistent with the reqional structure and second
to date as accurately as possible the age of deformation

The attitude of the sheared bedding planes and the trend of the
slickensides on the planes may be compared to the nearest major
tectonic structure (The Berwick Anticlinorium) to the site that
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is an obvious and consistent member of the pattern of regional
deformation in the Valley and Ridqe province. The strike of the
sheared bedding planes (N75~-85~F) are essentially parallel to
the axis of the Bervick Anticlinorium (N75>-80>E) immediately
south with compressi ve forces from,,the southeast which caused the
foldinq in the region, and of the Berwick Anticlinorium in
particular. The Berwick Anticlinorium is one of a series of
folds in the Pennsylvania Valley and Ridge Province Xt is
located, in the northwestern part of the province near the
Allegheny plateau Rocks involved in this deformation within the
Valley and Ridge province range as recent as Permian in aqe, and

"the intensity of deformation increases tovard the southeast—
from broad, gentle open folding at the Allegheny front to
overturned, recumbent folds and nappes complicated by thrust
faulting at the Blue Ridge.

Amdt and Mood (Ref. 2. 5-64) have classified this progressive
deformation resulting from compressive stresses originating to
the southeast into a number of staqes, each stage being
categorized by effects of successively more intense deformation.
Thus, the effects of deformation vere transmitted vith time
northwestward over an increasinqly greater distance, and
deformation acted at any one locality with increasingly greater
intensity with time. It follows that "the areas of most complex
structures to the southeast undervent each of the first four
stages of deformation, whereas the least intensively deformed
area to the northwest vas subjected only to the last orogenic
force and contains features characteristic of only the first
staqe of deformation« (Ref. 2. 5-64) .

The first stage of deformation is characterized by horizontal
strata cast into broad, open folds without significant thrust
faultinq. The second stage, which characterizes the area in
which the Berwick Anticlinorium is located, exhibits lov-angle
thrustinq and imbricate faulting followed by formation of
subsidiary folds on the larger folds to develop anticlinoria and
synclinoria. Structures in the vicinity of the site are
consistent with this categorization. Subsidiary flexures at the
site are broad, open features (refer to geologic section G-G~,
'Fiqure 2.5-19), and low-angle thrust faulting is represented by
the decollement in the site vicinity as discussed in Subsection
2.5.1. 1. 3. Subsequent stages, in vhich the folds are overturned
and then additionally folded and faulted, are absent from the
Bervick anticline area. Amdt and Mood (Ref. 2. 5-64, p. B134)
state, "the process of structural evolution appears to have been
continuous and the result of a single orogeny that vas not
necessarily punctuated by pulsations.... The orogeny began after
rocks of Pennsylvanian aqe were consolidated and prior to
deposition of rocks of Late Triassic aqe « It is obvious from
this model of deformation that thrust faulting vas a logical and
integral accompaniment to folding, rather than being part of some
separate tectonic episode subsequent to folding.
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In this process of deformation, »rocks of the more competent
units characteristically folded into generally concentric,
symmetric to asymmetric anticlines and synclines broken variably
by faults. The rocks of the less competent units developed
disharmonic folds broken by decollements, lov angle thrust and
beddinq faults, and commonly separate discordant folds in the
more competent rocks« (Ref. 2. 5-21, p. 160). As a result, it is
expected that rocks least able to vithstand great shear
pressures, such as shales, would display evidence not only of
large magnitude differential movement as is found near the major
thrust zones, but also of lesser but more prevalent minor
structural adjustments, such as shears, incipient bedding plane
faults, zones of closely spaced joints or fractures,
slickensides, slaty cleavage, and so on. Thus, it would be
surprisinq if the Mahantango Formation which occurs at the site
did not show at least some of these features produced during
Appalachian deformation.

«Northwestward-directed stresses of the late Paleozoic
Appalachian oroqeny were largely responsible for the development
of the tectonic framevork of the Anthracite region and the
remainder of the Valley and Ridge province in Pennsylvania" (Ref
2. 5-21). There is general agreement that the time of the Valley
and Ridge deformation, which is equated with the "Appalachian
Revolution« (Ref. 2.5-28, p. 645), also termed the »Alleghany« or
"Allegheny orogeny« (Ref. 2.5-65), ended before late Triassic
time over 200 million years ago, but there is 'surprisingly little
evidence to indicate a more exact dating of the events. As
Rodgers {Ref. 2. 5-34, p. 34) states, «traditionally...the
deformaticn has been dated at the end of the Paleozoic, and in
fact for qenerations American students vere taught that it was
the event that marked the end of the era.« The youngest known
deformed strata are lower Permian in aqe (in the Georges Creek
syncline just west of the province boundary in Maryland) (Ref
2.5-34 p. 64). Therefore, typical Valley and Ridge folding and
faulting occurred, in the Permian and perhaps continued into the
early Triassic; apparently it formed most if not all the major
structural features of the province (Ref. 2.5-34, p. 64).
According to Woodvard (Ref. 2. 5-65 ' 2320), "there is no
tangible evidence regardinq the time of this deformation save
that part of it must have occurred after the Pennsylvanian (or
after the early Permian) and all of it before the late
Triassic...Nothing fixes its appearance specifically at the end
of the Permian; even its latest movements could have ceased by
Middle Permian. They could also have continued through the
Middle Triassic for any evidence to the contrary." The Upper
Triassic shale and red bed deposits in their tilted and
downfaulted basins provide an upper age limit for the Allegheny
orogeny {Ref. 2.5-34, p. 115) because it is thought that the
pervasive northwest-southeast compressive force field required
for the northvest-directed thrust faulting and folding during the
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Alleqheny orogeny could not have been present during the
formation of the Upper Triassic basins, which required
essentially extensional or tensional stress acting in the east-
west or northwest-southeast direction
In several places undeformed Triassic features are directly
superimposed on Valley and Ridge structures, establishinq an
upper limit for Valley and Ridge deformation, of which the
Berwick anticline is a part. Between the Schuylki11 and
Susquehanna Rivers, Triassic basin sediments rest directly on and
truncate the recumbent folds and nappes (Ref. 2.5-66) developed
in the southeast part of the Valley and Ridge province. These
upper Triassic sediments were deposited on a peneplained surface;
thus, the Valley and Ridge structures had become inactive and
were exposed and eroded to near base leve1 before upper Triassic
time over 200 million years ago. J.ate Triassic diabase dikes are
shown on the Tectonic Map of the United States (Ref. 2. 5-67)
crossing Appalachian fold structures about 20 miles northwest of
Harrisburg near the mouth of the Juniata River. Since these
dikes are neither deformed nor offset by Valley and Ridqe faults,
they also establish a pre-late Triassic age for Valley and Ridge
tectonism

According to Dr. Gordon H. Mood of the U. S. Geological Survey
{verbal coamunication, 1974) there are no local specific field
relationships in the Anthracite basin which could be used to
supply a definite date for faultinq and foldinq in the Anthracite
basin. The only known date for Appalachian structures is
supplied by regional relationships such as the Triassic events.
However, Dr. Mood stated that all faulting related to Appalachian
structures, except possibly for some very minor Triassic
faulting, is Paleozoic in age.

on the basis of the foregoing discussion, it is concluded that
thrust faultinq, shearing, bedding plane faults and other similar
features in the area near the site, and the slickensides and
striations in the foundation rock underlying the site, were
formed during the "Alleqheny orogeny" or "Appalachian Revolution"
which produced the folds and thrusts of the Valley and Ridge
province, of which the Berwick Anticline is a part; thus, these
events became tectonically inactive before upper Triassic time or
over 200 million years aqo. The slickensides and shearing which
are evident on various beddinq planes and joint planes in the
foundation rock at the Susquehanna Site are therefore of no
significance to the plant structures.
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2 5.1.2. 3.3 Geolo ic Features in Surficial Materials at the Site

Surficial material in the site vicinity consists of glacial drift
deposited near the Olean terminal moraine (refer to Subsection
2.5.1.2.2.1) . The glacial deposits near the Susquehanna site
have been studied in some detail by Peltier (Ref. 2.5-5, p. 25) .
He describes the various features and processes associated with
the terminal moraine near Beach Haven (3 miles southwest of the
site) as follows:

(The moraine) is a gravel moraine and is composed largely
of poorly sorted, coarse kame gravel, medium-grained valley
train qravel, and sand. These qravels were deposited in
marginal channels between a stagnant tongue of ice, which
lay in the center of the valley, and the valley walls...
Durinq the early stages of kame terrace
development, the marqinal channels flowed at a level
which was high above the valley, and, at the front of
the ice, fell sharply to the valley floor. At the ice
front a steep alluvial deposit, composed largely of
coarse gravel, was formed. Continued ablation of the
ice in the valley probably caused the marginal streams
to flow at successively lower levels. These streams,
where they flowed along the ice, both eroded the earlier
deposits and filled in their channels; where they crossed
the "terminal moraine" they cut channels in the previously
deposited alluvium and laid down sand and gravel on more
gently sloping gradients toward the river valley beyondit. In this manner any till deposited at the ice front
became buried or eroded.

At the site, little till was exposed in the excavations for the
principal plant structures, in conformance with Peltier's nearby
observations. Essentially all of the glacial material excavated
consist of stratified drift in the form of kame delta and terrace
deposits, alluvial outwash and stream qravels, much of it
probably reworked in the manner described by Peltier Indeed,
the scoured and fluted bedrock 'surface, large potholes, and steep
and even undercut contacts between bedrock and glacial drift
attest to the torrential flow of water which at one time
evidently cascaded across the site; and the coarse boulder
qravels and erosion channels within the outwash indicate
enerqetic reworking of the materials. In keeping with this
glacio-fluvial mode of deposition, contemporaneous sedimentary
features, such as those resulting from slumps at undercut or
eversteepened stream banks, from differential compaction of
materials deposited on irregular surfaces, and from other
adjustments durinq deposition may be expected (see for example
(Ref 2 5-68, p. 184-185). A few minor features such as
sedimentary creep or small slumps were observed in the stratifieddrift, as for example north of the radwaste building, where they
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are associated with an undulating, fluted rock surface.
Apparently these features, which terminate above 'he rock
surface, arose through differential compaction across the
irregular bedrock surface.

None'f the sedime'ntary features exposed in the qlacial materials
were observed to extend downward to intersect the bedrock
surface. Et is concluded that all such features observed in the
surficial materials at the site are consistent with their known
mode of origin by qlacio-fluvial process that occurred near the
terminal moraine of the Olean glaciation.

2.5.1 .0 Site Geolo ic Hister

The geologic history of this region can be traced from
Precambrian times. Rocks beneath the Paleozoic strata at the
site form the Grenvillian cratonic basement, approximately l
billion years old. The sediments that were deposited to form the
Precambrian rocks in the region were subjected to magmatic
intrusion, metamorphism and erosion before the onset of Cambrian
time.

Paleozoic sedimentary strata in the site vicinity are estimated
to be on the order of 30,000 feet thick (Ref. 2.5-28 and 2.5-38).
The deposition and deformation of these strata is related to the
opening and closing of the Proto-Atlantic Ocean {Ref. 2.5-69).
Althouqh deformation in the Appalachian Orogen culminated three
times in the Paleozoic —the Taconic, the Acadian, and the
Alleqhenian (Appalachian) orogenies —the effects of the first
two orogenies in the folded Appalachians in which the site occurs
were mainly sedimentologic rather than structural, being
evidenced as unconformities and as changes in provinence,
lithology and in sedimentation characteristics, in contrast to
the intense folding, faultinq, volcanism and metamorphism which
occurred at these times on the Mobile Belt during the Taconic and
Acadian events The Alleghenian orogeny, on the other hand,
resulted in the structural configuration at the site today The
structural evolution of the Fold and Thrust Belt is described in
Subsection 2.5.1.1 3

Crustal diverqence in Late Precambrian, Cambrian and Early
Ordovician time allowed the accumulation of a thick sequence of
mioqeosynclinal sediment in the Appalachian Basin (Subsection
2 5. 1 1. 2). The Taconic Orogeny beginning in Middle Ordovician
time siqnifies convergence and uplift in the Mobile Belt.
The highly deformed early Paleozoic strata are unconformably
overlain by less deformed, coarser grained clastic sediment which
is in turn overlain by the Siluro-Devonian carbonate sequence.
This sequence is thickest in the east and thins westward.
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Northeastward from the site the carbonate strata interf inger with
clastic detritus. Late Paleozoic strata are clastic through most
of the Appalachian Basin (Subsection 2.5.1.1.2) .

These strata reflect the closing of the Proto-Atlantic Ocean. At
the peak of the Taconic Orogeny along the cratonic margin to the
east, ophiolitic rocks (presumably oceanic crust) were cbducted
from the euqeosyncline, and the miogeosynclinal strata (carbonate
and detrital alike) were thrust onto the craton. The geologic
settinq at the site is the result of this activity Folding and
thrust faultinq occurred through mechanical detachment from rigid
basement rocks along decollements in shaly strata near the base
of the Paleozoic section (Ref. 2.5-38) . The site rests on the
northern limb of one such fold ~ the Berwick Anticlinorium The
deformation proqressive'ly increased in intensity toward the
southeast, from broad, gentle open folding northvest of the
Allegheny front to overturned, recumbent folds and nappes
complicated by thrust faultinq at the Blue Ridge. The effects of
final convergence and translation during the Late Paleozoic
appear to be limited to the Mobile Belt (Subsection 2.5. 1.1 3 and
2 5 2 2)

The Appalachians appear to have undergone erosion through most of
the Mesozoic Era. Tectonic activity related to the opening of
the Atlantic Ocean appears to have had no significant structural
effect in the Fold and Thrust Belt and Stable Interior
(Subsections 2. 5.1. 1 3 and 2.5.2. 2) until the Cretaceous Period
At that time, subsidence of the Atlantic continental margin
allowed transqression of the sea well inland of the site
vicinity.
During Cenozoic uplift, major drainage in the area followed
relatively straiqht southeastward courses through the Cretaceous
sedimentary strata to the Atlantic. The Ancient Little
Schuylkill River flowed past the site toward the present day
Delaware Bay. The ancient north branch of the Susquehanna River
flowed through Rilkes-Barre, Pennsylvania toward Trenton, New
Jersey. As the Appalachians were exhumed, the east-northeast
structural fabric began to exhibit control of the drainage
pattern. The present course of the north branch of the
Susquehanna River resulted from stream capture of the AncientLittle Schuylkill.and ancient north branch through their east-
northeast tributaries by the main branch of the Susquehanna River
(Ref. 2. 5-3)

Northeastern Pennsylvania has undergone at least three
qlaciations during the last 150,000 years and possibly one or
more prior to that date. Till at the site was deposited during
the Olean substage about 55 ~ 000 to 50,000 years aqo (Ref. 2 5-5
and 2 5-6) Older Illinoian drift occurs in the valley of the
Susquehanna River between the Olean terminal morain at Beach
Haven (about 3 miles southwest of the site) and the confluence of
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the north and west branches of the Susquehanna River. Post-olean
advances did not reach the site vicinity (Ref. 2. 5-5 and 2.5-6) .

Peltier (Ref. 2 5-5) mapped discontinuous kame terraces along the
Susquehanna River in the site vicinity The highest such terrace
formed by ice marginal streams occurs at about 650 feet above sea
level at the site. Refer to Subsections 2.5. 1.2.2 and
2 5. 1.2. 3.3 for further discussion of Pleistocene erosion and
deposition at the site.
Since the retreat of the Misconsinan ice sheets from the region,
broad reqional uplift appears to have occurred, probably at least
in part as a result of crustal rebound subsequent to the removal
of ice load Erosion has continued and soil profiles have
formed

~2. 5.1. 5 E~ninee~rin GeolocCO Evaluation

Site subsurface exploration is described and discussed in
Subsection 2.5.4.3. Laboratory tests of foundation materials,
and in situ geophysical tests of the foundation materials are
discussed in Subsections 2.5.4.2 and 2 5. 5 Geologic mapping of
the final foundations is described in Subsections 2.5.1.2.2,
2. 5.1. 2. 3 and 2. 5.4.1.3. It was concluded from these studies and
evaluations that the site qeologic and foundation conditions are
entirely suitable for the construction and operation of the
plant.

2.~5.1- .5.1 Ge~olo ic Conditions Under Cat~e~or 1 Structures

All Seismic Category l plant facilities, except the spray pond
and the Engineered Safeguard Service Mater (ESSM) pumphouse and
pipeline, are founded on bedrock. The ESSM pipeline trench is
excavated partly in soil and partly in rock. The location of
these facilities is shown on Figure 2.5-24.

The foundation rock is a hard, indurated siltstone, a member of
the Devonian Nahantango Formation. In the foundations area it is
quite massive and litholoqically homogeneous, with bedding
generally not well defined, and lackinq the bedding planefissility usually associated with less well indurated shaly
siltstones and silty shales. In places the rock exhibits a slaty
cleavage, further evidence of its indurated nature. All Categoryl rock foundations were excavated to unweathered bedrock.
Geologic maps and sections of the Category l excavations in rock
are shown in Figures 2. 5-18 and 2.5-19. Bore detailed discussion
of the foundation geologic conditions is contained in Subsections
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2 5 1 2 2 and 2.5.1.2 3. Engineering properties, of thefoundation rock are described in Subsection 2 5 0

The spray pond is situated over a glacial or preglacial, east-
vest trending bedrock valley as outlined by contours on top of
bedrock {Figure 2 5-17) The valley is filled with densegravelly and sandy glacial outvash and till deposits which attain
a naxinun thickness of about 110 feet adjacent to the spray pondarea They vere deposited no later than the Olean substage{early Hisconsinan) of the Hisconsinan glaciation which occurred
ower 50,000 years ago In general, the deposits are permeable
and consist of a seguence of sand, qravel, and boulders overlain
by sand and gravel, overlain in turn by silty sand. The entire
sequence is highly variable in grain size distribution andsorting, and contains discontinuous pockets of similar materials.
As a rule, grain size decreases and sorting increases toward the
top of the seguence.

The southvestern tip of the spray pond is cut into bedrock whilethe remainder was excavated in these permeable glacial materials.
The thickness of the glacial deposits beneath the bottom of the
spray pond ranges from zero at the rock contact to 93 feet at theeastern end. of. the pond The spray pond is lined to minimize
seepage losses to the underlying permeable glacial deposits. Thefoundation of the punphouse structure located at the southeasterncorner of the pond is underlain by 35 to 60 feet of glacialmaterial. The ESSH circulation pipelines betveen the pumphouse
and the plant intersect bedrock at an elevation of 668 feet,
approximately 260 feet southeast of the pumphouse (refer toFigure 2.5-17A). A geologic map of the spray pond area is l2presented on Figure 2.5-15.

Further discussionof conditions at the ESSM pumphouse and spray pond are containedin Subsections 2.5 1.2.2, 2.5.3 and. 2.5.5.

e t

Natural slopes adjacent or close to the principal plantstructures are relatively flat Host of these slopes are
composed of soil; fev rock slopes occur (Figure 2.5-17 shows
areas of rock outcrops)

North of the spray pond the Trimmers Rock Formation forms a,relatively steep ridqe rising approximately 380 ft. above the
pond. The south-facing slope of this ridge is essentially a rock
slope underlain by flaggy, resistant sandstone thinly mantledvith soil and rock fragments. The closest approach of this slopeto the spray pond is along the northern perimeter of the pond;the toe of the slope, at elevation 710-720 feet, is 250 feet or
more from the edge of the pond (at elevation 679 feet). The 2
maximun slope along the ridge is about 2 horizontal to 1vertical, vith an overall slope of 3-1/2 horizontal to 1vertical, a relatively flat slope for competent rock. Figure
2 5-56 shows a typical profile along the steepest portion of this
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slope north of the spray pond area. Bedding in the rock dips
approximately 300 to the north into the slope; thus, it is
favorably oriented for slope stability. Data of McGlade, et al.
{Ref. 2. 5-56, p. 108) indicate that natural slopes eroded on
Trimmers Rock strata are "steep and stable".
No old landslides, rock slips, or landslide scars have been noted
near the plant structures It is concluded tha't the natural
slopes present no significant hazards to plant structures.

Stability of excavated and fillslopes is discussed in Subsection
2 5 5.

2 5.1. 2. 5. 3 A5eas of Potential snbsiaence ~U lift~on Collapse

Potential sources of subsidence or collapse in the Pennsylvania
Valley and Ridge region include coal mines and karst terrain;
however, neither of these conditions are known to occur within
several miles of the site arid therefore they are not significant
to the site
No coal beds are present beneath the site; the nearest coal
measures are about 3-l/2 miles north of the site near
Shickshinny, which is at the extreme western end of the
anthracite producing belt in the X,ackawanna syncline (Figures
2.5-25 and 2.5-26) . The nearest underground coal workings are
about 2 miles east of Shickshinny (Ref. 2.,5-70); the nearest. that
have been associated with surface settlement are near Nanticoke,
Pennsylvania, approximately 10 miles northeast of the site.
Rocks in the site area have no known potential for oil or gas
production. The nearest oil o r gas field is loca ted 25 miles
northeast of the site.
The. shallowest carbonate rock that may be present beneath'he
site occurs below the Harcellus-Manhantango sequence as limy beds
within the Upper Silurian, Tonoloway and Mills Creek Formations
and the Lower Devonian, Keyser, Old Port, and Onondaga Formations
,{refer to Subsection 2.5.1.1.2.3 and Figure 2.5-14). Some of
these units crop out on the flank of the Berwick anticlinorium.
north of Bloomsburq about 10 miles west-southwest of the site,
but most are absent nearer than this to the site having been
removed by erosion or faulting (Subsection 2.5.1.1.2.3) . None
have been mapped within five miles of the site (Figure 2.5-'12)
The Onondaga may occur in the subsurface near Berwick, five miles
west-southwest of the site, inasmuch as mud-filled caves have
been encountered durinq well drilling operations at Berwick;
however, since the secondary porosity along joints and bedding

REV 3 ll/78 2.5- SS



SSES-FSAR

planes in the Onondaga has been characterized as of only "medium«
magnitude (Ref. 2.5-56), such cavities would be expected to be
neither large in size nor extensively developed. If the Onondaga
does extend eastward beneath the site, it would be at a depth
probably exceeding 1,000 feet and beneath the Marcellus-
Nahantanqo shale and siltstone sequence (Figure 2.5-14) Ae this
depth of burial beneath the site, carbonate beds possibly present
would have no siqnificant potential for subsidence or collapse at
ground surface.

The site is not known'to be in an area,experiencing localized
dominq or subsidence. Relative rates of regional uplift or
subsidence are not well defined for this area, but some recent
studies have been 'presented in the literature Brown and Oliver
(Ref. 2. 5-54, Figures 5 and 7) show a releveling profile across
the Appalachians at the latitude of Harrisburg about 60 miles
south of the site. This profile suqqests that the Valley and
Ridge province at the latitude of Harrisburg is risinq uniformly
at the rate of about 5 mm per year. They find in general that
"the Appalachian Highlands are being uplifted with respect to the
Atlantic Ccast at rates up to 6 mm per year" (Ref 2.5-54, p.
31). Because the measurements are referenced to a given station,it is not possible to determine absolute vertical crustal
velocities. Since Brown and Oliver (Ref. 2.5-54. p. 31) also
state the "Atlantic Coastal Plain... is tilting away from the
continental interior" the data may indicate simply that the
Appalachian Highlands are nearly stationary, or that they are
suhsidinq more slowly than the coastal region Inasmuch as
differential rates of this magnitude are greater than the
geologic record suggests could be sustained over geologic time,
the authors presume an oscillatory mode of continental interior
uplift or coastal depression with time on the order of 10~ years
per oscillation
Superimposed on these broad, regional differentials are smaller,
secondary variations in the rate of vertical movement within the
Appalachian Highland on the order of 1 to 3 mm per year total
amplitude (Ref. 2. 5-54, Figures 7 and 8) The 1ocation of some
of these secondary maxima or, minima appear to correlate spatially
with seismicity; others do not. The wave length between such
secondary maxima is on the order of 300 km, a distance suggestive
of oriqin in "large scale movements of the earth's crust" (Ref.
2 5-54, p. 27) Although the authors speculate there may be, in
some areas, a possible association of these secondary peaks in
the vertical velocity profiles with seismicity, they acknowledge
(Ref. 2. 5-54 '. 30) that "without further data it is impossible
to demonstrate that the relationship is more than coincidental."
Zn any event, flexure of a very few millimeters over hundreds of
kilometers is very broad indeed and is not significant to
structures.
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In eastern New York„post-glacial offsets in shales and slates
are documented by Oliver, et al. (Ref. 2.5-51). The

nearest'ocalitylisted by Oliver, et al. (Ref. 2.5-51) is near Hyde
Park, New York, about 120 miles east of the site. The authors
wonder whether the cause of these offsets "might stem from
crustal rebound followinq removal of the ice load or from still
more broadly based tectonic or orogenic forces" (Ref. 2.5-51, p
586). However, it is significant that these high-angle reverse
offsets of the glacial striations in bedrock are on the order of
only one inch or less of displacement. The authors also mention
other possible mechanisms such as "---thermal changes, hydration,
or a chemical process in the shales,» and conclude the data «do
not seem adequate to resolve this point" (Ref. 2.5-51, p. 569).
Another assessment of the same data concluded the offsets arise
from either frost heave or glacial rebound. If related, in some
way to frost action or the severity of frost, then one might
expect the effects of heave, such as on precise leveling
monuments, to be more pronounced with altitude Precisely such a
correlation of secondary velocity maxima with elevation was noted
and discussed by Brown and Oliver (Ref. 2.5-54, p. 27)

Additional independent evidence on the magnitude of general
Appalachian uplift, or lack thereof, in the Pliocene and
Quaternary is provided by Owens (Ref. 2.5-52), who based his
assessment on the assumption that uplift in the source area is
accompanied by erosional transport of clastic material to
adjacent basins. He found that Pliocene and Quaternary sediments
of the Atlantic coastal plain from New Jersey southward are only
50 feet or less in thickness, indicating no great intensity of
uplift through this period; and moreover that there are no marked
accumulations of sediment in centers of deposition, suggesting a
qeneral, uniform uplift, or even static conditions, of the entire
Appalachians.

Therefore, the total geologic record strongly suggests that
unusual regional crustal instability has not recently occurred in
the Appalachians. Brown and Oliver (Ref 2.5-54, p. 31)
conclude, "Although the rates of relative vertical movements
determined from leveling seem larqe by comparison with rates
deduced from some forms of geological evidence...these velocities
do not seem unreasonable in terms of other types of geological
information." Further, "the rates of vertical crustal movement
presented. compare very favorably with those .found .in other
portions of the world». Relative rates of vertical uplift
observed for the site region therefore appear to be quite typical
compared to observations elsewhere, and accordingly do not seem
to be reflective of abnormal conditions.
The balance of evidence favors Appalachian crustal activity
restricted to generally unifor~ uplift, probably differing
slightly in local areas, and perhaps having an oscillatory
character with time. Little if any evidence has been presented
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to demonstrate that these may be siqnif icant t'o engineering,
planninq or seismic risk evaluation. No faulting has been shown
to be involved in this recent activity, and correlation with
seismicity is likewise not established. In areas adjacent to the
Appalachians, small-scale post-glacial offsets have not been
correlated with seismicity and tectonic oriqin of the offsets has
not been established.

It is concluded that the available data do not indicate that
existing or future uplift or subsidence, as from man~s activities
or from qeoloqic conditions such as regional warping, vill be
siqnificant to the site.

2 5.1 2 5.4 Behavior of Site Durin Prior Ea~rth uakes

There is no evidence at the site of any effects, such as
landslides, fissuring or subsidence, which could be attributed to
the occu'zrence of prior earthquakes.

No Pennsylvania earthquakes have been reported as felt in
the'itevicinity. Within historical times, approximately fourteen

earthquakes originatinq outside Pennsylvania could have been felt
at the site, with the probable maximum intensity of IV on the
Nodified Nercalli Scale. The nearest of these earthquakes
occurred 90 to 100 miles from the site (Wilmington, Delaware,
1871, epicentral Intensity VII). Ground motion at this intensity
(IV) would have had no effect on the site.

5 1..5 5 Zones of Deformation or Structural Weakness

As reported in the PSAR, the preconstruction investigation
defined a number of structural features at the site such as
folds, joints, fractures, cleavage, slickensided joint planes,
and bedding plane shears. The PSAR stated (p. 2.5-16),

The prominent joint directions are parallel and perpendicular
to the strike of the strata..The major joints... (strike)
parallel to bedding. This joint set dips nearly
perpendicular and opposite in direction to the dip of the
bedding. A more open but less frequent series of vertical
joints strikes parallel to the dip of the strata. High angle
joints healed by secondary calcite and quartz mineralization
are present in the vicinity of minor shear zone's. The
observed fractures, while relatively numerous in the upper 20
feet of rock, decrease with depth. At a depth of about 20
feet into rock, the fractures are tight (generally healed
with calcite filling) and vould not adversely affect
foundation performance.
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Ninor beddinq- plane slips at depth have been observed in the
site- area, both north and south of the interior ridge. Those
slips have n'ot experienced movements in more than 200 million
years. A minor slip of this nature could be exposed in any
larqe excavation anywhere in the area; however, it would not
affect the structural desiqn of the facilities.

Excavation during construction confirmed the PSAR evaluation and
supplied additional data. During excavation, numerous
slickerisided joint planes vere exposed and mapped (Figure 2. 5-
18) Thin, slickensided bedding plane shears , well healed with
laminar quartz and calcite mineralization, were also exposed in
the foundations The field data indicate these shear planes are
folded in the same manner as the bedding (Figure 2.5-19). They
are, moreover, cut by vertical, calcite-filled joints which are
continuous across the shears with no offset. In addition, where
the shears can be traced to an intersection with a smooth,
glacially eroded surface forming the top of rock, the eroded
surface displays no displacement or offset across the shear
plane. Since the erosion of the rock surface vould necessarily
have occurred prior to the deposition of the overlying glacial
deposits, which have been established as being more than 50, 000
years old (refer to Subsection 2.5.1.2.2.1), this relationship
shovs that any displacement alonq the shearing occurred more than
50,000 years aqo In reality, the most probable age of the
shearing is pre-Triassic, or over 200 million years ago. This is
indicated by regional relationships plus the fact that the shear
plane is folded,(A detailed presentation and analysis of the
relaticnship between site and regional structure is presented at
the end of Subsection 2. 5.1. 2. 3. 2).

All features arising from tectonic deformation at the site are
geologically old. In the foundation rock, all shears and joints
are tight or are fully healed with calcite and quartz
mineralization; accordingly, they do not adversely affect the
strength, bearing capacity or compressibility of the foundation
rock They are therefore not significant to the plant
structures. The conclusion stated in the PSAR (P. 2.5-18) that
"the minor structural conditions observed at the site are not of
significance with respect to siting or design for the use of the
site for its intended purpose,". has been confirmed.

Bedrock beneath the seismic Category I structures is a dark gray,
indurated, massive siltstone. It is not susceptible to rapid
weathering'; no appreciable slakinq of fresh rock exposures vas
observed in the foundations. Depth of veathering below original
top of rock varies from zero tc about 20 feet. The rocks
occupyinq depressions in the bedrock surface are generally
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unweathered However, open fractures were encountered to a depth
of about 20 feet. Below that depth, fractures are not common but
where they do occur, they are generally "healed" vith calcitefillinq.
Heathering appears to have progressed initially downward by
dissolution of calcite from calcite-coated joints, seams and
shear planes, and refilling by clay or other weathered material.
Zn one exceptional case, weathering along joints and fractures,
as distinguished from weathering of the rock itself, vas observed
nearly 70 ft. below oriqinal top of rock In this instance,
vhich vas between the circulating water pumphouse and the Unit 1
coolinq tower, the bedrock originally formed a knoll and
contained numerous lov angle, slickensided, calcite and quartz-
filled joint planes and abundant vertical, calcite-filled
fractures, forming an intersecting, permeable netvork of channels
through vhich water readily percolated downward, dissolving the
soluble carbonate joint and fracture fillings. Notvithstanding
the depth of weatherinq here, the design elevation of the bottom
of the circulating water pumphouse is below the depth to which
this zone is Weathered, and this structure vas founded on sound
unveathered bedrock.

2.5.1.2 5.7 Potential for Unstable or Hazardous Roc'k or
*-- --Ri-1 Cond-it-ions

Foundation rock at the site is hard, indurated, unweathered
siltstone, a member of the Hiddle Devonian Mahantango Formation.
Similar materials underlie the site to a depth of over 1,000
feet. This rock does not contain unstable minerals; it provides
highly stable foundation conditions and does not constitute a
source of potential hazard to the plant
Soils at the site are, except for the 'uppermost fev feet, glacial
in oriqin and consist of resistant fragments of rock that were

'ransportedfrom the region north of the site. Host vere
deposited by fiowing melt water from the glaciers under
torrential flow conditions, and some of the soils probably have
been overridden by ice sheets. These glacial soils are
noncalcareous and over four-fifths of the rock in them consists
of sandstone (Ref. 2.5-5).
The origin and mineralogy of the soils is such that they present
no hazardous conditions. Detailed engineerinq characteristics of
soils in regard to slope-stability, bearing capacity, stability
under dynamic loads and consolidation characteristics under
structural loads are discussed in Subsections 2. 5. 0 and 2.5.5.
All foundations for the Category 1 plant structures that are
founded on rock are excavated to or into essentially unweathered
material. No significant irregular 'alteration or weathering, or
zones of structural weakness due to weathering, shearing or
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fracturinq were encountered at the bearing elevation for those
structures designed to zest on unweathered rock

W. 2=-.
m

No indications were found durinq excavation and constzuction at
the site of the presence of significant stress in bedrock No
popping or spallinq rock was observed There were no indications
of heave at the base of,roc'k slopes or in the bottom of
excavations. Some vertical joints close to and subparallel to
vertical excavated slopes opened very slightly, but this was
attributed to gravi.ty forces, not in situ stresses. Xf
siqnificant in situ stresses did in fact exist in the rock,
evidence of this should have been noted in the excavation; no
such indications were noted. For example, a thin mudmat was
routinely placed on the rock after evacuation to foundation
qrade. If significant heave had occurred, it would have been
readily detected by crackinq of the mudmat No such crackinq was
observed.

~2.5.. 2 5. 9 . Conclumj;ourn and Summary

Consideration of all engineering geologic factors at the
Susquehanna site leads to the conclusion that the site is well
suited for the construction and operation of the plant. There is
no geoloqic featuze or condition at the site or in the
surroundinq area which precludes the use of the site for a
nuclear generating facility. The bedrock in the construction
area is competent and provides satisfactory foundation support
for all major structures.

2.5~l~+6-- Site- Groundwater Conditions

The qroundwater table beneath the site generally occurs within 35
feet of the qround surface. The notable exception i:s in the
deep, easterly slopinq, buried bedrock valley present about 1000
feet north of the center of the plant, where a water table depth
of as much as 79 feet was recorded. Generally, the lower part of
the overburden deposits is saturated, although ove x portions of
the upland area on the site, the groundwater level is found only
in the underlyinq bedrock. Depth to bedrock is variable and
ranges fzom zero to over 100 feet. The groundwater level
contours shown in Figure 2.4-31 appear to be controlled to a
larqe extent by the top of bedrock contours (Figure 2.5-17)
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Groundwater movement on the site is generally in an easterly
direction. With the exception of a few springs on site. Most of
the groundwater is believed to discharge ultimately to the
Susquehanna River. The average groundwater velocity is estimated
to be between 1. 5 and 2. 0 feet per day along flow paths from the
station to the Susquehanna River.

The site is not located in a recharqe zone for any aquifer.
However, qroundwater recharqe to the uncolsolidated sand and
qravel dces occur over the site area. The predominantly
siltstone strata of the Mahantango Formation beneath the site
constitutes a source of limited domestic water supply. Because
of its relatively low transmissibility characteristics, the
Mahantanqo cannot be considered to be an aguifer.

From a hydroloqic standpoint, 'there are two general types of
aquifers in the region. The first type consists of sandstone and
occasional limestone strata which occur within the predominantly
shale sections of the Paleozoic age bedrock. The second type is
unconsolidated Quaternary deposits which consist for the most
part of Pleistocene stratified drift, till, or kames which are
often overlain by a thin recent soil cover. From a survey of
domestic water supplies within two miles of the station, it was
found that nearly all of the wells are completed in shale
bedrock.

Detailed information on groundwater conditions and movement on
the site and in the region is given in Subsection 2.4.13.

2 5 2 VIBRATORY GROUND MOTION

A discussion and evaluation of the seismotectonic characteristics
of the Susquehanna SES site and the surrounding region is
presented in this section. The purpose of this investigation is
to present the seismic design criteria for major structures at
the station in conformance with guidelines as outlined in
Standard Format and Content of the Safety Analysis Reports for
Nuclear Power Plants, and Appendix A of 10 CFR, Part 100.

A description and results of the field investigation and
laboratory testing program, which provided background information
for this investiqation, is presented in detail in Subsection
2.5 1
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2.5.2 1 Seisn~icit

The station is situated in a region which has experienced only a
minor amount of moderate earthquake activity in historic time.
The record of earthquake occurrences in the region dates back to
the middle 16th century. Many earthquakes have been reported
since that time and minor structural damage has been associated
with several of the events; however, none of these earthquakes
were considered to be of major or catastrophic proportion.
Because this region has been fairly heavily populated since the
early 18th century, it is quite certain that any significant
earthquake activity (MM Intensity VII or greater as defined by
the Modified Mercalli Intensity Scale, 1931, see Table 2.5-1)
would have been reported in local newspapers, private journals or
diaries The lack of any such documentation is indicative of the
absence of significant major earthquake activity in the region
during this period

Structural damage is the primary rating criterion for larger
shocks. The effects of earthquakes on the rather large variety
of construction materials used in older structures such as
chimneys, rock walls, etc., are highly variable, making intensity
evaluations based on such reports imprecise. The rather long
period of record, however, and the evenly distributed population
provide a reasonable basis for estimates of future activity.
Table 2 5-2 lists all events within 200 miles of the station with
magnitudes (Richter) greater than 3.0 or MM intensities greater
than III, and all seismic events within 50 miles of the station.
Piqure 2.5-8 displays these events on the regional structure of
the area around the staticn, along with the siqnificant
earthquakes (MM Intensity V and greater) which have occurred
outside the 200-mile radius.

The largest events to have occurred in the immediate station
vicinity were the Milkes-Barre disturbances of February 21 and
23, 1954 (local dates), with assigned intensities of VII and VI,
respectively. These intensities were based on the damaqeinflicted upon a very small area, about 0 15 square miles of the
city. These disturbances occurred only 16 miles from the
station; however, they are considered to have resulted from mine
collapse as discussed in detail in Appendices 2. 5A and 2 5B.
Thus, these shocks need not be considered in the analysis of
earthquake risk as regards the station.
The largest event to have occurred within 200 miles of the
station was the Intensity VII-VIIIshock at Attica, New York, on
August 12, 1929, some 150 miles northwest of the station. This
earthquake imposed some moderate damage at Attica and villages in
the immediate vicinity of the epicenter, but was not reported asfelt in the Berwick area (Ref. 2.5-71).
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Pour Intensity VII earthquakes have occurred at a distance of
about 100 miles from the station: tvo (1737 and 1884) were near
Nev York City, one (1927) near Asbury Park, Nev Jersey and one
(1871) near Milminqton, Delaware.

The closest of these Intensity VII events vas the shock which
occurred in the vicinity of Milmington, Delav'are on October 9,
1871, approximately 100 miles to the south of the station. Based
on damage reports and intensities felt, the epicenter has been
located near Milminqton, whereas the shock was felt from near
Chester, Pennsylvania on the north to Middletovn, Delaware, on
the south and from Salem, New Jersey on the east to Oxford,
Pennsylvania on the vest. The initial shock vas followed by a
much smaller shock gust after midnight on October 10. A

contemporary nevspaper account indicates that the initial shock
vas felt at Milminqton «with greater distinctness.« Buildings
were shaken severely and a number of chimneys vere damaged in the
surrounding towns of Oxford, Pennsylvania, and New Castle and
Newport, Delaware. An interesting aspect of this earthguake is
the fact that it vas accompanied by a very loud sound, as of an
explosion. This loud noise, in fact, led to the belief that the
shock was caused by an explosion, probably at the powder mill of
the E.I DuPont deNemours Company, near Milmington. This
possibility was carefully investiqated at the time and it vas
concluded that the shock was a legitimate earthquake. Existing
reports, however, do not report the shock beinq felt in the
Berwick area.

The two events near New York City, about 118 miles from Bervick,
may have been felt at the station, but with an intensity
certainly no greater than III. The 1884 shock affected an area
extendinq frcm Portsmouth, N.H., to Burlington, Vt., southwest to
Binghamton, N.Y., Milliamsport, Pa., southeast to Baltimore, Md.,
and Atlantic City, N.J. At Bradford, Pennsylvania, reports vere
made of panes of glass brcken in a large hotel, and other
moderate damage vas sustained. All hotels in Brooklyn, New York
vere shaken violently. In 1927, a similar shock listed as
Intensity VII was centered near Asbury Park,'ev Jersey. Several
successive waves, described as seeming to travel from vest to
east, caused homes near Asbury Park to shake and oscillate
percep tibl y.

Several Intensity VI earthquakes have occurred less than 100
miles from the station On May 31, 1908, 48 miles from the site,
Allentown, Pennsylvania was shaken by what vas believed to be a
mild earthquake. The shock lasted about a second and was
described as a rumbling sound followed quickly by a report which
"sounded like the failing of chimneys of a building" (The Lehigh
Register June 3, 1908). The Philadelphia Inquirer adds, "The
only other place where the shock was felt vas Catasauqua, three
miles away. At first it vas thought that a battery of boilers in
some local industry might have exploded, but no such accident was
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reported The quake was accompanied by a low rumbling noise and
lasted about two seconds but was only felt over an area of some
50 square miles. On January 7, 1954, an Intensity VI shock
occurred approximately 54 miles from the station This was thefirst of a series of minor shocks in Berks County. The Reading
Times reported on January 8, 1954, that a «minor" earthquake
shook Berks County communities, and succeeding tremors of lesser
intensity were experienced mainly by residents in West Reading,
Wyomissinq West Louwe, West Wyomissing, Wyomissing Hills and
Sinkinq Spring Continued mild aftershocks shook the downtown
area of Sinkinq Spring which appeared to be the epicentral area
for these disturbances. The damage was described {Ref. 2.5-72)
as minor: broken chimneys, breaks in brick and plaster walls,
and broken dishware. Similar damage, including broken windows,
was reported in other communities west of the Schuylkill River.
The main shock was recorded by seismograph stations at Fordham,
Palisades (Columbia University) and the U.S. Coast 8 Geodetic
Survey at Washington, D.C. Dr. Jack Oliver of Columbia
University described the initial tremor as »a typical east coast
earthquake.<>

According to the Philadelphia Inquirer, as of January 8, 1954,
the earth tremors which had been recorded in Berks County since
1900 were:

August 30, 1902
— June 6, 1915

February 28, 1925
November 1, 1935
June 8, 1937
February 18, 1938
September 4, 1944

The events of 1902, 1915 and 1938 are not reported in the
standard catalogues and are, therefore, considered as very small,
localized disturbances for which there is only local record. The
shocks of 1925 and 1944 were large events in the St. I.awrence
River near Quebec, Canada and Hassena, New York which were felt
with intensities of less than III at the station.
Shocks on January 24, 1954 and on August ll, 1954 affected
Sinkinq Hole, Pennsylvania, accordinq to the Reading Times
(August 11, 1954). These shocks were attributed by the U.S.G.S.
to the caving of solution cavities. Similar conclusions about
the "sinking of the earth in general" were reached by Penn State
University scientists after the event on September 24, 1954 which
was assiqned an Intensity I1 at Sinkinq Spring Borough, 5 miles
west of Readinq, Pennsylvania.

Another shock of Intensity VI occurred 63 miles southeast of the
station, near Cornwall, Pennsylvania, on ltay 12, 1964. Coffman
and Von Hake (Ref. 2. 5-72) report a cracked wall, fallen plaster,
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and small landslides. The Lebanon Daily News reported: "...the
tremor was so mild that many persons slept right through it."
However, Dr. B. F. Howell, Jr., Chairman of the Geophysics
Department at Penn State University„ reported that the quake was
the most intensive to hit the state in 10 years.

On September 1, 1895, an event of Intensity VI near Philadelphia,
76 miles from the station, vas felt from Sandy Hook, Nev Jersey
to Brooklyn, Nev York to Darby, Pennsylvania, and Wilmington,
Delaware. Another shock of Intensity VI occurred on March 23,
1957 in the same general vicinity, 79 miles southeast of the
station These shocks were not reported felt in the Berwick
area.

Five shocks (Intensity VI, III, V, III, and IV) occurred in
central and southern New Jersey on August 23, 1938, 116 to 128
miles from the station. The largest shock vas felt f rom northern
New Jersey to Milmington, Delaware.

Although it is indicated that several of the large, distant
shocks listed above vere probably felt at the station, no
damaging effects were experienced. No Pennsylvania earthquakes
have been reported as felt in the area of the Susquehanna SES.

In summary, there are no reports from the Bervick area of
Pennsylvania which would indicate that ground motions from any
historical earthquake in the east have exceeded ]or even
equalled) an intensity as great as XV on the competent rock on
which the station is located.

2.5 2 2 Geologic Structures and Tectonic Activity

2.5.2 2 1 Tectonic Provinces

The area within a. 200 mile radius of the Susquehanna SES includes
parts of six tectonic provinces (Figure 2. 5-8) . The provinces
are, from 'west to east, Stable Interior, Fold and Thrust Belt,
Blue Ridge-Highlands, Conestoga Valley, Inner Piedmont, and
Coastal Plain.

The tectonic province concept used to define these provinces is
based on an evolutionary model of the Appalachian orogen {Ref
2. 5-73) and derived from early studies in the region (Ref. 2 5-
74). This concept was used in this study to provide the province
boundaries of significance to the station.
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2 5 2 2 2 Tectonic Differentiation of the A~alachian Orogen

The outline and discussion presented below summarizes the
relationships and der ivations of tectonic provinces of the
Appalachian orogen, as displayed in Figure 2 5-8 any parts of
which occur within 200 miles of the station.
1. Craton

a. Eastern Belt

(1) Blue Ridge-Highlands

b. Western Basin

(1) Stable 1nterior
(2) Fold and Thrust Belt

2 Mobile Belt

a. Eastern Cratonic Margin

(1) Conestoqa Valley
(2) inner Piedmont
(3) Coastal Plain

Considering the tectonic evolution of the Appalachian orogen, it
is subdivided as above into two fundamental areas; the part
affected only by ccnvergent diastrophism (craton), and the part
affected by initial diverqent, convergent, translational, and
final divergent diastrophisms (mobile belt) . The mobile belt, as
defined in this report, is situated east of the great
anticlinoria cored by Grenvillian rocks; i.e., east of the Long
Ranqe (Nova Scotia), the Green Mountains, the Berkshire
Highlands, the Hudson-New Jersey Highlands-Readinq Prong, and the
Blue Ridge Mountains. The mobile belt thus corresponds to the
Appalachian euqeosyncline and includes the quasi-cratonic
margins. The western edge of the mobile belt parallels and lies
to the west of what was oriqinally the eastern edge .of the North
American continent during Cambro-Ordovician time as defined by
Bodqers (Ref. 2. 5-74) .

2.5 2.2 3 Tectonic Differentiation of the Craton

The cratonic portion of the Appalachian Highlands is underlain by
continental crust composed of 1000 million-year-old crystalline
rocks which were deformed during the Grenvillian orogenic cycle.
On the eastern edqe of the craton, these rocks crop out at the
surface as great anticlinoria. Rest of these elevated
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anticlinoria lies an elongated, downwarped segment of the
continental crust forming the asymmetric Appalachia n basin. The
floor of this basin is formed of Grenvillian rocks greatly
depressed in the east (up to 40,000 feet below sea level) and
qradually rising tovard the vest. The basin is filled with
largely-unmetamosphosed sedimentary rocks (both clastic and
carbonate) ranqinq in aqe from Early Cambrian to Carboniferous.
These rocks form a sedimentary wedge, thickening to the
southeast, reflectinq the asymmetry of the basin floor.
Blue Ridge - Highlands Tectonic Province

The eastern portion, termed here the Blue Ridge — Highlands,
canstitutes a tectonic province and is characterized by
Grenvillian rocks deformed during the Paleozoic convergent stage.

Characteristically, the terrain is mountainous and exhibits
exposure af some of the oldest rocks in the eastern U.S. (1000-
1100 million years). Earthquakes no greater than Intensity VI
are characteristic of this tectonic regime, and none have been
related to specific structures.

Stable Interior Tect'onic Province

The Stable Interior Tectonic Province of the vestern basin is
characterized by the absence of intense deformatian and the
presence of shelf-delta type Paleozoic sediments. The rocks
display qentle folding as opposed to the intensely falded and
faulted rocks of the Fold and Thrust Belt immediately to the
southeast. The largest significant earthquake to have occurred
in this province (vithin the regional scope of this study) vas
the 1929 Attica, New York, event (initially cataloged as
Intensity VII-VIII) approximately 168 miles from the station.
This shock and an accompanying concentration of lesser events has
been spatially related to the Clarendon-Linden Fault, an
anomalous structure in the essentially untectonized rocks making
up this portion of the Stable Interior. A small concentration of
activity, apparently related to doming of the Adirondak massif,
occurs 150 to 200 miles northeast of the station. With the
exception of these moderately active areas, the province is
virtually aseismic.

Fold a~d Thrust Belt Tectonic Province

The Fold and Thrust Belt tectonic province is characterized by
tightly folded and thrust-faulted Paleozoic sedimentary strata
deposited as flysch or molasse. The northvestern boundary of
this province generally marks a transition between gently folded
strata on the northwest (Stable Interior) and intensely folded
and faulted strata on the southeast, thus marking the western
limit cf Paleozoic thrusting (Ref. 2.5-75) .
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The largest earthquake which has been recorded in the Fold and
Thrust Belt tectonic provinces was the Giles County, Virginia,
Intensity VIII shock of 1897, over 350 miles from the station,
and in the southernly division of the Fold and Thrust Belt.
Other earthquakes in this province are .widely scattered with only
two events as large as Intensity VI occurring within 200 miles of
the station.

The mobile portion of the northern Appalachian orogen within the
region of interest for this study includes the eastern cratonic
margin, which is underlain by continental crust of predominantly
Grenvillian aqe (Inner Piedmont and Conestoga Valley tectonic
provinces).

The eastern cratonic margin is bounded on its western side by the
Blue Ridqe — Highlands tectonic province and on its eastern side
by the easternmost extent of Grenvillian basement. This eastern
boundary is interpreted principally from a line of gneiss domes
of one billion year-old continental crust including the Pine
Mountain belt, the Sauratown Mountains anticlinorium, the
Baltimore Gneiss domes, and, possibly, the Chester dome of
Vermont. This boundary corresponds to the eastern limit of the
ancient continental margin of North America (Ref. 2.5-76 and 2 5-
77). It also coincides with several significant geological and
geophysical changes (Ref. 2. 5-76) . First, it parallels the main
qravity hiqh of the Appalachians (Ref. 2.5-78). Second, it is
marked by contrasting seismic refraction profiles that reflect
deep crustal contrast. Finally, it is a zone of faulting
contrasting structural style and contrasting metamorphic facies.

This cratonic margin is divided into two tectonic provinces north
of Virginia, the Conestoga Valley province and the Inner Piedmont
province. The boundary between these provinces corresponds to
the Martic Line in Pennsylvania (Ref. 2. 5-79) and the southward
extension of Cameron's Line in western Connecticut.

The Conestoga Valley tectonic province is characterized by a
mioqeosynclinal assemblage overlapping an older clastic
assemblage. Triassic Basins of the Newark Group are
characteristic of the Conestoga Valley province (and, to a lesser
extent, the Inner Piedmont and Coastal Plain) and are found in
the area between Massachusetts and North Carolina Triassic
rocks have been encountered in borings at Bowling Green and
Edqehill, Virginia and near Brandywine, Maryland
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These basins were formed during Triassic time as downfaulted and
folded elonqate graben structures. Non-marine arkosic sediments
and intercalated lava flows filled these basins as they were
down-faulted and tilted At the close of the period, the
processes of erosion continued to modify the topography of the
eastern section to form the base for deposition of Coastal Plain
sediments

Xn the Triassic Basins and associated down-faultinq, intrusions
of Trio-Jurassic aqe are cut and displaced, indicating a post-
Trio-Jurassic aqe for some of the faulting Similar intrusions
in the Inner Piedmont are not disrupted or offset in this manner.
Earthquakes no larqer than Intensity VI have been noted in the
Conestoqa Valley province, althouqh some small events, up to
Intensity VI, are reported and have been tentatively associated
with Triassic basin border faults.
Inner Piedmont Tectonic Province

The Inner Piedmont Tectonic Province is characterized by a
euqeosynclinal assemblage over an older clastic assemblage, which
is characterized in this region by a northeast-southwest trending
belt of Precambrian to early Paleozoic schists, qneisses, slate,
metaconglomerates and some igneous intrusions These rocks are
interrelated in a complex manner by faulting and foldinq.
Earthquakes ascribed to the Inner Piedmont should include the
boundary (Inner Piedmont-Coastal Plain) Intensity VIZ events at
Qilminqton, Dela ware (1871) and Asbury Park, New Jersey '1927) as
well as several Connecticut valley events of Intensity VII which
occurred over 200 miles f rom the station, albeit, in the Inner
Piedmont Province (Ref. 2.5-73). No larger events have been
recorded in this province and none of the history.cal shocks can
be satisfactorily related to specific structures The Inner
Piedmont is, in qeneral, apparently the most seismically active
portion of the area within 200 miles of t'e station.
Concentrations of moderate events are apparent in the New York
City area in and the Central Virginia seismic zone near
Charlottesville as described by Bollinger (Ref. 2.5-80) . Both of
these zones are characterized by low to moderate seismic
activity. Seismicity elsewhere in the province is relatively
rare and apparently random.

Coastal Plain Tectonic Province

The Coastal Plain tectonic province is characterized by the
development of a mioqeosynclinal wedge during the advanced phases
of the f inal crustal divergence. In the region south and east of
the station, this province is characterized by a stratigraphic
sequence of interbedded sands, gravels ~ clays and silty sands of
both marine and continental origin. These materials were
deposited on the downwarped basement complex from Early
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Cretaceous to Quaternary time. The strata wedge out at the Pall
Zone to form a wedge-shaped mass that thickens to the southeast.
The average di p of these strata varies from 75 feet per mile
within the Cretaceous sediments to approximately 10 feet per mile
in the upper Tertiary formations.

Pew qeoloqic structures are known in the Coastal Plain Province.
The Salisbury Embayment is a structural lov in the basement rocks
between Newport News, Virginia and Atlantic City, New Jersey.
The Embayment is marked by a deep accumulation of Mesozoic and
Cenozoic sediments, which approach a thickness of 3,500 to 7,500
feet at the Maryland coastline The feature is fairly prominent
in the basement rocks but loses form in the younger sedimentary
sequences, sugqesting that it is predominately a pre-Tertiary
feature. The Coastal Plain undervent regional epeirogenic
movements from Pliocene to Quaternary time, which lifted a
portion of the continental terrace above sea level

The siqnificant seismic activity in the Coastal Plain includes
the Intensity X event at Charleston, South Carolina, and, for the
sake of conservatism, the Wilmington, Delavare event of Intensity
VII

2.5.2. 3 Correlation of Earthquake Activity with Geologic
Structures or Tectonic Provinces

Only a fev of the historical earthquakes in the northeastern
United States can be satisfactorily related to specific
structures at this time. Therefore, a consideration, of the
siqnif icant events vhich could influence the seismic design for
the Susguehanna SES vill rely, for the most part, on an approach
based on the tectonic settings discussed above. To augment the
tectonic province approach, the concept of the seismic zones
vithin the provinces as discussed by Bollinqer (Ref. 2.5-80) and
Hadley and Devine (Ref. 2.5-81) will be addressed.

Those events which constitute the largest earthquakes of record
in the Eastern United States and which embrace all significant
considerations for the Safe Shutdown Earthquake for the station,
are listed below:

1) The large events (maximum Intensity IX) such as those in
the St. Lawrence Valley and Ottava-Bonnechere Graben
area

2) The larqe events such as those (maximum MM Intensity
VIII) which occurred in the Cape Ann Massachussetts area

3) The (originally catagorized as Intensity VII-VIII)
Attica shock (1929) in western Nev York State
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4) The Intensity (IX to X) Charleston, South Carolina
earthquake in the Coastal Plain

5) The .Intensity VIII Giles Co., Virginia earthquake of
1897

6) The Intensity VII events such as those shocks which have
been recorded in and around New York City, Wilmington,
Delaware, Asbury Park, New Jersey, and Lake George, New
York, and

7) The Intensity VI events which occur only infrequently in
the general region

S t. La vrence Val l~e

The St. Lawrence Valley and the Ottava-Bonnechere Graben area are
contained in the Ottawa Basin tectonic province (Ref. 2.5-73).
Earthquakes as large as Intensity IX are reported in this region.
The structural interpretation shows that this area is the
extension cf a transverse trough and mobile zone into the stable
interior (Ref. 2.5-73).

Because of the obvious historical confinement of seismic activity
to this reqion marked by an intraplate weakness, recurrence of
such larqe shocks are expected to remain in the area and are thus
not translatable to the station.

The large (Maximum Intensity VIII) events in the Boston-Cape Ann
area vere formerly historically associated. with the Boston-Ottawa
trend of earthquake activity (Ref. 2.5-82) which included the
Ottava-Bonnechere Graben area However, a recent re-evaluation
(Ref. 2 5-73) has resulted in the identification of tectonic
reqimes which separate the former "Boston-Ottawa trend" into
specific tectonic provinces. On the basis of this, the Cape Ann
Intensity VIII event, being the largest event to have occurred in
the Avalon Platform province (Ref. 2.5-73) would be restricted to
a distance from the site of no less than 250 miles Moreover,
according to Ballard and Uchupi (Ref. 2.5-83), it is possible
that the significant Boston-Cape Ann seismic activity is
associated with the faulted northwestern boundary of the Avalon
Platform.

For these reasons it is not deemed necessary to translate this
activity (Naximum VIII) out of the Avalon Platform.

Weste n New York

The shock of 1929 near Attica, Nev York is anomalous with respect
to the exceedingly sparce seismicity of this portion of the
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Stable Interior. It does mark, however, a noted concentration of
earthquakes which are spatially related to the well-recognized
feature of the immediate area, the Clarendon-Linden Structure
(Ref. 2.5-114) . It is generally accepted that any recurrence of

a similar event would be confined to the Attica area. Therefore,
the postulation of a recurrence of this shock at the closest
approach of Stable interior to the station is not warranted. A
recurrence of the largest event, at any location along the
Clarendon-Linden Structure could result in only minimal ground
motion at the station (less than Intensity IV).
Charleston South Carolina

The largest events to occur .in the eastern United States were the
events of approximately Intensity X at Charleston, South Carolina
in 1886.

The concentration of seismic activity (over 400 events) in the
immediate vicinity of Charleston is unique to the Atlantic
Coastal Plain; moreover, such a confined density of epicenters is
unmatched anywhere in the central and eastern United States, with
the possible exception of the New Madrid, Missouri region. On
the strength of this areal distribution alone, it would be
concluded that a specific tectonic anomaly is responsible for
this localized activity. Independent lines of investigation have
recently suggested a structural regime which may be responsible
for the observed seismicity. On the basis of seismic reflection
profiles parallel to the coast of South Carolina-, Dillon (Ref.
2. 5-84) has reported evidence of northwest-trending faults in the
continental shelf along the South Carolina coast, and states that
this would'seem to be the only zone of,active faulting in the
United States south of Cape Hatteras and east of the
Appalachians. Possible evidence of faulting is noted in the
basement rocks offshore and in the Tertiary rocks of the
continental margin. This possible faulting aligns with the
northwest-:trending seismic zone (Ref. 2.5-80) and has been
postulated to be the extension of an active oceanic fracture zone
into the continental block (Ref. 2.5-84, and 2 5-82).

More locally, a mild, breached fold in the shallow sediments
several miles vest-southwest of Charleston has been identified by
Colquhoun and Comer (Ref. 2.5-85) as the Stono Arch. The axis of
this arch trends west-northwest and has possible associated
faulting. The trend of this structure is aligned with, and
qrossly parallel to, the seismic zone and the offshore structure
discussed above, and represents the only known deformation in the
immediate vicinity of Charleston. Thus, it may be a near-surface
expression of the more reqional (and deeper) anomaly suggested by
offshore reflection surveys and magnetic anomaly trends (Ref.
2 5-86) .
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Transverse to the strike of these structural features are the
n'ortheast-trendinq axes of two structural highs which are
identified along the coast, from Savannah, Georgia to just south
of Charleston, as the Beaufort-Burton High and the Yamacraw Ridge
(Ref. 2. 5-94) . According to Dillon et al. (2. 5-84), the
Beaufort-Burton High may be a shallow expression of the deeper
lyinq Yamacraw Ridqe. The intersection of these structures with
the suqqested northwest trends in the vicinity of Charleston may,
at least, be an 'expression of deeper basement complexity in the
area, and lends support to a definition of structure responsible
for the well-defined cluster of seismic activity in the
Charleston area. No other structural anomalies of significance
are known in this area of the Coastal Plain. Therefore, the
unique density of earthquake activity in the Charleston area is
considered to be associated with localized structure, the
character and extent of which are only grossly suggested at the
present time. In this respect, an earthquake similar to the
larqest Charleston shock would be expected to recur in the same
locale, and would not be subject to translation throughout the
Atlantic Coastal Plain tectonic province.

The Giles County, Virginia earthquake of 1897 is the largest
shock to have occurred in the southern Appalachian region. It is
listed (Ref. 2 5-72) as Intensity VIII, and occurred in the
Southern Appalachian Seismic Zone near its intersection with the
Central Virqinia Seismic Zone (Ref. 2. 5-80), more than 350 miles
from the station. This intersection is marked by a definite
break in the continuity of the activity of the northeast-trending
Southern Appalachian Seismic Zone and lies well to the south of
an area of apparent differentiation of the system of tectonic
stresses alonq the Appalachians called the Central Appalachian
Salient in southern Pennsylvania.

This salient was probably initiated during early crustal "

diverqence in late Precambrian time (Ref 2 5-73 and 2.5-87)
resultinq in a profound difference between the northern and
southern pcrtions of the Appalachian orogen as evidenced by three
stages of the oroqen's development:

In late Precambrian the initial rifting stage developed
with a bend, offsetting the northern and southern
portions of the continental marqin.

2 Durinq the end of the convergent stage (middle to late
Paleozoic), the Alleghanian orogeny was pronounced only
in the south and translation was restricted to the
northern Appalachians.
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3. In the Jurassic during the final rifting stage,
different stress regimes prevailed in the northern and
southern portions (Ref. 2.5-88).

The Central Appalachian Salient occurs where the NNE to NE
trends, common to the Appalachians, change to EM in the vicinity
of 40~N latitude The EM trend has been interpreted to be a
major crustal structure by several authors (Ref. 2. 5-89 and 2 5-
90) based largely on circumstantial evidence of interpreted
offsets of qeophysical anomalies, isopach contours, and geologic
map patterns. Drake and Moodward (Ref. 2.5-90) have suggested
that 80-90 miles of,dextral offset has occurred on this feature
and that. no evidence of post-Cretaceous movement has been found.
Pigure 2.5-8 shows the approximate location of this structure as
defined by Moodward (Ref. 2.5-89).

Even though its surficial expression cannot be well defined, the
Central Appalachian Salient clearly divides the northern and
southern pcrticns of the orogen. This is borne out by inspection
of the historical seismicity shown on Figure 2 5-8, wherein
consistent chanqes in the seismicity within the described
provinces are noted from north to south. The virtually aseismic
character of that portion of the Pold and Thrust province
containing the station has been noted by the Nuclear Regulatory
Commission (Ref. 2.5-91).

Thus, in consideration of the tectonic development, the inferred
geological and geophysical evidence, and seismicity, the
existence of a fundamental boundary between the northern and
southern orogen is herein considered and illustrated as a zone on
Piqure 2.5-8.

This change of seismotectonic style is further corroborated by
Hadley and Devine (Ref. 2.5-81, Sheet 3) who have shown a
seismotectonic province generally recognizing the earthguake
activity cf Bollinqer ~ s (Ref 2. 5-80) Southern Appalachian
Seismic Zone within the Fold and Thrust Belt. At its northern
extent, their boundary stops at, the southern Pennsylvania border
about 125 miles from the station. They describe the zone as an
area where epicentral distribution or relation to known structure
indicates a limitinq structural factor, and where at least one
earthquake of Intensity VII or„,VIII {Giles County event, 1897)
has been recorded.

Because of {l) the notable change in tectonic style in the Fold
and Thrust Belt Province South of the Pennsylvania border, (2)
the reduction in seismicity north of the Central Appalachian
Seismic Zone, (3) the assignment of a different seisotectonic
character to the Fold and Thrust Belt south of Pennsylvania,'nd
(4) the historical record which shows a sparcity of earthguakes
in Pennsylvania, we consider that a translation of an Intensity
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VIII event (Giles County recurrence) closer than 100 miles to the
Susquehanna SES is not warranted.

Intensit VII Events

Consideration must be given to the likelihood of Intensity VII
events which are known to occur occassionally in this region of
the northeast. Within 200 miles of the station, nine shocks of
Intensity VII have been documented Five of these are early
reports (1568, 1574, 1584, 1592 and 1791 — See Table 2. 5-2) of
concentrated activity in the Connecticut Basin about 200 miles
from the site. This area lies within the Inner Piedmont Tectonic
Province. The other four occurred within the Piedmont province,
or at its (eastern) boundary with the Coastal Plain near New York
City and northern Delaware. The closest approach to the station
of the tectonic province containing these events would be 50
miles. Such an event would attenuate to about Intensity V even
on unconsolidated materials at the station, according to
conservative central U. S. attenuation characteristics (Bef 2.5-
92), and would be less on competent rock.

The Intensity VII event at Lake Georqe in northern New York,
althouqh over 200 miles from the station, is spatially associated
with a general concentration of smaller earthquakes. Hadley and
Devine (Ref. 2. 5-81, Plate C) confine this Lake George event to
(1) a tectonic province whose nearest approach to the Susquehanna
SES is greater than 150 miles, and (2) a bounded area of seismic
activity "in which known faults are associated with epicentral
aliqnments or distribution in such a way as to indicate that

'ovementson the known faults or closely related faults have been
the source of recorded earthquakes." This seismic area boundary
approaches no closer than 150 miles to the station.
It is seen, then, that Intensity VIX events can be confined to
approaches of tectonic provinces, seismic zones, and/or structure
which are no closer than 50 miles to the Susguehanna SES.

Zntensit~VI vents

Within 200 miles of the station, a Xew scattered Intensity VZ
events are noted (Figure 2.5-8). The two closest events occur
about 48-60 miles due south at the closest approach of their
tectonic province and are, at least spatially, related to
Triassic border faults (Ref 2.5-81). Several others are
concentrated in the immediate vicinity of the Clarendon-Linden
structure in northwestern New York State. It should be noted
that in the station province (Fold and Thrust Belt) no Intensity
VI events occur north of the Central Appalachian Salient in
southern Pennsylvania, a distance of over 100 miles from the
station. In the Stable Interior, an Intensity VI event in
northern New York, 180 miles north of the station, is not related
to known structure, and could conservatively be translated to the
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closest approach of its province to the station, a distance of
about 40 miles.

2 5.2.4 Maximum Earth uake Potential

The previous section defined the maximum potential earthquake in
terms of the closest postulated approach of maximum historical
events to the Susquehanna SES. Consideration was given in each
case to a conservative utilization of tectonic province models,
recoqnized seismic zones, and/or any associated tectonic
structure. The resultinq candidates for the Safe Shutdown
Earthquake (SSE) are:

In ten sit~N~M

X

IX
VIII
VII
VI

Closest Approach
to Site

450 miles
) 300 miles
100 miles

50 miles
40 miles

Maximum Site
Intensity

V

V
V-VI
V-VI

IV-V

In derivinq the maximum Intensity to be felt at the station from
the above candidates, the attentuation curves developed for the
central United States (Ref. 2.5-92) were used. These curves are
the most conservative available for the United States in that
both western (California) and eastern (Canada, New York,
Charleston-, S C ) data show a qreater attentuation of Intensity
with distance than does the central United States experience. It
should be noted, also, that such attentuation relations are based
on isoseismal maps which tend to record the maximum Intensity
felt in a qiven locale, usually on poor soil conditions. It is
likely then, that the Intensities (damaqe potential) actually
experienced on solid foundation material of the Susquehanna SES
would be somewhat less than those levels specified in the
foreqoinq table which are used in the Safe Shutdown Earthquake
derivation in Subsection 2. 5. 2.6 below.

From inspection of the above candidates, a station intensity of
less than VI is the maximum consistent with the tectonic model,
seismic zones, and/or associated structure This is entirely in
keepinq with the historical earthquake record which shows that
the area of the station is virtually aseismic. moreover, there
are no known faults which appear capable of generating other than
minor disturbances well below damaqing levels of ground motion
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2 5 2. 5 Seismic Rave Transmission Characteristics

The static and dynamic properties of the subsurface materials at
the station are presented in Subsection 2. 5.4.2 The analyses
presented in this referenced section are based on characteristic
ground motion and significant frequencies generated by the
maximum potential earthquake described above and quantified
below.

2 5.2 6 Safe Shutduen Ea~rth nake /SEED

As a result of the derivations discussed above, -an SSE of less
than Intensity VI is the maximum ea rthquake consistent with
tectonic models and historical evidence presented for the site.
Howeve'r, an SSE generating a horizontal ground acceleration of .10
percent of gravity (q) has been selected in compliance with the
minimum design requirement of the regulatory agencies.

To justify the conservative nature of this design level as an
anchor for design response spectra, the acceleration/intensity
correlations which have been developed for an Intensity of VX are
discussed, although this Intensity is not expected to be felt at
the station on the basis of the discussions above.

Recent correlations between Intensity and peak horizontal qround
acceleration have made use of currently available data for the
western United States (Ref. 2 5-113) and worldwide (Ref . 2. 5-93) .
The results of these current studies do not differ qreatly from
prior parallel studies, but are generally more conservative.
Therefore, these investigations can be used as a general guide
for an expected value of acceleration (from an Intensity VI
event) on which to anchor design response spectra These studies
show an expected acceleration level of about 6 to 7 percent of
gravity as a result of a Intensity VI event. On the basis of
these relationships, the design acceleration for the Susquehanna
SES for structures founded on rock is conservatively selected as
the required minimum of 10 percent q in accordance with 10CFR100,
Appendix A. This level is used to anchor the design response
spectra shown on Figure 2.5-27. For structures founded on soil,
the NRC required that the SSE be increased 50 percent or to 0. 15
q in order to accommodate any amplification of qround motion in
the soil overlyinq the bedrock. It should be noted, however,
that the maximum earthquake for the station is less than
Intensity VI, which correlates with an acceleration of no more
than 0 06 q If. this value were increased by 50% to accommodate
amplification due to soils, the resulting SSE for structures
founded on soil ~ould not be more than 0 10 g. Thus, the
selected value of 0. 15 q provides a large margin of safety. The
0. 15 q value is applied at foundation level.
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The duration of strong motion from the SSE is not expected to
exceed 5 seconds (Ref. 2.5-95 and 2 5-96) and in all probability,
would be considerably less at freguencies critical to desiqn.
Duration of motion from a larger, more distant event such as the
Charleston, South Carolina event (X) would be relatively longer
than that from the desiqn event, but the low accelerations which
are characteristics of long period motion from distant large
events will be adequately enveloped. by response spectra anchored
at the minimum level of 10 percent q.

2 5 2.7 ~aerating Basis Earth sake ~OBE)

On the basis of the historical seismicity described above wherein
a maximum Intensity felt at the station from historical
earthquakes was no larqer than IV, an Operating Basis Earthquake
(OBE) which would, during the life of the facility, generate a

ground acceleration at the station no higher than 5 percent g
(1/2 SSE) has been selected. This level of acceleration will not
be exceeded by the occurrence of even an Intensity V shock
adjacent to the station or a recurrence of large, regional events
at a distance. According to Trifunac and Brady (1975), a felt
Intensity of V will result in acceleration levels below 4 percent
q. Return periods for such ground motion at, the station are of
an extremely lcw order of probability, as evidenced by the fact
that no local (Pennsylvania) shocks have been reported as felt at
the station. Fiqure 2. 5-28 is the design spectra anchored at the
OBE level of 5 percent q. For structures founded on soil, an OBE
of 0.08 q was used for desiqn.

2 5 3 SURFACE FAULTING

Based on the data contained in Subsections 2.5.1 and 2.5.2 and
the interpretations and conclusions therein, there is no capable
fault (Appendix A, 10 CFR, Part 100) within at least five miles
of the Susquehanna Steam Electric Station.

A detailed description of the lithologic, stratiqraghic and
structural conditions at the site and the surrounding region is
contained in Subsection .2.5. 1. All historical, reported
earthquakes within 50 miles of the site, and all earthquakes
within 200 miles of the site with maqnitudes (Richter) qreater
than 3.0 or MN intensities greater than III are detailed in
Subsection 2.5.2.

The above referenced information clearly indicates that surface
faultinq is not of significance to the Susquehanna Steam Electric
Station.
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2 5.4 STABILITY OF SUBSURFACE MATERIALS AND FOUNDATIONS

2.5.4 1 Geologic Features

General. The upper bedrock at the site area includes the Middle
Devonian Mahantango Formation. The upper part of the Mahantango
is a dark gray siltstone, with bedding generally delineated by
thin, consistent, light gray, fine-grained sandstone stringers.

'Beneath the upper member, the Mahantango is comprised of 120 to
150 ft of dark gray, hard calcareous siltstone, typically having
bedding obscure to absent and displaying cleavage. This member
which'upports the power block structures is harder, more
massive, and more resistant to erosion than the upper member.

The irregular bedrock surface underlying the site is the result
of a combination of preglacial weathering and stream erosion,
glacial scour, later erosion by glacial melt vaters, and the
varying resistance of the rock units to erosion. Thd bedrock is
blanketed by till and glacial outvash which grades upvard from a
gravelly boulder zone to a surface layer of silty fine sands and
sandy silt. The surface layer is believed to be reworked loess.
The maximum thickness of over'burden is around 40 ft in the
southern half of the site, with bedrock occasionally cropping out
at the surface. North of the east-vest bedrock ridge situated
just north of the reactors, the glacial deposits fill a valley
eroded into bedrock to a depth exceeding 100 ft.
Structurally, the site is situated on the north limb of the
Berwick Anticlinorium; its axis passes just south of the site
The anticlinorium trends east-northeast and plunges gently to the
northeast. As vith the regional picture, folding is the most
characteristic feature of the site area. Minor faulting in the
form of small bedding-plane slips and intraformational shear
zones occur, but they are of no significance to the site. They
apparently developed during the paleozoic (more than 200 million
years ago) during the Appalachian orogeny. The zones are
typically healed with calcite and quartz (Additional description
of site geologic conditions is presented in Subsection 2. 5 1. 2)

All Seismic Category I plant structures except the spray pond,
the Engineered Safeguard Service Mater (ESSM) pumphouse and
pipeline are founded on bedrock. The ESSM pipeline trench is
excavated partlp in soil and partly in rock. Most of the other
major plant structures, including the cooling towers, are also
founded on bedrock.

Site geologic and foundation conditions are entirely suitable for
the construction and operation of the Susquehanna SES.

2.5-83



SSES- FSAR

2.5.4 1.1 Areas of Potential Subsidence~ Uplift~ or Collapse

The potential for significant uplift or subsidence at the site,
due to man~s activities or geologic conditions such as regional
warping, is negligible.
The, shallowest carbonate rock that may 'be present beneath the .

site is the Onondaga Formation, above which occurs more than
2,000 ft of Middle Devonian shales and siltstones "(Figure 2.5-
14) . At that depth the Onondaga Formation, if present, would not
be expected to have a significant potential for subsidence or
collapse even if it contained solution cavities. No coal beds
are present beneath the site; the nearest coal measures are about
3-1/2 miles north of the site near Shickshinny Rocks in the
site area have no known potential for oil or gas production. The
nearest oil or gas field is located 25 miles northeast of the
site Precise leveling surveys and other data in the literature
provide no indication that the Site is in an area experiencing
any abnormal regional warping, uplift, or subsidence.

More detailed discussion of the potential for uplift or
subsidence at the site is presented in Subsection 2.5.1.2.5.3.

2.5.4 1.2 Previous Loading History of the Foundation
Ma ter ia ls

3edrock at the site had been buried and deformed during the
Appalachian orogeny {over 200 million years ago) with sufficient
intensity to impose secondary cleavage in places and to mobilize
calcite and to some extent guartz, resulting in a hard, indurated
rock lacking the bedding-plane fissility normally associated with
less .well indurated silty shales and shaly siltstones. During
Quaternary time, at least two ice lobes advanced over the site;
the only direct effect this additional load might have on the
bedrock at the site would be a tendency to scour loose or
weathered rock from the rock-soil interface. Any pre-existing
surficial deposits not removed by the glaciers would have been
preconsolidated and thereby strengthened by ice loading.

Sufficial material at the site consists of glacial drift largely,if not wholly, deposited by -the Olean advance of the Wisconsin
ice sheet. These deposits, which are described in Subsection
2.5.4.1, would be expected to have varying consolidation or
preloading characteristics depending on local depostional
history. Soils in the spray pond excavation (including the ESSW
pumphouse excavation) and in the pipeline excavations leading to
the spray pond are of particular interest because they support
Seismic Category I facilities in these areas. Here geologic
mapping shows that these soils consist of well stratified outwash
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sands and gravels, together with poorly stratified to
unstratified kame-like gravels (refer to geologic maps, Figures
2.5-15 and 2.5-18) . They evidently were deposited during or
subsequent to stagnation of the final ice advance in the site
area, since they are not overlain by a till blanket, nor do the
strata show structural evidence of having been overriden by ice.
Geologic evidence, therefore, indicates that the stratified
surficial materials exposed in the excavations for the soil-
supported Seismic Category I facilities are likely to be normally
consolidated and not preloaded by ice during or subsequent to
deposition.

2.5.4.1. 3 Structures and Zones of Weathering, Disturbance,
or Weakness in Foundation Materials

Foundation materials consist of two basic types; namely, glacialtill and outwash in the spray pond area, and siltstone or
indurated slaty shale in the remainder of the principal plant
foundations.
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h geologic map of the foundation rock for the principal plant
structures is presented on Figure 2 5-18., It shows joints,
shears', attitudes of bedding and other features. All foundations
shown vere excavated so that structures are founded on firm
bedrock, the Devonian Nahantango Formation Geologic sections
through the foundations are shown on Figure 2.5-19. A geologic
nap for the spray pond is presented on Figure 2. 5-15.

The. southwestern tip of the spray pond is cut into bedrock while
the remainder is excavated in glacial materials. The thickness
of the glacial deposits beneath the bottom of the spray pond
ranges from zero at the, rock contact to 93 ft at the eastern end
of the pond. The foundation for the pumphouse structure, located
at the southeastern corner of the

ponder

is underlain by 35 to
60 ft of. glacial material. The water circulation pipelines,
between the pumphouse and the plant, intersect bedrock at an
elevation of 668 ft, approximately 260 ft southeast of the
pumphouse.

The vicinity of the spray pond's situated over a glacial or
preglacial, east-vest trending bedrock valley as outlined by
contours on top of bedrock (Figure 2.5-17). Total relief of the
bedrock surface is about 130 ft. The valley is filled with
dense, permeable gravelly and sandy qlacial outwash and till
deposits that attain a maximum thickness of about 110 ft in the
spray pond area. They vere deposited during the Olean substage
(early Wisconsinan) of the Qisconsin glaciation which occurred at
least 50,000 years aqo, and there is a possibility that at least
some of the bedrock erosion and overlying glacial deposits are
the result of an earlier Illinoian glaciation (refer to
Subsection 2.5.1.2). In general, the deposits consist of a
sequence of sand, gravel, and boulders overlain by sand and
gravel, overlain in turn by silty sand. The entire sequence is
highly variable in grain size distribution and sorting, and
contains discontinuous pockets of similar materials. As a rule,
grain size decreases and sorting increases toward the top of the
sequence. The glacial materials in the deposit are
noncalcareous; most of the rock particles consist of indurated
sandstones. The origin and composition of the deposit are such
that it is not susceptible to significant weathering or
alteration.
In the pover block and cooling tower foundations, the principal
structural feature is a minor anticline, the axis of which trends

=about N85DE and vas exposed in. the radvaste and Unit 1 cooling
tover foundations (Figure 2.5-18) . South of this feature,
bedding generally dips gently south vith minor undulations; to
the north, beds dip more steeply north. Bedding, which generally
strikes N70 to 85~E, is obscure in the foundations; the
foundation rock is quite massive and is not characterized by weak
zones developed along bedding or cleavage planes. @here
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observed, the bedding planes as a rule are smooth and uncontorted
with only minor undulations In the turbine and, reactor building
fouridations, the bedding lips 5 to 10 degrees to the south, while
north of the circulating water pumphouse the dips are in places
up to 5 to 8 degrees north to northeast, reflecting this minor
undulatory variability .of bedding. Small-scale folds a few feet
in dimension occur but are not prevalent in the site area; one
such small anticlinal fold was recognized at the north. edge of
the circulating water pumphouse excavation Cleavage is variably
developed, strikes generally parallel to the strike of bedding,
and dips steeply south.

Jointing in the rock excavated for foundations is fairly well
developed. Pigure 2. 5-18 shows the principal joints encountered
at foundation grade, which is at sufficient depth below the top
of the rock to be in essentially unweathered material. Here
joints are tight and either uncoated, or coated with calcite. or a

~ixture of quartz and calcite. Few joints at foundation level
contained significant iron staining; some iron-stained joints are
mapped in the radvaste foundation area. Toward the surface these
joints generally become more heavily iron-stained with greater
degree of weathering, and calcite coatings tend to be leached
out, resulting in open joints, in joints partly coated with
quartz, or in clay-filled joints in the zone of weathering. The
major joint set strikes east-northeast {N60-85oE), and dips
vertically {within 15O of vertical) . Other steeply dipping to
vertical joint sets strike northwest to north-northwest, and
north-south. J.ess steeply dipping joints generally have an east-
northeast strike; one group dips gently northward at 10-18O, and
another, in the southern part of the excavation, dips 50-60oSE.
Some of the joint surfaces, particularly the low-angle joints,
are slickensided. Zn addition to these principal joints, high-
angle, discontinuous, white calcite and quartz-calcite veinlets
are typically exposed locally throughout principal plant
foundations.

A few minor shear planes, originally recognized in the cores
obtained during the early phase of site exploration, vere exposed
during foundation excavation.and are mapped on Pigure 2.5-18.
One shear plane, traced from the northeast corner of the Unit 1

reactor foundation northward to the Unit 1 cooling tower, vas
found to be oriented parallel to bedding and is denoted ~~bedding
plane shear A" on Pigure 2.5-18. The surfaces of the bedding
plane shear are healed with 1/4 to 3/4 in thick laminae of
calcite, siltstone and some quartz. The calcite laminae, are
approximately 1/16 in. thick, alternating with thinner siltstone
laminae. The entire exposed area of this bedding plane contains
prominent slickensides trending N30~ to 40oW, with a 6O to 7~SE

plunqe Updip and closer to the top of the rock, the bedding
plane contains a 1/2 to 1 in. vide, iron-stained zone, and it
also shows extensive leaching of the minerals filling.the shear.
In places the adjacent rock is weathered to a granular sandy
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soil. The calcite which fills the bedding plane shovs no sign of
crushing. It should be emphasized that the weathering and
staining on the bedding plane shear occurs only near the top of
the rock where surface water and groundvater could penetrate
alonq the plane; at foundation qrade which is wel1 below the
weathered zone, the unweathered laminae have the properties of
firm rock In places the bedding plane shear is apparently not a
prominent feature in the unweathered rock. For example, it was
identified only as a slickensided surface with associated
jointing in borinq 105 and as horizontal jointinq planes in
borinq 351 (shown in profile on Fiqure 2.5-19).

Foundation mapping reveals that the bedding plane shear is warped
in conformance to the folding of bedding. The shear can be
traced northvard to the excavation for the Unit 1 cooling tover
(Fiqure 2.5- 18) Measured attitudes of bedding show that the
axis of the minor anticline described above occurs near the
foundations for pedestals 6 and 7 of the coolinq tower South of
pedestal 7, the bedding plane shear dips gently south; north of
pedestal 6, the bedding plane shear dips gent1y north.
Additional subsurface data from bore holes farther south and
north strongly suggest that the configuration of the bedding
plane closely follows the undulations in bedding (Figure 2.5-19).
No evidence was found at the site to indicate that the shear
plane substantially deviates from bedding planes.

During excavation, this bedding plane shear was traced updip to
its intersection vith the top of rock at a steep, glacially
eroded contact The eroded rock surface was continuous across
the trace of the bedding plane, without displacement or offset
(Figures 2 5-20a through 2. 5-20g) . Since the erosion of the rock
surface would necessarily have occurred prior to the deposition
of the overlying qlacial deposits, which have been established as
beinq more than 50,000 years old (refer to Subsection
2.5. 1.2.2. 1), this relationship shovs that any displacement along
beddinq plane shear A occurred more than 50,000 years ago. In
reality, the most probable age of the shearing is pre-Triassic or
over 200 million years aqo. This is indicated by regional
relationships plus the'act that the shear plane is folded {A
detailed presentation and analysis of the relationship between
site and regional structure is presented at the end of Subsection
2 5 1.2.3 2) .

A second beddinq plane shear (Shear B), a fev feet below and
parallel to the first bedding plane shear, was exposed near the
north~est corner of the Unit 1 turbine building foundation..lt
is similar in appearance but apparently more restricted in areal
extent than the first. Tvo vertical, calcite-filled joints cut
across this second bedding plane (Figures 2.5-20a through 2.5-
20q}. The calcite in these vertical joints is continuous across
the bedding plane vith no offset, shoving that the joints were
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formed and the calcite was deposited in the joints, subsequent to
development of the slickensides on the bedding plane.

The conclusion stated in the PSAR (p. 2.7-2) regarding the
significance of these shear planes is still appropriate and
deserves restatement: "minor bedding plane slips at depth have
been observed in the site area, both north and south of the
interior ridge Those slips have not experienced movements in
more than 200 million years. A minor slip of this nature could
be exposed in any .large excavation anywhere in the area; however,it would not affect the structural design of the facilities".
All deformational features observed in rock at the site are
geologically old and are not siqnif icant to plant structures. Xn
unweathered rock, minor shears that do occur are tightly healed
with calcite and quartz mineralization, and joints are likewise
tight and unweathered. All foundations for plant structures
designed to rest on sound rock were excavated to, or into,
unweathered bedrock. No structurally weak zones were encountered
in these foundations (Refer'o Subsection 2.5. 1. 2.5.5) .

Further description of depth of weathering and geologic
structures at the site and in the foundations is presented in
Subsections 2. 5 1. 2. 3. 2 and 2. 5 1. 2. 5 6

2.5.4 1 4 Unrelieved Residual Stresses in Bedrock

No indications were found during excavation and construction at
the site cf the. presence of any significant stress in bedrock
(refer to Subsection 2.5.1.2.5.8 for additional discussion).

2. 5. 4. 1. 5 Potential for Unstable or Hazardous Rock or Soil
Conditions

Foundation rock at the site is a hard, indurated, unweathered
siltstone, a member of the Middle Devonian Nahantango Formation.
Similar materials underlie the site to a depth of at least
1 ~ 000 ft. This rock contains no unstable minerals and provides
hiqhly stable foundation conditions.

Soils at the site are q'lacial in origin, deposited mostly by
flowing glacial meltwater, much under torrential conditions. The
soil is noncalcareous Nost of the rock fragments consist of
indurated sandstones. The origin and mineralogy of these soils
is such that they present no hazardous conditions (refer to
Subsection 2. 5. 1. 2. 5. 7) .
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2.5.4.2 Properties of Subsurface Naterials

A f ew of the safety-related principal plant structures are
founded on soil. These structures consist of the Engineered
Safequard Service Mater (ESSM) pumphouse, the spray pond, and
portions of the Seismic Category I pipeline linking the reactor
building to the spray pond. Nost other plant structures are
founded on rock. The location of these structures is shown on
Piqure 2.5-24; soil and rock foundations are identified on Figure
2.5-17A-

The static and dynamic engineerinq properties of the site bedrock
and overburden soils were determined by field investigation and
laboratory testing. The results of laboratory testing of the
materials sampled from the project site are covered in two
reports (Ref. 2.5-97 and 2.5-98) .

A detailed study of the soil properties at the site of the spray
pond and ESSW pumphouse is given in Subsection 2.5.5.

2,.5,4,2,1 properties of Foundation Rock

The Cateqory I reactor buildings and diesel generator building,
a - well as the non-Category I turbine and radwaste buildings (see
Fiqure 2.5-24) are founded on unweathered siltstone bedrock. The
siltstone, a member of the Nahantanqo Formation of Devonian age,
is hard and indurated, and in the foundations area is
litholoqically homogeneous with bedding generally not well
defined, and lackinq the bedding plane fissility usually
associated with less well indurated shaly siltstones and silty
shales. In places the rock exhibits cleavage, further evidence
of its indurated nature.

In the area of the principal plant structures, bedrock bedding
where observed qenerally dips qently (less than 10o) south;
locally, such as north of the circulating water pumphouse', beds
dip slightly north. At the north end of the radwaste building
and the north side of the Unit 1 cooling tower, bedding dips more
steeply north. The cleavage is steeply inclined to the south.
Ninor slickensided beddinq plane shears and joint planes occur in
the foundations as described in Subsections 2.5.4.1 and
2.5.1.2.3. All such shears beneath the principal plant
foundations are fully healed with unweathered calcite and quartz
mineralization and do not adversely affect the strength and
competence of the foundation rock. Further evidence of the
healed nature of these shears is furnished by the RQD values and
core recovery rates in borinqs that penetrated bedding plane
shear A (refer to Figure 2.5- 18 and discussion in Subsection
2.5.4. 1) at elevations below the bottom of the foundation of the
principal plant structures, such as in borings 302, 309, and 314.
In all cases RQD values are above 35 percent through the shear
plane; in most cases, RQD values exceed 80 or 90 percent and core
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recovery was close to 100 percent (Further information on
foundation geologic conditions is presented in Subsection
2.5 4 1)

Typical values of unconfined compressive strength of unweathered
siltstone underlying the principal plant foundations range from
3,650 to 16,000 psi (see Table 2.5-3) . The modulus of
deformation determined from these laboratory tests on core
samples ranqe from 3.1x10~ to 9 4x10~ psi. These values indicate
strong competent rock.

P-wave measurements were made by Dames and Moore in the
laboratory on individual core specimens. The cores were from
borings 303, 314, and 315 which are located, respectively, near
the Unit 1 turbine building condensate pump pit at the center of
the Unit 1 reactor, and at the center of the Unit 2 reactor. The
averaqe seismic P-wave velocity determined for 10 samples at or
below foundation grade beneath power block structures is
13,236 fps. For three samples from boring 303 in the Unit 1

turbine building, the average V value is 14,272 fps, or
approximately 14,000 fps. These determinations are listed in
Tables 2. 5-4 and 2.5-5.

Rock quality designation (RQD) measurements made by Dames and
Moore on rock cores from below the foundation elevations in the
reactor, turbine, radwaste, diesel qenerator, and circulating
water pumphouse foundations exceed 80 percent (refer to boring
logs, Ref 2. 5-97) .

In the reactor area, cross-hole and down-hole measurements of in
situ seismic velocities show high values. The measurements were
made by Meston Geophysical Engineers, Inc., June 8 — Auqust 6,
1971 using boreholes 105, 303, 307, 314, 315, and 316 (refer to
Figure 2.5-29) . Values obtained from the cross-hole array for
the elevation interval 550-640 ft MSL are 16,000 fps for the P-
wave velocity and 7500 fps for the S-wave velocity in the reactor
area (design elevation'f bottom of reactor foundations, 639 ft
NSL). The results of the down-hole measurements yield values
that are slightly lower, by a factor of about 15 percent; that
is, a V value of about 14,000 fps and V of about 6,200 fps.
The -e in situ results are in qood aqreement with the laboratory
determinations. Additional cross-hole and up-hole in situ
seismic velocity measurements were made in the spray pond area
(Bef 2. 5-99) . Results of the cross-hole explorations at the site
are further discussed in Subsections 2. 5.4.2. 2 and 2.5. 4.4.

Plate load tests were carried out on sound rock near the center
of the Units 1 and 2 reactor buildinq excavation in the vicinity
of boring 105 (refer to Figure 2 5- 18) . Plates 24, 13. 5, and
8 in. in diameter were subjected to successively increasing total
loadinqs of 7, 22 'nd 60 tons per square foot (tsf),
respectively. A total deflection of .062 in. occurred when the
24 in. plate was loaded to a maximum of 7 tsf. An additional
deflection of 0. 036 in. was recorded, on subsequent loading to
22 tsf ~ and another 0.036 in of deflection on application of the
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60 tsf maximum load, producing a total settlement of 0. 134 in.
for the three-stage loading to 60 tsf. Recovery of the rock by
elastic rebound upon release of these loads was substantial: 68,
75, and 80 percent repeatable elastic recovery of the total
deflections were recorded after release of the 7, 22, and 60 tsf
loadings, respectively. 'dditional deflections due to cyclic
loading were small Application of 14 cycles of load at 7, 15,
and 30 tsf resulted in additional settlements of only 0.012,
0.003, and 0. 002 in'., respectively, over the corresponding single
loadings. These results are consistent with the high modulus
values and seismic velocities of the foundation rock, and .

indicate structurally strong, competent material for foundations
in unweathered rock.

Jt is concluded from the engineering properties of the
unweathered bedrock of the Mahantango Formation that the rock
provides adequate support for the major plant structures under
both static and dynamic conditions. Settlement of structures
under static loading is insignificant. It consists of pseudo-
elastic compression of the underlying rocks and occurs
essentially upon load application. Moreover, the bedrock will
undergo no loss of strength and will experience negligible
additional settlement under earthquake loading.

A summary of the properties of the foundation rock is compiled in
Table 2.5-5.

2.5.4.2.2 Properties of Foundation Soils

The results of detailed explanation of the soils in the spray
pond area are given in Subsection 2.5.5. Only information on the
properties of the pumphouse foundation soils is given in this
subsection.

The natural soils at the pumphouse site are normally consolidated
and consist predominantly of sand, gravel, cobbles, and boulders.
The soils are poorly stratified, starting as sand or sandy gravel
at the surface and grading to mostly cobbles and boulders near
bedrock. The depth of the soil deposit below foundation grade
ranges from about 35 ft at the south end of the pumphouse to
about 60 ft at the north end. A subsurface cross-section through
the pumphouse site is shown on Figure 2. 5-30, cross-section" D-D.
The soils below the foundation level are predominantly sandy
gravels with large amounts of cobbles and boulders. The
properties of these sandy 'and gravelly soils are as follows:

a) Grain Size Distribution
Grain size distribution tests were made on most of the
split spoon samples for classification purposes. Sieve
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and hydrometer analyses were performed according to ASTM
Procedure D-422. The range of grain size curves is
shown on Figure 2.5-31. The mean grain size (<50) of
the gravelly soils, which are the predominant material
below the pumphouse, was found to be in the range of 4 5
to 25. 0 mm. Wherever the sand is present below the
pumphouse, the D size is in the range of 0. 14 to
3.0 mm 50

b) Re la tive Densi~t

Relative density data were derived from standard
penetration test results using the Gibbs and Holtz
procedure (Ref 2.5-100). This procedure is valid for
normally consolidated sands.

Values of relative density obtained in this way are
summarized on Figure 2. 5-32. A direct comparison of
relative density from 'N'alues given in Figure 2.5-32
and from undisturbed samples and/or in situ density
tests cannot be made because no relative density tests
were made. The soil deposits are glacial in nature
The deposits are quite variable in particle size and
sorting and contain discontinuous sand pockets and
gravel pockets. Grain size in general increases with
depth. At the foundation level of the pumphouse, the
maximum sizes of the particles are in the, range of 3 to
l2 inches. Undisturbed tube samples could not be
obtained in the gravelly soils. The gravel also will
influence the results of in situ density tests so that.
they may not represent the in situ condition as a whole.
The Standard Penetration resistance versus elevation is
given on Pigure 2.5-33. The 'N'alues will be
influenced by gravel Because of this the higher
blowcounts were not considered representative of site
conditions. A value of N = 40 was selected for design.
Of the 49 standard penetration tests made beneath the
foundation level at the ESSW Pumphouse, 43 exceeded 40
blows per foot. Of the 6 values that were less than 40
blows per foot only one was less than 30 blows per foot.

c) Static and Dynamic Shear Strength

Undisturbed sampling of gravelly soils was not possible.
Therefore, shear strength testing was conducted only on
the sands. The shear strength of the gravelly soils was
then conservatively assumed to be equal to that of the
sa nds.
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The details of the testing procedures and selection of
design strengths are given in Subsection 2.5.5. The
effective angle of internal friction was selected from
the test data to be 35O (Figure 2.5-34) . The cyclic
shear stress ratios at the two effective consolidation
pressures l. 0 ksf and 6. 0 ksf were determined to be
0. 320 and 0. 260, respect ively, for 5 loading cycles
(Figure 2.5-35, Subsection 2.5.5) . A linear
relationship was assumed in computing cyclic shear
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stress ratios at other effective consolidation
pressures.

Cross-hole shear wave velocity measurements were
performed by teston Geophysical Engineers, Xnc.
(Ref 2.5-99) . Compressional and shear wave velocities
were measured in situ to depths of about )00 ft. The
averaqe shear wave velocities obtained from the
measurements are given on Pigure 2.5-36-
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Shear moduli were computed from the values of shear wave
velocity:

G<~ 2

g S .

Qhere:

G = shear modulus, psf

unit weiqht, pcf

g = gravitational acceleration, ft/sec~

VS
= shear wave velocity, fps

A discussion on how the shear modulus is influenced by
the confining pressure, the strain amplitude, and the
relative density is given in Subsection 2. 5. 5.2.

2.5.4 3 Exploration

The location of all field explorations is shown on the plot plan,
Figure 2. 5-22.

A total of approximately 250 exploratory borings was made in soil
and rock at the site. Borings were loqged in detail; borinq logs
are contained in Refs. 2 5-97, 2 5-98 and 2 5-99 and Appendix
2.5C. The soils were classified in accordance with the Unified
Soil Classification System. Rock logs include R{}D {rock quality
designation) values. Coring in rock was performed usinq NX
double-tubed corinq. equipment.

Drillinq was conducted in late 1970 (100 and 200 series 'borings)
to establish general geologic. relationships over the site area
and to determine general soil and,rock conditions at the site. A

more intensive proqram (300 series borings) was conducted in the
Spring of 1971 tc define foundation conditions in the principal
plant structures area. Four 45-degree angle holes were drilled
in the reactor area Additional exploration drilling was
necessary to locate the site for the Susquehanna River intake and,
discharge structures (700-800 series borings), to define soil and
rock conditions at the spray pond and ESSQ pumphouse site (1100
series and some 400 series borings), and to investigatefoundation conditions for the cooling towers {borings B1 to B'IO)
and the railroad spur and bridge over State Highway 11.{borings
417 to 455 and 929 to 940) . Because of the safety-related
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(Category I) function of the spray pond and ESSR pumphouse~ theexploration program for these facilities was comprehensive andincluded split spoon and undisturbed samples, laboratory testing,hydrologic surveys, permeability tests, and seismic cross-hole
and up-hole surveys. After completion of geologic boringsgstatic water levels were measured in some of the borings drilled
on the site. Perforated plastic pipes were installed in a numberof the borings to allow collection of future water level'ata.
These borings are denoted on the plot plan, Figure 2.5-22.
Forty-seven test pits were excavated by backhoe at selectedlocations to observe soil and rock conditions. Two north-south
trenches totalling over 700 ft in length were excavated to obtaininformation on physical properties, structure, and variability ofthe near-surface materials at the site. Logs of the test pits
and trenches are compiled in Appendix 2.5C.

A geologic map of the Category I and other principal plantfoundations is presented on Figure 2.5-18. A geologic map of theexcavation for the spray pond is shown on Pigure 2.5-15.
Geologic profiles are identified on Piqures 2.5-18, 2.5-22, 2.5-

3 30 and shown on Figures 2.5-19, 2.5-21, 2.5-30 '.5-40 and 2.5-
56

Photographs depicting significant features in the principal plant.foundation excavations are shown on Figures 2.5-20a through 2.5-
20q

2. 5. 4,4 Geophysical Surveys

Seismic refraction profiles and cross-hole, up-hole and down-hole
measurements were conducted at the site during the Pall of 1970,
Summer of 1971, and Summer of 1974. The seismic refraction linestotalled over 40,000 lf of coveraqe. They are identified on
Piqure 2.5-29. The refraction profiles collected in Appendix
2 5C

As interpreted from refraction measurements, overburden at thesite consists of a surficial layer of unconsolidated, unsaturated,material up to 15 ft thick, constituting at least in part thesoil horizon, »nde lain by more consolidated,, partly or fullysaturated till and compact outwash, which extend to the bedrocksurface. Compressional (P-wave) velocity of the surf icialmaterial is typically about 1500 fps. Velocities in the lowertill and outwash material generally range between 3,000 and
4,500 fps, althouqh in some places velocities attain 6 ~ 000 fps(north-south baseline at boring 107) .
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The refraction survey obtained a persistent P-wave value of
12,000 to 10,000 fps for unweathered bedrock, which in aany
places is coincident with the top of rock. Preguently, however,
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lower velocities were recorded in a zone 0 to 20 ft thick near
the top of rock These lower compressional velocities are in the
range of 6,000 to 9,000 fps, and are indicative of the zone ofsurficial weathering near the top of rock At the site, material
having a P-wave velocity of 4,000 to 6,000 fps may represent
either dense soil or more thorouqhly weathered or fractured
bedrock; construction experience at the'ite indicates that here
such material is generally correlative with dense soil.
Seismic cross-hole velocity measurements were performed in the
reactor and spray pond areas, the principal sites of the CategoryI structures. Two arrays were employed in the spray pond area;
namely, a. north-south array across the location of the ESSH
pumphouse, and an east-west array over the approximate location
of lowest top of rock elevations in the spray pond Both latter
arrays provided data from which were calculated values for the
dynamic moduli of the soil materials. In addition, down-hole
measurements were made in the reactor area and up-hole
measurements in the spray pond area. Figure 2.5-29 shows the
borinqs that were used for the cross-hole arrays
Xn the spray pond area, the seismic characteristics of the
subsurface materials as measured in each array are similar. The
material overlying bedrock has a P-wa ve ve loci ty ranging f rom
4,200 to 4,800 fps and an S-wave velocity ranqinq from 1 ~ 600 to
1,900 fps. It is overlain by lower velocity material at about
elevation 658 at the ESSM pumphouse location and at about
elevation 643 farther west in the spray pond. At the ESSM
pumphouse, this upper material has P-wave and S-wave velocity
ranqes of 2,300 to 2,400 fps and 1,300 to',350 fps,
respectively, while farther west beneath the pond the materials
between approximate elevations 643 and 673 have P-wave and S-wave
velocity ranges of 3,000 to 3,300 fps and 1,450 to 1,500 fps,respectively. Table 2 5-6 summarizes the results of the seismic
velocity measurements in the spray pond area and lists dynamic
modu li corn pu ted .from these da ta.
In the reactor area, cross-hole measurements were made on
material above and below foundation qrade. Above foundation
qrade the bedrock was weathered to a depth of about 10 ft below
oriqinal top of rock. P-wave velocity of this weathered material
was 7,600 fps and S-wave velocity, 3,600 fps. A P-wave velocity
of 14,800 fps for the interval 640 to 660 ft MSL indicates the
top of unweathered rock is at about 660 ft At and below
foundation qrade in the reactor area high seismic velocities were
recorded (V p

= 16,000 fps, V g = 7,500 fps) indicating the
presence of strong, competent foundation rock. Table 2.5-7 lists
the results of the in situ cross-'hole velocity measurements made
in the reactor area; Table 2.5-5 lists the moduli values.

Further discussion of the properties of the underlying soils and
bedrock are given in Subsections 2.5.4.2 and 2 5.5

'.5-95



SS ES-'FSA R

2.5.4.5 1 Extent of Seismic Category I Excavations, Fills,

Piqure 2.5-37 shows the location and limits of excavations,fills, and backfills associated with Seismic Category I
!

structures at the site.. Typical foundation sections for seismic
Cateqory I structures are shown.

)~5~4 .5~$ - Bgaavation- Qethods and Dewatering

5 -4~5 )~1 ~ ggcavations in pock

All Seismic Cateqory I rock foundations were carried to or well
below unweathered bedrock. Rock foundations for the turbine and
radwaste buildings, although they are not Seismic Cateqory Istructures, were prepared accordinq to the same general
procedures and criteria used in preparing the Seismic Category I
rock foundations.

Excavation of rock proceeded by initial ripping of any weatheredsurficial rock material followed where necessary by line Llasting
and presplittinq in holes drilled to provide slopes of 1horizontal to 4 vertical. Essentially vertical slopes in
unweathered rock proved stable throughout the duration ofconstruction and no special protective measures were required.
Weathered rock was cut on slopes of 1 horizontal to 2 vertical. ~

In a few places, wire mesh was used for protection of higher
weathered rock slopes that were exposed for extended periods.
The surface of the excavated foundation rock was scaled to remove
loose debris and jetted with water, or air to remove loose
fraqments and to prepare the surface for concrete. Before
placement of structural concrete or concrete backfill to designele'vation all Seismic Cateqory I foundations were inspected by
an enqineerinq qeoloqist to verify the suitability of the rock
and its proper surface preparation to receive concrete. All .

foundation rock bearinq a Seismic Category I structure wasqeoloqically mapped (see Figure 2.5-18) .

Poundations for each of the .coolinq towers (nonseismic-Category Istructures) consist of 40 individual pedestals supporting the
columns and extended to bedrock. Excavation proceeded by cutting
a rinq trench and preparing for each pedestal a suitable surfacein unweathered or partly weathered'edrock by ripping or blasting
as necessary, followed by scaling and jetting.

REV 2, 9/78 2.5-96



SSES-FSAR

During construction of principal plant structures founded on
rock, excavations extended below the water table and some
dewaterinq was required. Due to the low permeability of the
rock ~ qroundwater inflow was small. Dewatering was accomplished
by surface drains and -sumps.

2„.5~4. 5. 2. 2 gxga vgtions in Soil

The excavation for the spray pond and ESSW Pumphouse was
predominantly in soil-. Excavation proceeded initially by using
larqe earth movinq equipment, then finished by using more refined
procedures. On completion of excavation, the surface layer of
the natural oil formation was recompacted as follows:

a) ,For soils having not more than 12 percent passing the
No. 200 sieve size, 80 percent relative density as
determined by ASTI D2049

b) For all other soil~, 95 percent of maximum dry density
as determined by ASTl". 01557

Test Results are included in Aooendix 2. 5C. The location of test
specimens with respect to the spray pond is shown on Figure 2. 5-
59. A statistical analy-is of the test results was made and is
summarized on Figure 2.5-ti0. The required compaction was met or
e xcee ded.

A protective concrote mat was immediately placed over the
compacted soil under the ESSW Pumphouse and a minimum of 5 in.
thick. reinforced concrete linor placed over the entire spray pond
a rea.

All temporary slopes in soil were formed at a maximum slope o f
1 1/2 horizontal to 1 vertical. The temporary slopes in the
vicinity of the ESSW Pumphouse wore protected with a 3 in. layer
of concrete to maintain the natural soil formation intact All
permanent slopes in oil were formed at a slope of 3 horizontal
to 1 vertical.
The excavation for the Seismic Catoqory 1 pipelines in soil was
carried out similarly. All slopes were cut at a maximum of 1 1/2
horizontal to 1 vertical. The minimum clearances were 1 ft
beneath the pipe and 2 ft to th: sikes.

2 5.4 5.3 Backf-ill and Comoactiong

Genorally, the excavated area, for a minimum di tance of 10 f t
surroundinq the ma d'or structures, was backf illed with a non-
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corrosive lean mix concrete known as sand-cement-flyash backfill.
A minimal amount of backfilling has taken place using .granularbackfill. with the exception of the spray pond and vicinity
a~ldressed later in this ".ection.

The Seismic Cateqory I pipeli»es were generally backfilled vith
the sand-cement-flyash; otherwise granular material was used..

Buried Seismic Cateqory I electrical ductbanks are composed ofreinforced concrete encasements around plastic or metal duc ing;
the concrete encasement'eing cast directly aqainst the excavated
qrade. Granular or sand-cement-flva h backfill was used the same
as for buried pipes.

The properties of these "espec,.ive backf ills vere a'" follows:
a) Sand-Cement-Flyash

lfeiq ht
Slum p

Strenqth

110 lb/cu ft minimum
3 in. minimum
6 in. maximum
QO psi minimum at 28 days

b) Granular

Granular backfill was well-qraded, sound, dense, and
durable ma erial. t consisted of sand, gravel nr
crushed rock and did no con ain any topsoil, humus,
brush, roots, peat, sod, cinders, shale, rubbish or
other perishable materials, or portion of clay, wa te
concrete, trash, or frozen material. No more tha» five
percent by weiqnt passed the No. 200 sieve. The maximum
size of the material was 0 in. in conf ined areas where
hand tampinq was required and 6 in. in other a "eas.

The Placement specification of the e respective backfills was asfolio ws:

a) Sand-Cement-Flyash,

Sand-cement-flyash backfill was either mixed a the
batch plant or obtained from an offsite source, conveyed
to the point ot placement by t"uck, and placed in lifts
not exceedina 30 in. in height. The maximum rate of
pour did not exceed rr f /hr. It wa= vibrated in place
with approved equipment. It was protected from freezing
temperatures fo" n minimum of 3 days.

b) Gran ular

Granular backfill was Placed in'aximum 8 in. loose
horizontal layers, moist»re conditioned, and compacted
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to at least 80 percent relative density as determined hy
ASTM D204 9.

Backfill material within 2 ft of structures and in areas
where larqe construction equipment could not bo u ed or
where there was a danger of damage to structures was
compacted to the specified density by hand operated
equi pment.

Some areas beneath the spray pond concrete liner were filled.
The material and placement specification for this type of fill(arbitrarily desiqnated Fill Type A) was as follows:

Fill Type A. Material

The maximum size of thi 'aterial wa 4 inches and no more
than 5 percent by dry weiqht passed the No 200 sieve.

Fill Type A, Placemen

Fill Type A was placed in maximum 6 inch uncompacted layers,
moisture conditioned to obtain the required compaction, and
compacted to at lease. 80 percent relative density as
determined by ASTM D2049.

The area to the south and south-east of the spray pond was filled
in a controlled manner. The material and placement ~ specification
for this type of fill (arbitrarily desiqnated Fill Type 'B') was
as follows:

Fill Type B, Material

The maximum size of this material was .12 inches and no more
than 35 percent hy dry weight passed the No. 200 sieve.
Fill Type B, Placement

Pill Type B was placed in a 15 inch maximum uncompacted layer
thickness, moist,ure conditioned to obtain the required
compaction. and compacted to satisfy both of the following
requirements:

a) At least 80% relative density as determined by ASTM
D2049 for material havinq not more than 12% passing the
No. 200 sieve or 90k of maximum dry density as
determined bv ASTM Dl557 for all other material.

b) Irrespective of the compactinq effort required tosatisf y pa" t a) abo ve, t he fill was compacted in one 'of
the followinq manners as a minimum ef fort:
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Usinq a crawler tractor having a weight at lea"t
equal to that of a D8 Caterpillar tractor with
bulldozer blade. Each track overlapped the
precedinq track by not less than four inches. When
the tractor has made one entire coveraqe of an area
in this manner, it was considered to have made one
pass. Each fill lift was compacted with four
passes.

ii) Usinq a vibratory roller of minimum weight 20,000
pounds having a roller width of approximately 78
inches and a diameter of approximately 60 inches.
The roller had a vibrator frequency range of
between 1100 and 1600 vibrations per minute and had
a minimum vibratory dynamic force of 40,000 pounds.
The roller speed did not exceed 3 mph and each
track overlapped the preceding one by at least 4
inches. Mhen the roller had made one entire
coverage of an area in this manner, it was
considered to have made one pass. Fach filllift
was compacted with four complete passes.

iii) Usinq a ha'nd controlled vibratory compactor in
locations inaccessible by tractor, or vibratory
compactors was on the basis of the demonstrated
ability of the compactor to compact the matorial to
tho same density as the contiguous backfill.

Test re ults are included in Appendix 2. 5.C. The location of
test specimens with respect to the -pray pond is hown on Figure
2.5-59. A statistical analysis of the test results wa- made and
is summarized on Figure 2.5-60. The required compaction was met
or exceeded.
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To compute the lateral pressures acting on subterranean walls,
all backfill was conservatively assumed to be granular. The
static and dynamic engineering properties of this

granular'ackfill

was assumed as follows:

Bulk unit weight, 'Yb 135 pcf

Saturated unit weight, p ' 140 pcf
S

Coefficient active earth
pressure, K 0.30

Coefficient earth pressure
"at-rest", K 0.70

The computation of static and dynamic lateral soil pressures
acting on subterranean walls is addressed in Subsection
2.5.4.10.2.

2.5.4.5.4 Beddin Material for Seismic Cate or I Pi es and
Electrical Duct Banks

The bedding material was sand-cement-flyash as defined in Section
2.5.4.5.3.

The excavation was made to original ground or in sand-cement-
flyash backfill to required bedding subgrade. The bedding
subgrade was inspected and verified to be sound and dense meeting
visual requirements for backfill adequate for support of bedding
material, thus meeting specification intent. The subgrade was
also inspected for unsuitable material such as water, frozen,
organic or deleterious material. Such material, when found, was
removed.

The sand-cement-flyash bedding material was either mixed at the
batch plant or obtained from an approved offsite source. The
sand-cement-flyash was then placed in lifts not exceeding 30
inches in height nor 4 feet per hour. For pipes the pour was
brought to the pipe spring line and was allowed to set for duct
banks the bedding was not placed until thy duct bank concrete
reached the required strength. Sand-cement-flyash was then
poured to the top of the duct bank and allowed to set.

Installation of the bedding material is not part of the quality control
inspection proceedure.

Analysis of the relevant field test for bedding material is included
in the summary given in Figure 2.5-61
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2.5.4.6 Groundwater Conditions

Special measures for control of groundwater levels beneath
Seismic Category I plant structures founded on rock are not
required. However, control of groundwater levels and seepage is
needed at the spray pond; discussion of design criteria for
stability of the spray pond is presented in Subsection 2.5.5.

Periodic water level readings were obtained in the vicinity of
the principal plant (power block) structures between December
1970 and August 1972. Groundwater fluctuations ranged from
1.5 ft in drill holes 209, 311, to 6.2 ft in drill hole 213.

~ The maximum groundwater level measured in the plant structures
area during this preconstruction period ranged from approximately
690 ft at the west edge of the site of the turbine building, to
about 655 ft at the east edge of the site of the reactor
buildings (refer to Figure 2.5-55). These levels were obviously
influenced by the topographic high of 749 ft just west of the
site of the power block structures. However, subsequent
excavation and grading in these areas preclude water levels from
rising to this height in the future.

During construction, the area just west of the power block
structures was graded to elevation 710 ft or less. Excavations
for the foundations of the principal plant structures extended
below the water table and some minor dewatering was required.
Due to the low permeability of the rock, groundwater inflow was
small and was confined to seepage from fractures. Dewatering was
accomplished by pumping from low areas and sump'here seeps
were noted issuing from fractures in the rock, holes were drilled
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into the fractures and pipes caulked in the holes to control
water while the mudmat was placed. In the foundation for the
reactor building {elevation 639 ft) and in the turbine condensate
pump pit (at elevation 635 ft), hydrostatic pressure caused
lifting of small areas of the 3 inch thick concrete mudmat that
had been placed over the impervious membrane. Approximately 20
relief wells drilled through the mudmat released the pressure and
allowed the mat to settle back to its original position. The
weight of the structural concrete slab subsequently placed on
this mudmat was more than sufficient to resist any uplift
pressures.

The highest seeps noted in the foundation rock durinq
construction were at elevation 642 ft in the radwaste building
excavation and at about the same elevation in the pipe trench in
the southern part of the Unit 2 turbine building. Some seeps
were also noted in the foundation'ock for the reactor buildings
at elevation 639 ft and in sumps below this. To the west of the
turbine buildinq in the circulating water pumphouse excavation,
water was noted to enter the excavation to an elevation of
approximately 660 ft. Hydrostatic lifting (described above) of
the impervious membrane did not occur at foundation elevations
above 640 ft.
Additional information with regard to groundwater monitoring and
water table fluctuations in the principal plant structures area
is provided in Subsection 2.4. 13 and Tables 2.4-31 and 2.4-32.

At the spray pond, water level information taken between July 29,
1974 and August 4, 1975, and from January through larch 1977,
indicate a minimum water level fluctuation of 4. 0 ft recorded at
observation wells 1111 and 11 13, and a maximum fluctuation of
7.0 ft in 1115. Additional discussion of groundwater
fluctuations in the spray pond area can be found in Subsection
2.5.5. Because groundwater levels at the pond will be higher
than the maximum projected flood elevation (refer to Figure 2.5-
38 and Subsection 2. 4.3, respectively), Xloodinq conditions will

~ not significantly affect the groundwater levels.

Local wells within two miles of the plant site were inventoried
and the information is given in Table 2.4-22.

Groundwater flows away, from the principal plant structures area
to the north, east, and south. However, the predominant
direction of flow is to the east and southeast at gradients of
0.05 and 0.06, respectively. The flow rate in bedrock is
estimated to be less than 1 ft per day as discussed in Subsection
2.4.13. Groundwater contours at the site are shown on Figure
2 5-38

Permeability of the intact bedrock at the site is less than
1 ft/year. The average permeability of the glacial materials at
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the spray pond is 2,000 ft/year; hovever, this value has been
considerably exceeded in some tests. For a complete description
of permeability at the spray pond and plant structures areas,
consult Subsections 2.5. 5 and 2.4 13, respectively. Measured
permeability values may be found in Table 2.4-33 and 2.4-34.

=2.5.4. 7 Response of Soil and Rock t~o D namic Loading

Rock at the site would be unaffected by dynamic loading from
earthquakes. During historical time, no Pennsylvania earthquakes
have been felt at the site. Approximately 14 earthquakes
oriqinatinq outside Pennsylvania could have been felt at the
site, but with a probable maximum intensity of only IV cn the
Modified Mercalli Scale. Ground motion at this intensity vould
have had no effect on the site.
The compressional and shear vave velocities of sound, unweathered
foundation rock in the reactor area (V = 14,000 to 16,000 fps; V

6,200 to 7,500 fps) indicate that the rock possesses a high
rigidity and provides effective resistance against dynamic loads
for all structures founded upon it (refer to Table 2.5-5). Such
rock will not be subject to any loss of strength under earthquake
loadinqs.

2 5 4 7 2 a~em pnme of Soil to~nnamic Loadie~

The analysis of earthquake-induced soil strain and settlement of
the spray pond and ESSW pumphouse are given in Subsection 2.5.5.If the sands at the site behave like dry sand durinq an
earthquake, the settlement will be less than 0 05 in. If the
sand deposits are saturated and excess pore pressures develop,
they will reconsolidate followinq the earthquake and settlements
up to 1. 2 in. at the east end of the pond and up to 1 0 in. at
=the ESSW pumphouse may be expected.

The bearing capacity of the pumphouse mat footinq was evaluated
by the follovinq equation (Ref. 2.5-115):

qf = 1/2 B Y NY + D (N 1)
d f q
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Where:

q' ultimate bearing capacity
d

B = width of the footinq
unit weight of the soil
depth of surcharge

0 , 8 = bearing capacity factors
'Y q

This equation was derived for the static condition; however, a
conservative evaluation of the bearing capacity for the dynamic
condition can be made, by assuming that, during dynamic loading,,
the footing has an effective width equal to 1/3 of the actual
footinq (Ref. 2. 5-115). Substituting all values given in
Subsection 2.5.4. 10. 2 into the equation but using B=21 3 ft
instead of 64 ft, the ultimate bearing capacity was calculated to
be 52 kips/sg ft. The corresponding factor of safety against
bearinq failure is 17.

2 5.4.7.3 Soil Structure Interaction

Soil structure interaction has been addressed in Subsection
3 7.2.4 The analysis and design of buried pipelines has been
addressed in Subsection 3.7.3 12.

2.5.4.8 Li uefaction Potential

For the soil supported spray pond, ESSW pumphouse and Seismic
Cateqory I pipelines, the liquefaction potential was evaluated.
The soil underneath these structures is predominantly sand,
qravel, cobbles, and boulders.

The liquefaction potential of the soils beneath the spray pond
and the ESSW pumphouse is discussed in detail in Subsection
2.5.5. The minimum factor of safety against liquefication for
these structures was found to be 1. 26, which is larger than the
minimum acceptable factor of safety of 1.20.

The soil supported Seismic Category I pipelines do not offer a
worse situation regardinq- liquefaction potential in comparison
with spray pond, since the pipelines are underlain by the same
qlacerial deposits as the spray pond area and the depth to the
maximum predicted water level is qreater.
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The design bases for the SSE and OBE are addressed in Subsections
2. 5.2. 6 an d 2. 5. 2. 7.

2 5 4.10 Static Stability

2.5.4.10.1 Static Stability of Safety-Related Structures
~Su ~orted on Rock

The reactor buildings, control structure, and the diesel
qenerator building, all of which are Seismic Category I
structures, are founded on sound, unweathered siltstone bedrock.
The Seismic Category I pipelines linking the reactor buildings
with the spray pond are trenched partly in soil and partly in
bedrock.

The strength of the unweathered bedrock amply accommodates the
loads of the plant providing highly stable foundation conditions.
As measured in the Seismic Category I reactor area, compressional
velocities are in the range of 14,000 to 16,000 fps; shear wave
velocity ranqes between 6,200 and 7,500 fps. Static
deformational moduli as measured on rock cores vary between 3.1
to 9.4x106- psi (refer to Table 2.5-3). Measurements of
unconfined compressive strength of unweathered foundation rock
from the vicinity of the principal plant structures were between
3,650 and 16 F 000 psi (Table 2.5-3). Static properties of the
foundation rock are summarized in Table 2.5-5. Loads induced by
the plant structures are less than the allowable bearing pressure
of the rock and far below the ultimate bearing capacity. The
structural loads will produce no significant total or
differential settlement of the foundations.

Safety-related structures founded on rock were designed for a
hydrostatic groundwater loading caused by a maximum groundwater
level of 665 ft. This is higher than the expected maximum water
level, as discussed in Subsection 2.4 13.

2.5.4. 10.2 Static Stability of Safety-Related Structures
~Su orteB on Soil

The mat footinq of the ESSM pumphouse is 112 ft long, 64 ft wide,
and 3 ft thick The'otal dead and live loads are 20,000 kips
and 2, 100 kips, respectively. The corresponding unit pressures
are 2 80 ksf and 0. 30 ksf, respectively The bottom of the mat
is at elevation 657 ft.
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The ultimate bearing capacity of the mat can he estimated by the
following equation (Ref. 2. 5-115):

q~ = 1/2 B y N + D (N — 1)
d 'Y f q

Where:

q' ultimate bearing capacity
d

B = width of the mat = 64 ft
unit weight of the soil = 30 pcf

D = depth of surcharge, conservatively assumed to be
zero

Ny< N
q

hearing capacity factors

38, and 33, respectively (Ref. 2 5-115)
corresponding to p = 350 (Subsection 2.5.4.2 2)

The ultimate bearing capacity of the mat foundation vas found to
be 158 kips/sq ft The factor of safety vas computed to be 51,
which indicates no danger in overstressing the supportinq
qranular soil. Therefore, the allowable bearinq pressure and
settlement of the mat footing vere evaluated by the method of
limiting settlements suqqested by Peck, Hanson, and Thornburn
{Ref. 2. 5-116) . The allowable hearing pressure for a maximum
settlement not to exceed 2 in. vas computed by the formula:

q = 022 C C Nwa

Mhere:

q = allowable bearinq pressures, tsfa

N = number of blovs per foot in the standard
penetration test

Cn rCw correction factors for "N", for the effects of
overburden pressure and location of groundwater
surface-

A conservative N value of 40 was selected to represent the soils
below the mat foundation (Elevation 657 ft, Figure 2.5-38). The
Standard Penetration Tests below the foundation level were made
at an average overburden pressure of about 6,000 psf (Figure 2.5-
39); the correspondinq correction factor Cn vas obtained from
Figure 19.6 of Ref. 2.5-115 to be 0.63. Assuming that the
qrcundwater surface is at 7 ft belov the mat and no surcharge,
the correction factor C vas computed to be 0.55 by equation,l9 4

of Ref. 2. 5-115.
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The allowable bearing pressure vas computed to be 6.0 kips/sq ft
based on the values of 8, C g, and C. given above. At this
bearing pressure, the settleuent of the nat foundation should be
less than 2 in. and the differential settlement should be less
than 3/4 in. Therefore, by proportion, for a design total
pressure of 3.1 kips/sq ft, the corresponding maximum anddifferential settlements would be less than 1 in. and 1/2 in.,
respectively. Settlenent in sand and gravel deposits occurs
almost simultaneously with the application of load. Since more
than 80 percent of the total load is deal load, then less than
0.2 in. of settlement is expected after the completion of the
construction.

The structural stability of the ESSM pumphouse is discussed in
Subection 3.8.4 and 3.8.5.
The sustained load from the spray pond is less than the veight of
overburden removed; therefore, there is an adequate. factor of
safety against overstressing the underlying soil. Soils rebound
during excavation in granular soils of the type at the spray pondis insignificant.
The maximum predicted elevation of the water table is belov the
base of the spray pond and ESSM pumphouse; therefore, dewatering
was not necessary and hydrostatic vater loadings were not
considered in the design of these structures. A full discussion
of the water table in'his vicinity is in Subsection 2.5. 5.

The lateral earth pressure acting on subterranean walls of
Seismic Category I structures was computed assuming granularbackfill having the properties stated in Subsection 2.5.4.5.3.
The coefficient of earth pressure "at-rest» was used.
Additionally, the walls vere designed for surcharge loadings and
dynamic soil pressures as appropriate. The .typical pressure
diagrams and combinations are shown on Figure 2.5-39.

Mater levels in the spray pond area are discussel i'n Subsection
2.5.5. 1. 2. Contours on the groundvater table in the spray pond
area are shown on Figure 2.5-38. Profiles of measured and
pro)ected profiles of the groundwater table beneath the spray
pond are shown on Figure 2.5-40

O.
j
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2 5 4 11.1 Design Criteria of Safety-Belated Structures
o ock

L ~

As summarized in Subsection 2.5.4.9, the plant structures founded
. on rock are designed for a maximum acceleration of 0. 10g from an

occurrence of the SSg event Prom consideration of its
engineering properties, it is evident that the foundation rockwill not be measurably affected by seismic loadings, and
negligible additional foundation settlement will accompany these
maximum potential dynamic, loads. The maximum contemplated total
static and dynamic loaf's of 40 tsf are only a fraction of the .

bearing capacity. of the rock, thus ensuring an ample margin of
safety.

2.5.4. 11.2 Design Criteria of Safety-Related Structures
on Soil

As summarized in Subsection 2.5 4.9, the spray pond slopes are
designed for a maximum acceleration of 0.15g from an occurrence
of the SSE event at the site. The spray pond riser pipe columns,
the SeiSmic Category 1 buried pipes, and the ESSM pumphouse are
desiqned for a maximum acceleration of 0. 15g from an occurrence
of the SSK event at the site.
The allowable bearinq pressure under both static and dynamic
conditions satisfies these conditions:

a) Sustained dead load plus
of sa fety of 3

live load with a minimum factor

b) Sustained, dead load plus maximum live load with a
minimum factor of safety of 2 r

c) Sustained dead load plus live load keeping settlement
within tolerable limits.

At the spray pond, a liner has been 'designed to restrict the
seepaqe rate from the pond in order to limit buildup of a
groundwater mound in the glacial materials underlying the pond.
The pond has been designed for a maximum groundwater elevation of
665 ft. Detailed description of design criteria for control of
groundwater levels and seepage at the spray pond and the
stability of the pond are in Subsection 2.5.5.
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2.5.4.12 Techni ues to Im rove Subsurface Conditions

2.5.4.12.1 'Foundations in Rock

No special treatment was required to improve foundation
conditions beneath the Seismic Category I structures bearing on
rock. During construction, high loads were carried by the gantry
crane rails, one of which was adjacent to the top of the
temporary vertical slope on the east side of the reactor building
excavation. As a precautionary measure to ensure stability of
this slope during construction, tensioned rock bolts were
installed in the slope. One large pothole was 'encountered in the
Vnit 1 turbine building area, necessitating overexcavation of
some 23 ft below design base elevation. The resulting hole,
which was in fresh, unweathered rock, was backfilled with 574
cubic yards of concrete (f = 2,000 psi) to foundation grade.

2.5.4.12.2'oundations in Soil

e No improvement of the natural soil formation at this site was
required.

2.5.4.13 Subsurface Instrumentation

2.5.4.13.1 Instrumentation for Rock Foundations

Since settlements are negligible for the safety-related
facilities founded on rock (refer to Subsections 2.5.4.7 and
2.5.4.10), no instrumentation to monitor such settlements is
necessary.

2.5.4.13.2 Instrumentation for Soil Foundations

The foundation design for the ESSW pumphouse was based on
measured soil parameters obtained by field and laboratory
testing. The actual settlement should .not exceed tolerable
limits for the structure and its piping connections. A
systematic monitoring program was therefore instituted to study
the settlement performance of the structure. The following
instrumentation program was carried out:

a) Permanent Bench Marks: Two permanent bench marks were
installed as reference points for measurements.
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b) Settlement Pins: A total of six settlement pins were
cast into the structural mat and 5 settlement pins were
installed in the pumphouse floor at Elev. 685'-6".
Details are shown on Figure 2.5-41 and Figure 2.5-62. A
survey reading was taken on each pin at approximately
monthly intervals. The total settlement and
differential settlement of the mat foundation was
therefore deduced.

Survey readings will be taken on the five pins located
at ESSW pumphouse floor elevation 685'-6". These
readings will be recorded once a year until 1983. Thiswill give recordings of at least 4 years from the
pumphouse completion. In addition to the annual reading
a survey of these pins shall be conducted after any of
the following events:

1.) Earthquake

2.) 100 year storm

3.) Major leakage or break in a water pipe in the
pumphouse fillarea.

Results are shown on Table 2.5-8.

2.5.4.14 Construction Notes

During construction of the spray pond liner, cracking was
observed in several areas, the most extensive being the area
along the southwest edge of the spray pond. The remainder of the
cracking was distributed between areas just north and south of
the spillway and two smail areas located along the north and
south central portions. The cracks along the southwest and
spillway area were approximately 50 feet in length while the
cracks along the central area averaged 7 to 10 feet in length.
The cracks in all areas ranged from 1/2" to 1 1/2" in depth. The
cracks located above elevation 676'-6" and the cracks wider than
1/16" below elevation 676'-6'ere "V" groved to a depth of 1/2"
and sealed with Horn Flex I sealant A manufactured by W. R. Grace
Co. Cracks below elevation 676'-6" and having widths smaller
than 1/16" were left as is.

The hairline cracking which is predominant in the southwest
section of the pond is coincident with the concrete liner being
placed directly on bedrock. Since the liner in contact with the
bedrock is more restrained during the initial concrete curing and
shrinkage period it has been determined that these shrinkage
forces were the major cause for cracks in this area. In addition
two slabs in this area were displaced by hyprostatic uplift

REV. 20> 2/81 2.5-108



SSES-FSAR

i

forces causing some additional cracking. This uplift occurred
during the construction phase when the pond was empty of water.
The hydrostatic uplift pressure was relieved by means of 2 inch
diameter core drills thru the liner. These relief holes were
then filled with grout just prior to filling the pond with water.

A slab located south of the spray po'nd spillway was displaced. by
means of frost heave and resulted in cracking. This action also
took place during the construction phase when the pond was empty
of water. The displaced section was removed and repaired in
accordance with section 7.14 of specification C36. The cracks
were repaired as described above.

Uplift due to hydrostatic pressure up to design elevation and
frost heave are of no design concern when the pond is filled with
water as required during plant operation.

In areas where the liner was placed on soil very little hairline
cracking has occurred. As a result there has been no indication
of cracks being caused by soil settlement.

2.5.5 STABILITY OF SLOPES

Natural slopes at the site are depicted in the site topographic
map, Figure 2.4-1. Final plant grades are shown on Figure 2.5-
24.

Few rock slopes are present at the site that need to be
considered with respect to possible adverse effects on the
safety-related operation of the plant. Within the area impounded
by the spray pond, bedrock forms a portion. of the southwest
slope, cut on a gradient of 3 horizontal to 1 vertical. North of
the spray pond, a natural slope formed on Trimmers Rock sandstone
rises at a maximum gradient of 2 horizontal to 1 vertical to a
height of approximately 380 ft above the bottom of the pond
(refer to Figure 2.5-56). As discussed in Subsection
2.5.5.2.3.1, such rock slopes would present no significant hazard
to safety related plant structures.

The soil slopes to be considered are those forming and
surrounding the spray pond.

2.5.5.1 Slo e Characteristics

. The slopes analyzed include the cut slopes of the spray pond and
the slopes of the railroad embankment adjacent to the spray pond.
The failure of either slope could affect the normal operation of
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the spray pond. The stability of these slopes is also dependent
'.upon the stability of the spray pond itself. Therefore, the
"safety analyses of the slopes and the stability of the spray pond
are investigated and discussed together in this section.

The cut slopes of the spray pond consist of two portions
separated by a 20 ft service road; both were made at 3 horizontal
to 1 vertical (Figures 2. 5-42 and 2.5-43) . The lower portion is a
17. 5 ft slope between the service road {Elevation 685.5) and the
pond bottom {Elevation 668) . The upper portion extended. from the
service road. to daylight, the height of the slopes varies from
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0 ft at the east end to about 40 ft at the west end of the pond.
Except for a few cut slopes that are made in bedrock, the
majority of the slopes are made of granular material.

The slopes of the railroad embankment adjacent to the spray pond
were made of shot-rock. The slopes are at 3 horizontal to 1

vertical with a maximum height of 30 ft.

2.5.5 1.1 Geoloqic Conditions

The vicinity of the spray pond is situated over a glacial, or
preglacial, east-vest trending bedrock valley as outlined by
contours on top of bedrock (Figure 2. 5-17) . These contours
indicate that the bedrock surface of the valley was eroded about
100 ft below the average elevation of, bedrock to the south and
considerably more than that below bedrock elevations to the
north. Total relief of the bedrock surface is about 130 ft. The
valley is filled with dense gravelly and sandy glacial outwash
and till deposits which attain a maximum thickness of about
1 10 ft in the spray pond area. They were deposited during the
Olean substage (early Wisconsinan) of the Wisconsin glaciation,
which occurred approximately 50,000 years ago, and there is a
possibility that some of the bedrock erosion and overlying
glacial deposits are the result of an earlier Illinoian
glaciation known to have occurred here (refer to Subsection
2.5.1.2). In general, the deposits are normally consolidated and
consist of a sequence of sand, gravel, and boulders overlain by
sand and gravel, overlain in turn by silty sand. The entire
sequence is highly variable, in grain size distribution and
sorting, and contains discontinuous pockets of similar materials.
As a rule, grain size decreases and sorting increases toward the
top of the sequence. Topsoil of variable thickness, consisting
of brown sandy silt and organic matter, overlies the glacialdrift.
Bedrock beneath the spray pond is correlated with the uppermost
strata of the Niddle Devonian Nahantango Formati'on. Strata of
the overlying Trimmers Rock Formation crop out along the ridge
north of the spray pond; the contact between these two formations
is buried by glacial material, but has been inferred f rom drill
hole data to occur immediately north of the spray pond along the
buried south-facing bedrock slope (refer to Subsection
2 5.1 2.2 2 and Figures 2.5-40 and 2 5-56) . The strata, which
consist of dark gray, noncalcareous siltstone with fine sandstone
stringers in the upper Nahantango grading to more sandy material
in the Trimmers Rock Formation, strike N75~E and dip 15~ to 400
north.

The southwestern tip of the spray pond is cut into bedrock while
the remainder is excavated in glacial materials. The thickness
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of the glacial deposits beneath the bottom of the spray pond
range from zero at the rock contact to 93 ft at the eastern end
of the pond. The ESSM pumphouse structure located at the
southeastern corner of the pond is underlain by 40 to 80 ft of
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glacial material. The water circulation pipelines between the
pumphouse and the plant overlie glacial material having a maximum
depth of 65 ft. They intersect bedrock at an elevation of
668 ft approximately 260 ft southeast of the pumphouse (refer to
Figure 2.5-17A) .

North of the spray pond, the Trimmers Bock Pormation forms a
steep ridge rising approximately 380 ft above the spray pond.
The south-facing slope of this ridge is essentially a rock slope
underlain by resistant sandstone thinly mantled with soil and
rock fragments. The sandstone is massive to flaggy and exposures
exhibit well developed joint systems. The lower portions of the
Trimmers Rock are less sandy and occur beneath the surface from
the base of this high ridge southward to the northern part of the
spray pond area (Zigure 2.5-56).

Geologic conditions elsewhere at the site are reviewed in
Subsection 2.5.4.1.

2.5.5 1.2 Groundwater Conditions

The groundwater table elevations and contours shown on Pigure
2 5-38 are based on water level measurements made June 30, 1971
in the vicinity of the major plant structures, and on
measurements made August 6, 1974 in the spray pond area. Mater
level measurements in the plant structures area were discontinued
before the observation wells in the spray pond area were
installed, and the wells were destroyed during construction of
the plant. The water level data show that the groundwater table
is in bedrock beneath the major plant structures, whereas beneath
most of the spray pond it is in the glacial drift. Modification
(lowering) of the water table by excavation in the major plant
structures area is described in Subsection 2.4.13.5. However,
some movement of groundwater from the plant structures area
toward the spray pond to the north can still be expected, even
though the major direction of movement is toward the Susguehanna
River to the east. The direction of groundwater movement from
the spray pond is also easterly toward the Susquehanna River.
The undisturbed groundwater table elevation beneath the southwest
end of the spray pond is about 670 ft where it is in bedrock. At
the east end c+ the pond, it is in soil at an elevation of
615 ft.

The observation wells installed in the spray pond area have not
been monitored. long enough to allow a close determination of a
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maximum high vater level. Monitoring of the observation points
was discontinued in August 1975 and vas resumed in January 1977.
The recorded measurements suggest that, in some cases, up to
11 ft of fluctuation has occurred. Hovever, the measurements
taken during October 1974 are considered to be incorrect;
'therefore, they are not included in the evaluation. Eliminating
those measurements, the maximum fluctuation is 7 ft (Table 2.5-
9). Intermittent measurements of water levels at observation
veils in the area of the principal plant structures were taken by
Dames 6 Moore over a period of 11 months (1970 through 1971) .
These data indicate fluctuation of less than 10 ft. Using these
limited data, it is estimated that the maximum rise of
groundvater levels beneath the spray pond vill not be greater
than 10 ft above those on August 6, 1974.

2 5.5. 1.3 Field Sam lin and Teston

The field exploration for the spray pond was carried out from
June 27, 1974 through August 15, 1974. The drilling
subcontractor was American Drilling and Boring Company of
Providence, Rhode Island. The boring locations are shown on
Figure 2.5-44.

At the time of the investigation, the spray pond area had been
used as a spoil area for excavation from the plant site. As much
as 33 ft of soil and rock vas dumped above natural ground. The
majority of this vas in the east half of the spray pond area. At
the vest end of the spray pond, a railroad fi.'ll consisting in
large part of shot rock skirted the spray pond The railroadfillvas 30 ft deep at Boring 1120. The area betveen Borings
1110 and 1107 was the only area vithout any spoil.
Underlying the spoil material is glacial drift which in turn
overlies siltstone bedrock. The depth of glacial material varies
from 0 ft at Borings 1118 and 1121 to 108 ft at Boring 1104. The
bedrock surface generally slopes to the east. At the southwest
end of the site, bedrock is exposed at ground surface. The
natural soils consist predominantly of sand, gravel, cobbles, and
boulders. The soils are poorly stratified, starting as sand or
sandy gravel at the surface and grading to mostly cobbles and
boulders near bedrock. However, cobbles and boulders were
encountered at various depths in most of the borings. Some of
the sands and qravels were silty Generalized sections through
the pond area are given on Figure 2 5-30.

Tventy-five test borings were drilled. Ten holes were completed
for the geophysical survey, ten for permeability and five as
groundvater observation wells. Also shown on Figure 2 5-44 are
borings in the 300 and 400 series made in 1971 and 1972 (Ref.
2.5-97 and 2.5-98) . Information provided by these early borings
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was used for preparing the qeneralized sections given on Figure
2 5-30. The details of the drillinq and samplinq program are
included in Subsection 2.5.5.3 along with logs of borings.

Permeability tests, using either packers or driven casing to
isolate zones to be tested, were conducted in nine holes in the
spray pond site. The method of analysis used is described in US
Bureau of Reclamation Earth Manual, Designation E-18. One hole
(1124) was constructed for permeability testing using the field
permeameter method, as described in the US Bureau of Reclamation
Earth Manual, Designation E-19. Locations of these test holes
are shown on Piqure 2. 5-44, and results of the tests are listed
in Table 2.5-10.

The tests were conducted primarily to determine permeability
characteristics of the glacial drift and the contact zone between
the qlacial drift and the bedrock (siltstone of the Mahantango
formation). Permeability testing of the Mahantanqo .Pormation was
performed during investiqation of the railroad bridqe (Table 2 5-
11) The siltstone beneath the spray pond is similar to that
tested at the railroad bridge, and these data are taken as
representative of the intact bedrock beneath the spray pond

One of the test sections in the spray pond was isolated in the
weathered and fractured siltstone (Boring 1117) immediately below
the contact with the glacial drift The calculated average
permeability of that test (Table 2.5-10) is markedly higher than
any of the tests performed in the intact bedrock, as would be
expected. The exploratory holes in the spray pond area
penetrated no more than 10 ft of the more permeable weathered
bedrock. Three of the tests (Borings 1112, 1113, and 1114)
measured permeability, of the contact zone {including from 5 to
10 ft of the weathered bedrock with overlying glacial drift in
the test section), and the'alance of tests in the spray pond
measured permeability of different materials in the glacial
drift.
The borinq logs indicate that the glacial drift is primarily
outwash deposits consisting of permeable sands and qravels, with
some discontinuous lenses of less permeable silty sands. The
materials tend to be coarser and, presumably, more permeable
toward the base of the deposits filling the small valley. The
tests summarized in Table 2.5-10 indicate that the permeability
of these materials varies considerably. Permeability of the
predominant sand and gravel deposits is greater than 2,000 ft/yr
(Borinqs 1111 and 1115) The silty sand lenses are much lower in
permeability (Boring 1122 through 1125) .

These data indicate that the average permeability of the glacial
drift is considerably higher than that of the intact bedrock.
The range of permeability in the glacial drift is greater, with
permeability of some silty sands as low as some of the bedrock.
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The maximum measured permeability of intact bedrock. is 277 ft/yr,
and the median value of the 41 tested intervals (Table 2.5-11) is
81 ft/yr. Assigning an averaqe permeability of 200 ft/yr to the
bedrock appears conservative. Por purposes of seepage analysis,it can be assumed that bedrock is impermeable and groundwater
movement occurs in the glacial drift.
The high permeability of the glacial outwash deposits is
indicated by the two tests in which the capacity of the measuring
equipment was exceeded. Also, d,uring drilling of eight of the
exploratory holes, there was considerable difficulty because of
loss of drilling fluid (see Table 2. 5-12) Commonly, it was
necessary to drive casing to seal off highly permeable zones.
The coarse nature of these lost-circulation zones precluded
attempts to perform meaningful permeability tests. Further, the
permeable nature of the glacial drift is demonstrated by the
performance of the two plant site water wells for construction
use (Figure 2. 5-38). Each of these wells has a capacity of
150 gpm, and at least one is operating continuously. These wells
draw from a maximum of 60 ft of saturated glacial drift Prom
the relationship of specific capacity of a water well to the
thickness of the aquifer, the permeability of the aquifer can be
estimated (Ref. 2 5-101). This method indicated 4,000 ft/yr as
the apparent minimum average permeability at these wells.
An average permeability of 2,000 ft/yr for the glacial drift was
used in the seepage analysis. Considering the evidence that
highly permeable materials are present, the results of the
permeability tests, and the yield from the wells, assumption of
an averaqe permeability of 2,000 ft/yr is conservative in
relating seepaqe losses to groundwater levels and safety against
liquefaction.
In the seepage analyses, the possible differences of vertical and
horizontal permeabilities must be considered. The vertical
permeability of glacial outwash deposits can be as small as one-fifth the horizontal permeability. Because groundwater in the
saturated zone moves in a predominantly horizontal direction, the
effective permeability is the horizontal permeability In
analyzing seepage through the unsaturated zone, however, movement
of qroundwater may be predominantly vertical; thus, the possibly
lower vertical permeabilities were considered. Beneath the spray
pond lenses of materials with low permeability are thin and
discontinuous and therefore do not appear to cause a
significantly lower permeability in the vertical direction Thisis confirmed by the fact that no perched water has been detected
in the area
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2.5 5 1 4 Laborator Testin

2.5.5.1.a.1 Ge~ne al

In general, the granular deposits underlying the spray pond
consist of silty sand at shallow depth, underlain by sandy gravel
vith boulders and cobbles The test program was conducted only
on the sands because of difficulties in collecting undisturbed
gravel samples. The undisturbed samples were obtained in sand
zones which had lower standard penetration blow counts than in
the coarser material. The relative locations of soil samples for
which the tests vere made are shown on the generalized cross
sections E and P, on Figure 2. 5-45.

The laboratory test results are summarized in Table 2.5-13. For
detailed infcrmation on test procedures and results, see Ref.
2. 5-102

2 5.5 1. 4 2 Grain Size Distribution

Grain size determinations were made on most of the split spoon
samples and on Shelby tube samples for classification purposes
and to determine the Dgo size that can be used as an index for
evaluatinq the potential susceptibility of granular soils to
liguefaction.
Sieve and hydrometer analyses were performed according to ASTM
Procedure D 422-63, 1972. The range of grain size curves for the
granular deposits is shown on Figure 2.5-31. The mean grain
sizes tD >0) of the samples of sand and gravel vere found to be in
the range of 0 14 to 3.0 mm and 4.5 to,25.0 mm, xespectively.

2 55.1 4 3 Unit Mei ht

Unit veights were obtained for all undisturbed Shelby tube
samples cn which strength tests were performed. The undisturbed
samples were obtained by cuttinq the Shelby tubes into
approximately 7 in. lengths by a tube cutter. The length and
weight of each sample section was determined while in the tube
for unit veight computations The unit weight is requited to
determine the relative density of the site soils.
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2.5 5.1 4.4 Maximum-Minimum Densities

Maximum dry density values vere obtained using two procedures;
namely, impact compaction and vibratory compaction. Both tests
were performed on samples obtained by mixing bulk samples from
Test Pit No. 1.

The impact compaction tests vere performed using ASTM Procedure D

1557-70, method D, modified so that each of the five layers was
compacted with 20 blows of a 10 lb hammer dropping 18 in., i.e.,
a total compaction energy equal to 20,000 ft.1b/ft~ of soil. The
vibratory compaction test vas performed according to ASTM
Procedure D 2049-69 using a 0. 1 cu ft mold and the wet method.

The maximum dry density obtained from these tvo tests vere
106. 1 pc f and 108. 2 pcf, respectively.

The minimum dry density vas also performed on bulk samples
obtained from Test Pit No. 1 according to ASTM Procedure D 2049-
69 The minimum dry density obtained vas 91.5.pcf.

The relative density of the in situ soils vas determined using
the maximum and minimum densities.

2.5 5.1.4.5 Relative Dgnsi~t

Belative density data vere obtained from two sources: densities
of the undisturbed Shelby tube samples vere correlated to the
maximum-minimum dry densities, and correlations were made vith
standard penetration test results obtained during the drilling
o'perations usinq the Gibbs and Holtz procedure (Ref 2.5-100) .

The relative densities based on maximum-minimum dry densities
vere determined usinq the relationship:

Dd = Y max~ Y — Y min) X 100

Y t Y max — Y min)

as given in ASTM Procedure D 2049-69, where

Dd

Y max

Y mim

relative density, percentage

maximum dry density, pcf

minimum dry density, pc f
dry density of undisturbed samples, pcf
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There was insufficient data to directly determine the relative
density of each of the samples of in situ soils. Therefore, the
relative density of undisturbed samples was not used in the
analyses. The design engineering properties of the site soils
were based on tests on undisturbed samples. During drilling
operation, a Standard Penetration Test was performed every 3 ft
in each of the drill holes. From these data and the values of
effective overburden pressure at the location of each Standard
Penetration Test, the relative densities were determined from the
correlation between standard penetration resistance, effective
overburden pressure, and relative density of granular soils given
by Gibbs and Holtz (Ref. 2.5- 100). The Gibbs and Holtz procedure
is valid for normally consolidated sands. Values of relative
density obtained in this way are summarized on Figure 2.5-46

2.5 5 1 4. 6 Static Triaxial Shear Test

Eight static consolidated-drained triaxial tests were performed
on undisturbed samples. The purpose of the test was to obtain
the strength data required to evaluate the static stability of
the cut slopes.

The tests were carried out in triaxial cells and the test
specimens were saturated by the back pressure method. The
saturation was checked 'y determining the value of Skempton's B
coe ffic ie nt (Re f. 2. 5-103) . Specimens were considered to be
saturated when the B coefficient was 0.95 or higher. The
specimens were obtained by cutting the 3 in. Shelby tubes into
7 in. lengths. They were then extruded and trimmed. The
specimens were consolidated isotropically under effective
consolidation pressures ranging from 0.50 to 6.0 ksf. These
confining pressures represent the range of effective overburden
pressures at the site. The results of these tests are

presented'n

Figure 2.5-34 which also shows the selected design parameters.

2. 5 5. 1. 4 7 ~Cclic Triax ial Shea r Tests

Twenty-five cyclic loading triaxial shear tests (CR) were
performed to determine the cyclic shear strength of the soils.
Sixteen tests were perf ormed on undisturbed samples. Nine tests
were performed on remolded samples. Undisturbed specimens were
prepared in the same manner as for static triaxial tests. After
completion of the tests on selected undisturbed specimens, they
were oven dried, broken down, and compacted by vibration to the
same dry density as the original undisturbed specimen.
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Test specimens were saturated as in the case of the static
triaxial tests and consolidated under an isotropic pressure equal
to either 1.0 ksp or 6.0 ksf. During the cyclic shear tests, a

~/79
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symmetrical cyclic deviator stress was applied at a constant
frequency ranqing between 1 cycle per 2 to 3 seconds while
measuring axial deformation, axial load, and pore pressure
continuously by means of electric transducers and a chart
recorder. The results of all CR tests including the number of
cycles to reach a total strain of 5 percent are given in Table
2 5-14 The undisturbed specimens were generally found to be
more resistant to cyclic j.oadinq than the corresponding remolded
specimens prepared at the same dry density. The loss of shear
resistance may be due to changes in the original soil structure
and destruction of slight cementation which exists in the soil in
the undisturbed state. The test results on undisturbed samples
are shown on Fiqure 2.5-35.

Also shown on Fiqure 2.5-35 are the results of four cyclic
triaxial tests reported by Dames 6 Moore (Ref. 2. 5-98) . Xn
general, the Dames 8 Moore samples yielded higher cyclic
strength. The reason for. the difference may be due to the
difference in the method of samplinq. The undisturbed samples
tested by GEI (Ref. 2.5-102) were sampled with a thin-walled
Shelby tube sampler which was pushed by hydraulic pressure in
accordance with ASTM D1587-67. However, the undisturbed samples
tested by Dames 6 Moore were obtained with the "Dames 6 Moore"
sampler. The area ratio of the "Dames 6 Moore" sampler is large
compared to the thin-walled Shelby tube sampler, and the greater
area ratio may result in qreater disturbance to the sample.
Since the amount of disturbance could not be evaluated and since
the GEI samples yielded lower cyclic strength, the Dames 6 Moore
results were not used in the liquefaction analysis for
con ser va t ism.

2.5 5.2 Des~i n Criteria and Analyses

2 5 5.2.1 Design Criteria for ~Srag Pond

The desiqn criter'ia adopted for the analysis of the spray pond
and the slopes surroundinq the spray pond include criteria for
ground surface acceleration, liquefaction, and slope stability.

2. 5. 5. 2. 1 1 Ground Sur face Acceleration

The horizontal ground accelerations used for design of the spray
pond are 0.15g for the Safe Shutdown Earthquake (SSE) and 0.08g
for the Operating Basis Earthquake (OBE) .
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2 5 5.2 1 2 Liquefaction

For the most adverse water level conditions at the spray pond
site, the factor of safety provided against liquefaction should
not be less than 1.2 for the SSE condition.

2 5 5 2. 1 3 Slope Stability

The slopes in the area of the spray pond must be desiqned to
provide a minimum factor of safety of 1. 5 for the static
condition and 1. 1 when subjected to an SSE event

2.5-5.2 2 Design Ana~lses for ~Srag Pond

The desiqn analyses, including the seepage analysis, liquefaction
potential of the spray pond, stability of slopes, and the
earthquake induced settlement, are given in the following four
Subsections.

2. 5. 5. 2 .2. 1 Spray Pond Se~eage Analysis

The total inventory that determines the spray, pond capacity
includes suff icient water to compensate for losses that could
occur over the 30 day shutdown period. Additionally, seepage
losses must be controlled during normal operation so that the
groundwater table is not artificially elevated to a level that
would agqravate the safety marqin against -liquefaction Seepage
analyses were made to determine what design parameters are
required for the spray pond to meet these restrictions. It was
first determined that seepage from an unlined pond does not meet
these restrictions, and that a lining of the pond is required.
The second case determines the desiqn parameters for a lining
that will sufficiently control the quantity of seepage to satisfy
liquefaction requirements

To maintain the groundwater level below the levels necessary to
ensure an adequate factor of safety against liquefaction, an
unsaturated zone must be maintained beneath the spray pond. A

liner must be desiqned that will sufficiently restrict seepage
and prevent groundwater levels from. rising above the design
levels. Seepaqe from the pond will increase the total
qroundwater underflow beneath the pond and develop a groundwater
mound That is: Total Underflow = Pond Seepage and Base Flow
(the present underflow)

The groundwater flow path from the pond is eastward along the
trough in bedrock which is filled with glacial deposits. The
downstream discharge point of the groundwater mound is assumed to
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be at the surface at elevation 600 near a present spring. The
quantity of underflow, Q, beneath the pond may be calculated
using Darcy's law:

Q = KIA

Where:

quantity of underflow (fthm/yr)

K = permeability (ft/yr)
I = average hydraulic gradient (ratio)

A = cross sectional area of flow path (sq ft)
The controlling permeability for this case is the average
permeability of the glacial drift, 2,000 ft/yr. The average
hydraulic gradient may be taken as the difference in elevation
between the elevation of the assumed discharge point, 600 ft, and
the elevation of the water table beneath the center of the pond
over the distance between the two points, 1,850 ft. Gradients
were determined for several assumed elevations beneath the pond.
The average cross-sectional area of saturated glacial draft along
the flow path was determined .for each assumed elevation of the
groundwater mound beneath the pond.

An average base underflow of 4.3 X 10 ft /yr was calculated for
the undisturbed groundwater conditions, represented by water
levels shown on Figure 2.5-38. The amount of total underflow was
then calculated for several assumed groundwater elevations
beneath the center of the pond. The seepage which is producing
the groundwater mound can be determined by subtracting the base
flow of 4.3 X 10 ft /yr from the total underflow. Then, by
using a form of Darcy's Law (Ref. 2.5-105):

q = K p + d; and Q = qA
d

Where:

q = quantity of seepage through one square foot of
liner assumed to be saturated

K = effective liner permeability (ft/yr)

p = head of water in pond (ft)
d = liner thickness (ft)
0 = effective seepage losses thxough the liner (ft /yr)

A = area of the spray pond (sq ft)
REV. 20, 2/81 2.5-119
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The seepage loss as related to maximum groundwater level beneath
the pond can be calculated. Then, the liner thickness and
permeability that would restrict the amount of seepage
sufficiently to maintain the selected groundwater elevation can

-be calculated. This'provides a relationship between liner
parameters and the, elevation of the groundwater mound. The
groundwater elevations beneath the pond that would be maintained
by specific liner parameters are listed in Table 2.5-15 and shown
on Figures 2.5-38 and 2.5-40. The relationship between seepage
losses and the groundwater elevation beneath the pond is'hown on
Figure 2.5-47. To maintain the groundwater level below the
maximum allowable level determined by the liquefaction analysis,
665gft, a reinforced concrete liner has been constructed. The
concrete liner has expansion, contraction and construction joints
at appropriate spacing to control cracking. Both'expansion and
construction joints have impermeable rubber waterstops in
corporated.

The relationship between the thickness of the liner, permeability
of the liner and seepage loss is shown on Figure 2.5-57. The
permeability of reinforced concrete is conservatively 1 X 10
feet per year. The minimum thickness of liner provided over the
entire pond is 5 inches. Therefore, during normal operation~ the
seepage loss from the spray pond is estimated to be 5.9 X 10
gallons per 30 days. More than 5 times this amount is required
to raise the groundwater level to the design value of 665 feet
which was used for the liquefaction analysis.

Accident conditions and their possible effect on the integrity of
the liner and on seepage losses have also been examined.

Should a tornado-generated missile having a frontal area of 20
square feet puncture the liner, the additional leakage would be
1.6 X 104 gallons per 30 days. This volume of water would not be
sufficient to elevate'he water table to an unacceptable level.

In the event of an SSE, the soils analysis covering slope
stability, discussed in Subsection 2.5.5.2.2.3.2, shows that the
cut slopes will remain stable. No credit is taken in the
analysis for the presence of the concrete liner. Subsection
2.5.5.2.2.4 discusses the settlement which might result from an
earthquake induced motion. The relative settlement across the
pond would be very small, less than 1 inch in 500 ft. It is
therefore anticipated that the liner will not undergo any
significant displacement as a result of an SSE. Some additional
cracking could occur. However, since a very conservative
approach has been taken in providing a liner with a permeability
well below that required to establish 1'iquefactor potential, the
additional cracking can be tolerated.

Seepage from the spray pond will be monitored by periodic
measurements of'ater levels in observation wells near the spray
pond; refer to Subsection 2.4.13.4 for discussion of monitoring
programs and location, of observation wells. Additionally, actual
seepage losses from the pond will be measured by periodically
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recording water levels in the pond and by measuring amount of
precipitation in a'ain gauge and rate of evaporation in an
evaporating pan located near the spray pond.

g,5~~/ 2 ~i~ufa~ct og Potygtial

2—V~
The evaluation of the liquefaction potential of the soils at the
site was made by comparing the shear strength of the soils under
cyclic loading conditions to the dynamic shear stress induced in
the soils by the vibratory motion associated with the SSE. The
ratio of shear strength to induced shear stress is termed the

,.factor of safety against liquefaction. Since both the shear
'~strength of the soils and the induced shear stresses are

dependent on depth below ground surface, determinations of the
factor of safety aqainst liquefaction were made at various
depths.

Soil profiles and the corresponding qroundwater levels
representative of the site conditions were chosen for the study.
The SSE was applied at the ground surface and deconvolved
downward to bedrock using the SHAKE 3 Computer Program tRef. 2.5-
106) .

The soil profiles used in the analyses were conservatively
assumed to consist only of sand even though they included gravel,
boulders, and cobbles in places as discussed in Subsection
2.5.5. 1. Based on limited information available {Ref. 2.5-107),
the resistance to, liquefaction of gravel, boulders, and cobbles
is equal or better than that of sand. Por instance Kishida
(Ref. 2. 5-112) has indicated that soils with D less than 2 mm

and with uniformity coefficients less than 10 are most
susceptible to liquefaction (Ref. 2.5-98) . The saturated unit

'REV. 2 9/78
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weight of the sand was taken to be 130 pcf and the buoyant unit
weiqht to be 67.5 pcf. The spray pond was simulated as a
material with a low shear modulus value of 1.0 ksf. Because
water does not transmit shear waves, the simulation was necessary
so that the computer program SHAKE 3 could be used to compute the
shear stresses .induced by the earthquake. Use of this small
modulus has an insignificant influence on the .induced shear
stresses.

2.5.5.2. 2.2.2 Soil Profiles and Positions of Grcundwater
Table

As disclosed by the field investiqation, the thickness cf
overburden varies at the site of the spray pond. The bedrock
contours are shown on Figure 2.5-17. At the southwest end,
bedrock was exposed at the qround surface and over 90 ft of
qranular deposits were encountered at the northeast end.
Therefore, to evaluate the liquefaction potential, three soil
profiles were chosen to represent three thicknesses of
overburden. The depths from the bottom of the pond (Elevation
668 ft) to the bedrock for the three soil profiles were 93 ft
(Profile 1 — east end of spray pond), 57 ft (Profile 2 — central
section, and pumphouse), and 20 ft (Profile 3 — west end of spray
pond). The predicted maximum groundwater levels that will occur
beneath a lined pond as discussed in Subsection 2 5 5.2. 2. 1 were
used at each profile.
To evaluate the liquefaction potential at other locations in the
spray pond, the same soil profiles were used and the groundwater
table was varied in accordance with the predicted maximum water
table elevations: qiven on Figure 2. 5-40.

Figure 2.5-48 shows the soil profiles and the maximum groundwater
levels used at Profiles 1, 2, and 3 in the analyses.

2.5 5. 2. 2.2.3 Shea Moduli

Cross-hole shear wave velocity measurements were performed during
August and September 1974 (Ref. 2.5-99). Compressional and shear
wave velocities were measured in situ to depths of about 100 ft
by the cross-hole procedure. The average shear wave velocities
obtained from the measurement are presented on Figure 2.5-36. As
shown on the figure, the shear wave velocity increases linearly
with depth. The average shear wave velocities used for soil and
rock in the liquefaction analyses are also shown.

The shear moduli of sand were computed from the values of shear
wave velocity as follows:
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G = g V~
S

Qhere:

V

shear modulus, psf

unit weight, pcf

gravitational acceleration, ft/sec~

shear wave velocity, fps

The shear modulus is influenced by the confining pressure, the
strain amplitude, and the relative density and, in general, these
can be related by the equation:

G = 1000 K (a) (Re f. 2. 5-108)

Mhere:

G = shear modulus, psf

kS
—— a variable parameter, dependent on relative

density, shear wave velocity, and strain amplitude

a = mean principal effective stress, psf

In the liquefaction analysis, the shear modulus values at the
corresponding effective confining pressures obtained from the
above equation, were used as initial values at very small
strains The strain-compatible shear moduli were then determined
from the curve of shear modulus-shear strain relationship as
given by Seed and Xdriss (Ref. 2. 5-108).

2 5.5.2 2.2.4 Cyclic Shear Strength

The results of cyclic triaxial shear tests are given in Table

!

2.5-14 and on Figure 2.5-35. The results are given in terms of
the cyclic shear stress ratio (a1-a>) cy/2ac and the number of
loading cycles requi'r'ed for the test specimen to reach a total
axial strain of 5 percent, where:

(a1-a~)cy cyclic deviator stress

ef fective consolidation pressurea c

The selected design cyclic shear strength is given on Figure 2 5-
35. Based on results of the site seismicity study and on the SSE
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having a magnitude less than 6, the cyclic shear strength at 5
equivalent uniform load cycles was considered appropriate and
this was used in evaluating the liquefaction potential at the
pond (Ref. 2. 5-96) .

The cyclic tests were performed at two effective consolidation
pressures, 1.0 and 6.0 ksf. These pressures were selected to
envelope the actual field conditions. However, the 1.0 ksf was
selected as a lower limit for the testing pressure. Testing of
sand samples at very low pressure may not be relative. From the
test results, the cyclic shear stress ratios at these two
effective consolidation pressures were determined to be 0.320 and
0.260, respectively, for 5 loading cycles. A linear relationship
was assumed in computing cyclic shear stress ratios at other
effective consolidation pressures. The cyclic triaxial testing
conditions differ from field conditions and to account for these
differences, and also to permit the use of effective vertical
pressures instead of effective consolidation pressures, a
correction factor, Cy must be applied to the test results before
using them in liquefaction analyses. The correction factor is a
function of relative density and values have been published by
Seed and Idriss (Ref. 2. 5-108) . A value of 0. 57 was used in the
analyses. This corresponds to an average field relative density
of 50 percent for normally consolidated sands at the site. Using
the above data, the following relationship was established
between field cyclic shear strength,z , and the effective
vertical pressure, o':

Cyclic Shear Strength, < = 0.57 o (0. 332-0. 012'
N

or
="a (0.189 — 0.0068 a)

( v and o in ksf)

The above expression permits the calculation of the cyclic shear
strength at any depth down to bedrock.

2 5. 5.2.2.2.5 Determination of Dynamic Shear Stresses

I

The vibratory motion of the SSE was applied at the ground surface
and deconvolved downward to the bedrock; thus, inducing shear
stresses into the soil. The synthetic time history of ground
surface acceleration during the SSE was used with a maximum
acceleration of 0.15g as discussed in Subsection 2.5.4.9.

The maximum shear stresses developed at various depths within the
soil during the SSE were calculated using the computer program
SHAKE 3 developed by Schnabel, Lysmer, and Seed (Ref. 2.5-106).

REV. S, 2/79 2.5-123



SSES-FSAR

In addition to the SSE time history and maximum ground
acceleration, the computer program uses the following parameters:

a) Unit weights of the subsur face strata and depth to the
groundwater table

b) Dampinq ratios of the subsurface strata and the
variation of these damping ratios with shear strain

c) Shear moduli of the subsurface strata and the variation
of these moduli with shear strain

The output of the SHAKE 3 computer program provides values of the
peak shear stresses induced in the various strata during an SSE
event. However, for the liquefaction potential analysis, the
equivalent uniform averaqe shear stress is required. The average
shear stress during the SSE has been taken to be equal to 0.65
times 'the peak shear stress (Ref. 2. 5-107) .

The results of the average shear stress determinations for the
various cases analyzed are compared with the cyclic shear
strength.

The synthetic acceleration time history as discussed in
Subsection 3.7b. 1.2 vas used in the evaluation of liquefaction
potential.
Based on the site seismicity studies discussed in Subsection
2.5.5.1.2, the ground acceleration of 0.15g was adopted for the
SSE for structures founded on soil.

2 5 5 2.2 2 7 1 Li uefaction Potential Under .the Design SSE

The average shear stresses induced by the SSE of 0. 15g and the
corresponding shear strengths and factors of safety, for three
different profiles and various groundwater levels, are given in
Table 2.5-16. The factors of safety are also shovn on Figure
2 5-49

Based on these values, it was possible to obtain and to
interpolate the factor of safety at any particular location in
the pond for the predicted maximum groundwater elevation as shovn
on Figure 2. 5-38. On Figure 2.5-50 the factors of safety at
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seven selected locations are shown
the elevation of maximum predicted
minimum factor of safety was found
than the minimum acceptable factor
Subsection 2.5.5.2.1

along with the informa tion on
water table and bedrock. The
to be 1.26, which is larger
of safety of 'l.20, as given in

As indicated by the results shown on Figure 2.5-50, the factor of
safety decreases as the groundwater tabl'e rises, and at the same
water level the factor of safety decreases as the depth to
bedrock increases.

2.5.5.2.2.2.7 2 Variations of Shear Noduli and Damping Ratios
for Evaluation of Liquefaction Potential

As mentioned in Subsection 2.5.5.2.2.2.5, the "standard"
relationship between the effective strain and the dynamic
properties (shear moduli and damping ratios) given by Seed and
Idriss (Ref. 2 5-108) was used in the lique faction analysis for
estimating induced cyclic stresses. To evaluate the effects of
possible variations of these relationships, liquefaction studies
were made initially in which the values of shear moduli and
damping ra tios were varied by x30 percent. The most criticalsoil profile {Profi'le 2) with the maximum predicted water table
at 665 ft was used in the study.

The study included the following cases:

a) Varying shear moduli 130 percent, damping ratios remain
unchanged

b) Varying damping ratios by 130 percent, shear moduli
remain unchanged

c) Change both shear moduli and damping ratios by
130 percent

The average induced cyclic shear stresses, shear strengths, and
factors of safety, along with the results using the standard
relationship, are summarized in Table 2.5-17. The maximum change
of shear stress is found to be about 3 percent. This reduces the
minimum factor of safety to 1.23, but it is still larger than the
acceptable value of 1.2 (Subsection 2.5.5.2. 1) . The results of
this study indicate that the effects of variations of moduli and
damping are small and do not change the conclusion that there is
an adequate factor of safety against liquefaction.
A subsequent review of the results in Table 2 5-17 were made to
determine the effect of varying the damping ratio by +50% and the
shear modules by +50%. The review was made by projecting the
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results. A plot showing the effect on the factor of safety is
given on Figure 2.5-50A

2.5. 5.2.2. 2.7.3 Results of Liquefact ion Analyses Using
Real Ea~k~huake aecuraa

All the results of the liquefaction study, presented in the
previous sections, were based on the design SSE of 0. 15g at the
ground surface. Some real earthquake records obtained at sites
with comparable geologic conditions and in the same range of
magnitude wer'e available and were used to check the liquefaction
potential. Three rock records: Golden Gate (N = 5 3, 1957),
Helena (M = 6.0, 1935), and Parkfield (temblor Station, N = 5.6,
1966) were used for this purpose.

Liquefaction studies were made using these records applied at
rock outcropping for obtaining cycle shear stresses in the soil.
The resulting factors of safety along with the factor of safety
for the design SSE (Bechtel synthetic) are summarized on Table
2.5-18 and Figure 2.5-51. The minimum factors of safety obtained
from the real records were larger than the ones obtained from the
synthetic earthquake. The stresses induced by both the design
SSE and the real earthquakes are also shown on Figure 2.5-52.
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~2.5 5 . 2. 3 Slo~estabili~tnnalyses

2 5 5 2 2 3.1 Stabil~it of Rock Slopes

The southwestern tip of the spray pond is cut into bedrock.
However, since the cut slope is 3 horizontal to 1 vertical, the
slope will obviously be stable, considering the engineering
properties of the bedrock as discussed in Subsection 2.5.4. A

detailed analysis of the stability of such a slope in rock is
therefore not required.

North of the spray pond, the Trimmers Rock Formation forms a
steep ridqe rising approximately 380 ft above the bottom of the
spray pond. The south-facing slope of this ridge is essentially
a rock slope underlain by flaggy, resistant sandstone thinly
mantled with soil and. rock fragments. The closest approach of
this slope to the spray pond is along the northern perimeter of
the pond; the toe of slope at elevation 710-720 ft is at least
150 ft from the top of the north slope of the pond at elevation
700-727 ft {Refer to Figure 2.5-24 for final site grades in this
area). The maximum slope alonq the ridge is about 2 horizontal
to 1 vertical, and an overall slope of 3-1/2 horizontal to 1

vertical, a relatively flat slope for rock. Bedding in the rock
dips approximately 30~ to the north into the slope; thu~, it is
favorably oriented for slope stability Data of NcGlade (Ref.
2. 5-56, p 108) indicate that natural slopes eroded on Trimmers
Bock strata are "steep and stable». In consideration of the
competency of the rock forming the slope and the favorable
orientation of rock structure, together with the 'fact that such
gentle rock slopes are normally stable in this region, it is
concluded that there is an ample margin of safety against failure
of the slope north of the spray pond.

2.5.5.2 2.3.2 Stability of Slopes in Soil

Stability analyses were performed for the spray pond cut slopes
and the fillslopes of the railroad embankment that are
immediately adjacent to the pond. Both cut and fillslopes are
constructed at -3 horizontal to 1 vertical. Except a small
portion of cut slopes that are made in bedrock, the majority of
cut slopes and all the fillslopes are made of granular
materials. The granular materials range from sand and sandy
gravel for the cut slope to the shot rocks for the embankment
slopes. The shot rocks were obtained from the main plant
excavation

To evaluate the stability of the slopes, the effective angle of
internal friction of the sand deposits was found to be 35~ from
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the test data shown on Figure 2.5-34. Por the sandy gravel and
the shot rock, the effective angle of internal friction was
conservatively assumed to be the same as that of the sand.

The pond is lined and the maximum predicted groundwater level is
below the bottom of the slopes. Therefore, the infinite slope
analysis and the yield acceleration analysis by Seed and Goodman
(Ref. 2 5- 109) are considered appropriate for evaluating the
stability cf the slopes.

For static conditions, the infinite slope analysis was used to
determine the factor of safety of soil slopes:

Mhere:

PS tank
tan.

1

friction anqle of sand

inclination of slope

Therefore, for gt = 35~ and i = tan-~ (1/3), the factor of safety
under static condition is found to be 2. 10

For the dynamic condition the yield acceleration analysis was
used. The yield acceleration is defined as the acceleration at
which sliding will begin to occur. The yield acceleration
coefficient (k ) is defined as:

k q
Y

tan (yf —i) q

where p and i were defined in the previous paragraph. For p =
350 and i = tan-~ (1/3), k is found to be 0.297. Compared to
the SSE of 0. 15q, the factor of safety for the dynamic conditionV

would be:

PS = 0 297 = 1 98
0. 150

Consequently, the railroad embankment slopes and the cut slopes
will be stable under both the static and dynamic conditions.

2 5.5 2. 2 4 Ear~th nake-Induced Soil Strain and Settlement

Two methods were used for estimating the earthquake induced
settlement. Seed and Silver have proposed a method fcr
determininq settlement of sands that are sufficiently free
draining in the field such that excess pore pressure cannot
develop during an earthquake (Ref. 2. 5-110) . Lee and Albaisa
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have proposed a method that accounts for the reconsolidation
settlement that results from dissipation of excess pore pressure
follovinq the earthquake (Ref. 2.5-111).

Follovinq the procedure suggested by Seed and Silver (Ref. 2.5-
110), the distributions of average induced shear strain as a
function of depth for the soil profiles shown on Figure 2.5-48
vere plotted and are shovn on Figure 2.5-53.

It was conservatively assumed that the relationship between
vertical strain and cyclic shear strain for sand at 60 percent
relative density, as shovn on Figure 8b of Ref. 2.5-110, vas
applicable for the sand deposits at the site. The corresponding
values of vertical strain were then interpolated based on -the
values of shear strain as shown on Figure 2.5-53. The settlement
of each layer vas obtained by multiplying the layer thickness and.
the vertical strain The total settlement vas then obtained by
summinq up the settlements of all layers. By this approach, the
vertical settlements at three Profiles 1, 2, and 3 shovn on
Figure 2. 5-48 were found to be 0. 05, 0. 03, and 0. 01 in.,
respectively. The results of these computations are summarized
in the first half of Table 2 5-19.

To estimate the vertical settlement resulting from dissipation of
excess pore pressure folloving the earthquake, the procedure
proposed by Lee and Albaisa (Ref 2. 5-111) vas followed. The
results of cyclic triaxial shear tests carried out by GEI
(Ref. 2. 5-99)'nd an analysis using the SHAKE 3 computer program
were used in addition to the experimental data shown on Figures 6
and 7 of Ref. 2.5-111.

The stress ratio causinq liquefaction is re'lated to field
conditions by the equation (Ref. 2 5-104):

in which

adc = stress ratio
aa

and C = correction factorr
shear stress .induced

a' effective overburden pressure
0

The stress ratios developed at various depths can be computed
vhen the shear stress induced durinq an earthquake and the
ef fective overburden pressure are known. The stress ratios
developed at various depths were computed based on the values of
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induced shear stress given in Table 2.5-16, the computed
effective overburden pressure, and a correction factor Cy = 0 57.
Entering these stress ratios on Figure 2.5-35, the corresponding
number of cycles {Ny) to reach a total axial strain of 5 percent
are obtained. A nondimensional cycle ratio (N/N>) is computed
for each depth with N equal to 5.

Figure 2.5-54 was prepared to show the relationship between the
peak excess pore pressure and cycle ratio. The correlation was
based on the data obtained from the cyclic triaxial shear tests
on undisturbed samples (Ref 2 5-99) This figure is similar to
Figure 9 of Ref. 2. 5-11 1 The peak excess pore pressure ratio ( A

p/g3c ) th at will occur during an cart hq uake can be est'imated from
Figure 2.5-54 using the cycle ratio {N/N ]) obtained previously.
The volumetric strains were estimated from Figures 6 and 7 of
Ref. 2.5-110 using the peak excess pore pressure data in Figure
2.5-54. Fiqure 6 of Ref. 2.5- 110 was used first to obtain the
volumetric strains for sand at 50 percent relative density.
These strains were then corrected to correspond to strains in
sand at 60 percent relative density by multiplying by a factor of
0 8 obtained from the curve shown on Figure 7 of Ref. 2.5-110.

Lee and Albaisa assumed in their paper (Ref. 2.5-110) that
vertical strain is equal to the measured volumetric strain intriaxial tests. However, when lateral movement is restricted as
is the case of the soil deposit at the Susquehanna site, the
vertical strain is one-half of such volumetric strain.
Therefore, the volumetric strains obtained by the procedure of
Lee and Albaisa were divided by two to obtain the appropriate
vertical strains for the site conditions. The vertical
settlement of each layer was then determined by multiplying the
thickness of each layer by the vertical strain in the layer. The
total settlement was obtained by summinq up the settlements of
each layer. The results of 'these computations are summarized in
the second part of Table 2.5-19.

The values of total vertical settlement are also summarized
below:
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Resulting from
Compaction of
Dry Soils
(Inches)

Resultinq from
Reconsolidation of
Saturated Soils
(Inches)

PROFILE 1

(East End of Pond) 0 05 0.1 — 1 2

PROFILE 2
(Central Section,
Pumphouse, etc ) 0 03 0 1 — 1.0

PROFILE 3
(Mest End of Pond) 0 01 0 01 — 0.2

Based on the results given above, it is apparent that if the
sands at the site behave like dry sand during an earthquake, then
the settlement will be less than 0.05. in. However, if the sand
deposits are saturated and excess pore pressures develop ~ they
will reconsolidate following the earthquake and settlements up to
1.2 in at the east end of the pond and up to 1.0 in at the ESSW

pumphouse may be expected.

The settlements given above were based on soil profiles
consistinq of sand deposits (Fiqure 2. 5-48); the imposed dead and
live loads on the mat footinq of the pumphouse were not
considered. The imposed weight will increase the confining
pressure of the soil, resultinq in a higher reconsolidation
volumetric strain. However, according to Lee and Albaisa (Ref.
2.5-111), the influence of confininq pressure is not strong and
is only signficant for developed excess pore pressure ratios
qreater than about 0.6 As shown on Table 2. 5-19, the only soil
that may develop a pore pressure ratio greater than 0.6 is at a
depth below 43 ft near the bedrock of Profile 2 The soil at
that depth, however, has a higher relative density than the 60
percent used for estimating the settlement Since the volumetric
strain decreases rapidly as the relative density increases (Ref.
2. 5-111), the net combined effects of a larger pote pressure
ratio developed and a higher relative density would result in a
smaller volumetric stain. Therefore, the results given above arestill valid for the additional imposed weight at the surface.

2. 5. 5 3 Loqs of Boiincps

Logs of 25 test borings and two test pits are presented in
Appendix 2.5C.
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Standard Penetration Tests vere made in 16 of these holes at 3 ft
intervals. Undisturbed samples were taken in five of the split
spoon holes where soil conditions permitted. Ten holes were
completed for the geophysical survey, 10 for permeability and
five as qroundwater observation wells. The locations of borings
and test pits are shovn on Figure 2. 5-44 Holes 1118, 1119, and
1121 were planned but not drilled.
Based on the results of the Standard Penetration Test borings,
six borinqs (1106A, 1107A ~ 1110A, 1112A, 1113A, and 1115A) were
drilled i.mmediately adjacent to six of the Standard Penetration
Test borinqs for undisturbed samplinq of strata in which, based
on classification of the split spoon samples it was believed
undisturbed samples could be obtained Two test pits were dug
with a Case backhoe to a depth of 12 ft to obtain bulk samples.

Due to the large amounts of oversize material encountered,
drilling operations were slov and difficult. Frequent mud losses
hampered drillinq operations in spite of using additives in the
drillinq fluid. The additives included valnut shells, sawdust,
cotton waste and Quick-gel. In some holes, it was necessary to
case the hole in order to continue drilling.
Soil sampling consisted of both split spoon (Standard Penetration
Test) and undisturbed sampling The split spoon sampling was
carried out in accordance vith ASTN D1586-67. The undisturbed
sampling was conducted in accordance vith ASTI D1587-67. The
undisturbed sampling was carried out'using both Shelby tube and
pitcher barrel sampler methods. In both cases, the sample tube
were 3 in outside diameter, 3 ft long and the tubes vere of 16
qa q e s teel.
Undisturbed samples were difficult to obtain due to the large
amount of gravel, cobbles, and boulders in the glacial drift.
The majority of undisturbed samples were obtained from Borings
1106, 1106A, 1107A, 1113A, and 1122. Mhere possible, every
attempt was made to obtain samples below the proposed bottom
elevation of the spray pond (Elevation 668 ft).
All undisturbed samples were handled in the same manner. The top
end of the tube was cleaned out; a piece of plastic followed by
damp paper towels vas inserted and a plug was then formed vith
microcrystalline wax The bottom end of the tube vas trimmed and
an expandable packer vas installed. The packers were perforated
with a 1/16 in diameter hole for drainage of free vater from the
sample. Both ends of the tube vere capped and dipped in vax.
The samples were stored vertically vith the expandable packer on
the bottom in the subcontractor's equipment trailer in special
boxes supplied for this purpose. The temperatures were well
above freezing durinq the time they vere stored so no provisions
for heating vere necessary.
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Soil samples selected for the laboratory testing are indicated on
the boring logs. The following symbols were used on the boring
logs to indicate the type of laboratory test conducted.

CR — Cyclic Consolidated — Undrained Triaxial Test

S — Consolidated — Drained Triaxial Test

Gs — Specific Gravity Determination

Grain Size — Grain Size Determination

2. 5. 5. 4 ~Ccm acted Backf ill
Compacted fill is placed at the southeast corner of the spray
pond to satisf y freeboard requirements. This fillhas been
placed with a maximum slope of 3 horizontal to 1 vertical. The
material, placement, and testing specifications were as follows:

a) Mater ia 1

Well qraded, sound, dense, durable material. It does
not contain any topsoil, roots, brush, logs, trash or
waste material, ice, or snow. The maximum size of the
material is 12 in. and no more than 35 percent by weight
passed the No 200 sieve.

b) Placement

The material was placed in uniform horizontal layers so
that when compacted it was free from lenses, pockets,
and layers of material differing substantially in
qradinq from surrounding material. It was not placed on
frozen ground. Placement for which moisture
conditioning was required was suspended whenever the
ambient temperature reached 340P and falling.
The compaction requirements were specified as follows:

Pill shall be placed in a 15 in. maximum uncompacted
layer thickness, moisture conditioned to obtain the
required compaction, and compacted to satisfy both of
the following requirements:

a) At least 80 percent relative density as determined
by ASTM D2049 Xor material having not more than 12
percent passing the No. 200 sieve or 90 percent of
maximum dry density as determined by ASTM D1'l57 for
all other material.
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b) Irrespective of the compacting effort to satisfy
part a) above the fillshall be 'compacted in one of
the following manners as a minimum effort:

Using a crawler tractor having a, weight a t
least equal to that of a D8 Caterpillar
tractor with bulldozer blade. Each track
shall overlap the preceding track by not less
than 4 in. Mhen the tractor has made one
entire coverage of an area in this manner, it
will beL considered to have made one pass.
Each fill lift shall be compacted with four
passes

Usinq a vibratory roller of minimum weight
20 000 lb having a roller width of
approximately 78 in and a diameter of
approximately 60 in. The roller shall have a
vibrator frequency range of between 1, 100 and
1,600 vibrations per minute and have a minimum
vibratory dynamic force of 40,000 lb. The
roller speed shall not exceed 3 mph and each
track shall overlap the preceding one by at
least 4 in. When the roller has made one
entire coverage of an area in this manner, it
shall be considered to have made one pass.
Each filllift shall be compacted with four
complete passes

iii) Usinq a hand controlled vibratory compactor in
locations inaccessible by tractor or vibratory
roller Approval to use hand controlled
vibratory compactors will be on the .basis of
the demonstrated ability of the compactor to
compact the material to the same density as
the contiguous backfill

c) Testing

The testing requirements were specified as follows:

The in situ density of the fillshall be determined in
accordance with ASTI D1556 and performed at a frequency
of at least one test per lift and every 10,000 sq ft on
plan.

Tests .in accordance with ASTN D2049 or ASTll D1557, as
appropriate, shall be carried out on the same material
extracted for the ASTN D1556 test. The frequency of
this testing shall be once in every 10 ASTM D1556 tests.
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Gradation tests in accordance with ASTH D422 shall be
carried out at least tvice in each 8 hours during
placing operations

The railroad embankment to the north of the spray pond was
constructed out of rock, obtained from the main plant area
excavaticn.

The material and placement specifications were as follows:

a) material

Fill shall consist of rock derived from Class 8 and C
excavation having a maximum size of 20 in. Class B and
C excavations are defined as fellows:

1) Class B Excavation

Rock that cannot be excavated except by systematicrippi nq.

Rippinq shall not be judged necessary when the
material can be cut by a bulldozer in the following
manner: A fifty-three and one-half (53 1/2) inch
high bulldozer blade with standard rock or corner
bits mounted on a catepillar D-8 or equal tractor
having 270 net flyvheel horsepower moved through
forty (40) feet of travel shall -fill even with the
top with a minimum angle of repose of forth-five
(45) degrees, or a volume of ten (10) cubic feet
per one linear foot of width of the blade.

2) Class C Excavation

Hock that cannot be excavated except by systematicdrilling and blasting.
Blasting shall not be judged necessary if the rock
can be ripped by a tractor rated at not less than
385 net flywheel horsepower, equipped vith a single
shank beam, paralleloqram type (72'~ for deep
arrangement), and weighing not less than 40 tonsfully equipped; i e., with dozer blade, ripper and
other accessories Drawbar pull vill nct be less
than the folloving ratios:

1st gear — 95,000 lbs at 1 mph

2nd gear — 48,000 1bs at 2 mph

3rd qear — 30,000 lbs at 3 mph
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Fill shall he placed in lifts not exceeding 24 in. in
uncompacted thicknes and in such a manner so as to
produce a well graded matrix.

b) Placement

Fi11 shal1 be compacted in one of the fol1oving manners:

1) Using a crawler tractor having a weight at 'least
equal to that of a D8 Caterpillar tractor with
bulldozer blade Each track shall overlap the
precedinq track by not less than 4 in When the
tractor has made an entire coverage of an area in
this manner, it will be considered to have made one
pass. Each filllift shall be compacted with four
passes

2) Usinq a vibratory roller of minimum weiqht
20,000 lb having a roller width of approximately
78 in. and a diameter of approximately 60 in. The
roller shall have a vibrator frequency range of
between 1, 100 and 1,600 vibrations per minute and
have a minimum vibratory dynamic force of
40,000 lb. The roller speed shall not exceed 3 mph
and each track shall overlap the precedinq one by
at least 4 in. When the roller has.made one entire
coveraqe of an area in this manner, it shall be
considered to have made one pass. Each filllift
shall be compacted with four complete passes.

3) Usinq a hand controlled vibratory compactor in
locations inaccessible by tractor or vibratory
roller Approval to use hand controlled vibratory
compactors vill be on the basis of the demonstrated
abil'ity of the compactor to compact the material to
the same density as the contiguous backfill.
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Piping Systems Penetrating Containment
{Criterion 54)
Reactor Coolant Pressure Boundary
Penetrating Containment (Criterion 55)
Primary Containment Isolation
(Criterion 56)
Closed System Isolation Valves (Criterion
57)

3. 1-56

3.1-57
'.

1-58

3.
1-59'.1.2.6

Fuel and Radioactivity Control (Group VI)

3.1.2 6-1

31262
3 1 2.6 3

3 1 2 6 4

31265

Control of Release of Radioactive Materials
to the Environment (Criterion 60)
Fuel Storage and Handling and Radioactivity
Control {Criterion 61)
Prevention of Criticality in Fuel Storage
and Handling (Criterion 62)
Monitoring Fuel and Waste Storage
{Criterion 63)
monitoring Radioactivity Releases
(Criterion 64)

3 2 CLASSIFICATION OF STRUCTURES COllPONENTS AND SYSTEMS

3. 1-60

3 1-60

3. 1-61

3. 1-63

3. 1-64

3. 1-65

3. 2-1

3 2 1
3-2-2

Seismic Classification
System Quality Group Classification

3 2-1
3& 2 2

3.2.2.1 Quality Group D(Augmented)

3.2. 3 Syste m Saf ety Classif ications
3.2.3.1 'afety Class 1

3.2.3.1.1 Definition of Safety Class 1

3.2.3.2 Safety Class 2

3.2.3.2.1 Definition of Safety Class 2

3.2.3.3 Safety Class 3

Definition of Safety Class 3

Other Structures, Systems and
Components

32331
3234

324
3 2 5

3 2.3. 4 1 Definiti on of Other Structures,
Systems, and Components

3.2.3.4.2 Design Reguirements for Other
Structures, Systems and Components

Quality Assurance
Correlation of Safety Classes with Industry

3% 2 3

3% 2 3

3. 2-4

3. 2-4

3 2-4

3. 2-4

3 2-5

3. 2-5

3. 2-6

3. 2-6

3. 2-6

3& 2 7
3w 2 7
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Codes

3 3 MIND AND TORNADO LOADINGS

3.3.1 Hind Loadings

3.3.1 1 Design Hind Velocity
3 3.1.2 Determination of Applied Forces

3.3.2 Tornado Loadings

3.3.2.1 Applicable Design Parameters
3.3.2.2 Determination of Forces on Structures
3-3.2.3 Effect of Failure of Structures or

Components Not Designed for Tornado Loads

3 3-1

3&3 1

3 '-1
3% 3 1

3%3 2

3 ~ 3 2
3%3 3
3 3-4

3 4

3.5

3 3. 3 References

QATER LEVEL (FLOOD) DESIGN

HISSI LE PROTECTION

3.5.1 Hissile Selection and Description

3.5.1.1 Internally Generated Missiles (Outside
Primary Containment)

3.5.1.1.1 Rotating Component Failure Missiles
3.5.1.1.2 Pressurized Component Failure Missiles

3.5.1.2 Internally Generated Missiles (Inside
Containment)

3.5.1.2.1 Rotating:Component Failure Missiles
3.5.1.2.2 Pressurized Component Failure Missiles
3.5.1.2. 3 Gravitationally Generated Missiles

3.5.1.3 Turbine Missiles

3. 3-5

3. 4-1

3.5-1

3. 5-1

3.5-1

3. 5-1
3. 5-2

3. 5-5

3. 5-5
3. 5-6a
3 5-6a

3 5-6b

3 ~ 5.1 3.135132
3.5.1. 3. 3
3 5.1 335135
3 5 1.3 6
3.5.1.3.7

Turbine Placement and Orientation
Missile Identification and Characteristics
Probability Analysis
Missile Generation Probability (Pl)
Calculati on o f S tr ike Probability (P2)
Calculation of the Damage Probability (P3)
Probability of Turbine Hiss'ile Damage (P4)

3.5-6b
3 5-6b
3. 5-7
3 5-9
3 5-10
3. 5-13
3. 5-16

3.5.1.4 Missiles Generated .by. Natural Phenomena
3.5.1.5 Site Proximity Missiles
3.5.1.6 Aircraft Hazards

3. 5-17
3. 5-17
3 5-18

3.5.1.6.1 Airport Operations
3.5.1.6.2 Aircraft Crash Probability

3.5-18
3. 5-19
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3.5.1.6. 3 Critical Target Area for the Plant
3.5.1.6.4 Striking Probabilities
3.5. 2 Systems to he Protected

3 5-20
3. 5-23

3. 5-24

3.5.2 1
3 ' 2 2

353
3 5.4

4

Missile Protection Design Philosophy
Structures Designed to Withstand Missile
Effects

Barrier Design Procedures
References

3. 5-24
3. 5-24

3 5-24
3. 5-25

3 6 PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED WITH THE
POSTULATED RUPTURE OF PIPING

3.6.1 Postulated Piping Failures in Fluid Systems

3.6.1.1 Design Bases
3.6.1.2 Description

3 6-1

3. 6-1

3. 6-1
3. 6-3a

3.6 1-2 1
3 6.1;2.2
3 6.1 2.3

3.6 1.2 4

Main Steam System
Zeedwater System
High Pressure Coolant Injection (HPCI)
System
Reactor Core Isolation Cooling (RCIC)
System

3 6-4
3. 6-6
3. 6-7

3 6-8

3613
362

Safety Evaluation

Determination of Pipe Failure Locations and
Dynamic Effects Associated with the Postulated
Piping Failure

3. 6-9

3 6-9

3.6.2.1 Criteria Used to Determine Pipe Break and
Crack Locations and their Configurations

3. 6-9

36211
3.6.2 1.2

3 6.2 1.3

3.6. 2;l. 4

High Energy Fluid System Piping Other Than
Recirculation System Piping
Moderate Energy Fluid System Piping Other
Recirculation Piping System
Types of Breaks and Leakage Cracks in Fluid
System Piping Other Than Recirculation
Piping System
Criteria for Recirculation System
Piping

3. 6-10

3. 6-12a

3. 6-13

3 6-1 4,.

3 6 2.1 4 1

362142
3 6.2.1 4 3
3.6.2.1..4.4

Definition of High Energy
Fluid System
Definition of Moderate Energy
Fluid System
Postulated Pipe Breaks
Exemptions, from Pipe Whip Protection
Requirements

3. 6-14

3 6-15

3.6-15
3. 6-15
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Lo'cation for Postulated Pipe
Breaks
Types of Breaks to be Postulated
in Fluid System Piping

3 6-16

3. 6-17

3.6.2.2 Analytical Models to Define Forcing
Functions and Response Models

3 6-18
)

3 6 2.2.1

36222
For Piping Other Than Recirculation
Piping System
Analytic Methods to Define Blovdown
Forcing Functions and Response
Models for Recirculation Piping System

3 6-18

3 6-20

362221
362222

Analytical Methods to Define
Blowdown Forcing Functions
Pipe Whip Dynamic Response
Analyses for Recirculation Piping
System

3 6-20

3. 6-23

3.6.2 3 Dynamic Analysis Methods to Verify Integrity
and Operability

3.6.2.3.1 For Piping Other Than Recirculation Piping
System

3 6-25

3. 6-25

3.6.2.3.1.1 Design Loading Combinations
3.6.2.3.1.2 Design Stress Limits

3. 6. 2.3. 2 Dynamic Analysis Methods to VerifyIntegrity and Operability for
Recirculation Piping System

3.6-26
3. 6-26

3 6-27

3 6 2.3.2.1

3 6 2.3.2.2

3.6.2.3.2 3

Jet Impingement Analyses and
Effects on Safety Related Components
Resulting from Postulated Ruptures
of the Recirculation
Piping System A

Pipe Whip Effects Following a
Pos tula ted R up ture of the R ec ircula tion
System Piping
Loading Combinations and Design
Criteria for Recirculation Piping Pipe

'hipRestraints

3 ~ 6-27

3. 6-27

3. 6-28

3.6.2.4 Guard Pipe Assembly'esign Criteria
3.6.2.5 Material to be Submitted for. Operating

I.icense Review

3 6-30
3. 6-31

3.6.2.5.1 For Piping Other Than Recirculation-
Piping System

3.6.2.5.2 Implementation of Criteria for Pipe

3. 6-31

3. 6-31

HEV 17 i 9/80 3 vi



SSES-FSAR

3.8.1 Concrete Containment

3.8.1.1 Description of the Containment,

3.8-1

3.8-1

3.8.1.1.1 General
3.8.1.1.1.1 Dimensions

3. 8-1
3.8-2

3.8.1.1.2 Base Foundation Slab 3.8-2

3.8.1.1.2.1
3.8.1.1.2.2
3.8.1.1.2.3

Reinforcement
Liner Plate and Anchorages
Pedestal and Suppression Chamber Column
Base Line Anchorages

3.8-2
3.8-3
3.8-3

3.8.1.1.3 Containment Wall 3. 8-3

3.8.1.1.3.1
3.8.1.1.3.2
3.8.1.1.3.3
3.8.1.1.3.4
3.8.1.1.3.5
3.8.1.1.3.6

Reinforcement
Liner Plate and Anchorages
Penetrations
Internal Containment Attachments
External Containment Attachments
Steel Components Not Backed by Structural
Concrete

3. 8-3
3.8-4
3.8-4
3.8-6
3.8-6
3.8-7

3.8.1:2 Applicable Codes, Standards, & Specifications 3.8-7
3.8.1.3 Loads 6 Loading Combinations 3.8-7

3.8.1.3.1 General
3.8.1.3.2. Description of Loads

3.8-7
3.8-7

3.8.1.3.2.1 Dead Load
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3. 4 WATER LEVEL /FLOOD} DESIGN

As discussed in Section 2.4, all Seismic Category I structures
are secure against flooding due to probable maximum flood (PMF)
of the Susquehanna River or probable maximum precipitation (PMP)
on the area surrounding the plant. The efore, special flood
protection measures are unnecessary. The Seismic Category l
structures have, however, been designed for hydrostatic loads
resultinq from qroundwater, as discussed in Section 3.8. The
qroundwa ter table is at elevation 665 MSL in the main plant area.

A postulated break in the cooling tower basins or of the water
delivery pipes to the basin could result in a build-up of water
against the walls of either or both oi the ESSW pumphouse and the
turbine buildinq. In the event of such water build-up breaching
the turbine buidlinq wall, water that would not be intercepted by
the floor drains or qrilles and thus would flow through the
turbine buildinq to the reactor building would be prevented from
endanqerinq equipment in the latter by means of watertight doors.
Flood water building up against the ESSW pumphouse would also be
prevented from enterinq the building by means of watertight
doors. Impact forces and water pressure due to flood water will
not endanqer the integrity of the ESSW pumphouse.

All safety-related systems are located in tne Reactor Building,
Diesel Generator Building, Control Structure and the Engineered
Safequard Service Water (ESSW) Pumphouse

Sufficient physical separation between these buildings is
provided to prevent internal spreading of any floods from one
building to another.

Redundant Enqineered Safety Features, pumps and drives, heat
exchanqers an4 associated pipes, valves and inst"umentation in
the reactor buildinq subject to potential floodinq, are housed in
separate watertight rooms. Seismic Category I level detectorstrip alarms in the main control room when the wa ter level in any
room exceeds the set point. Isolation of the floor drainage
lines from these rooms is provided by outside manual valves.

All other rooms in the reactor building and control structure
containinq safety related equipment which a"e subject to
potential floodinq by process fluid leakage or fire protection
water are provided with at least one open floor drain.

Floods in excess of the approximately 80 gpm floor drain capacity
increase the water level in the affected area and are released
throuqh the door-to-floor clearance of these rooms.

Refer to Subsection 9.3.3 for a detailed description of the.
reactor buildinq and control structure drainage system.
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The four diesel gener'ator sets are housed in individual water
tight compartments within the diesel generator building. Floor
drain line branches from each of these compartments are equipped
with check valves to prevent backflooding from the common sump.

,The ESSR pumphouse is divided into two redundant compartments.
Ploodinq from internal leakage would, therefore, only affect one
of the redundant pump sets. The control and electrical panels
are mounted on minimum 4 inch hiqh concrete pads or structural
supports. Operatinq floor openings allow drainage of any leakage
to the ESSR pump suction space below or to a reserve sump space
that could be emptied with a portable pump.
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3 ' MISSILE PRDTEZTION .

Where possible, the Seismi"-Category I -and safety related
structures, equipment, and systems are protected from missiles
generated by internal rotating or pressurized equipment through
basic station component arrangement,so that, if equipment failure
occurs, the missile does not cause the failure of these
structures, equipment, or systems.. Where it is inpossible to
provide prote"tion through. plant layout, suitable physical
barriers sill be provided to isolate" the credible missiles or to
shield the critical system or component.. Also, redundant Seismic
Category I components are suitably protected so that a single
missile cannot simultaneously damage a critical,,system component
and its backup system., Table 3.g-1 provides a tabulation of
safety related structures, systems, and components, along with
their applicable seismic category and quality group
classif ication.,
Se"tion 3.12 — Separation. Criteria for Safety RelateR Mechanical
and Electrical Equipment provides a detailed discussion of
protection from missles, 'su"h as equipment separation and
redundancy, to preclude damage to the systems necessary to
achieve and maintain a safe plant shutdown..

3 5 1 MISSILE SELECTI3N AND DESCRIPTIGN

3.5. 1.1 Internally Generated Missiles (Outside Primary
Containment)

There are two general sour=es of postulated missiles outside the
primary containment: .

a) Rotating component failure missiles

b) Pressurized component failure missiles

3.5.1.1.1 - Rotatiag Component Failure Missiles

The systems located outside the primary containment have been
examined to identify and classify potential missiles., The basi"
approach. is to ensure design adequacy against generation of
missiles„rather than to allow missil formation and then
containing their effects..
"atastrophic failure oE rotating equipment, such. as pumps,
turbines, fans'nd compressors leading to the generation of
missiles, is'not considered credible., Massive and rapid failure
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these components is inccedible because of the, "onservative
design, material chara" teristics, inspections, quality "ontrol
during fabrication and ece"tion, and pcudent operation as applied
to the particular component.

Zt has b'een concluded that large, massive rotating components,
such as the various EC"S pumps anl motors, fans,. and compressors
outside the primary contain'ment, do not have sufficient energy 'to
move the masses of theic rotating parts through .the housings in
which they are "ontainad..

Similarly, it is concluded that the HP"I and RCIC 'turbines "annot
generate missiles'. Ovarspaed tripping devices ensure that the
HP"I and.RCZC turbines vill..not reach runavay speed vheca
component failure coull take'placeee

Howevec, even with this conservative design, the RCIC and HPCI
tucbines are located ia separate compartments so that any turbine
missile vill affect only one division-of equipment.

This is also true for other large rotating safety related
equipment, such as pumps, fans, and compressors.. Redundant
equipment is normally located ia diffacant areas of the plant oc
sepacated by walls, so that a single missile from a rotating massvill not damage both radundant systems.<„

3.5. 1. 1 2 pressurized Component Pa'ilure
Missiles'he

following potential 'internal missile donors from -pressurized
aquipment were investiyatel:

ip
~

'a) High Energy Piging

Pressurized ™omponants in systems where service temperature
exceeds 2300P or sacvice pressure exceeds 275 psig ware
evaluated as to th ir potantial for be™oming missiles. Pipa
whip restraints v ra provided at possible breakpoints of
these high energy lines, which may impact on safety related
equipment or stru"tures (see Section 3.6).,

10

Additional attention has been -given to ensure that safetyrelief valvas and valve headers are not credible missiles.
All SRV he@Sacs ara restrained"ia accordance with the pipe
whip criteria dasccibel in Section 3. 6 to ensure that in tha
event of a "iccumfarential type break of the-healer, no
missile woull result.

e

The safety cali f valv s ara attached to welded, Schedule 150
sweepolet fittings on the headers., The design of this
attachment in"lules all dynamic loads that may be associated
with the SRV discharge., This'attachment is not a postulatel
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break. location in accordance with.the criteria stated in*
Section 3.6.2. „Verification of this will..be available upon
completion of the stress report. „The SRV header is designed
and built to the conservative requirements of the ASHE
Section III, Class 1, Code and as such is subject to the ASHE

Section XI Inservi"e Inspection requirements.. This
inspectioniplus the RCPB leak detection-capability would
provide early indication of any possible failure in this
area.

10

ll6

)16

b)

Therefore, it is concluded that the likelihood of missiles
from high energy piping, which may impact on safety -relate'd
equipment, is remote.,

Valve Bonnets lio

Valves of ANSI 900 psig rating and above, constructed in
accordance with Se=tion III of the ASIDE Boiler and Pressure
Vessel Code, are pressure sea1. bonnet type valves. Por
pressure seal bonnet valves, valve bonnets are prevented from
becoming missiles by the retaining ring, which .would have to
fail in shear, and by the yoke, whi"h would capture the
bonnet or reduce bonnet energy..

The bonnet bolts preload the pressure seal gasket so the
valve vill be sealed when-it is:not under pressure. Shen
pressurized, the valve is sealeR by process fluid pressure
and the bonnet bolts are under no load. All ASIDE III Class
I; 900 4 bonnet-sea1. type valves were analyzeR per ASIDE B 6

PV Code, Se™tion III.„ Standard calculation pressure used in
these analyses ~ giv n by Pigure NB-3545 1-2 for weld-end
valves. Using the typical. pressure seal valve shown in
Pigures 3. 5- 9 and 3.5-l0 as an example, the total thrust load
on the retaining ring and valve body was calculated., The
results are listeR in Table 3.5-7. The results show both the
retaining ring and valve body meet the NB-3227 requirement
while using a cal™ulation pressure which is much higher than
the normal operatiag pressure of the valve.

10

The majority of valves inside containment have massive valve
operators whi"h are supporteR by th yoke.. Por these valves,
the valve operators act as an additional limitation to the
yoke becoming a missile.

10

Por a yoke "lamp t>'ail, one would have to assume that the
retaining ring fails completely and instantaneously so that
the bonnet coulR strike the yoke., The yoke is normally under
no load and complete failure of the yoke clamp is not
considered "redible.

16

Because of the highly "onservative design of the retaining
ring of these valves, bonnet ejection is highly improbable
and hence bonnets are not considered credible missiles.
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Host valves of ANSI rating 6DO psig and below are valves with
bolted bonnets. Valve bonnets are prevented from becoming
missiles by limiting stresses in the bonnet-to-body bolting
material by requirements set forth .in the ASHE Boiler and
Pressure Vessel Coie, Section III; and by designing flanges
in accordance with applicable code requirements.. Even if
bolt failure were to o"cur the likelihooi of all bolts
experiencing simultaneous complete severance failure is
remote. The wiiespreai use of valves with bolted bonnets and
the low historical 'incidence of complete severance failure of
bonnets confirm that bolted valve bonnets need not be
considered as credible missiles.

Valve Stems

)0
~

a)

Valve stems are not "oasiderei potential missiles if at least
one 'feature in addition to the stem threads is included in
their design to pr vent ejection. Valves with backseats are

'revented from bec>ming missiles. by this feature. In
addition, air or motor operated valve stems wi11 be
effectively restrained by the valve operators.

Temperature ietectors
Temperature or other detectors installed on piping or in
wells are evaluatei as potential missiles if a single
circumferential vali would cause their ejection., This is
highly improbable, sin"e a complete and .sudden failure of a
circumferential veld is needed for a detector to become'a
missile. In adiition, because of the spatial separation of
redundant safety related equipment, a small missile such as a
ietector, assuming the circumferential weld fails completely,
is not likely to hit r duniant safety related equipment..

10 e) Nuts and Bolts

Nuts, bolts, nut and bolt combinations, and nut and stud
combinations have little stored energy and thus are of no
concern as potential missiles.

Blind Flanges

10

Bolted blini flangas are not ™onsid red credible missiles
because of the extremely unlikely occurrence of all bolts
experiencing simultaneous complete severence failure as
discussei in {b) above..

Safety Relief Valve ani Hain Steam Isolation Valve
Accumulators.

Pressurizei ASIDE III vessels such,'as SRV and HSIV
accumulators are not considered credible missiles. These
accumu1ators are operated. at a maximum pressure and
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temperature of 150 psiy,and 150OF.. These vessels have low
stresses and operate in the "moderate energy< range and
therefore any failures vould be a slot type and not of
concern for missila;,generation.,

10

3.5. 1. 2- Internally Generated missiles /Inside Contaigmant} .

ihere are three general sources of postulated aissiles insitte the .
(
i6

primary containment:

a) Rotating component failure missiles

b) Pressurized component failure missiles.,
Gravitationally generated missiles.

3.5.1.2.1 - Rotating Componant Failure missiles

Zha most significant pieces 'of rotating equipment in the primary
containment are the re"irculation pumps and motors. GE Licensing
Topical 'Report NED0-10677, submitted to'he NRC, contained a
discussion of the potential overspeed of a recirculation pump due
to LOCA blovdovn flow past the pump impeller and the possible
results of su"h overspaad.. That report also presents a decouplar
con=apt to prot ct the pump motor under such .conditions.

ln a letter to the NHC dated November 6, ~ 1975, GE vrote that an
analytical study has shown that a decoupling device is not
neaded, and that th NED3-10677 report should be rescinded.

Zhe following r suits ware outlined in the GE letter„ to the NRC:

a) Zf a break vere to occur in th pump discharge pipe,
either a guillotine or longitudinal break, tha maximum
calculated rasul.tant pump speed would be 110 percent of
rated. In this analysis, the flow choking at the volume
diffuser inlet area in the pump casing determines the
differential feed and volumetric flow rate used to
predi"t pump speci during blovdovn. Longitudinal

breaks'p

to one pipa cross-sectional area, vere considered.

)10

b) For a longitudinal break in the pump suction pipe, the
maximun calculated pump speed in the reverse direction
would be 140 percent of rated., This speed does not
result in mechanical motor damage , Longitudinal breaks
up to one pipa cross-sectional area were considered.

c) For a guillotine suction-pl'pe break the maximum
calculated pump speed in the reverse direction is 710
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percent of rated, which is a destructive overspeed of
the motor. „ Hovev r, the initial torque. for this event
is 40 times the rated motor torque and this is
sufficient to decouple the motor from the pump by
mechanical failure of the pump to motor shaft.,
Mechanical failure is calculated to occur at 5 to 10
times the rated motor torque with or without a decoupler
devi" e in the drive train.. Thus an inherent self
decoupling would exist for this case.,

3n November 19, 1976 ~ the NRC wrote GE a letter stating that
applicants must file a formal application for amendment of their
construction permit or operating license before they would be
released from their commitment to install the decoupler.

The letter also stated that "any su"h application to delete the
Recoupler from a boiliag water reactor design must include a
thorough safety evaluation setting forth the reasons vhy a
re"irculation pump decoupler is no longer necessary"

GE has completely su"h a safety analysis report on a generic
basis, in a letter from E.l. „Hughes {GE) to R.t;. DeYoung (NRC),
January 18, 1977, »GE Recirculation Pump Potential Overspeed».

Xt is concluded in the above letter that destructive pump
overspeed can result in certain types of missiles., S careful
examination of shaft and coupling failures shows that the
fragm'ents will not result in damage to the containment or to
vital equipment.

{1) Lov Energy Missiles (Kinetic energy less than 1,000 ft-lbs):
Low energy level missiles may be created at motor speeds of
300% of rated, through failure of the end structure of the
rotor., The structure "onsists of the retaining ring, the end
ring, and the fans.„ Missiles potentially generated in this
manner vill strike the overhanging ends of the stator coils,
the stator coil bracing, support structures, and tvo walls of
one-half inch thick steal plate., Due to the ability of these
structures to absorb energy, it is concluded that missiles
would not es"ape this structure., It is at this point
frictional farces would tend to bring the overspeed sequence
to a stop.

(2) Medium Energy Missiles (Kinetic energy less than-20,000 ft-
1bs):

In the postu1ated 'event that the body of the rotor vere to
burst, medium energy missiles could be created., The
likelihood that these missiles vould escape the motor is
considered lass than the likelihood of escape for the lov-
energy missiles described above, Rue to the additional amount

. of material constraining missile escape, such as the stator
coil, field "oils, and stator frame directly adjacent to the
rotor.,
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{3) The Motor as a Potential Missile:
Since bolting is capable of carrying greater torque loads
than the pump shaft, pump bolt. failure is precluded.

Since'umpshaft failure decouples the rotor for'he overspeed
driving blowdown force, only those cases 'with peak .torques
less than that required to fail the,pump shaft {five times
rated) will have the capability to drive the motor to
overspeed. When missil'e generation probabilities are
considered along with a discussion of the actual load bearing
capabilities of the system, it is evident that these
considerations support the,,conclusion that it is unrealistic
that the motor would become a 'missile.

It is concluded that the other rotating components inside the "
containment such as fans and chillers do not have sufficient
energy to move the'asses of their rotating parts through the
housings in which they are contained.

In addition, redundant safety related components are located in
different areas of the containment, so that a rotating componentfailure missile will not* damage both redundant components.

3 5. 1.2 2 Pressurized Co~m onent Failure llissiles

A discussion of the potential for missile generation from thefailure of pressurized components, e. g. valve stems, valve
bonnets, and temperature element assemblies, is presented in
Subsection 3.5. 1. 1.2. That discussion is also applicable to
pressurized components inside containment.

"I

3 5.1.2.3 Gravitationally Generated Missiles

'omponentsnecessary for the operation and safety of the reactor
are designed to remain,'in place and functioning during all design
basis conditions. Equipment which is not necessary for
operation, startup testing, or safety is removed from the
containment or seismically supported and secured in place prior
to operation to ensure .that it will not become a missile during
plant operation or during a safe shutdown earthquake. Therefore,
during reactor operation and following a LOCA all equipment
inside containment is secured. During maintenance when such
equipment is returned to the containment or made operational
administrative and procedural methods will be used to ensure that
significant damage is not caused to safety equipment even when
the reactor is in the shutdown condition..

10 6
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3.5.1.3 Turbine Missiles

An analysis vas performed to evaluate the probability of damage
from postulated turbine missiles to safety related components at
Susquehanna SES. The probability of unacceptable damage to
safety related components due to turbine missiles has been
calculated as 2.61E-10 per unit per year for the two turbine
trains. Based on this low probability, the turbine missile
hazard is not considered as a design basis event for Susquehanna
SES. In the following, the data used in this analysis along with
salient features of the analysis are described.

3.5~1 3. 1 Tughin~elacement and Orientation

The safety related structures are those in which a single strike
by a postulated turbine missile could result in a loss,,of the
capability to function in a manner necessary to meet the
requirements of 10CPR100.

At Susquehanna SES, these are the reactor buildings, diesel
generator building, the control structure, and the ESSM
pumphouse.

The locations of these buildings with reference to the turbine
are shown on Figure 3.5-5. The figure also shovs the +25 degree
missile ejection zone vith respect to the low-pressure turbine

-vheels for each turbine unit within reach of the plant structure.
3.5.1.3.2 Missile Identification and Characteristics

The turbine generators at Susquehanna SES are manufactured by GE.
Each unit consists of a tandem-compound six-flow, nonreheat,
1800 rpm turbine, directly connected to a synchronous generator.
The turbine has 38 in. last stage buckets.
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GE has performed a study {Ref 3. 5-1) to determine the
characteristics of the missiles which can be expected as a result
of a turbine burst. The methodology is discussed in their memo
reports on hypothetical turbine missiles (Ref. 3.5-1, 3.5-2 and
3 5-3) . Each of the seven stages in a typical LP turbine vere
analyzed. Significant similarities were found in the dimensions,
shapes, veights-, and initial energies of missiles from adjacent
stages. These similarities justify grouping the stages to
simplify the probability calculations Three stage groups are
considered. Stage Group I includes the first three stages.
Stage Group II consists of stages four through six. The last
stage is included in Stage Group III. It is postulated that four
types of missiles can be ejected by wheels in each stage group.
These missile types are illustrated by Figure 3.5-1 The
characteristics of the missiles postulated for each stage group
are given in Table 3.5-1.

3.5. 1 3.3 Probability Ana~l sis

The probability of turbine missile damage is expressed as:

P4 = P1 P2 P3 {Eq- 3- 5- 1)

where:

P4 = probability of turbine missile damage, per year

P1 = probability of a turbine failure resulting in the
ejection of a missile, per year

P2 = probability that a missile vill strike a barrier
that houses a critical plant component, given that,
a missile has been ejected from the turbine, and

P3 probability that a missile will spall a barrier,
thus damaging a critical plant component, given
that a missile has been ejected from the tu bine
and has struck, the barrier.

P1, P2, and P3 are evaluated using a methodology that
considers turbine characteristics, turbine failure mechanisms,
plant layout, and barrier types.

The analysis considered 18 missile ejection point representing
the two turbine trains. It was assumed that Stage Group I and
Stage Group II missiles can be ejected from the centers of the
six hoods so an ejection point was placed at each of those
locations. Each of these ejection points includes six Stage
Group I wheels and six Stage Group II wheels. Stage Group III
missiles can originate at each of the two end wheels in each
hood. The remaining 12 ejection points vere located accordingly.
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The procedure for calculating the total P2 and P2xP3 for each
target is discussed below. The probabilities for each target
were obtained from:

6
(P I QI pII) p @III pIII18

1' I i i i i i ) i ii=l
(Eq. 3. 5-2)

where the superscripts refer to the Stage Groups and the
subscript i refers to a particular ejection point.

IIn P2xP3 calculations P,. is defined as:

Pi = Max {(P2 X P3)i , (P2 X P3)i , (P2 X P3)i j (P2 X P3)i }

(P2 X P3).

(Eq. 3.5-3)

where the superscripts a, b, c, and d refer to missile type. In
P2 calculations PI is defined as:

3.

I 0
P = Max {(P2) ~ (P2) , (P2)

p = (p2)i ii'P2 X P3)i = P2 X P3 i
p = (p2) ii'P2 X P3)i = (P2 X P3)iI Ib
i I IcI (P2)Ic .i'p2 X p3). = (P2 X P3 i

p — (p2) if (P2 X P3). = (P 3 iI= Id
i

P . and P . are similarly def ined.III
1 1

W -, and W . are weighting factors associated with
each ejection point. They are the probabilities that a
particular wheel included in e jection point i fails, given that
the turbine has failed. GE states that the wheels fail with
equal probability (See References 3.5-1 and 3 5-3). Since there
is a total of 42 wheels per turbine, it follows that:

I II
Wi = W, = 6g42 and

w i 1/4 2

The contributions from each turbine are computed in a similar
fashion.
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PT = PT1 + PT2, then (Eg. 3. 5-4)

PT1= Z (W. P +I I
ii-1

6
PT2= Z (W P +

i=4

Note that if P I = P
then: 1

PTl= Z (p +~)
i=1

II II II III
W P. ) + Z W. P. andi i i 7

i i

p ) + Z
WIII pIII18

13
i

II 1 (i= 1, 2, 3) and PI II
1 1

+Z (72) =3XV-+6XVl 1
1 12

7
2 2

The P4 for the target is obtained by multiplying its P2xP3 by P1.
The P2, P2xP3, and P4 for each of the units on the site is
computed by summing the probabilities for the targets in the
unit. Average values of P3 for the individual targets and units
are calculated by dividing P2xP3 by P2.

The analysis assumes that each missile damages at most one target
and ignores ricochets. The second assumption is justified hy the
geometry of the targets which were conservatively defined to be
entire buildings. The first assumption avoids double counting
the effects of the missile under consideration. The calculation
of P2 and P2xP3 is discussed below in detail as is the value of
P1 used in the analysis.

3.5.1.3 4 Nissile Generation Probability QP1}

,In general, two specific overspeed conditions are postulated for
which the missile generation probability values (P1) and the
missile characteristic" are evaluated:

a) Design overspeed (low speed hurst): This is 120 percent
of rated speed of the turbine and is based on the
precept that, should the turbine speed governing system
be incapacitated so that the turbine is tripped by the
overspeed trip mechanism, the attained speed will not
exceed 120 percent of rated speed, Disc failure would
occur at this speed as a result of undetected ma teria l
deficiencies leading to brittle fracture.

b} Destructive overspeed (high speed burst): This is 180
percent of rated speed and is t.he lowest calcula ted
speed at which any low-pressure rotor disc will burst
based on the average tangential stress heing equal to
the maximum ultimate tensile strength of the disc
material, assuming no flaws or cracks in the disc.
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At either overspeed condition, it is postulatep that the rupture
of one disc will do sufficient damage to the unit so that further
overspeeding and additional missile generation will not occur.

GE has established that the probability of missile generation at
the design overspeed conditions is statistically insignificant.
The probability of disc failure leading to the ejection of a
missile at the destructive overspeed is calculated by GE as 1. 5E-
7 in the estimated 30-year life of the turbine. This corresponds
to a yearly probability of occurrence of destructive overspeed
turbine missiles of 5.0E-9. For further details of this analysis
for estimating the missile generation probabilities, reference is
made to GE's memo reports. See Ref 3.5-3. Turbine overspeed
protection is also discussed in subsection 10.2.2 6.

3.5 1 3.5 Calculation of Strike Probability QP2$

Figure 3.5-2 illustrates a Cartesian coordinate system used to
specify the direction of missile ejection from the turbine. The
x axis corresponds to the turbine shaft and the y axis is normal
to the shaft in the horizontal plane.

The direction of missile ejection is specified by two angles:
subtends the y axis and the projection of the ejection vector on
the y-z plane, Q is the angle from the y-z plane to the ejection
vector. Two additional angles are derived from $ and 4 : 4 's
the vertical ejection angle measured from the x-y plane to the
ejection vector; 4's the horizontal angle subtended by the yaxis and the projection of the ejection vector on the x-y plane.
The angles are related by the following formulae:

sin- ~ (sin 4 cos 0 )

tan- ~ tan f
cos4

(Eq- 3. 5-5)

(Eq. 3 5-6)

If the effect of air resistance is discounted, the missile will
follow a parabolic trajectory which lies within the vertical
plane defined by the formula: x/y =

tan4'n

equation for the trajectory may be derived from elementary
physics:z=rtan'-ar~

2(Vcosg') ~
(Eq. 3. 5-7)

In the above equation, r is the horizontal distance from the
point of missile e jection; V is the ejection velocity; f 's the
vertical ejection angle defined in Equation 3.5-5; and g is the
gravitational constant.
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Prom Equations 3. 5-5, 3.5-6, and 3.5-7, it can be seen that amissile trajectory is determined by the two angular variables 4
and Q , which determine ) ~ , and by the ejection velocity V. Theprinciple of the calculation of the strike probability P2 is to
determine, out of the range of possible values, the range of y,and V which define missile trajectories intersecting the,target. Functions must be defined, P($ ), P(Q ), and P(V), which
determine the probability of missile ejection over the range of
each of the three variables. P2 is then the product of theprobability distributions integrated over the range correspondingto missile strike trajectories:

$2 $2 ($ ) V2 ($ , tjl)

41 Jtt,l (~) fvo (~ 0), (~) P (0), (.),~ de d

{Eq. 3. 5-8)

23

The ejection probability distribution for the angle 4 is assumedto be uniform over the 360o arc about the turbine axis:

P(Q) d$ = d$

(Eq. 3. 5-9)

The probability distribution for the angle 0 is assumed to be
uniform within some range /min to g max specified by the turbine
manufacturer:

(Q)
d4 ( Eq 3 5-10)

P(Q) dQ = 0; Q < ~in or Q > /max

Rev. 23, 6/81 3~5 11



SSES-FSAR

The ejection probability distribution P(V) for the specified
range of possible ejection velocities is uniform with V:

P(V) QV = QV ; V min < V < V max
V max —V min

(Eq 3.5-11)

P(V) dV = 0; V< V min or V > V max

23

This analysis conservatively neglects the protection against low
trajectory missiles by the moisture separator and its radiation
shields. This effect would be treated by generating a non-
uniform velocity distribution based on equations 3.5-19, 3.5-20,
3.5-21, 3. 5-22, 3.5-23 and 3.5-24 and the full range of projected
missile rim areas described by equations 3. 5-28, 3. 5-29 or 3.5-
30. The maximum missile velocity would correspond to the
residual velocity calculated based on Vmax and the minimum
projected rim area. The minimum velocity would correspond to the
residual velocity based on Vmin and the maximum projected rim
area.

Since equation 3.5-8 is not readily integrable over $ and Q, a
numerical integration is necessary to complete the evaluation of
P2

An appropriate range, 41 to 4 2, is selected for which a target
strike is possible, typically, 00 ( 4 ( 900. The range is
divided into L discrete ejection angles, 4i , each representing
an angular increment of width A4

For each value of 4 1, the angular interval (l(4 1) to Q 2 ( 41)
corresponding to target strike trajectories must be determined.
The projection of Q 1 ( g 1) and Q 2( Ql) on the x-,y plane defines
the angles 4 1'nd Q 2 ~ which subtend the target at the
missile origin as illustrated on Figure 3.5-3. Q l~ and, Q2 ~ may
be calculated from simple geomet ry; $ 1 ( $1) and Q2 ( $ 1) are
obtained by inver'ting Formula (Eq. 3.5-6) .

<1 (<.) = tan (tan Qi> cos>.)

(f ~ ) = tan (tan if) cosf. )

(Eq. 3.5-12)
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If 41 > 0 max. or: 42 < %min. the target cannot be struck.
This angular range in 4 is divided into J discrete ejection
angles Qi j, each representing an angular increment of width ~%i

The numerical intergration thus treats J values of 4 for
each value of $ or a total of I x J missile e jection directions
each representing a solid angle of area

Por each direction of missile ejection specified by $ i and Q ij
Eq. 3.5-7 for the parabolic trajectory is inverted to solve for
the range of ejection velocities which correspond to trajectories
intersecting the target.
The vertical plane containing the trajectory intersects the
target at a minimum distance rl and a maximum distance r2 from
the turbine. Equation 3.5-7 is inverted to solve for U2, the
maximum ejection velocity corresponding to a target strike, by
inserting r2 for r, and Zr, the target roof elevation relative to
the turbine, for Z. If V2>Vmax., V2 is set equal to Vmax. The
minimum velocity corresponding to target strike, Vo, can be
determined by inserting in Equation 3.5-7 rl for r and the ground
elevation with respect to the turbine for Z. If Vo ) Vmin, Vo
is set equal to Vmin. If Vo > Vmax no strikes are possible.
Thus a missile ejected at velocity V2 will intersect the far edge
of the target roof. A missile ejected at velocity Vo vill

-'ntersect the lower edge of the target wall nearest the turbine.
Missiles ejected at velocities greater than V2 will overshoot the
target; those ejected at velocities less than Vo will fall short.

23

To distinguish between strikes on the target roof and strikes on
the wall, an additional ejection velocity is determined. Vl
corresponds to a trajectory intersecting the upper edge .of the
target wall. It is determined by inserting rl for r and Zr for Z
in Equation 3.5-7. If Vl > Vmax, Vl is set equal to Vmax. The
ejection velocity range Vo to Vl then corresponds to wall
strikes, the range Vl to V2 to roof strikes. The 'trajectories
corresponding to these three ejection velocities are illustrated
on Figure 3.5-4.

Por the ejection angles g and gij, an increment in the strike
probability, P2ij, is calculated for the formula:

2m /max- /min
V2'' ' VO''

V max —V min

(Eq. 3.5-13)
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The increments are summed to obtain tlie strike probability:
{Eq. 3.5-14)

J
P2 = E E P2i)

i=1 )=1

3 5.1 .3.6 Calculation of the Dam~ac Probabilitg+~P3

A missile striking a concrete wall with sufficient impact to
cause spalling, which is the ejection of concrete fragments from
the inner wall face, may constitute a hazard, even if the wall is
not penetrated. Thus, a missile impact that causes spalling from
the walls cf a target structure is considered the threshold of
target damage.

This analysis used the formulation presented below to predict the
minimum velocity required to initiate spalling cn a barrier.
The data from low velocity missile impact test (Ref. Eq. 3.5-12,
3.5-13) have enabled development of empirical relationships
defining the concrete element thickness for threshold of spalling
by low velocity solid steel ndssiles-

For solid steel missiles:

Tss = 15.5 t~ Vs

0.2f c

(Eq. 3. 5-15)

where

Tss = thickness for threshold of spalling for sclid steel missiles (in.)

M = missile weight'lbs.)
D = missile diameter (in.)
f'c = concrete strength (psi)

Vs = missile striking velocity {fps)

Equation (3.5-15) defines the threshold of spalling for low
velocity missiles. The Corps of Engineers'quation (Ref. 3.5-14)

0
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is selected to define the, threshold of spalling for high
velocity nondeformable missiles. This eguation is rewritten 'in
the following form:

384

f lc D1.785 ', 1000
I

+ 2.80D

(Eg 3. 5-16)where Tcs = thickness for threshold of concrete spalling
For high velocity missiles, this equation is considered morereliable than other available empirical relationships since it is
based on the most extensive accumulation of experimental data
from tests involving high velocity nondeformable missiles with a
large variation of missile size and weight. Also, a comparison
of eguations {3.5-15 and 3.5-16) reveals a convergence in
predicted thicknesses at intermediate velocities.

1. 585
Vt 425

0
W

(Zq. 3.5-17)

The thickness versus velocity curves defined by these equationsfor a particular missile may or may not intersect, depending upon
missile weight and diameter. However, the difference in
predicted thickness is small at a velocity Vt where the two
curves become parallel. For solid steel missiles, the value of
Vt would be:

23

where Vt = transition velocity (fps)

The velocity Vt defines the transition velocity between eguations
3.5-15 and 3.S-16. For striking velocity less than Vt, threshold
of spalling is defined by equation 3.5-1S'.

At striking velocities greater than Vt, the value of Ts would be
between Tcs and Tss and converge toward Tcs as Vs approaches 2Vt.
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The value of T in this velocity range would therefore be closely
represented by:

(Eq 3 5-19)
I

T = Vcs — (Test —Tsst)
S Vt

Vs . Vs

where

Vt = transition velocity from equation 3.5-17

Test = Tcs at velocity Vt from equation 3.5-16

Tsst = Tss at velocity Vt from equation 3.5-15

For striking velocities greater than 2Vt, the t~esbol«f seal»>g is
determined from equation 3.5-'16.

Although the presently available low velocity test data do not
allow independent development of perforation formulae in the low
velocity range, an improved estimate of the thickness for
threshold of perforation can be obtained by correlation of test
data with low velocity and high velocity e'quations for
perforation and spalling.
It is noted that the thickness for perforation for low velocity
missiles should converge toward that predicted hy the Corps of
Engineers equation (3. 5-19) for perforation as the missile
velocity increases and approaches the lower limits of
applicability of the Corps of Engineers'quation. This
equation can be rewritten in the following form:

350 W

D1.785 rvs + 1.94D
1000

(Eq. 3. 5-19)

where

Tcp = thickness for threshold of perforation by Corps of
Engineers'q

ua t ion (in. )

The relationship between thickness to spall and thickness to
perforate for lover velocity missiles can be obtained from
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equations (3.5-16) and (3.5-19) at the transiticn velocity Vt
(Eq. 3.5-17) .

The estimated thickness for threshold of perforation Tp for low
velocity solid steel missiles would therefore be:

Test Vs <Vt
(Eq. 3.5-20)

where

Tp = thickness for threshold of perforation

Tss = thickness for threshold of spalling from equation 3.5-15
N

Tcpt = thickness obtained from equation 3.5-19 with Vs equal to Vt

Test = thickness obtained 'from equation 3.5-16 with Vs euqal to Vt

Vs = striking velocity
Vt = transition velocity for solid steel missiles from equation 3.5-17

As the striking velocity increases above Vt, the thickness for
threshold of perforation would be between that given by equation
(3.5-20) and Tcp obtained from equation (3. 5-19), and would
converge toward Tcp as Vs approaches 2 Vt. Therefore, Tp would
be closely approximated by:

23

Test
Vs
Vt 2

Vs
—Vt

(Eq. 3. 5-21)

where

Tsst = the value of Tss from equation (3.5-15) at Vs equal to transition
velocity Vt (equation 3.5-17)

Nhen Vs exceeds 2 Vt, Tp is obtained from equation (3.5-19).

Accounting for multiple element concrete barriers involves
determination of the residual velocity, Vr, after perforating an
element of the barrier and applying this velocity as the striking
velocity, Vs, for impact calculations on the next barrier in the
series.
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Test data indicate that the velocity of spall particles, when thestriking velocity is equal to or greater than that for threshold
of perforation Vp, see Appendix E, is:

W VsVr W+ W (D+'~T
2

(Eq 3- 5-22)

where

Vr = residual or spall velocity (fps)
8 = weight of missile (pounds)

Vs = striking velocity (fps)
= density .of concrete (lb./ft.~)

D = diameter of missile (ft.)
T = thickness of concrete element (ft.)

23

Also, when Vs exceeds Vp by about 20%, the residual velocity of
the missile can be closely approximated by equation (3.5-22).
When Vs is equal to Vp, the spall particle velocity is
represented by equation (3. 5-22) but the residual velocity of the
missile is essentially zero. Shen the striking velocity is between
Vp and that for threshold of spalling, spall velocities can be
estimated by a linear interpolation between a value of V equal to
10 fps when Vs is that for threshold of spalling to Vr determined
from equation (3.5-22) with Vs equal to Vp.

An estimate of the steel element thickness for threshold of
perforation for nondeformable missiles is provided by equation .(3.5-23) (which is a more convenient form of the Ballistic
Research Laboratory (BRL) equation (Ref. 3.5-15) for perforation
of steel plates with material constant taken as unity):

~~2/3
672 D

'm's 2

2

(Eq. 3. 5-23)

where:
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Tp = steel plate thickness for threshold of perforation (in.)
Zk = missile kinetic energy (ft./lbs.)
Nm = mass of the missile {lb.-sec. /ft.)
Vs = missile velocity (fps)

D =. missile diameter {ft.)
It may be necessary to account for several steel elements.
Analysis of" missile barriers composed of several elements'nvolves determining the residual velocity ,Vr, after perforation
of one element and using this value for the striking velocity
,Vs, on the next element. The following formula is used to
determine the residual velocity Vr:

Vr = ps — Vp )

Vr'= 0

for (Vp < Vs)

for {Vp > Vs)

{Eq 3 5-24)

where:

Vr = residual velocity of missile after perforation of an element of
thickness t {fps)

Vs = striking velocity of the missile normal to target surface (fps)

23

Vp = velocity required to just perforate an element (fps)

In order to apply the equations developed above, it is necessary
to use an equivalent diameter. This diameter. D, is calculated on
the bases of the projected rim area of the turbine misile from:

{Eq. 3. 5-25)

where A is the projected area of the missile.

The projected rim area of a missile depends on the missile
orientation about its axis.
For fragrant group A and fragment group B let:
Al = R3 T2 + R2 (Tl — T2)
A2 = {R3 — R2) T2 + (R2 — R"1) Tl

(Eq. 3. 5- 26)
( Eq- 3. 5-27)
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Hhere Rl, 82, R3, Tl and T2 are illustrated by figure 3.5-1.
Values of these parameters for each fragment group are given in
Table 3.5-1.

The projected area of fragment group A missiles is then given by:

A(e) =
Al — (Al-A2) cos (~/6 + e)
Al (1 + sin (9-m/6) )

&3A1 sin 9

0 < 9 < n/6 Eq. 3.5-28

m/6 < e < m/3
m/3 < e < m/2 = es

where 9 describes the orientation of the missile. 9 =0-
corresponds to the orientation with minimum projected rim area,
and Os corresponds to the orientation with maximum projected
area.

Similarly, for fragment group B missile:

23
A(e)

Al — (Al — A2) cos (vr/6 + 9)
Al sin 9 + A2 cos (m/6 + 9)

Alsin 9

{Eg. 3. 5-29)
O < e < m/6

m/6 < e < m/3
m/3 < 9 < m/2 = Os

For fragment group C and D missile:

{Eq. 3. 5- 30)

A(9) = A3 (cos 9+ sin e) o<e<m/4=Os

where A3 = XT2 and X and T2 are illustrated by Pigure 3.5-1.
Values of X andT2 are given in Table 3.5-1 for each stage group.

Eguations 3.5-15, 3.5-16 and 3.5-18 are used to generate ranges
of damage initiation velocities Vw0 to Vwl and Vr0 to Vrl,
corresponding to minimum { 9 = 0) and maximum ( 9 = Os') projected
areas of the missile, for the walls and roof of the target,
respectively. If there are barriers ad jacent to the target wall
or roof, equations 3.5-19, 3.5-20, 3 5-21 and 3.5-22 or 3.5-23
and 3.5-24 are used to increment these velocities so that they
correspond to the minimum normal impact velocities which will
result in perforation of the barrier system with sufficient
residual velocity to spall the target wall or roof.
Por normal impact velocities between Vw0 and Vwl, there will be
some projected areas for which wall damage is not possible; The
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minimum normal impact velocity is calculated for tvo additional
values of O. The results of these calculations are used to
generate a third order polynomial which gives the maximum value
of O for which vali damage is possible for normal impact velocity
V

{Eq 3. 5-31)

Ow (V) = AwV — BwV + CwV — Dw (Vwo < V < Vwl)3 2

The probability that wall damage vill occur is
simply,-'w

(V)/ Os {Eq 3 5- 32)

where it is assumed that the distribution of missile orientation
is uniform. A similar expression is developed for the roof. ~

{Eq 3. 5-33)

Or (V) = ArV — BrV - + CrV — Dr3 (Vro < V < Vrl)

For strikes on the target wall, the calculation of the normal
component of impact velocity is simplified since, for parabolic
trajectories, the horizontal velocity component is constant, Vcos 4'.

Defining av as the angle between the wall normal and the
vertical plane containing the trajectory, the normal impact
velocity ccmponent is given by:

{ EQ ~ 3 5-.34)

Vnv = Vcos 4'os aw

23

The range of the normal components of the missile velocities
which result in wall strikes is:

{Eq. 3. 5-35)

Vno = Vocos $ 'os aw < = Vnv < Vl cos $ 'os aw = Vnl

For each value of $ i and Qij , an increment in the damage
probability, P3ijw, can now be calculated.
Let )'ij = sin. ~(sin $i cos Qij) and Cij = ccs $ij 'cos aw

If Vnl < Vwo, P3inw = 0

If Vno < Vwo < Vnl < Vwl

~Vnl Ow VnP3ijw = J'wo
Os

d Vn

(V max — V min) Cij
{Eq. 3. 5-36)
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Xf Vno < Vwo < Vwl < Vnl,
owl Ow Vn 'Vn

P3ijw =J'w0
Os (V max — V min) Cij

Vl Vwl
+ Cij

{Eq. 3. 5-37)

(V max — V min)

If Vwo < Vno < Vnl < Vxl

~
Vno Ow Vn d VnP3ijw =

OsVn1 (V max — V min) Cij

{Eq. 3. 5-38)

{Eq. 3. 5-39)

If Vwo < Vno < Vwl < Vnl

owl Ow (Vn) d Vn Vwl
p3ijw = I + Vl — Ci

Vrio Os , (V max — V min) Cij (V max — V min)

23

V1-VoIf Vno > Vwo, P3ijw =
( V max — V min)

(Eq. 3. 5-40)

To simplify the calculations for the roof, it was a sumed that
the roof is at the same elevation as the turbine. This is
conservative for slabs which are above the turbine. Under this
assumption, the range of vertical velocities with which the
missile strikes the roof is:

Vn2 = Vl sin 4'ij < Vnr < V2 sin 4 ~ ij = Vn3

(EG. 3 5-41)

The computation of the increments P3ijr due to roof strikes is
similar to the calculation of the increments P3ijw. To obtain
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P3ijr replace Vno with Vn2 Vnl with Vn3, gw with er, Vwo with Vro, Vwl
with Vrl, and Cij with sin $ ij in the expressions for P3ijw.
The probability that the target is damaged, given a turbine
failure, is

(Eg 3 5-42)
P2 x P3 = E E '2

~ ~ (P3ijw+ P3ijr)
i=1 j=1

An average P3 for the target is calculated by setting:

(Eq. 3- 5-43) 23

p3 P2 x P3

P2

3.5.1 3.7 Probability of Turbine Missile Damage QP4,L

Table 3.5-8 summarizes the pertinent data for the targets
considered. Table 3.5-9 locates the ejection pcints used to
model the turbine. No barriers for addition to the wall and
slabs of the target structures were accounted for.
The results of this probability analysis are shown in Tables 3.5-
2 and 3.5-3. Table 3.5-2 presents the values of P2, P3, P2 x P3,
and P4 computed for Unit 1 targets due to each cf the two turbine
trains. The targets, denoted by letter symbols, are marked on
Figure 3.5-5. Table 3.5-3 presents the total values of P2 P3,
P2 x P3, and P4 for each of the Unit 1 targets and the totals for
the entire unit. Because of the symmetrical arrangement of the
SSES, the results for Unit 2 are identical. Table 3.5-3 shows
that the total probability of turbine missile damage for the two

'turbine trains is 2.61E-10 per unit per year.
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3.5. 1.4 Missiles Generated b~Natural Phenomena

Only tornado generated missiles are considered. Table 3.5-4
lists the missiles considered in the design. The structures
designed for tornado generated missiles are listed in Table
3 3-2

3 5.1.5 Site Proximit~ Missiles

No offsite design basis hazards vere identified in Section 2.2.3.
Fragments or missiles which might reach the plant walls, even
though not associated with a design basis event, would include
rifle bullets fired by vandals, .fragments from a truck explosion,
and gas bottles propelled by pressurized gases.

The velocity decay of fragments due to air friction is given
approximately by:

V/Vp exp . 004 R/W f
where, V, V are the present and initial velocities

R is the range in feet

Mf is the fragment veight in ounces

(Ref. 3 5-6).

For a range of 3,000 feet (out beyond the fenceline or to tJ.S.
Highvay ll), the ratio V/Vo is equal to 6xl0-~ for a one ounce
fragment, 1 3x 1 0-~ for a six ounce fragment.

Maximum theoretical fragment velocities from a TNS detonation are
l0, 000 to 12,000 fps (feet per second), with a 6,000-8,000 fps
representing typical maximum velocities achieved in explosions.
Striking velocity of 10-15 fps might be reached at plant range.
No damage to the concrete walls of the plant would result from
such a fragment.

High velocity rifles can achieve muzzle velocities over 4,000
fps; ordinary rifle muzzle velocity is about 2,500 fps.

The velocity decay law given above does not apply because of the
aerodynamic properties of the .pinning bullet.
The velocity decay law given abov does not apply because of the
aerodynamic properties of teh spinning bullet. Hovever, decay to
at least 1/3 muzzle velocity would occur over a 3,000 foot range.
The penetration of a two ounce projectile from a high-velocity
weapon at point blank range vould be about, five inches into
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concrete of 4,000 psi strength concrete. Rifle bullets could
penetrate the metal siding of the roof cap, but would not have a
trajectory for energetically entering the spent fuel pool iffired from the fenceline.

Gas bottles, which weigh l00 lbs. or more may achieve velocities
of up to 900 fps if they are allowed to fall over, breaking of f
the valve fitting to create a rocket. The initial surge could
create a missile somewhat more severe than tornado missile "D"
(285 lbs., 6" diameter by lS'ong steel pipe at 230 fps, NRC
Standard Review Plan, Sect. 3 5. 1.4). It could spall out five
inches of concrete at point blank range.

None of these hypothetical situations would cause energetic
spalling or penetration of the critical concrete walls, which are
designed at 36-inch thickness of 4,000 psi or better reinforced
concrete.

Railcars have also been considered as a hypothetical missile
hazard to the plant. A rail spur int the reactor building will
service the plant from the rail trackage along the west "iver
bank. Use of this former mainline trackage is discontinued,
except for plant service. Two factors are expected to eliminate
the hazard potential from rumanary or uncontrolled railcars on
the spur: l) the topography is upslope from the river bank; 2)
two derailers are in use, and a third will be installed when the
plant is in operation.

3 5.1.6 Aircraft Hazards

3.5. 1.6 1 Airport O~nrationn

The aircraft operations identified in Subsection 2.2.2 5 which
could constitute a potential hazard at the, site were take-
off/landing movements at the Ber wick Airport and commercialflights in the Federal airways

The Berwick Airport is four miles west-southwest of the site. It
has a single grass strip of 2,300 feet, basically east-vest, withits axis making an angle of 16~ with the plant. It usage islimited to general aviation light aircraft. See table 3.5-5 for
a breakdown of aircraft movements at Berwick Airport by type ofaircraft A 3,600 lb single engine aircraft was chosen for
anlyzing aircraft impacts. This represents a conservative choice
since 96% of all aircraft movements at Berwick Airport involveaircraft of less than 2,500 lbs.
A survey of the airport traffic is being conducted, including
that from a flight school in operation at the airport. Annual
movements are estimated at about 13,000; 4, 000 in private usage
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and 9,000 by the three aircraft of the flight school. Traffic is
quite variable, peaking at, over 50 daily on weekends, lighter
during the week. Operations of twin engine aircraf t are
estimated at 28 annually, from current observations.

All traffic patterns are used at the airport, but traffic tends
to prefer the river as a guide, turning inland from the river and
into the approach about two miles from the east end of the
runway. Thus traffic in the southeast quadrant of the airport is
greater than the northeast quadrant, in which the site lies. The
ridgeline running north of Berwick and the site contributes to
this traffic preference.

Mind patterns for the airport are 47 percent from the west, 42
percent form the east, and ll percent null (crosswind or calm).
The 13,000 movements estimated for the annual traffic can be
allocated 45-55 percent, east to west. Thus eastbound takeoffs
(toward the site) are estimated at 2925 annually, and westbound
landings would be estimated at 3575 annually. The complement of
this traffic, 3575 westbound takeoffs and 2925 eastbound
landings, passes over Berwick, away from the site. Eastbound
takeoffs of twin engine aircraft are e timated at six annually,
with eight, westbound landings.

e

Five Federal Vortac airways near the site were identified in
Subsection 2. 2. 2.5, Figure 2. 2-2. Of the -e, V-106, passing 3. 5
miles from the site, has traffic of eights flights daily, or
3,000 annual movements. V-232, nine miles distant, has a traffic
potential of about l8,000 movements annually, but actual traffic
is about 9,000 movements (Newark-Cleveland, Cleveland-New York
and Chicago-New York flights) .

There is no scheduled commercial traff ic on V-499 or V-164 and
only two flights per day on V-188/226. These latter flights are
negligible in comparison with V-232 because of the greater
distance.

3.5 1.6.2 Aircraft Crash Probability

Airport Operations

A model of the probability of an airplane crash beyond the end of
the runway was developed by Eisenhut (1973) and has been adopted
as a criterion of the NRC Standard Review Plan for Section
3.5.1.6 (Ref. 3.5-7). This model specifies that the crash„
probability in an annular sector between four and five miles from
the end of a runway and 300 on each side of the runway centerline
is 1.2x10-8 per square mile for either landing or takeoff by"an
aircraft in U.S. general aviation.
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Commercial Aircraft
A model for the probability that an aircraft crash will result at
a.distance x normal to its flight path was developed by Solomon
(Ref. 3.5-8 and 3 5-9) using a negative exponential distribution.
Solomon's model requires estimation of the deviation, which was
determined by a 200 angle from the flight path. A deviation is
estimated here by referencing Solomon's angle at 14,000 feet, and
adding one mile for deviation in the airway. This gives the
probabilit y:

f (x) = 1 exp ( x/1.97)
3. 94

where x is in miles. The probability that an enroute crash will
occur is about 0.45x10-~ per flightpath mile, based upon U.S.
commercial aviation performance in the period 1970-75 (Ref. 3. 5-
10) Thus, the crash probability at the site per passage in each
of the Federal airways can be estimated by the product of these
two probabilities.

V-499

V-106

V-164

V-232

V-188/226

2.5x10-» pe" square mile (3 miles)

1 9x10a«per square mile (3.5 miles)

0. 38x10-i i

0.12x10-i i per square mile (9 miles)

0.02x10-i i per square mile (13 miles)

3.5 1 6.3 Critical Target Area for the Plant.

The aircraft crash probability estimates the chance that a given
aircraft maneuver (passage, takeoff, or landing) will result in
striking the ground within a specific unit area. without regard
to the obstruction of surrounding objects. If the assumed flight
ray of the aircraft in crashing should pass through an
obstructing ob ject, then the probability of crash into that
obstructing ob ject will be the same as for the associated unit
ground area.

The types of target areas which will apply to the Susquehanna
plant, depending on the type of crash event considered, include:

(i) the roof or plan area'augmented by the wingspan of .the
striking aircraft), which may be projected to an equal
ground area regardless of the angle of flight path
slope;

(ii) the wall shadow area, Bh cot A, which is the ground area
projected by a wall of vertical dimension h, width 8
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normal to the flight path (and augmented by the wingspan
of the striking aircraft), with an aircraft glidepath
making an angle A with the ground. Since the Berwick
Airport lies at an angle of 160 from the north-south
face of the plant, the width normal to the assumed
glidepath would be B cost 16o for the east-west, walls
and B sin 160 for the north-south facing walls; and

(iii) the skid area, associated with a ground strike ahead of
a wall, followed by sliding into the wall. The
controlling parameters for the target area of this mode
are the width of the wall normal to the skid path
(augmented by the wingspan of the striking aircraft),
and the distance the wreckage will slide.

The structures identified as critical to nuclear safety are the
reactor- building, the diesel generator building, the control
structure adjacent to the reactor building, and the ESSM
pumphouse. However, the design of the reinforced portion of
these structures is adequate to preclude penetraton or internal
spalling of concrete fragments resulting from the design impact
of any of the single-engine craft observed at the Berwick
Airport. Specifically, a Beechcraft A36 impacting horizontally
at 100 mph was used as the model to determine the vulnerability
of the critical structures. The modeled impact consists of a 100
mph crash normal to the concrete wall. This glide angle is in
general use of aircraf t target cross-"ection analyses (Ref. 3.5-
11) . The exception to the involnerability of the critical
structures to single-engine aircraft impacts is the opening in
the reactor building roof for the spent fuel pools. A plane
could penetrate the decking material and cause entry of energetic
wreckage fragments into the pool. Although the presence of
fragments or debris in the pool would not be considered a
problem, their energetic entry into the pool has a potential of
causing the rupture of the cladding of. some of the fuel elements
stored there

For aircraft with an assumed glide-angle in crashing of 15~, the
zone of impact into the roof cap which could generate piece of
plane wreckage falling into the pool, or propel part of the
decking into the pool, is the decking wall ahead of the pool, and
the roof from the wall to the far side of t.he pool. Although an
impact into the roof beyond the pool opening could bring portions
of the deck sheeting down onto or into the pool, that situation
is not expected to result in rupture of. fuel elements. Not all
impacts ahead of the pool opening would be expected to result in
fuel element rupture, since the roof support syste is capable of
absorbing considerable impact ene"gy; however., all ™uch impacts
are counted as critical. The support system for the metal
decking, or roof cap, is designed to isolate collapse of an
impacted section without transmitting the collapse throughout the
entire cap. The portion of the cap structure over the spent fuel
pool openings is limited to four bays supported at the five
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locations 26.5, 27.5, 29, 30.5 and 31. (See figures 3.5-6 and
3 5-7). These four bays comprise a width of 108 feet in the
plant cross section.

For eastbound aircraft, the roof span from the wall to the farside of th pool involves a decing span of 101 feet, .from stations
M to S. The roof cap wall exposed to eastbound movements rises
about 47 feet above the control structure roof. Aircraft
impacting the control structure roof may also skid across it and
impact the roof cap wall. A skid distance of 49 feet acro s thecontrol structure roof must be included in the plant target area.
However, the target section of the plant is partially shielded
from approaches from the Berwick Airport by the cooling tower of
Unit 2. The minimum diameter of ths tower is 301 feet. After
augmenting this minimum radiu by 16 feet, half of the wingspanfor a typical single-engine plane, the shadow of a 16~ ray from
the airport is found to fall across the center of the control
room structure (See figure 3.5-8). Thus, at least half of thewall exposure, and about 60% of the roof area involved, is
shielded from eastbound aircraft movements.

For westbound aircraft, the impact exposure involves the roof
decking wall opposite the pool opening, and the decking betweenstations Ua and Q, a span of about 118 feet. There is no skid
azea foz westbound movements. The resultant plant target areasfor ssingle-engine craft are tabulated in Table 3.5-6. The width
dimensions in the cross-sections are augmented by the 32 foot
wingspan assumed as representative of single-engine craft, exceptfor situations involving shadowing. The plant target areas are
approximately 15.8 x 10-~ and 5.7 x 10-4 square miles for
westbound and eastbound craft, respectively.
For the few twin engine aircraft exposures, it has been
established that an impact of the heaviest twin engine aircraft
which can use the Berwick Airport could induce spalling in someof the critical structures (specifically, a Cessna 400).
Although none of the twin engine aircraft movements observed atthe Berwick Airport are as heavy as the Cessna 400, the plantcritical structures have been used conservatively as the target
area. The results are tabulated in Table 3. 5-6. A wingspan of
50 feet and a glide slope of 15~ in crashing is used in thecalculations. A shadowing of the reactor building by 508 and thecontrol structure by 40%, is used for eastbound movements. The
skidding length is based upon a roughness factor of 2. 5 in the
formula:

Skid (mi) = 2.52 x 10-~ (V~)

where V is in miles per hour (Ref 5) .

The target area for commercial jet airczaft flying along the
trace of the Vortac airways can be computed using the east faceof the reactor and diesel generator buildings as an average
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exposure. This is .not the greatest target area for the plant,
but is selected as an average of the exposures around the
compass. On the west side, there is shielding from the cooling
towers, and there are several ground obstacles to skidding, which
comprises the largest portion of target area. As a crash event,
a 727-type wingspread (l10 feet) and a power-out glide impacting
at 290 mph are assumed. The resultant plant target area of
about. 04 mi~ is tabulated in Table 3.5-6.

3 5 1.6.4 Striking Probabilities

The probability that an aircraft might strike the Susquehanna
SES, resulting in a potential nuclear safety hazard, is the
product of: '

the annual traffic (number of aircraft) (3.5.1.6.1)

The crash probability (events per mi~) (3. 5 1. 6. 2)

The applicable target area (mi~) (3.5.1.6. 3)

The computations for the three types of aircraft considered are:

Single-encnine

Eastbound
takeoffs

2925 movements x 1.2 x 10-~/mi~ x 5.7 x 10-~ mi~
= 2.00 x 10-~ per year.

Westbound
landings

3575 movements x 1.2 x 10-~/mi~ x 15.8 x 10-4 mi~
= 6.78 x 10-~ per year.

Twin Enain e

Eastbound
takeoffs

6 movements x 12 x 10~/mi~ x .0064 mi~
.05 x 10-~ per year

Mestbound
landings

8 movements x 1.2 x 10-~/mi~ x .0064 mi~
.17 x 10-~ per year.

Commercial Aircraft
In V-232 18,'000 movements x 0.12 x 10-»/mi~ x .04 mi~

.09 x 10-~ pe" year.

In V-106 3,000 movements x 1. 9 x 10- ~ ~/mi~ x . 04 mi~
23 x 10-~ per year.

The sum of these event probabilities at the Susquehanna SES site
is about 9.3 x 10-~.
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3 5 2 SYSTENS TO BE PROTECTED

3.5.2 1 Nissile Protection Design Philosophy

Systems that are reviewed for missile protection are listed in
Subsection 3.12.2.

For internally generated missiles, protection is provided through
basic station component arrangement so that, if equipment failure
occurs, the missile does not cause the failure of a Seismic
Category I structure or any safety related system. Where it is
impossible to provide protection through station layout, suitable
physical barriers are provided whose function is either to
isolate the missile or to shield the critical system or
component. In addition, redundant Seismic Category I components
are suitably protected so that a single missile cannot
simultaneously damage a critical component and its backup system.

3 5 2.2 Structures Designed to Withstand Nissile Effects

Seismic Category I structures are designed to withstand
postulated external or internal missiles which may impact them
Table 3.3-2 is a list of the structures designed to withstand
external tornado generated missiles, and the safety related
equipment which they protect. The missiles are listed in Table
3 5-4

3 5 3 BARRIER DESIGN PROCEDURES

The structures and barriers are designed in accordance with the
procedures detailed in Reference 3. 5-5. The procedures include:

a) Prediction of local damage (penetration, perforation,
and spalling) in the impact area including estimation of
the depth of penetration

b) Estimation of barrier thickness required to prevent
perforation

c) Prediction of the overall structural response of the
barrier and portions thereof to missile impact.
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The use of a ductility ratio higher than 10 but less than the allowables
given in Reference> 3.5.5 will be governed by the following conditions:

(l) Reinforced concrete barriers

The allowable displacement of reinforced concrete flexure members
can be based on an upper limit for plastic hinge, rotation r
follows: 8

r = 0.0065 —— 0.07
e

where

d = distance from compression face to. centroid of tensile
steel reinforcement (inch)

c = distance from compression face to the neutral axis at
ultimate strength (inch)

This condition is given in section C.3.5 of Appendix C and commentary to
Appendix C of ACI 349-76.

(2) Steel barriers

To insure the ability of a steel beam to sustain fully plastic
behavior and thus to possess the assumed ductility at plastic
hinge formation, it is necessary that the elements of the beam
section meet minimum thickness requirements sufficient to prevent
local buckling failure.

The conditions to preclude local buckling as given in AISC Manual
are satisfied.

Rev. 27, 10/81
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TABLE 3 5-2

PROBABILITIES POR UNIT 1 TARGETS DUE TO EACH TURBINEI < i

Taryet P2 P3

UNIT 1 TURBINE

P2XP3 P4 P2 P3

UNIT 2 TURBINE

P2x P3 P4
23

h Reactor
Building<»

8 Stean Tunnel 3. 25E-3 .892

5.95E-2 .752 4 47E-2

2. 90E-3

2 24E-10

1. 45E-11

4 47E-4

1. 59E-5

.993

776

4 43E 4

1- 23E-5

2 22E-12

5 16 E-14

C Control
Structure 8 31E-4 882 7.338-4 3 66E-12 8 31E-4 882 7 33E-4 3 66E-12

D Diesel
Generator
Building

E ESSN Punphouse

3. 75E-3

1 04i-5

664

.956

2 49E-3

9 978-6

1 25E-11

4 98E-14 5. 71E" 6 967

8 168-5 1 00 8 16E-5

5. 52E-6

4 ORE-13

2 76E- 14

Unit 2 is synnetrical to Unit 1 so the probabilities are identical.
c» Includes the spent fuel pool.
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TABLE 3. 5-3

TOTAL PROBABILITIES FOR UNIT 1<»

Target P2 p3(3) P2xP3 p4

A Reactor Building<» 5. 99E-2 . 754

B Steam Tunnel 3 27E-3 891

C Control Structure 1.66E-3 .882

4 51 E-2 2. 26E-10

2 91E-3 1-46E-11

1. 47E-3 7.33E-12

D Diesel Generator
Building

E ESSM Pumphouse

Total

3. 84E- 3 671

1 61E-5 960

6. 87E- 2 . 759

2 57E-3 1.29E-11

1. 55E-5 7.75E-14

5 21E-2 2 618-10

Unit 2 is symmetrical to Unit 1 so the probabilities are
identical.
Includes the spent fuel pool.
P3 = P2xp3/P2
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TURBINE

TABIZ 3.5-8
TARGET PAI~~RS

Target

Unit 1 RB North Wall

Unit 1 RB West Wall North of Tunnel Vent Structure
Unit 1 Steam Tunnel Vent Structure North Wall
Unit 1 Steam Tunnel Vent Structure West Wall
Unit 1 Steam Tunnel Vent Structure Above El. 778

Control Structure
Unit 1 Fuel Pool

Unit 1 RB Roof

Unit 2 RB West Wall South of Tunnel Vent Structure
Unit 2 Vent Structure West Wall Belch El. 771

U it 2 N tl Above El.
Unit 2 ~

" " " " Roof Slab

Unit 2 Spent, Fuel Pool
Unit 2 RB Roof Slab

Diesel Generator Building Roof

Diesel Generator Building Roof

Diesel Generator Building Roof

Diesel Generator Building Roof

Diesel Generator Building Roof

ESSW Pump House (South End)

ESSW Pump House (North End)

Xl

163.0

104.0

104.0

66.o

66.o
-66.o

9.5
0.0

-163.0

-104.0

-104.0

-104.0
- 30.0
-163.0
161.2

211.2

163.21

211.2

237.21

945.0

982-5

163.o

163.0

104.0

104.0

104.0

66.oo

50.0

163.0
-104.0
- 66.o
- 66.o
- 66.o

9.5
0.0

285.2

237. 2

211.2

237 2

285.2

982.5

1000.8

Yl

116.5

116.5

100.3

100.3

100.3

56.o

144.o

116.5

116.5

100.33

100.3

100.33

144.o

116.5

193.5

227.0

277.0
261.0

227.0

320.0

320.0

253 5

116.5

116.5

100.33

116.5

100.1

201.0

253 5

116.5

100.33

looo33

116.5

201.0

253.5
227,0

261.0

275 5

273.5

273.5

408.5

408.5

729.0

729.0

729.0

729.0

771.0

729.0

818.1

818.1

729.0

729.0

771.0
818.1

818.1
818.1

737.0

737.0

723.0
723.0

713.0

685.5

615 5

818.1

818.1

771.0

771.0

818.1

825.63

819.1

818.1

818.1,

771.0
818.1

818.1

818.1

818.1

737.0

737.0
723.0

763.o
722.0

716.0

685.5

Coordinates (Ft.)
Wall

Thickness
(Zn.)

36.o
76.o
84.o
54.o

36.o

36.o

36.o

54.0

34.o

24.o

Slab
Thickness

(In. )

27.4

74.5
0

27.0

27.0
0

27.0
18.0
18.0
18.0
18.0
18.o
24.o
4.o

(1) Relative to an origin air El. 0'0'nd the intersection of the plant and with the turbine axis.
The positive X-axis runs north of the origin. The positive Y-axis runs east of the origin.
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TABLE 3 5-9

TURBINE MISSILE EJECTION POINT PARAMETERS

Missile Ejection Point
Coo odin ate~sf tg

Missile Deflection
Angle Range

195 8
187. 8
179. 8
161 0
153 0
145 0
126 2
118.2
110 2

-110. 2
-118 2
-126-2
-145.0
-153. 0
-161 0
-179. 8
-187. 8
-195. 8

0 0 733 5 0 to 25
-5 to 5

-25 to 0
0 to 25
5 to 5

-25 to 0
0 to 25

-5 to 05
-25 to 0

0 to 25
-5 to 5

-25 to 0
0 to 25

-5 to 5
-25 to 0

0 to 25
-5 to 5

-25 to 0

(1) See Table 3 5 8

Rev. 23, 6/81
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3 8 DES1GN OF CATEGORY I STRUCTURES

3 8. 1 CONCRETE CONTAINNENT

The Susquehanna primary containments Units 1 and 2 are boiling
vater reactor, Nark II (over/under) types.

3.8 1. 1 Descri tion of the Containment

3. 8. 1. 1. 1 General

The primary containment is an enclosure for the reactor vessel,
the reactor coolant recirculation loops, and other branch
connections of the reactor coolant system. Essential elements of
the primary containment are the drywell, the pressure suppression
chamber, that stores a larqe volume of water, the drywell floor
that separates the drywell and the suppression chamber, the
connectinq vent pipe system between the drywell and the
suppression chamber, isolation valves, the vacuum relief system,
and the containment cooling systems and other service equipment.

The primary containment (as shown in Figures 3.8-1 through 3.8-8)
is in the form of a truncated cone over a cylindrical section,
with the dryvell in the upper conical section and the suppression
chamber in the lover cylindrical section. These tvo sections
comprise a structurally integrated reinforced concrete pressure
vessel, lined with velded steel plate and provided vith a steel
domed head for closure at the top of the dryvell. Connection of
the drywell head to the top of the dryvell vali is shovn on
Figure 3.8-9. The drywell floor .is a reinforced concrete slab
structurally connected to the containment vali as. shovn on Figure
3 8-10

The primary containment is structurally separated from the
surrounding reactor building except at the base foundation slabs
vhere a cold joint between the two adjoining foundation slabs is
provided.

3 8-1
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3 8.1. 1. 1.1 Dimensions

The dimensions of the primary containment are as follows:
a) Inside Diameter

1) Suppression chamber — 88 ft 0 in.
2) Base of drywell — 86 ft 3 in.
3) Top of drywell — 36 ft 4 1/2 in.

b) Height

1) Suppression chamber — 52 ft 3 in.
2) Drywell — 87 ft 9 in.

c) Thickness

1) Base foundation slab — 7 ft 9 in.
2) Containment wall — 6 ft 0 in.

3.8. 1. 1 2 Base Foundation Slah

The containment base foundation slab is a 7 ft 9 in. thick
reinforced concrete mat. The top of the base foundation slab is
lined with a carbon steel liner plate.

3.8. 1. 1. 2 1 Rein forcemen t

The hase foundation slab is reinforced with 418 ~ Grade 60 rebar
at top and bottom faces. The average rebar spacing is 18 in.
Shear reinforcement consists of 48 and 49 vertical and inclined
ties. Mechanical («Cadweld«) splices are used for splicing all
main reinforcing bars. Figure 3.8-11 shows plan and section
views of reinforcement.

3 8-2



SSES- FSh R

3.8 1. 1. 2. 2 Liner Plate and Anchorages

The steel liner plate is 1/4 in. thick and is anchored to the
concrete slab. by structural steel beams embedded in the concrete
and welded to the plate. See Pigure 3.8-12 tor details of the
liner plate and anchorages. All liner plate weld seams less than
l/2 inch thick are provided with a leak chase system.

3.8. 1. 1. 2. 3 Pedestal and. Suppression Chamber Column Base
Liner Anchoraaes

Figures 3.8-13 and 3.8-14 shov the base foundation slab liner
anchorages fo" the reactor pedestal and the suppression chamber
columns respectively. For the pedestal anchorage, 8-series
»Cadweld» sleeves are welded. to the top and bottom surfaces of
the thickened base liner to permit anchorage of the pedestal
vertical rebar into the base .foundation slab. Metal studs are
welded to the top and bottom surfaces of the thickened base liner
in order to transfer radial and tangential shear forces from the
pedestal to the base foundation slab. Por the suppression
chamber column anchorage, pipe caps are welded to the thickened
base liner, where the column anchor bolts penetrate the base
liner, to ensure the leak-tight integrity of the base liner.

3. 8. 1. l. 3 Containment Mall

The containment wall is a 6 ft 0 in. thick reinforced concrete
wall. The inside surface of the containment wall is lined vith a
carbon steel liner plate.

3. 8. 1. 1. 3. 1 Reinf orce ment

The containment wall is reinforced with 018, Grade 60 rebar at
inner and outer faces. The inner rebar curtain consists of two
meridional layers and one hoop layer. The outer rebar curtain
consists of one meridional layer, tvo hoop layers and two helical
layers. Shear reinforcement consists of 46 horizontal and
inclined ties. mechanical (»Cadweld») splices are used for
splicing all main reinforcing bars. P igures 3. 8-15 and 3.8-16
shov section and developed elevation vievs of suppression chamber
and dryvell wall reinforcement respectively.

REV. 1 8/78 3. 8-3
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3.8.1. 1 . Liner Plate and hnchora es

'The steel liner plate is .1/4 in. thick and is anchored to the
concrete wall by structural tee vertical stiffeners spaced
horizontally every 2 ft. Horizontal plate stiffeners and
horizontal structural channels spaced vertically every 5 ft
provide additional stiffening. See Figures 3.8-17 and 3.8-18 for
details of the liner plate and anchorages.

Around the containment liner plate penetrations, the liner is
reinforced in accordance with ASIDE Boiler and Pressure Vessel
Code, Section III, 1971 Edition. See Subsection 3. 8. 1. 1.3.3 for
a further description of penetrations Loads from internal
containment attachments such as beam seats and pipe restraints
are transferred directly into the containment concrete wall.
This is accomplished by thickening the liner plate and attaching
to it structural weldments to transfer to the concrete any type
of load without relying on the liner plate or its anchorages.
Where internal containment attachment loads are large, the
structural weldments penetrate the liner plate rather than being
welded to opposite sides of the liner plate. This was done to
eliminate the possibility of lamellar teari.ng. See Subsection
3.8.1. 1.3.4 for a further description of internal containment
attachments.

3 8. 1. 1..3 3 Penetrations

General

Services and communications between the inside and outside of the
containment are performed through penetrations. Basic
penetration types include the drywell head, access hatches
jequipment hatches, personnel lock, suppression chamber access
hatches, CRD removal hatch), pipe penetrations, and electrical
penetrations. Penetrations consist of a pipe with a plate flange
welded to it. The plate flange is embedded in the concrete wall
and provides an anchoraqe,for the penetration to resist normal
operatinq and accident pipe reaction loads. The pipe is also
welded to the containment liner plate to provide a leak-tight
penetration.

Meridional and hoop reinforcement are bent around typical
penetrations as shown on Figures 3.8-19 and 3.8-20. Additional
local reinforcement in the hoop and diagonal directions is added
at all large penetrations as shown on Figures 3.8-19 and 3.8-20.
Local thickening of the containment wall at penetrations is
generally not required. See Subsection 3.8.2.1 .for a further
description of penetcations.

3 8-4



SSES-FSAR

~Pi e Penetrations

Details of typical pipe penetrations are shown on Figure 3.8-21.
There are two basic types of pipe penetrations For piping
systems containing hiqh temperature steam or water, a sleeved
penetration is furnished, thereby providing an air gap between
the containment concrete wall and the hot pipe. This air gap is
large enough to maintain the concrete temperature in the area of
the penetration below 2000F. A fluid head outside the
containment connects the process pipe to the pipe sleeve. For
piping systems containing low temperature water, an unsleeved
penetration is furnished. For this type of penetration, the
process pipe is welded directly to the pipe penetration.

Electrical Penetrations
1

Fiqure 3.8-22 shows a typical electrical penetration assembly
used to extend electrical conductors through the containment.
The assembly is sized to be inserted in the 12 in., Schedule 80
penetration nozzles that are furnished as part of the
containment. The penetrations are hermetically sealed and
provide for leak testing at design pressure.

~Eui ment Hatches ann Personnei Lock

Two 12 f t 2 in. I D. equipment hatches are furnished in the
drywell wall. One of these equipment hatches includes an
8 ft 7 in. I. D. personnel lock. Figure 3.8-23 shows details of
reinforcement around the equipment hatches. Additional
meridional, hoop, helical, and shear reinforcement is provided to
account for local stress concentrations at the opening. The
shell is thickened at the equipment hatches to accommodate the
additional rebars.

Dr well Head Asse~mbl

The drywell head lower flange assembly is anchored to the top of
the drywell wall by one-third (108} of the total number of
meridional reinforcing bars in the inner curtain as shown on
Fiqure 3 8-9.

~su Eression Chamber Access Hatches

Two 6 ft 0 in. I.D. access hatches are furnished in the
suppression chamber wall. Fiqure 3 8-24 shows a detail of
reinforcement around the suppression chamber access hatches.
Additional local reinforcement in the meridional, -hoop, and
diaqonal directions is added as shown on Figure 3.8-24.
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3 8 1 1.3.4 Internal Containment Attachments

The drywell floor is attached to the containment wall by astructural weldment at the junction of the two structural
components shown on Figure 3.8-10. Radial force and bending
moment carried by the drywell floor main reinforcement is
transferred to the containment wall by cadwelding the drywellfloor rebar to the top and bottom flanqes of the structural
weldment. The top and bottom flanges of the structural weldment
penetrate the thickened containment liner plate and are embedded
deeply into the containment concrete wall. Flexural shear in the
drywell floor is transferred to the containment wall through the
web of the structural weldment, which is welded to opposite sides
of the containment liner plate
Beam Seat Emhedments

Beam seats are provided to support the drywell platforms. A
typical beam seat embedment is shown on Figure 3.8-25.

Pi e Restraint Embedments

Pipe restraints are provided to prevent pipe whip for all high
enerqy piping systems. Typical pipe restraint embedments are
shown on Fiqure 3. 8-26.

Seismic Truss Embedments

The seismic truss provides .lateral support for the reactor
vessel. A typical seismic truss embedment in the drywell wall is
sh own on F iqu re 3. 8-27.

Snubber Embedments

Snubbers dampen the vibratory motion of piping systems due to
seismic or any other dynamic loading. A typical snubber
embedment in the drywell wall is shown on Figure 3. 8-28.

3.8. 1. 1. 3 5 External Containment Attachments

There are no major external structural attachments A 2 in. wide
separation gap is provided between the containment and the
surrounding reactor building to prevent interact ion of the two
structures. The only place where the containment is in contact
with the reactor building is at the base foundation slabs where a
cold joint between the two adjoininq foundation slabs is
provi d ed.
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3 8.1.1.3.6 Steel Components Not Backed by Structural
Concrete

A description of steel portions of the containment that are not
backed by concrete, such as the drywell head, equipment hatches,
personnel lock, suppression chamber access hatches, CRD removal
hatch, and piping and electrical penetrations, is given in
Subsection 3,8 2

Q ] ~~alicab]e Codesa Standatdsa an~ds coificatioas

The codes, standards, and specifications used in the design andccnstruction of the containment are listed in Table 3.8-1 and
qiven a reference number.

The reference numbers for the concrete containment are 10A, 12A,lC, 2C, 3C, 6C and 2K.

The reference numbers for the liner plate and anchorages are 4C,
1H, 1J and 1K.

3e8.1.3 Loads and Loadin Combinations

3 8 1.3. 1 General

Table 3 8-2 lists the loadinq combinations used for the design
and analysis of the containment. The loading combinations are in
compliance with those given in Reference 12A of Table 3 8-1. Theloadinq combinations shown in Table 3.8-2 do not include the
hydrodynamic loads.

The containment has also been analyzed and designed for
hydrodynamic loads from main steam safety/relief valve discharge
and LOCA. For a definition of these loads and loading
combinations including hydrodynamic loads, refer to GEs "Mark ZI
Containment Dynamic Forcinq Functions Information Report» (HEDO-
21061), and the »Susquehanna Plant Design Assessment Report"

Normal Loads: Those loads encountered during normal plantoperation and shutdown, including dead loads, live loads, thermal
loads due to operating temperature, and other permanent loads

3. 8-7
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contributing stress such as hydrostatic loads. Dead and live
loads are described in Subsection 3 8. $ .3.2.1 and 3 8.l.3.2 2
respectively.
Severe~any onnental Longs: Those loads sustained during severe
environnental conditions, including those induced by the
operating basis earthquake {OBE) and the design basis wind.
Loads due to OBE are discussed in Section 3.7 and Subsection
3 8.1 3 2.6. Mind loads are discussed in Section 3.3

g~xt e e Beni oneen al pads: Those loads sustained during
extreme environmental conditions, including those induced by the
safe shutdown earthquake (SSE) and the design basis tornado.
Loads due to SSE are discussed .in Section 3.7 and Subsection
3-8. 1- 3. 2. 6. Tornado loads are discussed in Section 3 3.

~Abno aal Loads: Those loads sustained during abner sal plant
conditions. Such abnormal plant conditions include the
postulated rupture of high-energy piping Loads induced by such
an accident include elevated temperatures and pressures within or
across compartments, and get impingement and impact forces
associated with such ruptures. Loads due to postulated rupture
of piping are discussed in Section 3.6.

3.8.1.3 2.1 Dead Load

Dead load includes the weight of the structure plus any other
permanent loads contributing stress, such as hydrostatic Loads.

3.8 1 3. 2. 2 Live Load

Live load includes those loads expected to be present when the
plant is operating, such as movable equipment, piping, cables,
and lateral earth pressure.

3 8 l. 3 gn3 Des~i n Basis Accident pressure Load

The design basis accident (DBA) is def ined as a loss of coolant
accident (LOCA} that produces the largest containment pressure.
Transients resulting from the design basis accident are presented
in Subsection 6 2 1 and serve as the basis for the containment
internal design pressure of 53 psig.

REV. 1 8/78
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3 8. 1. 3. 4 Thermal Loads

The temperature gradients through the containment wall are shown
on Piqure 3.8-29 for the operatinq and the postulated design
accident conditions. The design accident temperature gradient
shown on Piqure 3.8-29 occurs five minutes after LOCA. This
transient temperature gradient is used for the design of the
containment since it produces the largest stresses in the
structure.
Thermal ef fects anticipated at the time of the structural
acceptance test are insignificant because changes in temperature
inside and outside the containment during the Unit 1 structural
acceptance test were small. Therefore, thermal effects at the
time of the structural acceptance test are insignificant.

3.8.1.3.2 5 Mind and Tornado Loads

Mind and tornado loads are not considered because the containmentis surrounded by the reactor building

3 8 1.3. 2.6 Seismic Loads

a) Loads from the Operatinq Basis Earthquake result from
qround surface horizontal acceleration of 0.05 q, andvertical ground surface acceleration of 0.033 g, acting
simultaneously.

b) Loads .from the Safe Shutdown Earthquake result from
ground surface horizontal acceleration of 0 10 q, andvertical qround surface acceleration of 0.067 q ~ acting
simultaneously.

3.8 1.3.~7 External Pressure Load

The containment shell is designed to withstand an external
pressure of 5 psi differential.

3.8 1.3.2 8 Missile and Pipe R~uture Loads

The containment wall is desiqned to withstand the missile and
pipe rupture loads due to a postulated rupture of a 26 in.
diameter main steam pipe, which produces the largest loads on the
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containment sall. These loads" include the effects of jet
impingement, pipe whip, and pipe reaction. An equivalent static
load of 1000 kips is considered. This load includes an
appropriate dynamic load factor to account for the dynamic natureof the load. See Section 3.6 for a further discussion of
post ula ted pipe r upture loads.

3.8. 1.4 Design and Analysis Procedures

3. 8. 1. 4 1 General

I This subsection describes the procedures used for the design and
analysis of the containment. The description does not include
the effects of hydrodynamic loads from main steam safety/relief
valve discharge and LOCA. For a description of the design and
analysis procedures that consider the effects of hydrodynamic
loads refer to GE~s «Nark IX Containment Dynamic Forcing
Functions Report«(NEDO-21061) and the «Susquehanna Plant Design
Assessment Report«.

The analysis procedure consists of two parts. First, the
uncracked forces, moments, and shears for both arisymmetric and
non-axisymmetric loads are determined. Axisymmetric loads are
dead load, live Load, design accident pressure load, vertical
seismic load, and operating and design accident. thermal loads.
Non-axisymmetric loads are horizontal seismic load and localizedmissile and pipe rupture load. The second part consists of
taking into account the expected cracking of the concrete and
determining the concrete and reinforcing steel, stresses andstrains. The liner plate is not considered to resist any load.
The 3D/SAP computer program (Appendix 3.8A) is used to determine
the uncracked forces, moments, and shears due to axisymmetric
loads. The operating and design accident temperature gradients
are computed using NE 620 'computer program (Appendix 3. 8A) . Fortransient loads such as design accident pressure and thermal
loads, the most critical combination of these loads is
considered.

The forces, moments, and shears in the uncracked structure due to
seismic loads are determined per Bechtel Topical Report BC-TOP-4-
A (Ref. 2K of Table 3 8-1 ) The effect of variations in the
values of structural and foundation parameters on the modal
frequencies is considered. See Section 3.7 for a description of
the containment seismic analysis. The 3D/SAP program is used to
analyze the containment for non-axisymmetric loads due to missile
a nd pos tula ted pi pe r up turq.

REV. 1 8/78 3. 8-10
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The CECAP computer program (Appendix 3.8A) is used to determine
the extent of concrete cracking and the concrete and rebar
stresses and strains. The input data for the CECAP program
consists of the uncracked forces, moments, and shears calculated
by the 3D/SAP and seismic analysis programs. The CECAP program
models a single element of unit height, unit width, and depth
equal to the thickness of the wall or slab. The program assumes
isotropic, linear elastic material properties and uses an
iterative technique to obtain stresses considering their
redistribution due to cracking. The program determines the
redistribution of thermal stresses due to the relieving effect of
concrete cracking.

3 8.1.4 2 Containment Wall

Figure 3.8-30 shows the 3D/SAP finite element model used to
analyze the containment wall for axisymmetric loads. A 10 degree
wedge of the containment is modeled using solid finite elements
having linear elastic, isotropic material properties. The model
includes the containment wall, base foundation slab, drywell
floor, reacto" pedestal and the foundation material Boundary
conditions are imposed on the analytical model by specifying
nodal point forces or displacements. Referring to Figure 3.8-30,
the nodal points lyinq along Boundary A are allowed to move
within the X-Z plane, and Boundary B within the X-Y plane.
Points along Boundary C are prevented from moving in the radial
direction and points along Boundary D are prevented from moving
in the hoop direction. Nodal forces, moments, and shears are
applied to Boundaries E and F to account for reaction loads from
the drywell head and reactor vessel and reactor shield wall
respectively.
Figure 3.8-31 shows the 3D/SAP finite element model used to
analyze the drywell wall for non-axisymmetric missile and pipe
rupture loads. A 180 degree half model of the drywell wall
consisting of linear elastic, isotropic, solid finite elements is
used. Referrinq to Fiqure 3.8-31, the nodal points lying along
Boundary A are allowed to move within the X-Z plane. Points
along Boundary B are prevented. from moving in the vertical and
radial directions. Nodal forces, moments, and shears are applied
to Boundary C to account for reaction loads from the drywell
hea d.

Tangential shears caused by seismic loads are totally resisted by
helical reinforcing bars and concrete No tangential shear is
taken by the concrete. The tangential shear is considered as
diaqonal tension and compression components. The helical
reinforcing bars resist diagonal tension and the concrete resists
diagonal compression. In calculating the reinforcing steel
requirement, the helical reinforcement is desiqned to resist
stresses due to
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desiqn accident pressure and thermal loads as well as tangential
shears caused by seismic loads.

3.8,1 4.3 Base Foundation Slab

Figure 3.8-32 shows the 3D/SAP finite element model used to
analyze the base foundation slab. A 180 deqree half model of the
base foundation slab consisting of linear elastic, isotropic,
solid finite elements is used'. The model includes the base
foundation slab, a portion of the containment wall and the
foundation material. Referring to Figure 3.8-32, the nodal
points lying along Boundary A are allowed to move within the X-2
plane, and Boundary B within the X-Y plane. Points along
Boundary C are prevented from moving in the radial direction.
Axisymmetric forces, moments, and shears calculated using the
3D/SAP containment model and seismically-induced, tangential
shears are applied to Boundary D. The height of the model is
chosen so that the overturning moment caused by the tangential
shear is the same as the overturning moment determined by the
seismic analysis. In order to be able to consider uplifting of
the base foundation slab from its foundation, a thin layer of
foundation material is provided immediately beneath the
foundation slab. If the computer output indicates tension in any
of these thin foundation elements, the modulus of elasticity of
these elements is reduced to almost zero. Then a second computer
run is made and any additional uplift is identified. Further
iterations and modifications of foundation material properties
are made until the complete extent of uplift is determined.
Uplift does not result in overstressing the containment
foundation.

3.8.1.4.4 Analysis of Areas Around Equipment Hatches

Figure 3.8-33 shows the 3D/SAP finite element model used to
analyze the areas of the containment wall around the equipment
hatches. A 60 degree wedge of the containment wall is modeled
using solid finite elements having linear elastic, isotropic
material properties. To reduce the size of the analytical model,
Boundary A follows the vertical plane of symmetry of the
equipment hatch. The points delineating the outermost boundaries
of the model are located at a sufficient distance from the
openinq so that the behavior of the model along the boundaries is
compatible with that of the undisturbed shell. Referring to
Figure 3.8-33, the nodal points lying along Boundary A are
allowed to move within the X-Z plane, and Boundary B within the
X-Y plane. Points along Boundary C are prevented from moving in
the hoop direction. Arisymmetric forces, moments, and shears
calculated using the 3D/SAP containment model are applied to
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Boundary D. Seismic loads calculated by the seismic analysis are
applied locally to the elements. Seismically induced, tangential
shears around the equipment hatches are resisted by helical
reinforcing bars and concrete in compression.

3 Q 1,4 5 Liner Plate and Anchorages

The desiqn and analysis of the liner plate and anchorages is per
Bechtel Topical Report BC-TOP-1 {Ref. 1K of Table 3 8-1).

3 8 1 5 Structural Acceptance Criteria

3.8 1.5.1 Seinforced Concrete

3.8.1.5 1.1 Mor~kin 'tress Nethod

The preoperational 'testing condition listed in Table 3.8-2 is
designed according to the stress limitations of ACI 318, Section
8.10 except that the maximum permissible tensile stress for
reinforcement shall be 0.5 Py. This criterion conforms to
Reference 12A of Table 3.8-1

3.8. 1.5. 1-7. Strength Sethod

The factored load combinations listed in Table 3.8-2 are designed
according +o the strength method of ACI 318. The following
allowable stresses are used:

a) Concrete

1) Compression — 0. 85 f'c
2) Tension — not permitted

.3) Radial shear — ACX 318-7 't {Chapter 11)

4) Tangential shear — not permitted

b) Reinforcinq Steel

1) Tension — 0.90 Py

2) Compression — 0.90 Fv

REV. 11» 7/79
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The allowables are defined as:

f'c
F„y

Specified compressive strength of concrete

Specified yield strenqth of reinforcing steel

3.8.1.5 2 Liner Plate and Anchorages

The allowable strain in the liner plate due to design basis
acc'ident thermal load is 0.5 percent. This value is based on
ASNE Code, Section III (Ref. 1J of Table 3.8-1), Figure J-9.1
which permits an allowable strain of approximately 2 percent 'for
10 cycles. Since the qraph in Figure I-9.1 does not extend below
10 cycles, 10 cycles are conservatively used for the DBA instead
of one cycle.

The allowable forces on the liner plate anchorages are in
accordance with Bechtel Topical Report BC-TOP-1 (Ref. 1K of Table
3 8-1) .

3. 8.1.6 Materials, Quality Control, and Special
Construction Technigues

3 8 1. 6. 1 Concrete Containment

The concrete and reinforcinq steel materials for the containment
are discussed in Appendix 3.8B. Concrete design compressive
strengths are given in Table 3.8-11.

3. 8,1,6 2 Liner Plate~ Anchorage~s and Attachments

3 8.1.6. 2 1 materials

Liner plate materials conform to the requirements of the standard
specif ications listed below:

Item Specif ication

Liner,plate (less than
1/2 in. thick)

ASTN A 285, Grade A

REV. 11, 7/79
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Liner plate (1/2 in. thick
or thicker)

ASME SA-516, Grade 60 or 70
conforminq to the requirements
of ASIDE Boiler and Pressure
Vessel Code (ASHE BGPV Code),
1971 Fdition vith,Addenda
throuqh Summer 1972, Section IIX,
Article NE-2000

Anchoraqes and attachments
other than pipe restraints

ASTN A36

Pipe restraint attachments ASTN A441

REV. 11, 7/79 3 8-14a
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3.8 1.6 2 2 e~eldin

Liner plate and structural steel welding conform to the
applicable portions of Part UW of Section VIIZ of the ASME BGPV
Code. Specifically, .Paragraph UW-26 through UW-38 inclusive
apply in their entirety. The velding of liner plate butt velds
and attachments that penetrate the liner plate is performed by
either the shielded metal arc or the automatic submerged arc
process. The minimum number of individual weld layers for welds
that must maintain leak-tightness is two. Welders and weld
procedures are qualified in accordance with either Section IX of
the ASME Code or AWS D1.1.

3 8 1. 6. 2 3 Materials Testin

Liner plate material 3/4 in. thick or over is impact tested
at'OP

or .below as required by the ASME Code. Liner plate or
attachment material subjected to transverse tensile stress is
vacuum degassed and ultrasonically tested in accordance with ASME
Code, Section,III, NB-2530 and conforms to the requirements of
Article NE-2000 of Section III.

3.8. 1.6. 2.4 Nondestructive Examination of Liner Plate
Seam Welds

Nondestructive examination of liner plate welds is performed in
accordance with Requlatory Guide 1. 19, Revision 1 except that for
leak chase testing, the leak chase pressure is 115 percent of
desiqn pressure instead of 100 percent of design pressure, and
the pressure is'eld for 15 minutes instead of two hours. This
exception is considered justifiable since any significant leakage
(i.e. any pressure decay in excess of the rated accuracy of the
pressure gage) will be determined within 15 minutes.

Spot radiographic examination is performed for all radiographable
liner plate seam velds Radiography is performed in accordance
with Section V, Article 3 of the ASME Code. Personnel performing
radiographic examinations are qualified in accordance with the
Society for Non-Destructive Testing's Recommended Practice No.
SNT-TC-1A, Supplement A, plus any additional requirements of the
ASME Code, Section V. Acceptarice standards are in accordance
vith Paraqraph UW-51, of Section VXII, Division 1 of the ASME
Code. The first 10 ft of weld for each welder and velding
position is 100 percent radioqraphed. Thereafter, one 12 in.
long radiograph is taken for each welder and veld position in
each additional 50 ft increment of veld. A minimum of 2 percent
of all liner seam welds are examined by radiography. For
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nonradioqraphable welds, the length of weld needed to meet the 2
percent requirement is accounted for by additional radiographs of
that lenqth for the accessible velds.

Where nonradioqraphable veld ~ joints are used, the entire length
of weld is magnetic particle examined. All magnetic particle
examinations conform to the ASME Code, Section V. Personnel
performinq magnetic particle examinations are qualified in
accordance with SNT-TC-1A plus any additional requirements of the
ASME Code, Section V. Acceptance standards are in accordance
with the .ASME Code, Section VIIX, Division 1, Appendix VI.

The vacuum box soap bubble test is performed on all accessible
liner plate weld seams. A 5 psi minimum pressure differential is
maintained for a minimum time of 20 seconds. The leak detecting
solution is continuously observed for bubbles that'ndicate
leaks. If a leak is detected, the defective weld is repaired and
reinspected by vacuum box testing.
Welds that are inaccessible for vacuum box testing are 100
percent liquid penetrant tested Liquid penetrant examinations
conform to the ASME Code, Section V. Personnel, performing liquid
penetrant examinations are qualified in accordance with SNT-TC-1A
plus any additional requirements of the ASME Code, Section V.

~ Acceptance .standards conform to the ASME Code, Section VIIX,
Division 1, Appendix VIII.
A leak chase system is provided on liner plate seam velds less
than 1/2 in. thick on 'the base foundation slab liner plate and on
that portion of the suppression'hamber wall liner plate that is
below the suppression pool water level. This system will„allow
periodic'eak testing of velds that are submerged in

the'uppressionpool. ~It also provides a secondary leak-tight
barrier at the liner plate veld seams. Following installation of
the leak chase system, the leak chase system is pressurized to 63
psiq. The pressure is monitored by valving off"the air supply
and measuring any pressure decay with a pressure gage. Any
pressure decay in excess of the rated accuracy of the pressure
qaqe within 15 minutes is cause for rejection of that portion of
the li,ner plate'seam wells and the leak chase system. Any leaks
are repaired, and follovinq repajr, the affected portion of t'e
leak chase sy'tem is retested.

3. 8 1. 6. 2 5 ~ ua lit Con tro1

Quality control requirements are discussed in- Appendix D and
amendments to the PSAR for. the construction phase.
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~38. 1 6. 2.6 Erection 1'olerancee

The specified erection tolerances for the liner plate are asfollows:

a) The slope of any 10 ft section of cylindrical liner
plate, referred to true vertical, does not exceed 1:180.
The deviation from theoretical slope of any 10 ftsection of conical liner plate, measured within avertical plane, does not exceed 1:120.

b) The cylindrical shell is plumb within 1/400 of the
height. The vertical axis of the conical shell, as
established at the top and bottom of the conical
section, is plumb within 1/400 of the height.

c) The radial dimension to any point on the liner plate
does not vary from the design radius by more than

1 in., and at any given elevation the maximum diameter
minus the minimum diameter shall not exceed 4 in.,
except that there is a radial tolerance of a 2 in. forlocal out-of-roundness. Radial measurements are takenat 24 locations spaced equally around the containment at
any elevation. Local out-of-roundness tolerance is usedfor not more than two measurements at any givenelevation and is not used at adjacent measurements.

Plates joined by butt welding are matched accurately andretained in position during the welding operation.
Misalignment in completed joints shall not exceed the
requirements of Paragraph UM-33 of Section VXII,Division 1 of the ASMB Code.

e) The levelness of anchorages placed in the base
foundation slab is within x1/4 in. of the theoretical
elevation over the entire area, plus a local toleranceof a1/8 in. in any 30 .ft length.

Actual deviations from the above were handled in accordance with
the procedures covered in Subsection 3.8.1.6.2.5.
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Testin and In- e vice Su veillaace Be u ements

3.8.1 7 1 P eo e ational Te tin

3 8.1 7. 1.1 Structu al A ce tance Test

This subsection briefly describes the Unit 1 containmentstructural acceptance test. Por a more detailed description,refer to the "SSES, Unit 1 Containment Structure, StructuralIntegrity Test Report>

The Unit 1 containment structural acceptance test was performedafter completion of the containment structure but prior toinstallation of piping and equipment. The reactor vessel wasinstalled at the time of the test and the suppression chamber wasfilled with water to the normal level. The Unit 2 containmentstructural acceptance test will be performed after completion ofthe containment including all piping and equipment. The Unit 1test was a prototype test and, therefore, internal concretestrains were measured. The Unit 2 test will be a non-prototypetest and, therefore, internal concrete strains will not be
measured.

The Unit 1 test was done and the Unit 2 test will be done in
accordance with Regulatory Guide 1.18 'evision 1, except for thefollowinq:

a) A continuous increase in containment pressure, rather
than incremental pressure increases, was used. This is
considered justifiable since data observations at each
pressure level were made rapidly. Rapidly is defined asrequiring a time interval for the data point samplesufficiently short so that the change in pressure during
the observation would cause a change in structural
response of less than five percent of the total
anticipated change. Also, the maximum rate of
pressurization was limited to 3 psi/hr to ensure that
the structure would respond to the pressure load without
any time laq.

b) The distribution of measuring points for monitoringradial deflections was selected so that the as-built
condition could be considered in the assessment of the
general shell response. In general, the locations of
measurinq points for radial deflections was in agreement
with Requlatory Guide 1.18, Pigure B, except point 1.
Point 1 was provided at a distance of two times the wall
thickness (12 ft) above the base mat. This variation
was made to properly predict, the containment behavior
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sear the base mat to wall connection. Zf point 1 was
provided at a height of three times the wall thickness
(18 ft), it would be located close to point 2
(suppression chamber wall midheight is 26 ft) and would
not yield any additional behavior pattern of the
containment.

c) Some of the strain gage instrumentation was farther from
the equipment hatch <han 0.5 times the wall thickness (3
ft) as required by Regulatory Guide 1.18, Paragraph C.5.
This was required in order to clear reinforcement and is
considered justifiable since the intent of the
Regulatory Guide, ie, to demonstrate the structural
integrity of the containment, was met.

Tanqential deflections of the containment wall adjacent
to the equipment hatch were not measured because the
predicted values of tangential deflection were small andit would have been difficult to obtain fixed reference
points for measurement of 'local tangential deflections.

e) Triaxial concrete strain measurements were not used to
evaluate the concrete strain distribution because the
measured strain values could not be properly
interpreted. The difficulty in interpreting the data
was due to the large size of the strain gages relative
to the wall thickness. The concrete stain was evaluated
using linear strain measurements in the meridional and
hoop directions.

f) Humidity inside the containment was not measured during
the test since it does not affect the response of the
structure.

The containment was pneumatically pressurized to 1. 15 times the
design accident pressure as shown on Figure 3.8-34. The drywell
floor was tested to 1. 15 times the desiqn downward differential
pressure.

Structural measurements were taken at peak pressure and peak
differential pressure as well as at intermediate stages.
Measured structural data include the following:

1) Radial and vertical deflections of the containment

2) Internal concrete strains

3) External concrete surface cracks.

The above data were measured for the containment and for the
larqest opening which are the two equipment hatches. Since the
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areas of the containment wall around the equipment hatches are of
identical design, only one of the hatches was instrumented. See
Figures-. 3.8-35 and 3. 8-36 for the locations of deflection
measurinq devices for the containment and the equipment hatch
respectively. See Figures 3.8-37 and 3.8-38 for the location of
strain gage instrumentation for the containment and the equipment
hatch respectively. Strain gages were located within the walls
and slabs at the rebar layers in the direction of the main
reinforcement. An inspection of external concrete surface cracks
was performed at six locations. Each crack inspection area was
at least 40 sq ft. Figure 3.8-39 shows the locations of the
crack mapping areas.

Deflections and strains were calculated prior to the test. A 15
percent margin was added to the calculated values of deflection
and strain to arrive at the predicted values. The FLHEL computer
proqram (Appendix 3.8A) was used to calculate the deflections and
strains for the containment. The program performs a .finite
element, static analysis of axisymmetric structures with
axisymmetric loadinq. Special material properties that can be
considered include bilinearity in compression and bilinearity or
cracking in tension. Figure 3.8-40 shows a vertical section
throuqh the model. Points along Boundary A are prevented from
moving in the vertical direction and points along Boundary B are
prevented from moving in the radial direction Concrete,
reinforcing steel, and liner plate materials are included in the
model. The SUPERB computer program (Appendix 3.8A) was used to
calculate the predicted deflections and strains for the equipment
hatch. Fiqure 3.8-41 shows the analytical model of the equipment
hatch. Shell elements are used to represent the containment wall
around the equipment hatch and the drywell floor. „ Points along
Boundary A are allowed to move within the X-2 plane, and Boundary
B within the X-Y plane. Points along Boundary C are prevehted
from movinq in the hoop direction, and points along Boundary D

are prevented from moving in the radial direction Nodal forces,
moments, and shears are applied to Boundary E to account for the
reaction loads from the upper portion of the drywell wall

Deflections and strains measured during the'.test were less than
or egual to the predicted values at all critical locations.
Thus, the design of the containment provides an adequate safety
margin against internal pressure. Figure 3.8-42 shows a
comparison between measured and predicted deflections for the
containment at peak pressure. Fiqure 3.8-43 shows a comparison
between measured and predicted deflections for the eguipment
hatch- at peak pressure. The maximum strain occurs at midheight
of the suppression chamber wall. Figures 3. 8-44 through 3.8-48
compare measured and predicted strains at this location. Verylittle concrete cracking was observed. Figure 3 8-49 shows the
cracks mapped at midheiqht of the drywell wall where the greatest
amount of concrete surface cracks were observed.
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3.8. 1.7. 1.2 Leak Rate Testin

Preoperational leak rate testing is discussed in Subsection
6 2.6

3.8. 1.7 2 In-service Leak Rate Testin

In-service leak rate testing is discussed in Subsection 6.2.6.

3 S 2 ASHE CLASS MC STEEL COMPONENTS OP THE CONTAINMENT

This subsection pertains to the ASME Class HC steel components of
the concrete containment that form a portion of the containment
pressure boundary and are not backed by structural concrete.
These components include the drywell head assembly, the equipment
hatches and personnel lock, the suppression chamber access
hatches, the CRD removal hatch, and piping and electrical
penetrations.

3 8. 2. 1 Des~cri tion of the ASIDE Class NC Com onents

3.8 2 1 1 orwell Head Assem~bl

The dryvell head provides a removable closure at the top of the
containment for reactor access durinq the refueling operation.
The dryvell head assembly consists of a 2: 1 hemi-ellipsoidal head
and a cylindrical lover flange. The lower flange is supported on
the top of the dryvell wall as shown on Figure 3.8-9. The head
is made of 1-1/2 in. thick plate and is secured with 80 2-3/4 in.
diameter bolts at the 4 in. thick mating .flange. Double rubber
qaskets are provided at the head-to-lower flange connection to
permit local leakaqe testing of the gaskets. The inside diameter
(ID) of the dryvell head at the mating flange is 37 ft 7-1/2 in.

A 24 in. diameter double-qasketed manhole is provided in the
drywell head.

Figure 3.8-50 shows details of the drywell head assembly.
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3.8. 2. 1 2 Equipment Hatches and Personnel Lock

Two 12 ft 2 in. ID equipment hatches are furnished in the
drywell wall to permit the transfer of equipment and components
into and out of the drywell. One hatch is furnished with a
double-gasketed flange and a bolted dished door. The other hatch
is furnished with a double-gasketed flange and a bolted personnel
lock. The personnel lock is an 8 ft 7 in. ID cylindrical
pressure vessel with inner and outer flat bulkheads.
Interlocked, double-gasketed doors are furnished in each
bulkhead. A quick-acting, equalizing valve vents the personnel
lock to the drywell to equalize the pressure in the two systems
when the doors are opened and then closed. The two doors in the
personnel lock are mechanically interlocked to prevent them from
being opened simultaneously and to ensure that one door is closed
before the opposite, door can be opened. The personnel lock has
an ASIDE Code N-stamp. See Figures 3.8-51 and 3.8-52 for details
of the equipment hatch and the equipment hatch with personnel
lock respectively.

3.8. 2. 1.3 Suppression Chamber Access Hatches

Two 6 ft 0 in. ID access hatches are furnished in the suppression
chamber wall to permit personnel access and the transfer of
equipment and components into and out of the suppression chamber.
Each hatch is furnished with a double-gasketed flange and a
bolted flat cover. See Figure 3. 8-53 for details of the
suppression chamber access hatches.

3.8.2.1.4 CRD Removal Hatch

One 3 ft 0 in. ID CRD removal hatch is furnished in the drywell
wall to permit transfer of the control rod drive assemblies into
and out of the drywell. The hatch is furnished with a double-
gasketed flange and a bolted flat cover. See Figure 3.8-54 for
details of the CRD removal hatch.

3.8. 2.1. 5 Penetrations

The entire length of any penetration sleeve is considered an NC
component and, as such, is designed in accordance with Subsection
NE of the ASIDE BSPV Code, Section III. See Subsection
3.8. 1. 1.3.3 for a description of the containment penetrations.
Figures 3.8-21 and 3.8-22 show details of typical pipe and
electrical penetratiops respectively.

REV, 1 8/78 3 8-22



SSES-PSAB

3.8-2+2 ~alicable Codes Standards and~secitications

The codes, standards, and specifications used in the design and
construction of the containment are listed in Table 3.8-1 and
given a reference number

The reference numbers for the ASIDE Class MC components are 7C,
18, lJ, and 1K.

Table 3.8-3 lists the loading combinations used for the design
and analysis of the ASME Class MC components The loading
combinations comply with Regulatory Guide 1.57. The loading
combinations shown in Table 3.8-3 do not include the hydrodynamic
loads.

The ASME Class MC components have also been analyzed for
hydrodynamic loads from main steam safety/relief valve discharge
and LOCA. For a definition of loads and loading combinations
including hydrodynamic loads, refer to GE's "Mark II Containment
Dynamic Forcing Functions Information Report'~ (NEDO-21061), and
the "Susquehanna Plant Design Assessment Report"

KLJ'or

a description of dead and live load, see Subsections
3 8.1.3 2 1 and 3 8 1.3 2 2 respectively.

U.
The HC components are designed for a containment design basis
accident internal pressure of 53 psig. The personnel lock is
also designed for a design basis accident internal pressure of
53 psig.
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3 8.2.3 ~3 External Pressure Load

The HC components are designed for a containment external
pressure of 5 psi differential

3 8.2 3.2 4 Thermal Loads

The operating and postulated design accident temperatures for the
MC components are as follows:

Te~m erature $ 0F)

Condition

Operating

Design Accident

Drwe ll
135

340

Suppression
Chamber

90

220

Thermal cycles used in design are as follows:

a) Star tup and shutdown -'00 cycles, 105~F range

b) Design Basis Accident — 1 cycle, 220~F range.

3.8 2 3.2 5 Seismic Loads

The NC components are designed for acceleration values, which are
calculated using methods described in Bechtel Topical Report BC-
TOP-4-A (Ref 2K of Table 3.8-1) .

The following acceleration values are used for the design of the
drywell head assembly:

a) Operating Basis Earthquake — 1.0g horizontal,
10.4g vertical

b) Safe Shutdown Earthquake — 1.5g horizontal,
10.6g vertical

The following acceleration values are used for the design of all
other class llC components:

a) Operating Basis Earthquake — 0.4g horizontal,
a0.3g vertical
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b) Safe Shutdown Earthquake — 0.6g horizontal,
a0.4q vertical

3.8.2 3 2 6 Nissile and Pi e Ru ture Loads

The drywell head assembly is designed for a local pipe rupture
load of 48,000 lb uniformly distributed over a circular area of
0.56 sq ft at any location on the drywell head. This load is due
to the postulated rupture of the 6 in diameter reactor vessel
head spray pipe, which produces the largest load on the drywell
head.

The equipment hatches are designed for a pipe rupture load of
1,200,000 lb uniformly distributed over a circular area of 12 ft
diameter.

The CRD removal hatch is designed for a pipe rupture load of
160,000 lb uniformly distributed over a circular area of 3 ft
diameter.

The loads on the eguipment hatches and the CRD removal hatch are
due to t'e rupture of a 28 in. diameter recirculation loop outlet
pipe, which produces the largest load on the components.

The above values of static .load include an appropriate dynamic
load factor to account for the dynamic nature of the load. See
Section 3.6 for a further discussion of pipe rupture loads.

3 8.2.4 Desi n and Anal sis Procedures

3 8.2. 4 1 Dr well Head Assemb~l

The analysis of the drywell head assembly is done using the thin
shell computer program E0781 (Appendix 3. 8A) . This program

.calculates the stresses and displacements in thin-walled, elastic
shells of revolution when subjected to static edge, surface,
and/or temperature loads with an arbitrary distribution over the
surface of the shell.
The drywell head assembly is divided into two analytical models.
Figure 3.8-55 shows the drywell head model and the lower flange
model., Displacement compatibility of the two models at the
mating flange surface is maintained in the analysis. Boundary
conditions are imposed on the analytical models by specifying
boundary forces or displacements. Referring to Figure 3.8-55,
the translation and rotation of the top of the drywell wall are
imposed as boundary conditions to Boundary A Boundary forces
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applied to Boundary B are calculated in accordance with thin
shell theory.

3.8.2.4. 2 Access Hatches

Access hatches, including the equipment hatches, personnel lock,
suppression chamber access hatches and CRD removal hatch, are
designed as pressure retaining components. The portions of the
sleeves not backed by concrete are designed and analyzed
accordinq to the provisions of Section III, Subsection NE of the
ASIDE BGPV Code.

At the )unction of the hatch cover to the flange on the sleeve,
where local bending and secondary stresses occur, the computer
program E0119 (Appendix 3.8A) is used for analysis. This program
is also used for the analysis of the flat head covers.

3 8 2 4.3 Pi e and Electrical Penetrations

For nuclear Class I flued head penetrations, the stress
calculations are performed according to the requirements of
Article NB-3200 of the ASIDE BSPV Code, Section III for design,
normal and upset, emergency, and faulted conditions. Nuclear
Class II flued head penetrations are designed for the most severe
condition which is the faulted condition. The stress
calculations are performed using acceptable simplified equations
or finite element computer proqram.

For Class IE electrical cable penetrations, the procedures used
in design and analysis are in compliance with Subsection NE of
the ASl1E Code, Section III, Division 1 The stress calculations
'were performed using acceptable simplified eguations shown in
Appendix A-5000 of the ASIDE Code, Section III.

3 8.2.5 Structural Acce tance Criteria

Table 3. 8-3 lists the allowable stress criteria used for the
design and analysis of the ASNE Class NC components. The
criteria comply with Regulatory Guide 1.57 except that the Code
addendum {Summer 1973) applicable to the Regulatory Guide is
subsequent to the Code addendum used for the design of the NC
components (Summer 1972).
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3. 8 2. 6 Materials, Quality Control, and Special
Construction Techni ues

3 8 2.6 1 Materials

3 8 2. 6 1. 1 General

All carbon steel materials conform to the requirements of Article
NE-2000, Materials, Section III of the ASME BGPV Code, 1971
Edition, with addenda through Summer 1972. Stainless steel
materials for the CRD supply and, return pipe penetrations conform
to the requirements of Subsection NC of Section III of the ASME
BGPV Code, 1971 Edition, with addenda through Summer 1972.

3 8.2.6. 1.2 Dr well Head Assembl

Item S ecification
Drywell head and
lower flange

SA-516, Grade 70, normalized

Bolts

Nuts

SA-320, Grade 143

SA-194, Grade 7

3.8 2.6 1 3 Access Hatches

,Item

Sleeve and cover

Bolts

Nuts

SA-516, Grade 60 or 70, normalized

SA-193, Grade B7

SA-194, Grade 7
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3 8 2 6. 1 4 Penetrations

Item S ecification
Carbon steel
sleeves

SA-333, Grade I or 6
or
SA-516, Grade 60 or 70 normalized

Carbon steel caps
for spare
penetrations

SA-234, Grade WPB

Stainless steel
sleeves for CRD
supply and return
penetrations

SA-312, Grade TP 304

Stainless steel SA-182, Grade F 304fittings for
CRD supply and,
return penetrations

R

3.8.2.6 2 ~Reldin

Weldinq conforms to the reguirements of Subsection NE, SectionIII, ASME BGPV Code, except all welding of the CHD supply and
return penetrations conforms to the requirements of Subsection NC
of Section IIX of the ASME BGPV Code. All pressure boundary
welds are full penetration welds of double welded, 'bevel type
Welders and weld procedures are qualified in accordance with
either Section IX of the ASME Code or AWS Dl.l
Penetrations, access hatches, and the drywell head flange are
postweld heat treated in accordance with Article NE-4000 of
Section XII of the ASME Code. Penetrations are preassemblied
into the liner plate sections and postweld heat treated as
complete subassemblies.

3.8.2.6 3 Materials Tes~tin

Impact testing as required by the ASME Code is performed at ODF
or below
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3.8 2.6.4 Nondestructive Examination of Melds

All welds between penetrations and liner plate, access hatches
and liner plate, and pressure retaining velds not backed by
concrete are examined in accordance with Article NE-5000 of
Section .III of the ASNE Code. Nondestructive examination
complies with Regulatory Guide 1. 19.

3 8.2.6 5 ualit Control

Quality control requirements, for the construction phase are
discussed in Appendix D and amendments to the PSAR.

3 8.2. 6 6 Erection Tolerances

The specified erection tolerances for ASIDE Class NC steel
components of the containment are as follovs:

a) Suppression chamber penetrations are vithin 1 in. of
their design elevations and circumferential locations.

b) Drywell penetrations are within 1 in of their design
circumferential locations. Critical penetrations, such
as main steam, feedwater, core spray, etc, are vithin 1

in. of their design elevations. All other dryvell
penetrations vary from within 1 in. of design elevations
for penetrations near the base of the dryvell vali to
within 2 in. of design elevations for penetrations near
the top of the dryvell wall.

c) Alignments of penetrations are within 1 degree of the
design alignments.

d) The average elevation of the matinq flange between the
dryvell head and the lower flange is within 3 in of the
design elevation. The mating flange is within 1/2 in.
o f level.

Actual deviations from the above were handled in accordance with
procedures covered in Subsection 3 8.2 6.5.
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3.8 2-7 Testin and In-service Ins ection R~e nireaents

3 8 2.7 1 Prep erational .Testin

3.8 2 7. 1. 1 Structural Acce tance Test

The drywell head assembly, eguipment hatches, suppression chamber
access hatches,.CBD removal hatch, and pipe and electrical
penetrations are pneumatically tested to 1 15 times the design
accident pressure during the containment structural acceptancetest. See Subsection 3.8. 1.7. 1.1 for a description of the
structural acceptance tests.
The personnel lock is pneumaticallly tested to 1. 15 times the
design accident pressure, following shop fabrication and
followinq field erection, to verify its structural integrity.
The CRD supply and return pipe penetrations are hydrotested to
1. 5 times the desiqn pressure of 1510 psiiJ following shopfabrication in accordance with the ASME Code, Section III,
Subsection NC.

3 8.2 7-1.2 Leak Rate Te~stin

Leaktiqhtness of the containment Class MC components that are
pressure retaining is verified during the integrated leak ratetest. See Subsection 6 2.6 for a description of the containment
integrated leak rate test.
The personnel lock is leak rate tested to 100 percent of the
design accident pressure following shop fabrication and followingfield erection The maximum allowable leak rate is 0.2 percent
of the weight of the contained air in 24 hr when measured at
ambient temperature and test pressure.

Xn-service leak rate testinq is discussed in Subsection 6.2 6.
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3 8 3 CONTAXNMEHT INTERNAL STRUCTURES

3 8 3.1 Descri tion of the Internal Structures

The internal structures of the containment perform the following
major functions:

a) Support and. shield the reactor vessel

b) Support pipinq and equipment

c) Form the pressure suppression boundary.

The containment internal structures are constructed of reinforced
concrete and structural steel. The containment internal
structures include the followinq:

a) Drywell floor
b) Reactor pedestal

c) Reactor shield wall

d) Suppression chamber columns

e) Drywell platforms

f) Seismic truss

q} Reactor steam supply system supports

Fiqures 3.8-1 throuqh 3.8-8 show an overview of the containment
includinq the internal structures.

3.8.3 1.1 Dr well Floor

The drywell floor serves as a barrier between the drywell and
suppression chamber. It is a reinforced concrete circular slab
with an outside diameter of 88 ft 0 in and a thickness of 3 ft
6 in. See Piqure 3.8-56 for details of the drywell floor
reinforcement.

The drywell floor is supported by the reactor pedestal, the
containment wall, and 12 steel columns The connection of the
drywell floor to the containment wall 'is shown on Figure 3.8-10.
The drywell floor is penetrated by 87 24-in. diameter vent pipes.
Additional reinforcement is furnished at vent pipe penetrations.
See Subsection 6.2. 1 for a description of the vent pipes.
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A 1/4 in. thick carbon steel liner plate is provided on top of
the drywell floor and anchored to it. The liner plate prevents
bypass of the vent pipes during LOCA. Refer to Subsection 6.2. 1

for a description of the bypass leakage requirements Figure
3.8-57 shows the drywell floor liner plate and anchorage system.

3.8.3 1 2 Reactor Pedestal

The reactor pedestal is a 82 ft high, upright cylindrical
reinforced concrete shell that rests on the containment base
foundation slab and supports the drywell floor, reactor vessel,
and reactor shield wall as well as drywell platforms, pipe
restraints, and recirculation pumps. The connection of the
reactor pedestal to the base foundation slab is shown on Figure
3.8-13. The reactor pedestal below the drywell floor has a 19 ft
7 in. inside diameter and a 5 ft 1 in. wall thickness The
reactor pedestal above the drywell floor has a 20 ft 3 in. inside
diameter and a 4 ft 5 in. wall thickness. The thickness at the
top of the pedestal is increased to 5 ft 4 in., where it supports
the reactor vessel and the reactor shield wall. See Figures 3.8-
58 and 3.8-59 for details of reinforcement. Openings are
provided in the reactor pedestal to permit flow of air and
suppression pool water into and out of the pedestal cavity.
Additional reinforcement is furnished at openings. A 1/4 in.
thick carbon steel form plate is provided on the inside and
outside surfaces of the reactor pedestal below the drywell floor
This plate acts as a concrete form during construction and
preserves the water quality of the suppression pool by preventing
the leaching of chemicals from the reactor pedestal concrete into
the suppression pool.

3.8 3 1.3 Reactor Shield Mall

The reactor shield wall is a 49 ft high upright cylindrical shell
which rests on the top of the reactor pedestal and provides
primary radiation.shieldinq as well as supports for pipe
restraints and drywell platforms. The reactor shield wall is

.constructed of inner and outer carbon steel plates and
.unreinforced concrete between the two plates. See Figure 3. 8-60
for details of the reactor shield wall. The reactor shield wall
has a 25 ft 7 in. inside diameter and a 1 ft 9 in. wall
thickness. The outer steel plate is 1-1/2 in. thick and is
designed to withstand any local pipe restraint and drywell
platform attachment loads. The inner steel plate is 1/2 in.
thick and is designed to act with the outer plate to withstand
local and nonlocalized loads. The inner and outer plates are
connected with steel bars spaced on 2 ft 6 in. centers. The
annular space between the inner and outer plates is filled with
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unreinforced concrete. The concrete is used for radiation
shielding only and is not relied upon as a structural element.
Normal density concrete is used in the top and bottom portions of
the reactor shield wall. High density concrete is used at the
midheight of the reactor shield wall opposite the reactor core
for additional radiation shielding. The reactor shield wall is
connected to the top of the reactor pedestal by 48 2-in.
diameter, high strength anchor bolts as shown on Figure 3.8-6 1.
The seismic truss and seismic stabilizer, which provide lateral
support to the reactor vessel, are attached to the top of the
reactor shield wall. Penetrations with hinged doors or removable
plugs are provided in the reactor shield wall to facilitate
piping connections to the reactor vessel and to provide access
for in-service inspection." The wall thicknesses of penetration
sleeves are'arge enough to prevent local stress concentrations
in the inner and outer plates.

3-8-3.1.4 Suppression Chamber Columns

Twelve hollow steel pipe columns are furnished to support the
drywell floor. Each column is 52 ft 6 ix.'ong, 42 in. outside
diameter, with a 1-1/4 in. wall thickness as shown on Figure 3.8-
62. The columns are connected to the base foundation slab at the
bottom and to the drywell floor at the top with embedded anchor
bolts. Figure 3.8-14 shows the connection'to the base foundation
sla b.

3-8-3 1 5 Drywell Platforms

Platforms are furnished at five elevations in the drywell to
provide access and support to electrical and mechanical
corn'ponents. The platforms consist of structural steel'raming
with steel grating Builtup box shapes are used for beams that
must resist biaxial bending. Beams that span between the
pedestal or shield and the, containment wall are provided with
sliding connections at one end. Thus, no thermal axial loads are
developed in the beams and no radial loads are imposed on. the
pedestal, shield, or containment wall. See Figures 3. 8-63
through 3 8-67 for details of the drywell platforms.

3.8.3 1.6 Seismic Truss and Seismic Stabilizer

The seismic truss and the seismic stabilizer provide lateral
support for the reactor vessel during earthquake and pipe rupture
loading. The seismic truss spans between the containment wall
and the reactor shield wall, and the seismic stabilizer spans
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between the reactor shield wall and the reactor vessel. For a
description of the seismic stabilizer, see Section 3. 9 . The
seismic truss is shaped like an eight-pointed star and is
fabricated of steel plates. See Figure 3.8-68 for details of the
seismic truss. Figure 3.8-27 shows the connection of the seismic
truss to the containment wall. This connection is designed to
allow vertical and radial movement of the seismic truss relative
to the containment wall but to prevent tangential movement. '

8 3 1 7 Reactor Stea~ Suppl~System SuPPorts

The steam supply system piping and pumps are supported by
hangers, which in turn are supported by the reactor pedestal,
reactor shield, and drywell platforms. ' description of these
supports is given in Section 3. 9. In addition, the reactor
vessel itself is supported on the reactor pedestal by 120, 3-
1/4 in. diameter, high strength anchor bolts as shown on Figure
3.8-61. The reactor vessel is supported laterally by the seismic
truss and seismic stabilizer as discussed in Subsection
3 8 3.1 6

3.8.3. 2 APPlicable Codes~Standards and SPecif ications

The codes, standards, and specifications used in the design and
construction of the containment internal structures are listed in
Table 3.8-1 and given a reference number.

The reference numbers for the drywell floor are 10A, 12A, 1C, 2C,
3C, 6C, and 2K.

The reference numbers for the drywell floor liner plate and
anchorages are 4C, 18, lJ, and lK.

II

The refererice numbers for the reactor pedestal are 7A, 10A, 12A,
1C, 2C, 3C, 6C, and 2K.

The reference numbers for the reactor shield wall are 1B, 6C, 1H,
and 2K.

The

The
are

reference numbers for the suppression chamber columns are 1H,
3H, 1J, and 2K.

reference numbers for the drywell platforms and seismic truss
1B, 1H, 2H, 3H and 2K.

REV. ll, 7/79
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3.8.3.3 1 General

Tables 3 8-2, -3.8-2a and 3.8-4 through 3.8-7 list the .loading
combinations-.used. for the design and analysis of the containment
internal structures. The loading. combinations shown in these
tables do not 'include hydrodynamic loads.

The internal structures have also been analyzed for hydrodynamic
loads from main steam safety/relief valve discharge and LOCA.
For a definition of loads and loading, combinations including
hydrodynamic loads, refer to GE's '3Mark XI Containment Dynamic
Forcing Functions Information Report" (NEDO-21061) and the
"Susquehanna Plant Design Assessment Report".

3 B.3 3.2 ~nr well Floor and Reactor Pedestal

Table 3.8-2 lists the loading combinations used for the design of
the drywell floor. The loading combinations are in compliance I

with those given in Reference 12A of Table 3.8-1.

Table 3.8-2a lists the loading combinations used for the design
of the reactor pedestal. The loading combina'tions are in
compliance with those given in SRP Section 3.8.3. II.3.

3 8 3 3 2.1 Description of Loads

Dead Loa~d Live Loa~d'nd Seismic Loads

For a description of dead load, live load, and seismic loads, see
Subsections 3.8.1.3.2.1, 3.8.1.3.2.2 and 3.8.1.3.2.6
respectively.
~Desi n Basis tccident .Pressure Load

The drywell floor and the reactor pedestal are designed for the
following pressures:

a) Maximum pressure: 53 psig in the dr ywell and the
suppression chamber

b) Maximum differential pressure: 28 psig (53 psig in the
drywell and 25 psig in the suppression chamber).

3. 8-S5
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AR'hermal

Loads

The temperature gradients through the drywell floor and the
reactor. pedestal are shown on Figure 3.8-69 for the operating and
the postulated design accident condition. The. design accident
temperature gradients shown on Figure 3.8-69 occur five minutes
after LOCA. These transient temperature gradients are used for
the desiqn of the drywell floor and the reactor pedestal because
they produce the largest stresses in the structure.
Thermal effects anticipated at the time of the structural
acceptance test are.insignificant since changes in temperature
inside and outside the containment during the test will be small.

Nissile and ~Pi e Ru ture Loads

The drywell floor and the reactor pedestal are designed to
withstand the missile and pipe rupture loads due to a postulated
rupture of a 28 in. diameter recirculation loop pipe, which
produces the largest loads on the structures These loads
include the effects of jet impingement, pipe whip, and pipe
reaction. An equivalent static load of 1030 kips is considered
This load includes an appropriate dynamic load factor to account
for the dynamic nature of the load. See Section 3.6 for a
further discussion of postulated pipe rupture loads.

3.8 3 3. 3 Reactor Shield i!lail

The reactor shield wall is designed using the elastic working.
stress desiqn methods of AISC, «Specification for the Design@
Fabrication, and Erection of Structural Steel for Buildings",
dated 1969, Part I Table 3.8-4 lists the load combination used
for the design of the reactor shield wall. Since this loading
condition combines the design basis accident loads with the
maximum seismic loads, it is the most severe loading condition
and other, less severe load combinations are not considered.

3 8.3.3 3. 1 Descrytion of Loads

Dead Loa~d Live Load~ and Seismic Loads-

For a description of dead load, live load, and seismic loads, see
Subsections 3.8. 1. 3. 2. 1, 3. 8. 1.3.2.2 and 3.8. 1 3.2 6
respectively.
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Desi n Basis Accident Pressure Load

The reactor shield wall is designed for internal pressure due to
a postulated pipe rupture at the connection of the pipe to the
reactor vessel nozzle safe end. The following two pressure
conditions are considered:

a) Maximum unbalanced pressure: pressure condition
shortly after pipe break, which produces the largest
lateral load on the reactor shield wall, as shown in
Figure 6A-3b.

b) Maximum uniform pressure: 70 psig internal pressure.

Thermal Loads

The temperature gradients through the reactor shield wall are
shown on Figure 3.8-70 for the operating and the postulated
design accident conditions. The design accident temperature
gradient shown on Figure 3.8-70 occurs five minutes after LOCA.
This transient temperature gradient is used for the design of the
reactor shield wall since it produces the largest stresses in the
structure.

Missile and Pi e Ru ture Loads

The reactor shield wall is designed to withstand the missile and
pipe rupture loads due to a postulated rupture of any high energy
pipe that penetrates the reactor shield wall and connects to the
reactor vessel, such as recirculation and feedwater pipes. These
loads include the effects of get impingement, pipe whip, and pipe
reaction. Equivalent static loads are considered, which include
an appropriate dynamic load factor to account for the dynamic
nature of the load. See Section 3.6 for a further discussion of
postulated pipe rupture loads.

3.8.3.3.4 Su ression Chamber Columns

The suppression chamber columns are designed using the plastic
design methods of AISC, "Specification for the Design,
Fabrication, and Erection of Structural Steel for'uildings
dated 1969, Part 2. Table 3.8-5 lists the load combinations used
for the design of the suppression chamber columns. The columns
are designed to resist the reaction loads from the drywell floor
for the LOCA conditions. Subsection 3.8.3.3.2 includes a
description of the loads for the drywell floor. The abnormal
loading conditions govern the design since they include the
design basis accident pressure load, which is the critical load
for columns.
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3.8.3.3 5 Drywell Platforms

The drywell platforms are designed. using working stress design
methods except for the pipe restraints supported on the
platforms. The pipe restraints are designed to undergo local
inelastic deformations due to postulated pipe rupture loads.
However, there is no loss of function of the pipe restraints
since they will restrain any postulated pipe whip. The built-up-
box beams that support the pipe restraints are designed to
withstand all postulated pipe rupture loads Design accident
pressure and operating and design accident thermal loads do not

- affect the design of the drywell platforms. For the design of
box beams, seismic loads due to dead weight of the beams may be
neglected since these loads are insignificant relative to the
pipe rupture loads. For the design of the framing beams, seismic
loads due to dead weight of the beams are small and may be
neglected since these beams ar'e laterally braced by other framing
beams and by the grating. The uniform design live load for the
grating and framing beams is 200 psf. The live load .for the
framing beams also includes the gravity load, thermal reaction
load, and seismic SSE reaction load of all piping and equipment
supported on the beams. Table 3. 8-6 lists the load combinations
used to design the drywell platforms. Pressure, thermal and
seismic loads are not considered since they are not critical.

3.8.3.3.6 Seismic Truss

The seismic truss is designed using working stress design
methods. It is designed primarily for lateral seismic loads-
However, it is also designed for jet impingement loads due to the
postulated rupture of a 26 in. diameter main steam pipe. Design
accident pressure and operating and design accident thermal loads
do not affect the design of the seismic truss. Table 3.8-7 lists
the load combination used to design the seismic truss. Pressure.
and thermal loads are not considered since they are not critical.

This section describes the procedures, used for the design and
analysis of the containment internal structures. The. description
does not include the effects of hydrodynamic loads from main
steam safety/relief valve discharge and LOCA. For a description
of the design and analysis procedures that consider the effects
of hydrodynamic loads, refer to GE's "Hark II Containment Dynamic
Forcing Functions Report" (NEDO-21061) and the "Susquehanna Plant
Design Assessment Report".

REV. 11, 7/79
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3.8. 3. 4. 1 ~Dr we ll Flop r

The design and a*nalysis procedures used for the drywell floor are
similar to those used for the containment wall. Used for the
analysis are 3D/SAP, CECAP, NE620, and seismic analysis computer
programs (Appendix 3.8A) . See Subsection 3.8. 1.4. 1 for a
detailed description of the analysis procedures.

Figure 3.8-71 shows the 3D/SAP finite element model used to
analyze the drywell floor for all loads other than seismic loads.
A 15 degree wedge of the drywell floor is modeled using solid
finite elements having linear elastic, isotropic material
properties. One vertical boundary plane goes through a
suppression chamber column and the other is halfway between two
columns. .The model includes the drywell floor, suppression
chamber wali'eactor pedestal below the drywell floor, and a
suppression chamber column. Boundary conditions are imposed on
the analytical model by specifying nodal point forces or
displacements. Referring to Figure 3.8-71, the nodal points
lying along Boundary A are allowed to move within the X-2 plane,
and Boundary B within the X-Y plane. Points along Boundary C are
prevented from moving in the hoop direction. Points along
Boundary D are prevented from moving in the radial direction to
account for the restraining effect of the inner portion of the
drywell floor. Nodal forces, moments, and shears are applied to
Boundaries E and P to account for reaction loads from the drywell
wall and reactor pedestal above the drywell floor respectively.

Analytical techniques as described in Bechtel Topical Report BC-
TOP-4-A (Ref. 2K of Table 3.8-1) are used to analyze the drywell
floor for seismic loads.

3. 8. 3. n. 2 Drgaell ploor Liner p'late and hoch~era ee

The design and analysis of the drywell floor liner plate and
anchorages is in accordance with Bechtel Topical Report BC-TOP-1
(Ref. 1K of Table 3.8-1).

3.8.3 4.3 Reactor Pedestal

The reactor pedestal is designed for axisymmetric loads using the
PINEL computer program (Appendix 3.8A) . The program performs afinite element, static analysis of axisymmetric structures with
axisymmetric loading. Both concrete and reinforcing steel
materials are included in the model. Special material properties
include bilinearity in compression and bilinearity or cracking in
tension. The operating and design accident temperature gradients
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are computed using NE620 computer program (Appendix 3.8A) . For
transient loads such as design accident pressure and thermal
loads, the most critical combination of these loads is
considered. Figure 3.8-40 shows a vertical section through the
FINEL model of the containment used to analyze the reactor
pedestal below the dryvell floor. Points along Boundary A are
prevented from moving in the vertical direction and points along ~

Boundary B are prevented from moving in the radial direction.

Figure 3.8-72 shows the PINEL model used to analyze the reactor
pedestal above the drywell floor. The model includes the reactor
pedestal above the drywell floor and portions of the reactor
vessel and the reactor shield wall. Local thermal effects at the
top of the reactor pedestal due to heat input from the reactor
vessel are determined by using the NE620 computer program
(Appendix 3.8A). Referring to Figure 3. 8-72, nodal points along
Boundary A are prevented from moving in the vertical and radial
directions. Nodal forces, moments, and shears are applied to
Boundaries B and C to account for reaction loads from the reactor
vessel and the reactor shield wall respectively.

Non-axisymmetric loads on the reactor pedestal include seismic
loads and reactor vessel and reactor shield reaction loads.
Seismic forces, moments, and shears are calculated as described
in Section 3.7. Vertical forces, horizontal shears, and
overturning moments at the base of the reactor shield wall are
determined as described in Subsection 3. 8.3.4.4. These loads are
applied to the top of the reactor pedestal. Concrete and
reinforcing steel stresses in the reactor pedestal due to the
above loads are calculated using the design methods of ACI 307-
ACI 307 includes equations for determining the neutral axis of
reinforced concrete cylindrical shells subjected to axial force
and overturning moment. The position of the neutral axis
satisfies the equilibrium of internal stresses and external
forces and moments.

Concrete and reinforcing steel stresses due to axisymmetric and
non-axisymmetric loads are combined to determine the total

'tress. Additional meridional, hoop, and shear reinforcement is
provided at the top of the pedestal as shown in Pigure 3. 8-59 to
resist local loads on the pedestal from the reactor vessel and
the reactor shield. The seismically-induced tangential shears on
the reactor pedestal are considerably less than the seismically-
induced tangential shears on the containment wall. Therefore,
helical reinforcement is not provided in the reactor pedestal in
order to resist tangential shears. Meridional and hoop
reinforcement is designed to carry the entire tangential shear by
shear friction using the design methods of ACI 318-71.
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3. 8. 3. 4. 4 Reactor Shield Wall

The reactor shield wall is analyzed in two stages. First, the
effect of openings on the behavior of the reactor shield is
investigated. This is done to determine whether the shield may
be analyzed as an axisymmetric cylindrical shell without openings
or whether the openings cause local stress concentrations. Loads
considered for this analysis are design accident pressure and
postulated pipe rupture loads. The EASE computer program
(Appendix 3 8A) is used for this analysis. Figure 3 8-73 shows
the finite element model. A full 360 degree section of the
reactor shield wall is modeled usinq plate elements having linear
elastic, isotropic material properties. One 64 in. diameter
recirculation outlet penetration and two adjacent 48 in. diameter
recirculation inlet penetrations are included in the model.
Smaller finite elements are used in the area of the openings to
obtain an accurate stress gradient. Referring to Figure 3.8-73,
.points along Boundary A are prevented from moving in the vertical
and radial directions. Boundary B is a free edge. The results
of this analysis confirm that there are no significant local
stress concentrations in the shield around the openings. This is
due to the stiffening of the shell that is provided by the thick-
walled penetration sleeves. Therefore, the use of an
axisymmetric analytical model without openings is justified.
The second stage analyzes the reactor shield wall as an
axisymmetric shell. For axisymmetric loads, which include dead
load and design accident thermal load, the FINEL computer program
is used. The most critical temperature gradient as determined by
the NE620 computer program (Appendix 3. 8A) is considered. The
FINEL program performs a finite element, static analysis of
axisymmetric structures with axisymmetric loading. For non-
axisymmetric loads, which include design accident pressure load,
seismic load, and pipe rupture load, the ASHSD computer program
(Appendix 3. 8A) is used. The ASHSD program performs an elastic,
finite element, static, or dynamic analysis of axisymmetric
structures with .non-axisymmetric loading. The distribution of
non-axisymmetric load around the shell is approximated by a
.Fourier series expansion. Figure 3. 8-74 shows a vertical section
throuqh the model used for FINEL and ASHSD programs. Points
alonq Boundary A are prevented from moving in the vertical and
radial directions. For non-axisymmetric loads, Boundary B at the
connection of the seismic truss to the containment wall is
prevented from moving in the radial direction Total stresses in
the reactor shield wall are determined by summing the
axisymmetric and non-axisymmetric stresses.
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3.8.3.4 5 Su ression Chamber Columns

Axial force, shear, and moment in the columns due to axisymmetric
loads, such as dead load and desiqn accident pressure and thermal
loads, are determined usinq the FINEL computer program (Appendix
3.8A) . Fiqure 3.8-40 shows the FINEL model o f the containment
used to analyze the suppression chamber column". A description
of the program and the boundary conditions is given in Subsection
3.8.3.4.3. Since the FINEL program can consider only
axisymmetric structures, the 12 columns are modeled as an
equivalent cylinder having the cross-sectional area and axialstiffness of the columns. Axial force in the columns is
calculated from the axial stress determined by the FINEL program.
Shear and moment in the columns are calculated from relative
displacements of the drywell floor and the base foundation slab
determined by the FINZL program.

Axial force, shear,. and moment in the columns due to seismic
loads are determined usinq several methods Axial force in the
columns due to horizontal seismic load is determined using the
ASHSD proqram (Appendix 3.8A) . Figure 3. 8-75 shows the model.
Axisymmetric shell and solid finite elements having linearelastic, isotropic material properties are used. Nodal points
lyinq along Boundary A are prevented from moving in the vertical
direction and points along Boundary B are prevented from moving
in the radial direction. The load applied to the ASHSD model is
the seismic horizontal shear and overturning moment for the
containment calculated as described in Section,3.7.
Shear and moment in the columns due to horizontal seismic load
are determined using the analytical procedures described in
Bechtel Topical Report BC-TOP-4-A (Ref. 2K of Table 3.8-1) . The
lumped mass model of the containment including columns and vent
pipes is shown in Fiqure 3.8-76. Since the vent pipes are.laterally braced to the columns, shear and moment are produced in
the columns due to seismic motion of the vent pipes.
Axial force in the columns due, to vertical seismic load is
determined by applyinq the vertical forces calculated from the
containment seismic analysis to the drywell floor at its
connections to the containment wall and the reactor pedestal.
The vertical force transmitted to the columns through the drywellfloor is calculated, considering the relative vertical stiffnesses
of the containment wall, reactor pedestal, and columns.

The postulated rupture of a 28 in. diameter recirculation loop
pipe produces a vertical jet impingement load on the top of the
drywell flcor and, therefore, produces loads in the columns
Axial force, shear, and moment in the columns due to jet force is
calculated by the CE 668 computer program (Appendix 3.8A) The
proqram performs a static, linear elastic analysis of flat slabs
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of arbitrary dimensions subjected to arbitrary loading. Figure
3. 8-77 shows the 180 degree model of the drywell floor A

vertical jet force is applied along the axis of symmetry and the
reaction, is calculated in the column adjacent to the applied
load. Edqes of the drywell. floor along Boundaries A and B are
considered to be fixed supports. Nodal points at the columns are
fixed in the plane of the model.

The total axial force, shear and moment in the columns for all
load combinations are determined by summing the results of the
separate analyses. Stability of the columns for the most
critical load combination is checked usinq the plastic design
methods of AISC, "Specification for the Design, Fabrication, and
Erection of Structural Steel for Buildings", dated 1969, Part 2
{Ref. 1H of Table 3.8-1).

3.8.3.4.6 D~rwell Platforms

The drywell platforms are designed using conventional elastic
desiqn methods which conform to the AISC Specification, 1969,
Part 1 (Ref. 1H of Table 3. 8-1) .

3 8.3.4.7 Seismic Truss

Seismic'orces in the seismic truss are calculated using the
methods described in Bechtel Topical Report BC-TOP-4-A (Ref. 2K
of Table 3.8-1). Axial force, shear force, and moment in the
seismic truss due to postulated pipe rupture loads are calculated
usinq moment distribution. Figure 3.8-78 shows the riqid frame
model includinq boundary conditions

3.8.3 5 Structural Acceptance Criteria

3 8 3 5. 1 Reinforced Concrete

~ The allowable stresses for the reinforced concrete portions of
the containment internal structures are the same as the allowable
stresses for the reinforced concrete portions of the containment.
See Subsection 3.8. 1. 5. 1 for a description.
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3 3- -28 3.5.2 Drvwell Floor Liner Plate and Anchoraaes

The structural acceptance criteria for the drywell floor liner
plate and anchorages are the same as the structural acceptance
criteria for the containment liner plate and anchorages see
subsection 3.8. 1.5.2 for a description.

~8~.5.~ Structural Steel

Structural steel portions of the containment internal structures
include the reactor shield wall, suppression chamber columns,
drywell platforms, and seismic truss.
For normal loading conditions, the allowable stresses are in
accordan'ce with the AISC Specification (Hef. 1H of Table 3 8-1).

For extreme environmental and abnormal loading conditions, the
-allowable stresses are as follows:

a) Bending — 0. 90 Fy

b) Axial tension or compression — 0.85 Fy except,,where
allowable stress is governed by requirements of
stability (local or lateral buckling), allowable stress
shall not exceed 1. 5 Zs.

c) Shear — 0.50 Fy

The allowables are defined as:

Allowable stress according to the AISC
Specification, Part 1 (Ref. 1H of Table 3.8- 1)

\

Specified yield strength of str'uctural steel

3.8.3.6 Materials, Quality Control, and Special
Construction Technigues

3 8.3.6. 1 Concrete Containment Internal Structures

The concrete and reinforcing steel materials for the containment
internal structures are discussed in Appendix 3 8B. Concrete
design compressive strengths are given in Table 3.8-11;
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3.8.3.6 2 Drywell Floor Liner Plate, Anchorages,
Attachments

3. 8 3. 6. 2. 1 Ma teria ls

Liner plate materials conform to the requirements of the standard
specifications listed below:

Item

Liner plate (less than
1/2 in. thick)

~S ecification
ASTM A 285, Grade A

Liner plate (1/2 in. thick
or thicker)

ASME SA-516, Grade 60 or
70 conforming to the
requirements of ASME
Boiler and Pressure Vessel
Code (ASIDE BGPV Code),
1971 Edition with Addenda
through Summer 1972,
Section III, Article
NF;2000, Mater ials

Anchorages and
attachments

ASTM A 36

3 8 3.6 2.2 Weldi~n

Melding requirements for the drywell floor jiner plate and
anchorages are the same as the welding requirements for the
containment liner plate and anchorages. See Subsection
3.8. 1 6 2.2 for a description of the welding requirements.

3.8.3.6.2.3 Nondestructive Examination of Liner Plate
Seam Welds

Nondestructive testing of liner plate welds is performed in
accordance with Requlatory Guide 1. 19, Revision 1.

Liner plate seam welds are 100 percent magnetic particle
examined. Liner plate seam welds are also 100 percent vacuum box
soap bubble tested. fields that are inaccessible for vacuum box
testinq are 100 percent liquid penetrant tested. Examination
procedures, personnel qualification,* and acceptance standards are
in accordance with Subsection 3-8. 1.6.2.4
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.3 8.3. 6. 2 4 Erection Tolerances

The specified levelness of anchorages placed in the drywell flooris within i1-1/4 in. of the theoretical elevation over the entire
area, plus a local tolerance of i1/8 in. in any 30 ft length.
Actual deviations from the above were handled in accordance with
procedures covered in Subsection 3. 8.3.6. 6.

3.8 3.6 3 Reactor Shield Wall and Seismic Truss

3.8.3 6 3. 1 Materials

Item Specification
Inner and outer plates,
seismic truss, pipe
restraints, etc.

ASTM A 588, Grade A or B

Internal stiffeners
Seismic Truss Male
Stabilizer Block

ASTM A 36

ASME SA 181, Grade II

3.8.3.6.3.2 Welding and Nondestructive Examination
of Welds

Welding and nondestructive examination is performed in accordance
with AWS D1 1

3.8.3 6.3.3 Materials Testing

The 1-1/2 in. thick outer plate and other plates subjected to
transverse tensile stress are vacuum degassed and ultrasonically
tested in accordance with supplementary requirements S-1 and S-
8. 1 respectively of ASTM A 20-72a.
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3. 8. 3. 6. 3. 4 Erection Tolera nces

The specified erection tolerances for the reactor shield are as
follows:

a) The radial dimension from the as-built centerline of the
reactor vessel to any point on the reactor shield is I

within 3/8 in. of the theoretical radius.

b) The top of the reactor shield is set within 1/4 in. of
its theoretical elevation.

c) The azimuths of the shield penetrations are within
1/2 in. of the theoretical azimuths.

d) Seismic truss members do not deviate from axial
stra ight ness by more than 1/1000 o f ax ial length.

Actual deviations from the above were handled in accordance with
procedures covered in Subsection 3.8.3.6.6.

3.8 3.6.4 Suppression Chamber Columns

3.8.3.6.4. 1 Materials

The column shafts, base plates, and top plates are fabricated of
ASME SA-516, Grade 70 material.

3 8. 3.6 4.2 Weld~in

Weld procedures and qualifications conform to the provisions of
Section IX and Section VIIX, Division 1 of the ASME Boiler and
Pressure Vessel Code, 1971 Edition with addenda through Summer
1972. All welders are qual.ified in accordance with Section XX of
the ASME Code.

3. 8. 3. 6. 4.3 Nondestructive Examination of Weld s

Nondestructive examinations conform to Section V of the ASME BGPV
Code, 1971 Edition with addenda through Summer 1972. All
personnel performing nondestructive examination are qualified in
accordance with the American Society for Nondestructive Testing's
Recommended Practice No. SNT-TC-1A and its applicable
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supplements. Acceptance standards conform to Section VIII,
Division 1 of the ASIDE Code.

3.8. 3. 6. 4. 4 Fabrication and Erection Tolerances

1
~

The specitied fabrication and erection tolerances for suppression
chamber columns are as follows:

a) The outside diameter, based on circumferential
measurements, does not deviate from the theoretical
outside diameter by more than 0.5 percent.

b) Out-of-roundness, defined by the difference between the
maximum and minimum diameters related to the theoretical
diameter, is in accordance with ASIDE Code, Section VIII,
.Division 1, Paragraph UG-80.

c) The finished length does not differ from the theoretical
length by more than 1/4 in.

d) The finished column shaft does not deviate from
straightness by more than 1/8 in. in 1 ft, with a
maximum for the full length of 1/1000 of the total
length.

e) Erection tolerances are in accordance with the AISC
Specification (Ref. 1H and 2H of Table 3. 8-1) .

Actual deviations from the above were handled in accordance with
procedures covered in Subsection 3.8.3.6.6.

3.8.3.6.5 ~Dwell Platforms

3.8.3. 6. 5. 1 Materials

Item ~S ecification
Box beams

Rolled shapes

Connection bolts

ASTH A 441

ASTI A 36

ASTN A 325
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3.8. 3. 6. 5. 2 Melding and Nondestr uctive Examination
of Melds

Melding and nondestructive examination is performed in accordance
w ith AMS D1 1

3. 8. 3. 6. 5 3 Erection Tolerances

Erection tolerances for the drywell platforms are in accordance
with AISC Specification {Ref. 2H of Table 3.8-1)

Quality control requirements for construction are discussed in
Appendix D and amendments to the PSAR.

3.8.3.7 Testing and Zn-service In~section Requirements

3 8. 3.7.1 Preo~erational Testi~n

3 8 3.7 1.1 Structural Ac~ce tance Test

The drywell floor is tested to 1. 15 times the design downward
differential pressure. See Subsection 3.8.1.7.1.1 for a
description of the structural acceptance tests.
Deflections and strains of the drywell floor measured during the
Unit 1 test were less than the predicted values. Thus, the
design of the drywell floor provides an adequate safety margin
against internal pressure. Figure 3. 8-79 shows a comparison
between measured and predicted deflections for the drywell floor
at peak differential pressure.

3. 8. 3. 7. 1. 2 Leak Rate Testi~n

A

Preoperational leak rate testing is discussed in
Subsection 6. 2. 6.
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~3.8- -7.Q In-se vice eak aa e Test n

In-service leak rate testing is discussed in Subsection 6.2. 6.

This section gives information on all Seismic Category Istructures except the primary containment and its internals. Italso describes safety related non-Seismic Category I structures.
The structures includep in this section are as follows:

Seismic Cate or I Structur s

Reactor Building

Contxol Building

Diesel Generator Building
Engineered Safequards Service Mater Pumphouse

Spray Pond

Non-Seismic Cate or I Safet Related Structures
Turbine Building

Radwaste Building
The qeneral arrangement of these structures is shown on Figures
3 8-80 through 3 8-103

3.8.4. 1 Descri tion of the Structu es

~eactcn auilaing

Refer to Figures 3.8-80 through 3.8-89.
The reactor building encloses the primary containment ~ and
provides secondary containment when the primary containment is inservice during power operation. It also serves as containment
during reactor refuelinq and maintenance operations, when the
primary containment is open. It houses the auxiliary systems ofthe nuclear steam supply system, new fuel storage vaults, therefuelinq facility, and eguipment essential to the safe shutdownof the reactor.
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The reactor hiiildinq, up to and including the operating floor, is
of reinforced concrete on a mat foundation. The bearing walls
are of reinforced concrete and are de iqned as shear walls to
resist lateral Loads The floo s are of reinforced concrete
supported by a steel beam and column framing system and are
desiqned as diaphragms to resist lateral load. The framing runs
in both east-west and north-south directions, with the exterior
ends of the beams supported by either the bearinq ~alls or steel
columns. The steel column" are supported by base plates oii the
mat foundation. The reinforced concrete walls and. floors meet
structural as well as radiation shield.ing requirements. Mhere
structurally permissible, concrete block masonry walls are used
at certain locations to provide hetter access for erection and
installation of equipment. The block walls also meet the
radiation shieldinq requirements.

The reacto. building superstructure above the operatinq floor is
a steel structure. The structural steel framing supports the
roof, metal sidinq, and overhead cranes. The framing consists of
a series cf rigid frames connected by roof and wall bracinq
systems. The roof consists of built-up roofing on metal deck.

The refuelinq facility is located above the containment
structure. It consists of pent fuel pool, fuel shipping cask
storage pool, steam dryer arid separator storage pool, reactor
cavity, skimmer surge tank vault, and load center room. The
facility is supported by two reinforced concrete girders running
north-south, spanning ove" the containment. The girders are
supported at the ends by concrete walls and at intermediate
points by steel box columns. h gap is provided between the
bottom of the qirders and the top of the containment to ensure
that loads from the refiielinq facility are not transferred to the
containment. The walls and slabs of the spent fuel pool, the
fuel shippi nq cask storage pool, the reactor cavity, and the
steam dryer and separator storaqe pool are lined on the inside
with a stainless steel liner plate The facility meets the
radiation shie.ldinq requirements.

The reactor building is separated from the primary containment by
a qap, except at the foundation level, where a cold joint is
provided between the two mats. A qap is also provided at the
interface of the reactor building with the diesel qenerator and
turbine build inqs.

Control Building

Refer to Figures 3.8-80 through 3.8-88.

The control biiildinq houses the control room, the cable spreadinq
rooms, computer and relay room, the battery room, HGV equipment

.room, off-qas treatment room, and the visitors'allery for the
control room.
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The control building is structurally integrated with the reactor
building. It is a reinforced concrete structure on a mat
foundation. The bearing walls are of reinforced concrete and are
desiqned as shear walls to resist lateral loads. The floors and
roof are of reinforced concrete supported by steel beams, and are
designed as diaphraqms to resist lateral loads. The beams span
in the east-vest direction and are supported by the bearing walls
at the ends. The reinforced concrete walls and floors meet
structural as well as radiation shielding requirements. Where
structurally permissible, concrete block masonry walls are used
at certain locations to provide better access for erection andinstallation of equipment. The block walls also meet the
radiation shieldinq requirements.

The control building is separated from the turbine building by a
qap, except at the foundation level, where a cold joint is
provided between the two mats.

Diesel Generator Bni~lein

Befer to Figures 3.8-92 and 3.8-93.

The diesel generator building houses the diesel generators
essential for safe shutdown of the plant.
The diesel generators are separated from each other by concrete
walls. A concrete overhang on the east side of the building
serves as an air intake plenum. A concrete plenum for diesel
exbaust is located on the roof.
It is a reinforced concrete structure on a mat foundation. The
bearinq walls are of reinforced concrete and are designed as
shear walls to resist lateral loads. The floors and roof are of
reinforced concrete supported by steel beams, and are designed as
diaphragms to resist lateral loads. The south side of the
building interfaces with the reactor building; there, a
reinforced concrete wall is provided from foundation up to the
desiqn high water table level and then a steel frame is provided
up to the roof. Where structurally permissible, concrete block
masonry walls are used at certain locations to provide better
access for erection and installation of equipment

The diesel generators are supported by reinforced concrete
pedestals. The pedestals are separated from the operating floor
by a qap to allow for their independent vibration.
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EnSineered SateSuarda Service Mate~rESS~MP~ua hou" e

Refer to Fiquce 3. 8-94.

The ESSW Pumphouse contains the emergency service water (ESW) and
residual heat removal (BHB) pumps and the weir and discharge
conduit for the sunray pond.

It is a two-story reinforced concrete structure on a mat
foundation. The bearing walls are of reinforced concrete and are
designed as shear walls to resist lateral loads. The operating
flcoc and roof are of reinforced concrete supported by steel
beams and are desiqned as diaphraqms to resist lateral loads. A

mezzanine floor. composed of grating ovec steel beams is provided
to support the heatinq and ventilating equipment.

Spray Porrd

Be fer to Figures 3. 8-.95 throuq h 3. 8-98.

The spray pon 1 is a resecvoir, free form in shape, which holds
appcoximately 25 million gal of water durinq normal operation.
The water sucface area is approximately eight acres and has a
depth of approximately 1C ft 6 in It is designed so that normal
operatinq water is retained in excavation alone, ie, not by
constructed embankments. Embankments are provided to ensure a
minimum freeboard of 3 ft and to direct flood water away from
safety relate j facilities in a controlled manner.

The ESSW pumphouse is located at the southeast corner of the
spray pond. A reinforced concrete liner covers the entire spray
pond and is inteqrated with the outer walls of the ESSWP.

The water level in the pond is controlled by a weir housed in the
ESSW pumphouse. Durinq normal operation, excess ~ater is
discharged into the Susquehanna river via a conduit from the ESSW
pumphouse.

An emerqency spillway is provided at the east end of the pond.
The only anticipated use of this spillway will be either during a
malfunction of the discharge conduit leading out of the ESSW
pumphouse or durinq certain postulated flood conditions. This is
discussed in Subsection 2.4. 8.

The ESW and RHB pipes enter the south side of the pond and
traverse to the spray bank areas buried in 18 in. of concrete,
provided as missile protection. Concrete columns support the
riser pipes in the spray bank areas.
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Turbine Buildin

Refer to Fiqures 3.8-80 through 3.8-84, 3.8-88, 3.8-90, and 3.8-
91

The turbine buildinq is divided into two units with an expansion
joint separatinq the two units. It houses two in-line turbine
qenerator units and auxiliary equipment including condensers,
condensate pumps, moisture separators, air ejectors, feedwater
heaters, reactor feed pumps, motor-generator sets for reactor
recirculating pumps, recombiners, interconnecting piping and
valves, and switchqears.

Two 220-ton overhead cranes are provided above the operatingfloor for service of both turbine generator units. Two
reinforced concrete tunnels, one for each unit, are provided for
the off-qas pipelines at the foundation level between the
recombiners and the radwaste building. Reinforced concrete
tunnels are also provided for the main steam lines below the
operatinq floor from the reactor buildinq to the condenser areas
o.f the turbine qenezators.

The turbine building rests on a reinforced concrete mat
foundation. The superstructure is framed with structural steel
and rein. forced concrete. Rigid steel frames support the two
220-ton cranes. They also resist all transverse {east-west)
lateral loads. Steel bracings resist longitudinal (north-south)lateral loads above the operating floor. Below this level,
reinforced concrete shear walls transfer all lateral loads to the
foundations.

seismic separation gap, also serving as an expansion joint, is
provided near the center of the building between the two units
Seismic separation gaps are also provided at the interface of
turbine building with the reactor, control, and radwaste
buildings

The floors of the turbine building are of reinforced conczete on
stzuctural steel beams. They are designed as diaphragms for
lateral load transfer to the shear walls The roof is built-up
roofinq on metal decking.

Exterior walls are precast reinforced concrete panels except for
the upper 30 ft, which are metal siding.
Interior walls required for radiation shielding or fire
protection aze constructed of reinforced concrete block. These
walls are not used as elements of the load resistant, system.

The turbine generator units are supported on freestanding
reinforced concrete pedestals. The mat foundations for the
pedestals are founded on rock at the same level as the base mat
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for the turbine building. Separation joints are provided between
the pedestals and the turbine building floors and walls to
prevent transfer of vibration to the building. The operating
floor of the building is supported on vibration damping pads at
the top edge of the pedestal.

Radwaste Building

Refer to Pigures 3.8-99 through 3.8-103.

The radwaste building houses systems for receiving, processing,
and temporarily storing the radioactive waste products generated
during the operation of the plant.
It is a reinforced concrete structure on a mat foundation. The
bearing walls are of reinforced concrete and are designed as
shear walls to resist lateral loads. The floors and roof are of
reinforced concrete supported by a beam and column framing system
and are designed as diaphragms to resist lateral loads. The
columns are supported by base plates on the mat foundation. The
reinforced concrete walls and floor meet structural as sell as
radiation shielding requirements. Mhere structurally
permissible, concrete block masonry walls are used at certain
locations to provide better access for erection and installation
of equipment. The block walls also meet the radiation shielding
requirements.

The radwaste building is separated from the turbine building by a
gap-

The codes, standards, and specifications used in the design,
fabrication, and construction of the structures listed in
Subsection 3.8.4 are shown in Table 3.8-1 and include reference
numbers 10A, 1B, lH, 2H, 3H, 18, 2K,, 3K, and 1L.

3.8.4.3 Loads and Load Combinations

The following loads and load combinations are considered in the
design of Seismic Category I structures (other than the
containment) .

3.8.4.3.1 Descci~tioa of Loads

Por a general description of loads, see Subsection 3.8.1.3.2.
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Table 3 8-8 describes the load combinations applicable to the
reactor building. Table 3.8-9 contains the load combinations
applicable to Seismic Category I structures other than the
reactor building. Table 3.8-10 describes the load combinations
used in the design of the turbine and the radwaste buildings.

The structures described in Subsection 3.8.4.1 are designed to
maintain elastic behavior under various loads and their
combinations. The loads and the load combinations are fully
described in Subsection 3.8.4.3. All reinforced concrete
components, of the structure are designed by the strength method
per ACI 318 (Ref 'tOA of Table 3. 8-1). All structural steel
components are designed by the working stress method per AISC
specification {Ref 18 of Table 3.8-1).
Determination of wind and tornado loads is described in Section
3 03 0

Seismic design of structures is described in Section 3.7. The
buildings are analyzed dynamically.

Design of structure for missile protection is covered in
Subsection 3.5.3.

Computer programs STRESS and ZCES STRUDL-II {Ref 1 and 2
respectively of Subsection 3.8.4. 8) are used to analyze
structural steel framing.

The refueling facility of the reactor building is designed based
on finite element analysis by use of computer program
NRI/STARDYNE 3 {Ref 3 of Subsection 3.8.4.8) .
The spray pond is basically a soil structure. Its design is
discussed in Subsection 2.5. 5.

Concrete masonry blockwalls in all Seismic Category I structures
have been analyzed dynamically as described in Section
3 7b.3.1.5. They are designed for out-of-plane and in-plane
inertia forces generated by the mass of the blackwall and
attachment loads, combined with other loads as described in
Tables 3.8-8 and 3.8-9. Mails .in the turbine and radwaste
buildings have been designed for seismic loads per UBC (Ref. 1L
of Table 3.8-1)
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3. 8.4.5 Structural Acceptance Criteria".'-'

ein fpaced Conc re te k
k

The reinforced concrete structural components are designed by the
strenqth method "per ACI. 318 '{Ref:,'10A of 'Table 3'.8- 1) for loads
and load combinations described in Subsection 3.8.4.3. The
marqins of safety are contained in the capacity" reduction factors
{g) specified,.in. the code.

Structural Steel k

The structural steel components are designed by'he workin'g
stress method per,-AXSC specification {Ref lH of Table 3.8-1) for
loads and load combinations described in Section 3.8.4.3. The
allowable stresses for different load combin'ations are indicated
therein.

Concrete Block Masonry Halls

All masonry blockwalls are reinforced walls and do not act as
shear walls. Masonry blockwalls are designed by the workingstress method per UBC (Ref. lI, of Table 3.8-'). The allowable
loads per UBC Tables 24-B or 24-H (special inspection) are
modified as described in Tables 3.8-8, 3.8-9 and 3.8-12, except
as noted below. h

k
k k

I'ordouble wythe walls designed as composite sections 'and having
concrete or qrout infill thickness of 8 inches or more, the
allowable shear or tension between masonry block and in.fill isl.l~tke i.e. u3 o.s.i. Houever, the actual desiuu tress does
not exceed 15 p.s.i. Por other double wythe walls, allowable
shear/tension stress is assumed to be zero at the interface.
3.8.4.6 Materials, Quality Control, and Special

Construction Technigues

3 8.4.6.1 Concrete and Reinforcing Steel

The concrete and reinforcing steel materials are discussed in
Appendix 3.8B. Concrete desiqn compressive strengths are givenin Table 3.8-11. Materials for concrete block masonry walls are
discussed in Appendix 3.8C.
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3.8.4.6.2 Structural Steel

3. 8.4.6. 2. 1 Materials

The various structural steel components conform to the following
specifications:

Item

Beams, girder, and plates

Box columns including base
plates and cap plates

Structural tubing

High strength bolts
Studs

ASTN A36 and ASTN A588

ASTM A588

ASTM A500 and ASTN A501

ASTN A325 and ASTN A490

AQS D1 1

3.8.4.6. 2.2 Qeldina and "Nondestructive 'Testina

Welding and nondestructive testing is performed in accordance
with either AWS D1. 1 (Ref.. 1B of Table 3.8-1) or Section XX of
the ASMZ Code (Ref. 1J of Table 3.8-1).
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3.8.4.6.2.3 Fabrication and Erection

The fabrication and erection of structural steel conforms to the
AISC specification (Ref. 1H, 2H and 3H of Table 3.8-1).

3.8.4.6.2.4 ualit Control

Quality control of structural steel for the construction, phase is
discussed in Appendix D of the PSAR and amendments to the PSAR.

3.8.4.6.3 S ecial Construction Techni ues

Techniques involved in the construction of Seismic Category I
structures are standard construction procedures.

3.8.4.7 Testin and In-service Ins ection Re uirements

Testing and in-service inspection are not required for Seismic
Cat'egory I, structures (other than the containment).

3.8.4.8 Computer Programs Used in the Design and Analysis
of Other Seismic Cate or I Structures

STRESS, Department of Civil Engineering, Massachusetts
Institute of Technology

2) ICES STRUDL-II, Department of Civil Engineering,
Massachusetts Institute of Technology

3)

For other
3.7

MRI/STARDYNE (Version 3), Control Data Corporation.

computer programs refer to Subsection 2.5.5 and Section

3 . 8. 5 FOUNDATIONS

This subsection describes foundations for all Seismic Category I
structures except the spray pond. The spray pond is basically a
soil structure and its design is discussed in Subsection 2.5,5.
Descriptions of foundations for safety related non-Seismic
Category I structures, such as the turbine building and the
radwaste building, are also included in this section.
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3,8.5.1 Description of thy Foundations

Typical details of the foundations for various structures are
shown on Figure 3.8-104.

Reinforced concrete mat foundations have been provided for all
structures. The mats rest on sound rock except the ESSE
pumphouse mat is supported by natural soil.
All bearing walls of the structures are rigidly connected to the
foundation mat. Mhere steel cclumns are provided, they are
attached to the mat by base plates and anchor bolts. The bearing
walls and the steel columns carry all the vextical loads from the
structure to the mat. Horizontal shears due to wind, tornado,
and seismic loads are transferred to the shear walls by the roof
and floox diaphragms. The shear walls transfer the horizontal
shears to the foundation mat and from there to the foundation
medium through friction. Also, as shown on Fiqure 3. 8-104, the
sides of the base mats of all the structures except the ESSM
pumphouse are keyed to the foundation rock all around by poured
concrete, which helps in transferring the horizontal shears to
the foundation rock. The edges of the ESSM pumphouse base mat
are poured directly aqainst the excavated slopes of the natural
soil formation.

A mudmat (unreinforced concrete layer) is provided between the
base of the foundation mat and the foundation medium. Except for
the ESSM pumphouse, a watexproofinq membrane is p ovided in the
mudmat and on the outside face of peripheral subterranean walls.
Perforated pipes are provided around the periphery of the
buildings to collect groundwater seepage and drain it to the
sumps. Qaterproofing membxane under the ESSM pumphouse
foundation mat is not considered necessaxy as the predicted
groundwater table at the pumphouse site is well below the
foundation mat (refer to Subsection 2.5.5) .

Peripheral subterranean walls are designed to resist lateral
pressures due to backfill, qroundwater, and surcharge loads, in
addition to dead loads, live leads, and seismic loads.

Containment: The containment foundation is described in
Subsec+.ion 3.8.1.
Reactor Building and Control Building. The foundation mats of
the reactor and control buildings are poured monolithically.

The reactor building foundation mat is approximately 4 ft 9 in.
+hick and is reinforced typically with %11 bars at 12 in. centers
at top and bottom in both the noxth-south and east-west
directions. The mat suxxounds the containment mat, with a cold
Joint separatinq the two.
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The control buildinq foundation mat is about 2 ft 6 'in. thick andis reinforced typically with 48 bars at 12 in. centers at top and
bottom in the north-south direction and $ 11 bars at 12 in
centers at top and 48 bars at 12 in. centers at bottom in the
east-vest direction. A cold joint is provided between the
control and the turbine buildinq mats.

Diesel Generator Building: The foundation mat of the diesel
generator building is approximately 2 ft 6 in. thick and is
reinforced typically vith f9 bars at 12 in. centers at top andbottom'n both the north-south and east-west directions. A coldjoint is provided between the diesel generator pedestal- mat and
the diesel generator building
ESSW Pumphouse: The foundation mat of the ESSW pumphouse is
about 3 ft thick and is reinforced typically with $ 9 bars at
12 in. centers at top and bottom in both the north-south and
east-west directions.
Turbine Building: The turbine building mat is approximately 2 ft
6 in. thick and is reinforced typic'ally "with 46 bars at 12 in.
centers at top and bottom in both the north-south and east-vest
directions. A cold joint is provided between the turbine
pedestal mat and the turbine building mat.

Radvaste Building: The radvaste building mat is about 3 ft thick
and is reinforced typically vith 09 bars at 12 in. centers at top
and bottom in both the north-south and east-west directions.

3 8.5.2 ~A plicahle Codes~ Standards~ and Specifications

The codes, standards, and speci'fications used in the desiqn,fabrication, and construction of foundations of structures arelisted in Table 3.8-1.

3-8.5.3 Loads and Load Combinations

The loads and load combinations used in the desiqn of the
containment foundation are described in Subsection 3.8. 1.3. The
loads and load combinations used in'he design of foundations of
other Seismic Cateqory I structures are discussed in Subsection
3.8.4.3. Xn addition, the folloving load combinations are
considered to determine the factors of safety against sl'iding and
overturning due to winds, tornadoes, and seismic loads, and
aqainst flotation due to groundwater pressure:
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a) D+H+1

b) D+H+W ~

c) D+H+E

d) D+H+E ~

e) D+F

where:

D, W, W~, E, and E're as described in Subsections 3.8. 1. 3
and 3.8.4. 3 and H and F are as follows:
H = X.ateral earth pressure

F = Buoyant force due to groundwater pressure.

3.8.5.4 = Design and Analysis Procedures

The foundations are generally designed to maintain elasticbehavior under different loads and their combinations. The loads
and the load combinations are described in Subsection 3.8.5.3.
The desiqn and analysis of the reinforced concrete mat
foundations have been carried out in accordance with ACI 318
(Ref 10A of Table 3. 8-1) .

The bearing walls and the steel columns carry all the vertical
loads from the structure to the foundation mat. The lateral
loads are transferred to the shear walls by the roof and floor
diaphragms, which then transmit them to the foundation mat.
Determination of overturninq moment due to seismic loads is
discussed in Subsection 3.7. 2. 14.

Except for ESSW pumphouse, settlement of the foundations of
Seismic Category I structures is considered negliqible as the
foundations are supported by sound rock. The settlement of the
ESSW pumphouse mat is considered in the design and is discussedin Subsection 2. 5. 4.

As explained in Subsection 3.8.5.1 and shown in Figure 3.8-104,
the sides of the foundation mats {except for the ESSM pumphouse)
are keyed to the rock by poured concrete, which resists slidingof the mats. Stability against sliding for the ESSW pumphouse is
maintained by the friction on the underside of the basemat and
passive resistance of the soil against the edge of the mat.

Detailed description of the foundation rock and soil is containedin Subsections 2.5 4 and 2.5. 5. For desiqn purposes, the
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allowable bearinq pressures of rock and, soil are 40 and 2.5
tons/sq ft respectively. The calculated bearing pressures 'for
loads and load combinations described in Subsection 3.8.5.3 do
not exceed these allowable values.

The desiqn and analysis of the containment foundation mat are
discussed in detail in Subsection 3.8.1.4.

3.8.5.5 Structural acceptance Criteria

The foundations of all Seismic Category I structures are designedto meet the same structural acceptance criteria as the structures
themselves. These criteria are discussed in Subsections'-'3-;8. 1.5
and 3. 8. 4. 5. In addition, for the additional load

combinations'elineatedin Subsection 3.8.5.3, the minimum allowable factorsof safety aqainst overturning, sliding, and flotation are asfollows:

Load Combination
Ninimum Factors of Safety
Overturnina Slidina Floatation

a) D+H+ W

b) D+H+ W
'.51.1 1.5

1 1
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c) D+H+E
d) D4H+E')

D+F

1.5
1 1

l.5
1 1

The calculated factors of safety exceed the above minimum factor
of saf ety.

3. 8.5.6 Haterials, Quality Control, and Special Construction
Tec hn igues

The foundations of Seismic Category I structures are constructed
of reinforced concrete. The concrete and reinforcing steel
materials. are discussed in Appendix 3.8B. Concrete design
compressive strengths are given in Table "3.8-11. 'echniques
involved in the construction of these foundations are standard
construction procedures.

3 8.5.7 Testing and Xn-service Inspection Reguirements

The containment foundation is load tested during the structural
acceptance test as described in Subsection 3. 8. 1.7. An in-
service surveillance program to monitor the settlement of the
ESSQ pumphouse foundation has been instituted. Detailed
discussion of the program is contained in Subsection 2.5.4.
Testing and in-service inspection is not necessary for
foundations of all other Seismic Category I structures.
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TABLE 3 8-1 (Pg 1 of 5)

LIST OP APPLICABLE CODES, STANDABDS RECOHHEHDATIOHS AND SPECIPICATIOHS

Reference Designation
Huaber

Title Edition

(t( lserican Concrete ~(asti ute

ACI 211 1

ACI 214

Recoaaended Practice for Selecting Proportions for
Horaal and Heavyveight Concrete

Becoaaended Practice for Evaluation of Coapression
Test Results of Pield Concrete

1970

1965

3h

4h

5A

6A

BA

9A

10A

11A

12A

ACI 301

ACI 304
\

ACI 305

ACI 306

ACI 307

ACI 308

ACI 309

hcI 318

ACI 347

ACI 349

Specifications for Structural Concrete for Buildings

Becoaaendel Practice for Heasuring, Hiring,
Transporting, and Placing Concrete

Recoaaenled Practice for Hot Weather Concreting

Recoaaendel Practice for Cold Weather Concreting

Specification for the Design and Construction
of Beinforced Concrete Chianeys

Becoaaended Practice for Curing Concrete

Recoaaended Practice for Consolidation of Concrete

Building Cole Beguireaents for Reinforced Concrete

Recoaaenled Practice for Concrete Poravork

Criteria for Reinforced Concrete Nuclear
Pover Containaent Structures (included
in ACI =Hanual of Standard Practice,
Part 2, 1973)

1972

1973

1972

1966 (1972)

1969

1971

1972

1971

1968

~ I

13A hcI SP2

(B) fae ican Weldin Societ

Hanual of Concrete Inspection 1975

1B

2B

AWS D1 1

AWS D12 1

Structural Melding Code

Becoaaended Practice for Welding Reinforcing Steel
and Connections in Reinforced Concrete Construction

1972 (Generally all vork)
1975 (Soae vork after

June 1975)

1961

(r( ~BS aclear Re elate Cosslssion

1C BG 1 10 Hechanical (Cadveld) Splices in Reinforcing Bars of Revision 1

REV l 8/78
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Eliggg 3.5~1C~eetiteed (pg 3 1 5)

Reference
Number

Designation Title Edition

2C

3C

4C

SC

6C

7C

8C

9C

10C

RG 1 15

RG 1 18

BG 1 19

RG 1 54

BG 1.55

RG 1 57

RG 1e 58

RG 1 69

RG 1 94

Category I Concrete Structures

Testing of Reinforcing Bars for Category I
Concrete Structures

Structural Acceptance Test for Concrete
Priaary Reactor Containaents

Nondestructive Ezanination of Priaary
Containaent Liner Velds

Quality Assurance Reguireaents for Protective
Coatings Applied to Vater-Cooled Pover Plants

Concrete Placeaent in Category I Structures

Design Liaits and Loading Coabinations for
Netal Priaary Beactor Containaent Systea
Coaponents

Qualification of Nuclear Pover Plant Inspection,
Ezanination, and Testing Personnel

Concrete Radiation Shields for Nuclear Pover Plants

Quality Assurance Bequireaents for Installation,
Inspection, and Testing of Structural Concrete and
Structural Steel During the Construction Phase of
Nuclear Pover Plants

Jan. 1973

Revision 1

Dec 1972

Revision 1

Dec. 1972

Revision 1

Aug 1972

June 1973

June 1973

June 1973

Aug. 1973

Dec. 1973

Apr. 1975

(D) Aaerica S i ~tfor Testin and Naterials

1D

2D

3D

4D

5D

6D

7D

ASTN A519

ASTN A615

ASTN C29

ASTN C31

ASTN C33

ASTN C39

ASTN C40

Seaaless Carbon and Alloy Steel Nechanical Tubing

Deforaed and Plain Billet Steel Bars for Concrete
Reinforceaent

Unit Veight of Aggregate

Naking and Curing Concrete Test Specinens in the
Pield

Concrete Aggregates

Coapressive Strength of Cylindrical Concrete
Specinens

Organic Iapurities in Sands for Concrete

1971'974~ 1975

1972 1974 1975

1971

1969

1971, 1974

1972

1966'973

BEY l 8/78
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TABQE-3 8-1 ~Continued) (page 3 of 5)

Reference
Number

Designation Title Bdition

BD

9D

10D

11D

12D

13D

'!4D

15D

16D

17D

18D

19D

20D

21D

22D

23D

ASTI C87

ASTI C88

ASTI C94

ASTI C109

ASTI C117

ASTI C123

ASTI C127

ASTI C128

ASTI C131

ASTI C136

ASTI C138

ASTI C142

ASTI C143

ASTI C150

ASTI C215

ASTI C231

Effect'.of Organic Impurities in Pine'ggregate on
Strength of Hortar

Soundn~ss of Aggra7ates by Use of Sodium Sulfate or
Hagnesium Sulfate

'eady-HiredConcrete

Compressive Strength of Hydraulic Cement Hortars

Haterials Finer than No. 200 Sieve in Hineral
Aggregates by Mashing

Light«eight Pieces in Aggregate

Specitic Gravity and Absorption of Coarse Aggregate

Specific Gravity and Absorption of Pine Aggregate

Resistance'to Abrasion of Small Size Coarse Aggregate
by Use of the Los Angeles Hachine

Sieve or Screen Analysis of Fine and Coarse Aggregates

Unit Reiqht< Yield, and Air Content of Concrete

Clay Lumps and Friable Particles in Aggregates

Slump of Portland Cement Concrete

Portland Cement

Pundamental Transverse, Longitudinal, and Torsional
Frequencies of Concrete Specimens

Air Content of Preshly Hired Concrete by the
Pressure Hethod

1969

197 1i 1973

1973, 1974

1973r 1975

1969

1969

1968, 1973

1968'973
1969

1971

1973m 1974 ~ 1975

1971

1971, 1974

1973r 1974'976m 1978r 1980
I

18

1960

1973m 1974 ~ 1975

24D ASTI C235

26D

27D

28D

ASTI C289

ASTI C295

ASTI C311

Rev. 18, 11/80

25D ASTI C260

Scratch Hardness of Coarse Aggregate Particles
Air Entraining Admirtures for Concrete

Potential Reactivity of Aggregates

Petrographic Examination of Aggregates for Concrete

Sampling and Testing Fly Ash for Use as an Admirture
in Portland Cement Concrete

1968

1973, 1974

1971

1965

1968
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JhSL 3.B-1 Cont nu (pg. 4 of 5)

Reference
Wuaber

Designation Title Edition

29D

30D

31D

32D

33D

34D

ASTH C330

ASTH C469

ASTH C494

ASTH C566

ASTh C618

h STE C637

Lightveight Aggregates for Structurat Concrete

Static Hodulus of Elasticity and Poisson's Ratio of
Coacrete in Coapression"

Chenical Adaixtures for Concrete

Total Hoisture Content of Aggregate by Drying

Ply hsh aad Rav or Calcined Ratural Pozxolans for
Use in Portland Ceaent Concrete

Aggregates for Radiation Shielding Concrete

1969, 1975

1965

1971

1967

1973

1973

3E

AASHTO T26

AASHTO T150

h ASHTO T 16 1

{}uality of Rater to be Used in Coacrete

Percentage of Particles of Less Thaa 1.95 Specific
Gravity in Coarse hggregate

Resistance of Concrete Speciaens to Rapid Freexing
and Thaving in Rater

1970

1949

1970

(Fl US ggaz e~o~sof gg ~~es
1P

2P

CRD C36

:CRD C39

Test for Theraal Diffusivity of Concrete

Test for Coefficient of Liaear Theraal Expansion
of Concrete

1973

1955

3P CRD C119 Test for Flat and Elongated Particles in Coarse
Aggregate

1953

(G) })HE~can Rati~oal stand~a~dInstitute

1G

2G

aSSr H45.2.5

A){SI N10L6

Suppleaentary {}A Reguireaents for Zastallation,
Inspection and Testing of Structural Concrete and
Structural Steel During the Construction Phase of
Ruclear Paver Plants.

Concrete Radiation Shields

1972

1972

(H) ~pecan In~~~u~eo S Const u tion
1H AISC Specification for the Design, Pabrication, aad

Erection of Structural Steel for Haildings and
Sappleaent Sos 1, 2 and 3

1969

RH{t 3, 11/78
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TABLE 3 8-1 (Continuell (Page 5 of 5)

Reference
Number

Designation Title Edition

28

3H

4H

AISC

AISC

AISC

Code of Standard Practice for Steel Buildings
and Bridges

Specification for Structural Joints Using
ASTN A325 or A490 Bolts

Specification for the design,
fabrication and erection of
Structural steel for buildings

1970 (Some vork before)
1972 (Generally all vork)
1976 (Some vork after
Sept. 1976)

1966,1972 and 1976

1978 (Some vork
after July 1977)

(C) ~Asa ican Sonic~non ~nchanica~la~i~eecs

1J ASNE ASNE Boiler and Pressure Vessel Cole,
Sections II, III, V, VIII, and IZ

1971 vith Addenda
through Summer 1972

BC-TOP-1

BC-TOP-4-A

BC-TOP-9A

Containment Building liner Plate
Design Report

Seismic Analyses of Structures and Eguipment
for Nuclear Pover Plants

Design of Structures for Nissile Impact

Revision 1

Dec., 1972

Revision 3
Nov 1974

Revision 2
Sept. 1974

(L International Conference of Buildina Officials)

1L UBC Uniform Building Cole 1973, 1976

Rev. 18, ll/80
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TABLE 3.8-2

LOAD COMBINATIONS 'FOR PRIMARY CONTAINMENT AND
DRYWELL FLOOR

Pae1

Required capacity of the section based on the working
stress design method and the allowable stresses in ACI
318"71, Section 8.10 except that the maximum allowable
tensile stress for reinforcement shall be 0.5g'y, where
Fy is specified yield strength of reinforcing steel.

Required capacity of the section based on the strength
design method described in ACI 318-71.

D = Dead load

L = Live load

Tt = Thermal effects anticipated at time of structural
acceptance test.

T
0

Thermal effects during normal operating conditions
including temperature gradients and equipment and pipe
reactions.

T a Added thermal effects (over and above operating thermal
effects) which occur during a design accident.

P = Design basis accident pressure load

Local force or pressure on structure due to postulated
pipe rupture including the effects of steam/water jet
impingement, pipe whip, pipe reaction, steam
pressurization, and water flooding.

E = I,oad due to Operating Basis Earthquake.

E' Load due to Safe Shutdown Earthquake.

B Hydrostatic loading due to post-LOCA flooding of the
primary containment to the reactor core.

P' Pressure of atmosphere in the primary containment with
the containment flooded to the reactor core.

P = External Pressure Load
V

The primary containment and drywell floor are'esigned for the
following load combinations:

Condition

Preoperational
Testing

Rev. 19, 1/Sl
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TABLE 3. 8-11

CONCRETE DESIGN COMPRESSIVE STRENGTHS

Structure

Concrete Design
Compressive Strength,

[osis

Turbine generator pedestal

All other Seismic Category I and
safety-rel'ated, non-Sex.smic
Category I structures and their
associated foundation mats
including:

a) Containment (including its
internal structures)

b) Reactor Building
c) Control Building
d) Diesel Generator Building
e) ESSH Pum who use
f) Spray Pond
g) Turbine Building
h) Radvaste Build ing

3000

4000

REV. 11, 7/79
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APPENDIX 3 83

CONCRETED CONCRETE MATERIALSr QUALITY
CONT GAOL AN D SP ECIAL CONSTRUCTION TECHNI UES

Materials, workmanship, and quality control are based on the
codes, standards, recommendations and specifications listed in
Table 3.8-1. These documents are modified as reguired to suit
the particular conditions associated with nuclear pover plant
design and construction vhile maintaining structural adeguacy.
Extent of application and principal exceptions are indicated
herein. and as follows:

ACI 30 1-72

a) Provisions of ACI 301-72, Chapter 12, Curing and
protection, shall be modified as follows:

i) Para ra h 12. 2 1 shall be revised to read as
follows:

~~For concrete surfaces not in contact vith forms,
one of the follovinq procedures shall be applied
immediately after completion of placement and
finishing except that the curing process may be
interrupted as necessary not to exceed 8 hours
providing reguirements for veather protection are
maintained. Such curing process may not be
interrupted more than tvice with a minimum of 8

hours elapsing between interruptions. If the
curing is, interrupted for up to 8 hours the curing
time shall be extended to provide a total of 7 days
curing

follows:
"Curing in accordance vi'th Section 12.2 1 and
12.2.2 shall be continued for at least 7 days in
the case of all concrete except high-early-strength
concrete for which the period shall be at least 3

days. Alternatively, if tests are made of
cylinders kept a'djacent to the structure and cured
by the same methods, moisture retention measures
may be terminated prior to 7 days vhen test results
indicate that the average compressive strength has
reached 70 percent of the specified strength, f'c.
Required period of initial curing need not be
greater than the lesser of the tvo periods. If one
of the curing procedures of Section 12.2. 1. 1

throuqh 12.2.1.4 is used initially, it may be
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replaced by one of the other procedures of Section
12.2.1 any time after the concrete is one day old
provided the concrete is not permitted to become
surface dry during the transition. Curing during
periods of cold veather shall be in accordance with
Section 12. 3. 1

iii) Para ra h 12.3.1 shall be deleted and replaced with
the followinq:
»Initial-curing and protection measures for the
concrete during periods of cold veather shall be in
accordance vith the recommendations of ACX 306-66
(1972) ."

b) Provisions of ACI 301-72, Chapter 14, Massive Concrete,
shall be modif ied as follows:

pa~ra raph 14 4 1 shall be deleted and replaced aith
the folloainq:
"The slump of the concrete as placed shall be 3» or
less except that a tolerance of up to 2» above this
indicated maximum shall be allowed for batches
provided the average for all batches or the most
recent 10 batches tested, vhichever is fever, does
not exceed 3». Concrete of lower than usual slump
may be used provided it is properly placed and
consolidated."

paraqraph and substitute the folloving:

iii)

»Concrete shall be placed in layers approximately
24" thick. "

Pa~ra raph 14. 5.1 shall be deleted and replaced aith
the followinq:
»The minimum curing period shall be in accordance
with Section 12.2.3.»

iv) paraqragh 14 5.4. The requirement for controlled
cooling at the conclusion of the specified heating
shall be accomplished by leaving the cold veather
protection in place at least 24 hours after heating
is discontinued In extremely cold veather, the
field engineer shall require that additional
measures be taken to prevent rapid cooling of the
concrete by this method.

3 8B-2
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ACI 3 18-7 1

a) Provision of ACI 318-71, Chapter 5, »Hixing and Placing
Concrete« shall be modified as follows:

i) Pana~r~ah 5 5 shall be zevised by the addition of
the following new paragraph 5.5.3:

5. 5. 3 The curing requirements as described in
Sections 5.5.1 and 5 5.2 above may be
interrupted as necessary not to exceed 8

hours providing requirements for weather
protection are maintained. Such curing
process may not be interrupted more than
twice with a minimum of 8 hours elapsing
between interruptions. If the curing is
interrupted for up to 8 hours, the curing
time shall be extended to provide a total
of 7 days curing.

b) Provisions of ACI 318-71, Chapter 6 ~ Pormwork, Embedded
Pipes, and Construction Joints, shall be modified as
follows:

i) Par~graphs 6.3 2 4 6 3.2 5 6 3 2 6 and
6.3.2 7 shall be deleted and replaced with the
following:
6. 3. 2. 4 «All piping and fittings shall be tested

in accordance with the reguirements of
the code governing that piping system
(e.g., ASME Boiler and Pressure Vessel
Code, ANSI B 31. 1, state or local
plumbing codes, etc.) or in accordance
with applicable design or technical
specifications, or design drawings.

Mhenever the piping system is not
governed by such applicable codes, code
cases or design documents, then such
systems shall be tested for leaks prior
to concreting. The testing pressure
above atmospheric pressure shall be 50
percent in excess of the pressure to
which the piping and fittings may be
subjected, but the minimum testing
pressure shall be not less than 150 psig.
The pressure test shall be held for 4
hours with no drop in pressure except
that which may be caused by air
temperature.«

3 8B-3
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"Drain pipes and other piping systems not
governed by applicable codes and designed
for pressures of not more than 1 psig
need not be tested as required above."

"Piping systems which are not governed by
applicable codes, code cases or design
documents and which carry liquid, gas or
vapor which is explosive or injurious to
health, shall be retested in accordance
with Section 6.3.2.4 subsegueat to the
hardening of the concrete.«

"Piping systems may be energized with
water not exceeding 50 psi nor 90oF if
approved by the responsible Field
Engineer".

Other piping systems, including systems
governed by piping system codes or design
documents exceeding 50 psi or 90oF or
energized with other than water, may be
energized 7 days after the concrete
placement provided that the temperature
does not exceed 150oF nor the pressure
exceed 200 psig. Piping systems may be
energized prior to and during the
placement of concrete provided that: (a)
the above temperature and pressure
restrictions are applied, (b) the
energized system is not shut down within
24 hours of concrete placement, and (c)if the pressure in the energized system
drops, the lower pressure shall become
the limiting pressure until the seven-day
post-placement time limit has elapsed.
Piping systems which have been energized
within 24 hours of concrete placement may
be reenergized at any time more than 24
hours after concrete placement up to the
limitinq pressure

3 8B-4
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3 8B 1 CONCRETE AND CONCRETE 5ATEBIALS — UALIFICATIONS

3.8B.1 1 Concrete nateri~al ualificationn

Cement

Cement is Type II, portland, cement conforming to ASTM C150.
Certified copies of material test reports showing chemical
composition of the cement and verification that the cement being
furnished complies with requirements are furnished by the
manufacturer for each batch or lot.

Fine and coarse aggregates conform to AST5 C33. Aggregate source
acceptability is based on the following test requirements:

Nethod of Test

Unit Height of Aggregate

Organic Impurities in Sands

Effect of Organic Impurities
in Fine Aggregate on Strength
of Mortar

Desi nation

AST5 C29

AST5 C40

AST5 C87

Soundness of Aggregates

5aterials Finer Than No 200
Sieve

AST5 C88

AST5 C117

Lightweight Pieces in Aggregate

Specific Gravity 6 Absorption
of Coarse Aggregate

Specific Gravity 6 Absorption
of Fine Aggregate

L. A. Abrasion

Sieve or Screen Analysis of Pine
6 Coarse Aqqreqates

Clay Lumps 6 Friable Particles

Scratch Hardness of Coarse
Aqqreqates

AST5 C123

AST5 C127

AST5 C128

AST5 C131

AST5 C136

AST5 C142

AST5 C235

3 8B-5
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Potential Reactivity of
A qqrcqa te

ASTM C289

Petrographic Examination

Lightweight Aggregates

ASTM C295

ASTM C330

Percentage of Particles of Less AASHTO T150
Than 1.95 Specific Gravity in
Coarse Aggregate

Resistance of Concrete Specimens AASHTO T161
to Rapid Freezing and Thawing in
Mate"

Flat and Elongated Particles CRD C119

Coarse aggregate loss from the L.A. Abrasion Test (ASTM C131)
using Grading A is limited to 40 pexcent by weight at 500
revolutions.
Coarse aqqreqate grading is for size numbers 4, 8, and 67 as
defined in ASTN C33 and the quantity of flat and elongatedparticles is limited to 15 percent in any nominal size group.
When fine and coarse aggregates are tested per ASTM C117 to meet
the requirements of ASTM C33, and when the results of any of the
aggregate sizes exceeds the stated limits for fines, the
aggregate is accepted, provided the total amount 'of aggregatefines in a qiven mix is not greater than the total amount
permitted for each aggregate size at ASTM C33.limits.
~Hi h Den~sit agg~te ates

The requirements for high density aggregates are the same as for
normal density aggregates except as noted below.

Fine and coarse aggregate conforms to ASTM C637 except that
grading is as follows:

3 8B-6
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Sieve Size
U S. Std.
S . Mesh

Percentage Passing
Fine Aggregate Coarse Aggregate

~Sand ~1-1 2 in.
2 in ~

1-1/2 in.
3/4 in.
3/8 in.

No. 4
No '8
No. 16
No. 30
No 50
No 100

100
75-95
55-'5
30-60
15-45
10-30
0-15

100
95-100
35-70
10-30
2-15
0-10

The fineness modulus of the fine aggregate is not less than 3.2
nor more than 4.2. Both fine and coarse aggregate have a minimum
bulk specific gravity of 4.0.
These aggregates are not tested per AASHTO T16 1 unless thestructure is exposed to a design freeze-thaw environment and arealso not tested per ASTM C330.

Certified test reports are prepared by an independent testinglaboratory for each material shipment attesting to aggregate
conformance to cleanliness requirement@ when tested per ASTM C117
and specific gravity requirements when tested per ASTH C127 and
C 128.

Pozzolan

Pozzolan, when used, conforms to ASTM C6 18 for Class F exceptthat the maximum loss on ignition is 6 percent. Prior to
shipment a minimum of one sample is taken and tested in
accordance with ASTM C3 11 to demonstrate conformance with the
above. Such documentation accompanies naterial shipment.

Mixing Water and Ice

Rater and ice used in mixing concrete is free of in]urious
amounts of oil, acid, alkali, organic matter, or otherdeleterious substances as determined by AASHTO T26. Such water
and ice does not contain impurities that would cause either a
change in the setting time of portland cement of more than 25
percent or a reduction in compressive strength of mortar of more
than 5 percent compared with results obtained with distilled
water. The water and ice do not contain more than 250 ppm ofchlorides as Cl, or more than 1000 ppm of sulphates as SO4. The
pH range is between 4.5 and 8. S.

REV. 1 8/78 3 8B-7
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Admixtures

Air entraining admixtures, when used, conform to ASTM C260
Water reducing and retarding admixtures, when used, conform to
ASTM C494 for types A and D. Types A and D are used in
accordance with the manufacturer's recommendations. Certificates
of conformance stating conformance to the applicable ASTM
specification are furnished with each shipment. Use of calcium
chloride is not permitted.

3.SB 1 2 Concrete Nix Desi n

Concrete Pr~o erties
Concrete properties
verified by testing
below:

required for each type of mix design are
for the applicable properties indicated

P~ro er~t

Compressive Strength

Unit Weight

Slump

Air Content

Test Des~isation

ASTM C39

ASTN C138

ASTN C 143

ASTM C231

The following additional properties of selected mix designs have
been determined to ascertain material compatibility with design
assumptions:

Static Nodulus of Elasticity ASTM C469

Static Poisson's Ratio ASTN C469

Dynamic. Nodulus of Elasticity ASTN C215

Dynamic Poisson' Ratio

Thermal Diffusivity
ASTM C215

CRD C36

Thermal Coefficient of Expansion CRD C39

Concrete Mix Pro ortions

Proportions of ingredients are determined and tests conducted in
accordance with ACI 211. 1, except as noted below, for
combinations of materials established by trial mixes. These
proportioning methods provide required concrete strength,

3 8B-8
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durability, and unit weight while maintaining adequate
workability and proper consistency to permit required
consolidation without excessive segregation or bleeding.

The design strength (f'c) of mixes that contain pozzolan is
measured at 90 days; for those that do not contain pozzolan, f'c
is measured at 28 days. Three cylinders are tested for each mix
design and aqe as follows:

Pozzolan Mix Nonnozzolan Mix

3 days
7 days

28 days
90 days

3 days
7 days

28 days

Concrete mixes for limited uses such as in radiation-sensitive
facilities and hiqh density concrete do not contain pozzolan.
All other concrete mixes are. based on use of approximately 15 to
20 percent pozzolan by weight as cement replacement. Further
concrete mixes except limited application use, such as high
density concrete, are based on 3 to 6 percent air entrainment for
both 3/0 and 1-1/2 in. nominal maximum size coarse aggregate.
These measures provide a concrete possessinq both qood freeze-
thaw and sulphate resistance.

In lieu of establishinq limits on water-cement ratio, the
concrete is proportioned and mixed so as to be placed at
specified slumps. The average slump at the point of placement is
less than the "Working Limit", which is the maximum slump for
estimating the quantity of mixing water to be used in the
concrete. An "Inadvertency Margin" is the allowable deviation
from the "working Limit<'or such occasional batches as may
inadvertently exceed the "Working Limit". Jobsite tests have
indicated that concrete with slumps at the»Inadvertency Margin"will produce acceptable quality concrete.

3 8B. 1..3 ~ Grout

Construct.ion Gr~>4

Construction grout for use at horizontal construction joints and
similar'applications is proportioned from the same materials as
for concrete. Grout strength is determined in accordance with
ASTM C]09

REV 2> 9/78 3. 88-9
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S-/we-tag .Ki-x

Starter mixes are used in applications such as at the bottom of
foundation slabs and in lieu of construction grout and are
proportioned from the same materials as for concrete. These
mixes are generally proportioned for a ~~Working Limit" slump 2
in. qreater than the associated concrete mix. Trial mixes are
prepared and tested for strength as described for general
concrete mixes.

Nog shgj;n k„-Grout.

Nonshrink qrout is prepared from proprietary materials such as
Embeco LL-636 by Naster Builders Company or Pive Star Grout by US
Grout Corporation Such grouts are proportioned in accordance
with the manufacturer's recommendations and are tested for
expansion, compressive strength, and flow characteristics with
maximum water content recommended by the manufacturer prior to
use.

3 8B 2 CONCRETE AND CONCRETE MATERIALS — BATCHINGE PLACINGE
CDRXNG AND PROTECTICN .

3+B ~2~1 Sgoggge

Storaqe of aqqreqates, cement, pozzolan, and admixtures is in
accordance with the recommendations of ACI 304.

3.8B 2.-2- - .Batchi~n~ Nixing~ and Delivering

Concrete for principal structures is provided as central mixed
concrete from a batch plant located on the jobsite. Some limited
amounts of concrete are obtained from an offsite batch plant.
All such batch plant facilities are certified by the National
Ready Mix Concrete Association (NRMCA) and measuring devices are
calibrated at reguired intervals and more frequontly when deemed
a ppropriate.

Measuring of materials, batchinq, mixinq, and delivering normal
weight concrete conform to ASTI C94, Alternate No 1 except as
otherwise noted.

Regulatory Guide 1.69 has basically adopted ANSI N101.6. This
ANSI standard is intrepreted to be applicable only to hiqh
density concrete servinq as radiation shields and is therefore
not used on th is project. As, the concrete has a d ua 1 function of
providinq shielding and structural adequacy, the standard

3 8B- 10
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practices as described herein are adopted for normal weight
concrete. Qhen higher density concrete is required for shielding
purposes, the practices adopted are in general agreement with
those outlined in the ACI Journal of August 1975 report by ACI
Committee 304: "High Density Concrete Measuring, Mixing,
Transporting, and Placinq".

The delivery of materials from the hatching eguipment is within
the following limits of accuracy:

Over .and nader~Pe cent

Material ~llei ht ~eicehC

Cement

Less than Greater than
or egual to 30 30 percent of
percent of scale capacity
scale capacity

Minus 0
Plus 4

Pozzolan Minus 0
Plus 4

Water

Ice

Aqqregate equal to
or smaller than
1- 1/2 (See note below)

Admixture when
batched separately

Note: Or plus or minus 0 3 percent of scale
capacity, whichever is less.

3 SB 2 3 Placina

Placinq of normal weight concrete is in accordance with the
recommendations of ACI 304. Placing of high density concrete is
as described above.

3 BB-1 1
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3.8B.2 4 Consolidation

Consolidation of concrete is in accordance with the
recommendations of ACI 309.

3 8B 2.5 Curing

Curing of concrete is in accordance with the recommendations of
ACI 308.

3.8B.2.6 Hot and Cold Heather Concret~in

measures taken to mitigate the effects of hot and cold weatherduring each step of the concreting operation are in accordancewith ACI 305 and 306 respectively.

3 8B 3 CONCRETE AND CONCRETE MATERIALS-CONSTRUCTION TEST'ING

An independent concrete and concrete materials testing laboratory
has been established at the project site to monitor the qualityof such work and materials and to promptly report any deviations
from specified conditions. Such testing personnel are qualifiedto meet the requirements of NRC Regulatory Guide 1.58.
Procedures and tests for accomplishing such work are reviewed and
accepted by Bechtel prior to use. Qualifications and proceduresin use by Bechtel quality control personnel and extent of
conformance to Regulatory Guide 1.94 are described in Section
3. 13.

production testing for concrete and concrete materials is as
shown in Table 3. 88-1.

Materials that do not meet test requirements are not used in theconstruction.

If the measured concrete temperature, slump, unit weight, or aircontent falls outside the limits specified, a check is made. In
the event of a second failure, the load of concrete representedis not used in the construction.
Concrete cylinder test results are reviewed for compliance with
Chapter 17 of ACI 301 and are evaluated in accordance with ACI
214

3 8B-12



SSES-FSAR

Materials or portions thereof that do not meet the above criteria
but may inadvertently be used are handled as described in
Appendix D and amendments to the PSAR.

3 8B 4 CONCRETE REINFORCEMENT MATERIALS — OALIFICATIONS

Reinforcing steel for concrete structures conforms to ASTM A615,
Grade 60, including Section S1 for bar sizes 14 and 18.
Certified copies of material test reports indicating chemical
composition, physical properties and dimensional compliance are
furnished by the manufacturer for each heat.

Shen permitted by the design drawings, reinforcing steel is
furnished by the supplier to special chemistry requirements to
enhance reinforcing weld characteristics The chemistry of such
bars meets the following chemical analysis requirements expressed
in maximum percentage by weight:

C — 0 50%

Mn — 1. 30%

P — 0 05%

S — 0 05%

Meld splicing of reinforcing is not performed in the primary
containment structures.

Each bundle of reinforcinq steel is tagged to ensure unique heat
traceability during production, while in transit and into
storage. Durinq storaqe and installation reinforcing steel is
collectively traceable to the group of certified material test
reports received.

Prior to installation at the jobsite all reinforcing steel is
subjected to a testing program meeting the requirements of NRC
Regulatory Guide 1.15. Any reinforcing steel which does not meet
these requirements is not used 'in the construction

Sleeves for reinforcing steel mechanical splices conform to ASTM
A519 for Grades 1018 and 1026. Certified copies of material test
reports indicating chemcial composition and physical properties
are furnished by the manufacturer for each sleeve lot.

3 8B-1 3
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3~8B 5 CONCRETE REINFORCEMENT HATERIA S — FABRICATION

3 8B. 5 1 Bend in Reinf orcement

Hooks and bends are fabricated in accordance with ACI 318 Chapter
7 1. Bars partially embedded in concrete are bent subject to the
following conditions.

~Be din ~antiall Embedded B in o em t
The minimum distance from existing concrete surface to the
beginning of bend and the minimum inside diameter of bend is:

Ban Size

No. 3 through No. 8

Nin. Dist. from
Surface to

Be innin of Bend

3 Bar Diameters

No. 14, No. 18 5 Bar Diameters

No. 9, No. 10, No. 11 4 Bar Diameters

Bin. Inside
Be d iamete

6 Bar Diameters

8 Bar Diameters

10 Bar Diameters

Bars No. 3 to No. 5 inclusive may be bent cold once. Heating is
reguired for subseguent straightening or bending

Bars No. 6 and larqer may be bent and straightened, provided that
heatinq is used.

When heat is used, it is applied as uniformly as possible over a
length of bar equal to 10 bar diameters, and is centered at the
middle of the arc of the completed bend The maximum bar
temperature is between 1100 and 12000P, and maintained at that
level until bendinq (or straightening) is complete.

Temperature-measurinq crayons or a contact pyrometer is used to
determine the temperature. Heat is applied in such a way as to
avoid damage to the concrete. Care is taken to prevent rapid
quenching of heated bars

Straightened bars are visually inspected to determine whether
they are cracked, reduced in crass-section or otherwise damaged
Any damaged portions are removed and replaced

3 8B-14
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3.BB.5.2 Bplicinci Reinforcement

Zn general, lapped splices are used for No. 11 and smaller bars.
Such lap splices are in accordance with Sections 7 5, 7.6, and
7.7 of ACI 318.

Mechanical S~lices

In general, mechanical (Cadweld) splices are used for all No. 14
and No 18 splices, for splices across liner plates and in lieu
of standard hooks when a plate anchorage is required or
desirable. To obtain an effective level of quality control for
this splicing process, a qualification, inspection, testing, and
acceptance program in accordance with NRC Regulatory Guide 1.10
has been used. Melding of splice sleeves to liners, or other
plates and shapes is in accordance with AMS D1. 1

whenever both lap and mechanical splices have been determined to
be impractical, welded splices are used on a case-by-case
approval basis. Such welding is performed by qualified welders
using a procedure conforming to the basic recommendations of AWS

D12- 1-

3.8B 5 3 Placin Reinforcement

Reinforcement .is securely tied with wire and held in position by
spacers, chairs, and other supports to maintain placement
accuracy within the tolerances established for reinforcement
protection and the design requirements.

3 8B.5.4 S~acin Reinforcement

Spacing of reinforcement is in accordance with Sections 3.3. 2,741,and745of ACI318

3 8B 5 5 Surface Condition

Reinforcement surface condition at the time of concrete placement
is in accordance with Section 7.2 of ACI 318.

3. 8B-15
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3 8B 6 CONCRETE REZNPORCENENT 5ATZRIALS — CONST'RUCTION
TESTING

Inspection of reinforcement materials to ensure that bending,
placinq, splicing, spacing, and surface condition requirements
are met is in accordance with the program described in Chapter 17
as is the extent of conformance to Regulatory Guide 1.94

3~8B 7 FORMMORK AND CONSTRUCTION JOI TS

Pormwork is designed and constructed in accordance with ACI 347.
Such formwork maintains position and shape to keep deformations
within limits established by the design requirements.

Prior. to concrete placement, construction joints are cleaned to
remove unsatisfactory concrete, laitance, coatingsi debris, and
other foreign material and to expose the aggregate The. joints
are then saturated to produce a saturated surface dry condition.
Horizontal construction joints then shall be covered with either
approximately 1/4 in. of construction grout or a layer of starter
mix which is approximately 4 to 6 in deep.

Except as discussed below, concrete is placed in accordance with
Regulatory Guide 1.55.

Regulatory positions 2 and 3 of the Regulatory Guide state the
presumed functional responsibilities of the "Designer" and the
»Constructor». Under the designer's role are listed the
responsibilities for checking shop drawings and locations of
construction joints. On this project, the former is fully
delegated to the Bechtel field, although the design engineering
office may check significant portions and may advise the field

~ accordingly. The responsibility for construction joint location
is partly delegated to the field in the sense that the field has
to follow the guidelines set out in the design drawings and
specifications prepared by the design engineering office. In
interface areas, a delegation of the design engineering office's
responsibility to the field office is within the definition of
the terms "responsibility» and "delegated responsibility» as
discussed in Paragraph 1.3 of the proposed ANSI N45.2.5.
Delegation of the responsibilities for checking the reinforcing
drawings to the field engineering group is justified by the
followinq:

a) The Bechtel field engineering group is segregated from
the field supervision group, although both are located
at the jobsite and eventually report to the project
construction manager

3 8B-16
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b) The field engineering group is staffed, for the most
part, by qraduate enqineers who have been trained in the
use of the ACI code and understand the design
implication of the proper location, splicing, and
embedment of reinforcing steel

c) The field inspection of the actual rebar as placed in
the forms is conducted using the engineering drawings as
the primary source document. This ensures a check on
any errors which may have passed the critical review of
the field engineer in checking the shop detail or
erection drawings.

d) It is standard practice in, the civil engineering
profession that engineering reguirement drawings for
reinforcing be converted to shop detail and erection
drawinqs in accordance with ACI standards applied by
steel detailers at the reinforcing steel vendor's shop.
Most contractors installing reinforcing steel rely upon
their superintendent and foreman for correct
interpretation of these detail drawings in erecting the
reinforcing steel. Mhile this is also true of Bechtel
field operation, we do have the additional help and
guidance of the field engineers both during the
installation phase and finally at the inspection phase
prior to final sign-off on the report card.

e) The field engineers have the added benefit of heing able
to plan and witness the actual installation and can,
therefore, better foresee any difficulties in meeting
the intended design requirements Their assessment of
the situation is further assisted by regular telephone
communication with the design engineers who also
periodically visit the Jobsite.

The above procedure of delegation of the design engineering
office's responsibility to the field personnel and periodic
monitoring by the engineering office ensures correctness and
conformance of the shop drawings to the design drawings and
therefore meets the intent of Regulatory Guide 1.55.

3 BB-17
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APPENDIX 3 8C

CONCRETE UNIT MASONRY'ASONRY MATERIALS
A N U ALITY CONT RO

Materials, workmanship and quality control are based on the
applicable codes, standards, recommendations and specifications
listed in Table 3.8-1. These documents are modified as required
to suit the perticular conditions associated with nuclear power
plant design and construction while maintaining structural
adeq uacy.

3 8C 1 CONCRETE UNIT MASONRY AND MASONRY
MATERIALS -~UALIPICATIONS

Concrete Unit Masonry

Concrete unit masonry conforms to either ASTM C90, Type I, Grade
N for hollow masonry units or ASTM C145, Type I'rade S for
solid masonry units.
Maaoa~r Nortar

Masonry mortar conforms to ASTM C270, Type M, and is of the
following ingredients:

Portland cement, conforming to ASTM C150, Type I or II.
Hydrated lime conforming to ASTM C207, Type S.

Aggregate c'onforming to ASTM C144.

Masonr~Grout

Masonry grout conforms-tb ASTM C476.

Concrete Infill
Concrete infillconforms to the program and requirements
described in Appendix 3.8B.

Rein fore inq Steel

Reinforcing steel conforms to the program and requirements
described in Appendix 3.8B

REV. 1 8/78 3 8C-1
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Horizontal Joint Reinforcement

Horizontal joint reinforcement is made of wire conforming to ASTM
A82. Certificates of compliance stating conformance to ASTM A82
are furnished for the joint reinforcement.

3 8C 2 CONCRETE UNIT MASONRY AND MASONRY
MATERIALS — CONSTRUCTION AND ERECTION

Construction and erection of concrete unit masonry and masonry
materials is in conformance with the requirements of the Uniform
Building Code.

3 8C 3 CONCRETE UNIT MASONRY AND MASONRY
MATERIALS — CONSTRUCTION TESTING

An independent testing laboratory has been established at the
project site to monitor the quality of concrete unit masonry and
masonry materials and to promptly report any deviations from
specified conditions Procedures and tests for accomplishing
such work are reviewed and accepted by Bechtel prier to use.

Production testing for concrete unit masonry and masonry
materials is as follows:
Concrete Unit Masonry

Tests of concrete unit masonry are performed at a frequency of
six units randomly selected from each lot of 5000 units or
fraction thereof delivered to the jobsite., Such units are tested
in accordance with ASTM C140 to demonstrate compliance with ASTM
C90 for hollow masonry units and with ASTM C145 for solid masonry
units. Such tests are performed and acceptability determined,
prior .to use of that lot of masonry units.

Masons Mortar

Tests of masonry mortar are performed prior to use initially and
then for each 5000 concrete masonry units placed Such tests are
performed in accordance with and meet the acceptance standards of
ASTM C270

Masons~Grout

Tests of masonry grout are performed at a frequency of once for
each 100 cubic yards of each class of masonry grout produced.
Each test consists of 6 two inch cubes made, cured and tested in
accordance with ASTM C109. Three cubes are tested at 7 days and
three at 28 days.

3.8C-2
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Concrete Infill
Concrete infill is tested at the same frequency and by the
methods described for Appendix 3. SB.

Materials that do not meet test requirements are not used in the
construction.

Materials or portions thereof that do not meet the above criteria
but may inadvertantly be used are handled as described in
Appendix D and amendments to the PSAR.

3.8C-3
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3 '1 5 ESTIMATED CHEMICAL PHYSICAL AND RADIATION
ENVIRONMENT

3. 11.5.1 Suppression Pool, Residual Heat Removal System, and
IL

The water in these systems shall not be chemically inhibited.
The maximum limits for the suppression pool have been established
to be compatible with those of the primary coolant and are listed
in Ta b le 3. 11- 7 for

corn

pa rison.

Observations made of suppression pool water quality over a period
of several years in suppression pool with and without coatings,
indicate that the feed and bleed to radwaste that occurs during
normal system testing and level adjustments maintain the water
quality well within the above limits.
During reactor shutdown cooling, the RHR system water mixes with
reactor water. Therefore, to insure reactor water quality the
shutdown cooling piping and equipment shall be flushed with water
of the quality specified above for maximum limit with suspended
solids concentration of 5 ppm or less. During layup the RHR
system will be filled with water of the following limits.
Parameter RHR System Maximum Limit

Conductivity
Chlorides (as Cl)
pH

3 mho/cm at 250C
0.05 ppm

5.3 to 7.5 at 250C

3. 11. 5. 2 P~h sical Environment

Engineered safety feature (ESF) systems are designed to perform
their safety related functions in the temperature, pressure, and
humidity conditions described in Subsection 3. 11.2, and Sections
6.2 and 6. 3.

The containment atmosphere is maintained below 4 percent by
volume hydrogen consistent with the recommendations of Regulatory
Guide 1.7 as discussed in Subsection 6.2. 5.

3.11.5.3 Radiation Environment

ESF systems and components are designed to perform their safety
related functions after the normal operational exposure plus an
accident exposure. The normal operational exposure is based on
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the design source terms presented in Chapter 11 and Subsection
12.2. 1 and the equipment and shielding configurations presented
in Section 12.3.

Post-accident ESF system and component radiation exposures are
dependent on equipment location In the containment and control
room area, exposures are due to a hypothesized LOCA. Source
terms and other accident parameters are presented in Subsection
12.2.1, and Chapter 15, and are consistent with the
recommendations of Regulatory Guides 1.3 and 1.7.

in the deactor Building, exposures are based on the assumption
that 50 percent of the core halogen inventory and 1 percent of
the core solid fission products, as listed in Subsection 5.6.3.5,
are recirculated by the ECCS systems.

Normal, accident, and design (normal plus accident) radiation '

exposures for plant areas, based on the above assumptions,'re
presented in Table 3. 11-6.

Organic materials that exist within the containment are
identified in Subsection 6.1.2. The design radiation exposures
identified in Table 3.11-6 are based on gamma radiation exposure
only except as noted. The effect of beta radiation is
effectively attenuated by small amounts of shielding, such as
conduits for cable and casings for equipment. For the organic
coating materials used inside the containment (see Table 6. 1-2),
irradiation tests have been performed for a cumulative gamma dose
up to 1x10~ rads, which exceeds the design calculated value in
Table 3. 11-6, and therefore, conservatively accounts for the
surface exposure due to beta radiation in the design basis
accident environment.

3. 11 6 REFERENCES

3. 11-1 J.J. DiNunno, R. E. Baker, F. D. Anderson, and R. L.
Materfield, «Calculation of Distance Factors for Power
and Test Reactor Sites«, TID-14844, Division of
Licensing and Regulation, AEC, Rashington, D.C. (1962).

3 11-2 J. F. Kircher a nd R. E. Bo wman, E ffects o f Ra diat ion on
Materials and Components, Van Nostrand Reinhold, New
York, 1964.

REV. 5i 2/79 3 11-16



Page I

TABLE 3.11-6

NORMAL AND MAXIMUMPLANT ENVIRONMENTAL CONDITIONS j18

NORMAL OPERATING CONDITIONS MAXIHUM CONDITIONS
RELATIVE DOSE INTEGRATED RELATIVE LOCA TOTAL INTEGR.

TEHP F HUHIDITY RATE
(12) DOSE PRESSURE TEMP HUMIDITY DOSE RATE DOSE

4KEY PRESSURE MAX/HIN HAX/MI+, (R/HR) (RAD) 'F (RAUS/HR) (RAUS) 5
(10)

Primary
Containment
Drywell, No.
RPV Shield

With Vessel Shield:

C2 .1 psig 150/100 90/20 Gamma
4 See See See

to 6.5X10 (2) 2.3X10 Notes Notes Notes 1.3X10 2.3X10
1.5 psig

Neutrons 16 (l)>(13) (1)>(13) (1)>(13)
6.3X10 7.9X10 and (7) and (7) and (7) - 7.9X10

)i)is

Zone 1 Above
Core

Zone 2 Core
Region

~ Zone 3 Under
Vessel

Zone 4 Near
Recirculation
Pumps

C2a .1 psig
to

1.5 psig

C2b .1 psig
to

1.5 psig

C2c .1 psig
to

1.5 psig

C2d .1 psig
to

1.5 psig

150/100 90/20

150/100 90/20

185/100 90/20

135/100 90/20

Gamma

(2)Neutron
3X10

Gamma

50

Neutrons1.4X10

Gaum>a

7.2
Neutron
<1

Gamma

25
Neutron(
2X10

8.8X10

6.3X1013

1.8X10

I.sx1014

2.5X10

<1.3X10

8.8X10

2.5X10

As Above As Above As Above 1.3X10 6

As Above As Above As Above

As Above As Above As Above 1.3X106

As Above As Above As Above

As Above As Above As Above 1.3X10 6

As Above As Above As Above

As Above As Above As Above 1.3X10 6

As Above As Above As Above

3.4X10

6.3X10

4.4X10

l.sx1014

2.8X10

<1.3X10

3.4X10

2.5X10

)i is

5

)IO

Rev. 18, 11/80
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TABLE 3.11-6

NORHAL AND MAXIMUMPLANT ENVIRONMENTAL CONDITIONS I]8

AREA

NORMAL OPERATING CONDITIONS
RELATIVE DOSE

TEMPoF HUMIDITY RATE
KEY PRESSURE HAX/HIN MAX/MIFg, (R/HR)
(10)

INTEGRATED
DOSE

(RAD)

MAXIMUMCONDITIONS
RELATIVE LOCA TOTAL INTEGR.

PRESSURE TEHP HUMIDITY DOSE RATE DOSE
'F (RADS/HR) (RADS)

Zone 5 >15 ft..
from Recirc
Pumps

Zone 6
Suppression
Pool

Core Spray
Pump Rooms

HPCI Pump Rooms
& Penetration
Room

C2e .1 psig 150/100
to

1.5 psig

90/20

C3 .1 psig 125/90
to

1.5 psig

100/50

Rla -.375" wg 100/60 90/10

Rlb -.375" wg 104/60 90/10

Gamma

4
Neutgon
2X10

Gamma

(2)Neutron
2X10

.015

.015

1.4X10

2 5X1012

3.5X10

5.3X10

5.3X10

2.7X10

2.5X10

See Note See Note See Note
(8) (8) (8)

-.25"wg 130 100/90
Note(15)

1.3X10

1.6xlo

2.6X10

7X10

5X10

6.1 psig 305 for 100/90
[-.25" wg] 60 se~3) Note(15)

[130]

1.6X10 5X10

As Above As Above As Above 1.3X106

As Above As Above As Above
bI„

))16

18
RHR Piping &
Penetration Room
At El. 683

Rlc -.375" wg 115/60 90/10 .015 5.3X10 2.48 psig 305 for 100/90
[-.25" wg] 60 se~3) Note(15)

[130]

1.6X10 5X10

RWCU System Heat.
Exchanger Room

Rid -.375" wg 110/60 90/10 15 8.8X10 2.4 psig 220 for 100/90
[-.25" wg] 40 se~3) Note(15)

[130]

6.5X10 8.9X10

Rev. 18, 11/80
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TABLE 3.11-6

NORMAL AND MAXIMUMPLANT ENVIRONMENTAL CONDITIONS

NORHAL OPERATING CONDITIONS
RELATIVE DOSE

TEHPoF HUMIDITY RATE
KEY PRESSURE MAX/MIN MAX/Milg (R/HR)
(10)

INTEGRATED
DOSE
(RAD)

MAXIHUH CONDITIONS
RELATIVE LOCA TOTAL INTEGR.

PRESSURE TEMP HUMIDITY DOSE RATE DOSE (4)'F ~ 'RAUS/NR) (RAUS)

RWCU System Recir-
culation Pump Room
8 Penetration Area

RWCU System
Filters Tanks 8
Pump Rooms

Reactor Building
Steam Tunnel

Refueling Floor

Rle -.375" wg 104/60 90/10 <.05

Rlf -.375" wg 104/60 90/10 10

R3 -.375" wg 130/40 90/10 5

R5 -.25" wg 100/60 90/10

1.8X10

3.6X10

1.8X10

3.5 psig 222 for
[-.25" wg] 40 sec3

[130] i )

- 25" wg 104

8.2 psig 300 F for
[-.25" wg] 15 se(3)

[1301
25" wg 10

100/90
Note(15)

100/90
Note(15)

100

100/90
Note(15)

6.5X10 1.9X10

6.5X10 3.8X10

I 6X10
2 (5) 1 SX10

[>2.5X10 ]

RNR Pump Rooms

RCIC Pump Room
8 Penetration Room

Rlg -.375" wg 100/60 90/10

Rlh -.375" wg 102/60 90/10

.015

.015

5.3XIO

5.3X10

1.84 psig 296 for 100/90
[-.25" wg] 60 ses3 Note(15)

[130]4

2.2 psig 306 for 100/90
[-.25" wg]25 sec(3) Note(15)

[130]

1.6X10 5X10

1.6X10 5X10
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TABLE 3.11-6

NORMAL AND HAXIMUM PLANT ENVIRONMENTAL CONDITIONS

NORMAL OPERATING CONDITIONS
RELATIVE DOSE INTEGRATED

TEHPop HUMIDITY RATE
12

DOSE
KEY PRESSURE HAX/MIN MAX/MIN, (R/HR) (RAD)
(10)

PRESSURE TEHP
op

MAXIMUMCONDITIONS
RELATIVE LOCA TOTAL INTEGR.
HUMIDITY DOSE RATE DOSE

(RADS/HR) (RADS)

Reactor Building
General Access
Areas

Standby Liquid
Control Area

Emergency
Switchgear

Penetration Rooms
Not Otherwise Noted

CRD Hydraulic
Area

Return Air Plenun,
Recirc System

Reactor Bldg. H&V
EquiPment Room

Rln -.25" wg 100/60 90/10

Rln -.25" wg 100/60 90/10

Rli -.125" wg 104/70 90/10

Rlj -.375" wg 130/60 90/10

Rlk -.25" wg 100/60 90/10

R4 -.25" wg 104/40 90/10

.0025

.0025

.0025

. 0025

.0025

8.8X10

8.8X10

8.8X10

S.SX10

8.8X10

-.25" wg 104

-.25" wg 104

-25" wg 122

-.25" wg 130

-.25" wg 104

-1.5" wg 104

-.25" wg 104

90

90

90

90

90

90

90

6.5X10 1.7X10

6.5X10 1.7X10

1.7X10

1.7X10

1.7X10

SOTS Equipment
Room

CS4 Atmos 104/40 100/10 .015 5.3X10 Atmos 104 100 5.7X10 3.8X10

Control Room CS1 +.125" wg 80/70 55/45 .0005 1.75X10 2 + 125" wg, 80 55 1.78X10
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TABLE 3.11-6

NORMAL AND HAXIHUH PIANT ENVIRONMENTAL CONDITIONS

NORHAL OPERATING CONDITIONS
RELATIVE DOSE INTEGRATED

TEMP F HUMIDITY RATE
12

DOSE

KEY PRESSURE HAX/H IN HAX/HINT, (R/HR) (RAD)
(10)

MAXIMUMCONDITIONS
RELATIVE LOCA TOTAL INTEGR.

PRESSURE TEMP HUMIDITY DOSE RATE DOSE (4)'F (RADS/HR) (RADS)

Cable Spreading
Rooms 8 HVAC
Equipment Room,
Relay Rooms
Elect. Equip.
Rooms

CS2 +.125" wg 80/10 60/10 .0005 1.75X10 +.125" wg 90 60

Battery Room

Computer Room

Radwaste Control
Room

Radwaste Valve
and Pump Rooms

Storage Tank
Rooms (unprocessed)

Die'sel Generator
Rooms (14)

ESW'Pumphouse

UPS Rooms

RW2 -.125 104/40 90/10

RW3 , -.125

G Atmos

120/40 90/10

104/72 90/5

SW Atmos 104/40 '00/5
CS3 .125" wg 104/65 60/40

CS5 +.125" wg 80/60 60/10

CS3 +.125" wg 85/65 60/40

RW1 Atmos 75/50 80/10 .0025

.02

20

8.8X10

7.0X10

7.0X10

+.125" wg 80

+.125" wg 85

Atmos 80

60

60

80

-.25" wg 120 100

-.25" wg 120 100

Atmos 120 50

Atmos 104 100

.125" wg 104 60
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TABLE 3.11-6

NORMAL AND MAXIMUMPLANT ENVIRONMENTAL CONDITIONS

NORMAL OPERATING CONDITIONS
RELATIVE DOSE

TEMPOF HUMIDITY RATE
KEY PRESSURE MAX/MIN MAX/MI)g (R/HR)
00)

MAXIMUM CONDITIONS
INTEGRATED RELATIVE LOCA TOTAL INTEGR.
DOSE PRESSURE TEMP HUMIDITY DOSE RATE DOSE (4)
(RAD) F (RADS/HR) (RADS)

Turbine Building
Operating Floor

Turbine Building
General Areas
(shielded)

T2a Atmos 104

Tl -.125" wg 104

90/10

90/10

.005-.020 7.7X10

.001 4X10 -.125" wg 104 100

-.125" wg 104 ~ 90

HP Turbine

LP Turbine

Feedwater Heaters
Condensers

Steam Jet Air
Ejectors

Condensate
Treatment

T2b -.125" wg

T2c -.125" wg

T3 -.125" wg 120

T4 -.125" wg 120

T5 -.125" wg 120

90/10

90/10 15

90/10 10

1.8X10

3.5X10

1.8X10

5.3X10

3.5X10

-.125" wg

.125" wg

-.125" wg 120

-.125" wg 120

-.125" wg 120

100

100

100

5.3X10

5.3X10

(1) Temperatures are for small line break; pressures are for recirculation line break. Temperatures for recirculation
line break are lower.

(2) Units for neutron firn are nutrons per cm -sec.2 'C
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TABLE 3.11-6

NORHAL AND MAXIHUH PLANT ENVIRONHENTAL CONDITIONS

(3) Pipe break outside containment results in short term peak temperature and pressure shown, until the break is
isolated within the time noted. Shown in brackets is the long term temperature and pressure for the pipe break
outside containment. The conditions in brackets are also those for the full duration of a pipe break inside
containment. During the short term transient, capability to detect and isolate the pipe break and capability
to shut down the reactor exists.

(4) Includes integrated accident and normal doses.

(5) Accident is rod drop not LOCA.

(6) Pressure, temperature, and humidity maximums are not simultaneous.

(7) a) 0-45 sec.
b) 45 sec.-3 hrs.
c) 3 hrs.-6 hrs.
d) 6 hrs.-24 hrs.
e) 24 hrs.-100 days

(8) a) 0-45 sec.
b) 45 sec.-3 hrs.
c) 3 hrs.-6 hrs.
d) 6 hrs.-30 hrs.
e) 30 hrs.-150 hrs.
f) 150 hrs.-100 days

44 psig
35
35

-20
15

29 psig
30
30
15
10
10

340oF
3404F
3200F
2504F
200oF

130oF
200oF
210DF
2000F
200oF
1404F

100$ R.H.
100'.H.
100% R.H.
100$ R.H.
IOOX R.H.

100% R.H.
100K R.H.
100$ R.H.
100$ R.H.
100K R.H.
100$ R.H.

(9) Spent fuel pool boiling results in higher temperatures not exceeding 210'F.

(10) Key letter and number identifies a particular group of environmental parameters.

(ll) Pipe breaks outside containment can result in higher temperatures and pressures in certain of these compartments,
however, leak detection, isolation, and shutdown is accomplished from outside these compartments.

(12) If not otherwise noted, dose is Gama.
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TABLE 3.11-6

NORMAL AND MAXIMUMPLANT ENVIRONMENTAL CONDITIONS

(13) Minimum dryvell pressure is -5 psig.

(14) For DG rooms: Normal operation means DG in Standby, maximum conditions means DG operating.

(15) Relative Humidity Maximum: 100$ , 1-12 Hours; 90$ , 12 Hours to 100 days.

Rev. 18, 11/80
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6.3.2.4

6.3.2.5
6.3.2.6
6;3.2.7
6.3.2.8
6.3.2;9

Materials Specifications and
Compatibility
System Reliability
Protection Provisions
Provisions for Performance Testing
Manual Actions
Position Verification for Manual Valves

6.3-20b

6.3-20b
6.3-20b
6.3-20c
6.3-20c„
6.3-20d .

6.3.3 ECCS Performance Evaluation 6.3-20e

6.3.3.1
6.3.3.2
6.3.3.3
6.3.3.4
6.3.3.5

ECCS Bases for Technical Specifications
Acceptance Criteria for ECCS Performance
Single Failure Considerations
System Performance During the Accident
Use of Dual Function Components for ECCS

6.3-21
6.3-21
6.3-22
6.3-22
6.3-23

6.3.3.6
6.3.3.7

6.3.3.7.1

6.3.3.7.2
6.3.3.7.3
6.3.3.7.4

~ 6.3.3.7.5

6.3.3.7.6

6.3.3.7.7

6.3.3.8 LOCA Analysis Conclusions

6.3.4 Tests and Inspections

Limits on ECCS System Parameters
ECCS Analyses for LOCA

LOCA Analysis Procedures and Input
'ariables
Accident Description
Break Spectrum Calculations
Large Recirculation Line Break Calculations
Transition Recirculation Line Break
Calculations
Small Recirculation Line Break
Calculations
Calculations for Other Break Locations

6.3-23
6.3-24

6.3-24

6.3-25
6.3-26
6.3-27
6.3-29

6.3-30

6.3-30a

6.3-30a

6.3-30a

-6.3.4.1
6.3.4.2

ECCS Performance Tests
Reliability Tests and Inspections

6.3-30a
6,3-30b

6.3.4.2.1 HPCI Testing
6.3.4.2.2 ADS Testing
6.3.4.2.3 CS Testing
6.3.4.2.4 LPCI Testing

6.3-30c
6.3-30d
6.3-31
6.3-31

6.3. 5
6.3.6

6.3.7

Instrumentation Requirements
NPSHA Margin and Vortex Formation
After a Passive Failure in a Water Tight
ECCS Pump Room
References

6.3-32

6.3-32
6.3-33

6.4 HABITABILITYSYSTEMS 6.4«1

6.4.1
6.4.2

Design Bases
System Design

6.4-1
6.4-2
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6.5.1.1
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Filter Systems
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6.5 FISSION PRODUCT REMOVAL AND CONTROL SYSTEMS 6.5-1
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6.5. 1.1. 1
6.5. 1. 1. 2
6.5.1.1.3
6.5.1.1.4
6.5.1.1.5
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6.5-6
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6.5-11'.5-11

6.5-11
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6.5.4
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Cleanup System
References
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Rev. 28, 1/82 6-viii



SS ES-PSAR

6 - " XSS 0 P OD CT B OVAL AND CONTROL SYSTEMS

---S

s n Bases

The SGTS is designed to accomplish the following safety related
objectives:

a) Exhaust sufficient filtered air from the reactor
building to maintain a negative pressure of about
0.25 in. wq in the affected volumes followinq secondary
containment isolation (see Subsection 9.4.2 for the
secondary containment isolation signals) foz the
followinq desiqn basis events:

('I) spent fuel handlinq accident in the refuelinq flcoz
area

(2) LOCA

b) Pilter the exhausted air to remove radioactive
pazticulates and both radioactive and nonzadioactive
.forms of iodine to limit the offsite dose to the
guidelines of 10CPR10 0.

c) Filter and exhaust discharge from the main steam
isolation valve leak control system

Nonsafety related objectives for design of the SGTS are as
follows:

a) Pilter and exhaust aiz from the primary containment for
puzginq and ventilatinq

b) Filter and exhaust discharge from the HPCI barometric
condenser

c) Filter and exhaust from the primary containment pressure
relief line

d) Pilter and exhaust nitrogen from the primary containment
foz nitrogen purginq

The desiqn bases employed for sizing the filters, fans, and
associated ductwork are as follows:

REV 3, 11/78 6.5-1
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a) Each tra'in is sized and specified for treating incoming
air-steam mixture at 180&F, and containing fission
products and incoming particulates equivalent to 1.0
volume percent per day of the fission products available
in the
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primary containment as determined in accordance with
Regulatory Guide 1.3 and TXD-14844.

b) System capacity to match the maximum air flow rate
required for the primary containment purge.

The system capacity to be maintained with all filtersfully loaded (dirty) .

d) For HEPA filters, maximum free velocity not to exceed
300 fpm, with maximum airflov resistance o f 1 in. vg
when clean and 3 in. vg vhen dirty, and minimum
efficiency of 99.97 percent by DOP test method.

e) For prefilters, maximum face velocity not to exceed
300 fpm, with maximum airflow resistance of 0.5 in. vg
when clean, and 1.0 .in. vq vhen dirty.
Associated ductwork is designed using the equal friction
method at a rate of approximately .06 in. wg/100 ft.

q) Charcoal adsorber is rated for 99 percent trapping of
radioactive iodine as elemental iodine (I ), and 99
percent trapping of radioactive iodine as methyliodine
(CH I) vhen passing through charcoal at 70 percentrelative humidity and 250C.

h) Each equipment train contains the amount of charcoal
required to absorb the inventory of fission products
leaking from the primary containment, based on a one
unit LOCA

media cooling arrangement for each SGTS train is
designed to remove heat qenerated by fission product
decay on the HEPA filters and charcoal adsorbers during
shutdovn of the train.
Relative humidity at charcoal adsorber is limited to
maxim,um of 70 percent by removing moisture entrained in
the airstream and by preheating the air.

Failure of any component of the filtration train, assuminq lossof offsite power, cannot impair the ability of the system to
perform its safety function

The system remains intact and functional in the event of a Safe
Shutdown Earthquake (SSE).

6. 5-2
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6. 5. 1. 1 2 s stem ~esicen

Each of the two redundant SGTS trains consists of a mist
eliminator, an electric air heater, a bank of prefilters, two
banks of HEPA filters, upstream and downstream of charcoal
adsorber, and a vertical 8 in. deep charcoal adsorber bed with
fire detection temperature sensors, water spray system for fire
protection, and associated dampers, ducts, instruments, and
controls. The airflow diagram for the SGTS is shown on Figure
9.4-5. The instruments and controls are shown on Figure 9.4-9.
The system desiqn parameters are provided in Table 6.5-1.

The work, equipment and materials conform to the applicable
requirements and recommendations of the guides, codes, and
standards listed in Section 3. 2.

Compliance of the system design with Regulatory Guide 1.52, is
described in Section 3. 13. Also see Table 6. 5-2.

Each redundant SGTS train has a controllable capacity of
3,000 cfm to 10,500 cfm, and each is capable of treating required
amount of air from both Unit 1 and Unit 2 reactor building
volumes. (see Subsection 6.5.3). Components for each SGTS are
designed as explained in the following paragraphs.

The fan performance and motor selection is based on the maximum
air density and the maximum system pressure drop, that is, 700F
air temperature at the fan (55~F air at the inlet of the SGTS
train plus approximately 150F constant temperature pickup across
the heater) ~ and the pressure drop is based on maximum pressure
drops across dirty filters.
The charcoal adsorber is a gasketless, welded seam type, filled
with KI, impregnated coconut shell charcoal. The bank holds a
total of approximately 6,920 lb of charcoal of 28 lb/ft~ density,
havinq an iqnition temperature of not less than 330~C. The
charcoal adsorber is desiqned for a maximum loading capacity of
2.5 mq of total iodine (radioactive plus stable) per gram of
active charcoal.

Six test canisters are provided for each adsorber. These
canisters contain the same depth of the same charcoal that is in
the adsorber. The canisters are mounted, so that a para'llel flow
path is created'etween each canister and the adsorbez.
Periodically one of the canisters is removed and laboratory
tested to verify the adsorbent efficiency.
Thirty by fifty in. access doors into each filter compartment are
provided in the equipment train housing. The doors have
transparent portholes to allow inspection of components without
violatinq the train integrity.

6. 5-3
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The housing is of all welded construction.

Gas,tight interior lights with external light switches and
fixture access are provided between all train filter hanks to
facilitate inspection, testing, and replacement of components.

Pilter housings including water drains, are in accordance with
recommendations of Section 4.3 of Ref. 6.5-1

Ductwork is designed, in accordance with recommendations of
Section 2. 8 of Reference 6. 5-1, except for sheet metal gages that
are slightly less, and the round duct reinforcements. The
ductwork, however, has been seismically qualified by analysis and
testing of duct specimens.

Outdoor makeup air supplements low exhaust airflow rates for most
of the SGTS operational modes to satisfy the SGTS fan minimum
airflow reguirement, which is approximately 3000 cfm. The
outdoor makeup air is also used, at a rate of 3000 cfm, for
charcoal bed cooling after a charcoal pre-ignition temperature is
detected.

The mist eliminator is designed to prevent blinding of the BEPAfilter when operated at 200~P with steam-air mixture containing
1 gal of water droplets actually entrained .in the airstream per
1000 cfm airflow
The electric heater reduces the relative humidity of the entering
air to below 70 percent for charcoal adsorber operation, by
maintaining a constant temperature rise across the heater. An
analysis of heater capabilities for various enterin'g saturated
air conditions ranging from 550P to 180~P yields a peak heating
requirement of 180,000 Btu/hr, at maximum 10,500 cfm airflow. In
addition, 55,400 Btu/hr heat loss is calculated from the section
of SGTS housinq between the heater and the charcoal bed. Overall
required capacity is 235,400 Btu/hr. A 90 kW heater is provided.

The charcoal bed is provided with an integral water spray system
connected to the station fire protection system A deluqe valve
and Seismic Cateqory I backup valve are mounted in series
adjacent to the charcoal adsorber. The backup valve is provided
to prevent charcoal floodinq if the deluge valve fails in an open
position. Fire protection for the SGTS filter trains is also
discussed in Subsection 9.5.1.

A continuous type thermister is provided on the inlet and outlet
of the charcoal bed.

The SGTS is actuated either automatically (safety related mode),
or manually (nonsafety related mode). The automatic actuation is
originated by the reactor building isolation signal, or by
detection of pre-iqnition temperature in the charcoal adsorb'er

6. 5-4



SS ES-PS AR

bed, the latter for charcoal coolinq purposes. The manual
actuation is controlled by administrative procedures in such a
way that the SGTS is started and airflow established (outdoor
makeup air) prior to introduction of air or gas to be exhausted
from a reactor building source

The automatic or manual actuation will result in a start of a
lead fan; then, associated controls will be activated to open or
modulate appropriate dampers, so that the system function is
accomplished.

The SGTS inlet header pressure is monitored and controlled to
preclude the possibility of nonfiltered gas or air bypassing thefiltration train through the outdoor air makeup duct. This
pressure is maintained at approximately 1 in. wg negative,
referenced to the static pressure at the outdoor makeup air
intake during the syste~ operation. The lead SGTS is started
automatically and an alarm sounded in the control room, if this
pressure rises to 2 in. wg positive when the system is not in
operation and the negative pressure will be established and
maintained. The system will be stopped manually, once the cause
of the high inlet header pressure is identified and eliminated.

Outside air is used for either charcoal cooling or making up the
total system flow to approximately 3,000 cfm to ensure each fan's
stable operation. Once the exhaust air/gas flow from the reactor
building reaches 3,000 cfm the makeup air dampers, two in
parallel, will be modulated gradually to a closed position.
An inlet header pressure controller sets the system flow rate to
maintain the inlet header negative pressure. In turn, a flow
controller sequentially modulates the fan inlet vanes and the
outdoor makeup air damper, thus maintaining the flow rate and the
inlet header negative pressure.

Any section of the charcoal bed inlet or outlet thermisters
sensinq a temperature higher than preset charcoal pre-ignition or
ignition temperatures will result in the following:

a) The pre-ignition temperature (set at 190oP) will actuate
an alarm in the control room, and will automaticallyinitiate the affected SGTS train's charcoal coolinq mode
of operation by establishing a flow of approximately
3,000 cfm of outdoor makeup air across the charcoal bed.

b) The ignition temperature (set at 450~F) will actuate an
alarm in the control room and open the deluge valve and
the backup valve, thus introducing the fire protection
water to the charcoal spray system. Four drain valves
provided to drain the deluge water will be opened
automatically by the ignition temperature signal. The
operation of the deluge system will coatinue until the
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charcoal temperature falls belov the ignition
temperature. The deluge water flov vill be controlled
by the backup valve; the deluge valve vill remain open
after the initial actuation.

The SGTS is designed to Seismic Category I requirements.

The power supply meets IEEE-308 criteria and ensures
uninterruptible operation in the event of loss of normal, onsite,
ac pover.

6.5.1 1.3 Des~in Evaluation

The SGTS is designed to preclude direct exfiltration of
contaminated air from. either reactor building, folloving an
accident or. abnormal occurrence which could have resulted in
abnormally high airborne radiation in the secondary containment.
Equipment is povered from essential buses and all power circuits
will meet IEEE-279 and IEEE-308. Redundant components are
provided where necessary to ensure that a single failure vill not
impair or preclude system operation. SGTS failure mode and
effect analysis is presented in Table 6.5-3.

Except for Item 5, all tests and inspections described in Table
9.4-1 apply to the SGTS.

The system vill be preoperationally tested in accordance with the
requirements of Chapter 14. Refer to Chapter 16 for periodic
test requirements for the SGTS.

6.5 1.1 5 Instrument Be uirements

The SGTS can be actuated manually from the control room. Each
SGTS train is designed to function automatically upon receipt of
an ESF system actuation signal The status of system eguipment,
which is an indication of pertinent system pressure drops and
flow rates, is displayed in the control room during both normal
and accident operation.

Table 6. 5-2 addresses the extent to which the recommendations of
NRC Requlatory Guide 1.52 are followed with respect to
instrumentation.

6 5-6



SSES-PSAR

All instrumentation is qualified to Seismic Category I
requirements.

Redundancy and separation of the instrumentation is maintained,
and it follows the redundancy and separation of the equipment.

The following alarms are annunciated in the control room:

a) Pan failure
b) Heater failure (low temperature rise across the heater)

c) High or low pressure drop across the upstream HEPA

d) High pressure drop across any filter (a group alarm)

e) Pre-ignition charcoal temperature

f) Ignition charcoal temperature

q) Charcoal temperature detection system failure (include
the deluge valve solenoid circuit discontinuity)

h) Low pressure differential, referenced to the outdoor
ambient pressure, in the reactor building ventilation
zones beinq isolated

i) High and low positive pressure in the SGTS header

j) Outside makeup air damper failed open

k) Outside charcoal cooling air damper failed open.

6. 5. 1. 1. 6 Materials

The materials of construction used in or on the filter systems
are qiven in Tables 6.1-1 and 6.5-5. Each of the materials is
compatible with the normal and accident environmental conditions.

Accident environments (ie, extreme temperature or radiation) that
could potentially produce radiolytic or pyrolytic decomposition
of filter materials are not applicable to the control structure
where the SGTS is located Thus, filter system decomposition
products will not be present.
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6.5.1.2 Control Room Emergency Outside Air Supply

~61. 2. 1 Des~in Bases

The control room emergency outside air supply system (CREOASS) is
designed to accomplish the following objectives:

a) Filter particulate matter which may be radioactive and
remove gaseous iodine

b) Recirculate and clean up room air when chlorine is
present in the outside air

c) Naintain ventilation air supply for the control room and
control structure envelope when radiation is detected in
the outside air

d) Maintain a positive pressure above atmospheric to
inhibit outside air infiltration into the control room
during radiation isolation (0 25 in. wg. in the control
room and 0.125 in. wg. in other control building areas)

e) Operate during and after design basis accident and
reactor building isolation mode conditions without loss
of function

f) Provide radiation monitoring and chlorine detection of
outside air supply

The bases employed for sizing the filters, fans, heater, and
associated ductwork are as follows: II

a) System capacity (flow rate) to be based on required air
chanqes for the control room, the air exhausted from the
battery storage area, and additional air to slightly
pressurize the control room

b) The system capacity to be maintained with all
particulate filters fully loaded (dirty)

c) . HEPA filters, maximum face velocity not to exceed
300 fpm with maximum airflow resistance of 1 in. wg.
when clean and 3 in. wg. when dirty. A minimum
efficiency to be 99.97 percent by DOP test method

e) Prefilters, maximum face velocity not to exceed 300 fpm,
with maximum airflow resistance 0.3 in. wg. when clean
and 0.9 in. wq. when dirty.
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f) Ductwork is designed using equal friction method at a
rate of approximately .06 in. wg/100 ft.

g) Charcoal adsorber is rated for 99 percent trapping of
radioactive iodine as elemental iodine (I2), and 99
percent trapping of radioactive iodine as methyliodine
(CH3l) when passing through charcoal at 70 percent
relative humidity and 25~C.

h) Maximum relative humidity for air entering the charcoal
adsorber to be limited to 70 percent by appropriate air

, heating.
P

j) The CREOASS filter trains are designed to meet single
failure criteria.

k) The CREOASS is designed to Seismic Category I
requirements, so that it remains operable during and
after a Safe Shutdown Earthquake (SSE) ..

m) The power supply to meet XEEE 308 criteria and ensure
uninterrupted operation in the event of loss of normal
ac power. The controls meet IEEE 279.

6.D. 1. 2 2 ~Setee~Desi n

~ <m6L C>~i
~ yD* SOP~

Each of the tvo redundant CREOASS filter trains consists of an
electric heater, a bank of prefilters, two banks of HEPA filters,
one upstream and one downstream of the charcoal adsorber, and a
vertical 4 in. deep charcoal adsorber bed with fire detector
temperature sensors, associated dampers, instruments, controls,
and water flooding system for fire protection. The CREOASS is
shown on Figure 9.4-1. The instrument and controls are shown on
Figure 9.4-2. The system design parameters are shown in
Tabl e 6. 5- 1.

The vork, equipment and ma'terials conform to the appl'icable
requirements and recommendations of the guides, codes, and
standards listed in Section 3. 2.

The system design is consistent vith recommendations of HRC

Regulatory Guide 1.52, as described in Section 3.13, and shovn in
Table 6.5-2.

Each CREOASS filter train contains the folloving components
listed in the direction of airflov:

a) A 30 kH electric heater to maintain relative humidity of
the entering'air below 70 percent. The heater is
energized at the same time as the f'an and provides

6. 5-9
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b)

approximately 15~P temperature rise across the coil,
ensuring that entering outside air ranging from -15"F to
100oF will enter the filters with a relative humidity of
less than 70 percent.

E

A charcoal adsorber designed with six gasketless welded
4 in. vertical beds, containing a total of 2336 lb of
coconut shell charcoal (30 lb/ft~) impregnated with Kl>
and triethylenediamine (TEDA). Six canisters are
provided for each adsorber. The canisters contain the
same depth of identical charcoal as the adsorber. The
canisters are mounted, so that a parallel flow path is
created between each canister and the adsorber.
Periodically one of the canisters is removed and
laboratory tested to verify the adsorbent efficiency.

c) The housing is constructed of carbon steel welded
construction in accordance with Ref 6.5-1. Stainless
steel is used for filter support brackets. The housingis designed for -20 in. wg. and a +5 psig. Each housingis provided with five 20x50 in. access doors for
servicing the heater and filter banks.

The access doors are provided with transparent portholes
to allow inspection of components without violating thetrains'ntegrity.
Pilter housings, including water drains, are in
accordance with recommendations of Section 4.3 of Ref.
6 5-1

d)

Interior lights with external light switches and outside
access ior bulb replacement are provided to facilitate
inspection, testing, and replacement of components.

A centrifugal fan designed for a flow rate of 6,000 cfm.
The fan performance and motor selection is based on the-

. maximum air density and the maximum system pressure
dropsy

Ductwork is designed in accordance with recommendations
of Section 2.8. of Ref. 6.5-1, except for sheet metal
gages that are slightly less and round duct
reinforcement. The ductwork, however, has been
seismically qualified by analysis and testing of duct
specimens.

A fire protection system, designed to extinguish a fire within
the charcoal bed by flooding the housing, is provided. The fire
protection system is designed to spray 36 gpm of water at 15 psi
on the charcoal. A deluge valve and a- backup valve are installed
in series in the f.ire protection water connection adjacent to the

6. 5-10
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housing. The back-up valve is installed downstream of the deluge
valve to prevent charcoal flooding in the event of a malfunction
of the deluqe valve. One pre-iqnition {190~F setting) and one
iqn'ition {450~F setting) temperature'witch are located in the
discharge duct connection. Six pre-ignition and six ignition
switches are evenly spaced across the downstream face of the
charcoal adsorber A 190~F or qreater leaving air temperature
will trip any of the seven temperature switches, and alarm in the
control room A 450~P or greater leaving air temperature will
trip any of the seven temperature switches, alarm in the control
room, stop the fan, enerqize the deluge valve and the back-up
valve. An overflow is provided in the housing to allow water to
drain once the housing is full. The water must be shut off
manually. The housing is drained by opening five manual drain
valves.

See Subsection 9.4. 1.2. 4 for additional details of the CBEOASS
operation.

The CREOASS is designed to Seismic Category I requirements

The power supply meets the IEEE-308 criteria and ensures
uninterruptible operation in the event of loss of normal, onsite,
ac power.

6 5. 1. 2,3 Design Evaluatj.on

The CREOASS work in conjunction with the control room and control
structure HVAC, systems to'maintain habitability in the control
room. The desiqn evaluation is given in Subsection 9 4. 1

includinq failure mode and effect analysis presented in
Table 9.4-19.

6 5.1.2.4 Tests and ~Ins ections

With the exception of Items 5, 6, and 7, all tests and
inspections described in Table 9.4-1 apply to the CREOASS.

6. 5. 1. 2. 5 Instrumentation R~euirements

The CREOASS can be actuated manually from the control room. Each
CREOASS is desiqned to function automatically upon receipt of a
radiation detection signal from detector elements located in the
outside air intake plenum. In addition to starting the CBEOASS,
hiqh radiation is annunciated in the control room.

6.5-11
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Shen chlorine is detected in the outside air intake, the
follovinq automatic actions are initiated:

a) High chlorine is annunciated in the control room. All
outside air intake and exhaust air dampers close and the
structure is isolated before chlorine reaches the intake
isolation dampers.

b) The battery room exhaust system is shut down.
Recirculation dampers open and the CREOASS starts in the
recirculation mode to clean up the air vithin the
control room.

The reactor building isolation signal will cause the CREOASS to
operate in exactly the same manner as a high radiation signal
from the outside air intake.

The status of system equipment, indication of pertinent system
pressure drops, and flow rates are displayed in the control room.

Table 6. 5-2 addresses the extent to which the recommendations of
HRC Requlatory Guide 1. 52 are followed with respect to
instrumentation.

All instrumentation is qualified to Seismic Cateqory I
requirements. Redundancy and separation of the instrumentation
is maintained and follovs the redundancy and separation of the
equipment.

The following alarms are annunciated in the control room:

a) Pan failure
b) Heater failure (low temperature differential across the

heater)

c) High pressure drop across the upstream HEPA

d) High charcoal temperature

e) High-high charcoal temperature.

6 5 1 ~6 materials

The materials of construction used in or on the filter systems
are qiven in Tables 6.1- 1 and 6.5-6. Each of the materials is
compatible with the normal and accident environments postulated
in the control structure and the fuel handling building.
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Accident environments (ie, extreme temperature or radiation) that
could potentially produce radiolytic or pyrolytic decomposition
of filter materials are not applicable to the control structure
where the filter units are located. Thus, filter system
decomposition products will not be present.

6 5 2 CONTAINMENT SUNRAY SYSTEMS

The containment spray system is described in Subsection 6.2.2.
The containment spray system is not reguired for fission product
removal.

6 5 3 PISSXON PRODUCT CONTROL SYSTEM

6 5.3.1 Primary Containment

The standby gas treatment system (SGTS) is used to control the
release of fission products to the environment when purging the
containment. This is described in detail in Subsection 6.5.1.1.
The Primary Containment is charged with nitrogen during plantstart-up in accordance with the Technical Specifications.
Gaseous nitrogen is used to reduce the concentration of oxygen,
as discussed in Subsection 6.2.5.2. The containment is purged of
nitrogen during reactor shutdown in accozdance with the Technical
Specifications with air from the Reactor Building Ventilation
Supply Air System. The purge piping and valves are shown on
Pigure 6.2-55. The 24» diameter and 18» diameter piping can be
used for purging during reactor power operation (as mentioned
above), start-up and hot standby; otherwise, the purge supply and
exhaust valves HV-15704, HV-15714, HV-15721, HV-15722, HV-15723,
HV-15724 and HV-15725 remain closed. These valves cannot be
manually overridden to open following containment isolation.
The 2» vent by-pass valves, HV-15711 and HV-15705, and the innerisolation valves, HV-15703 and HV-15713, on the purge exhaust
lines will be used to relieve containment pressure increases
caused by thermal expansion during normal operations.
Containment isolation valves HV-15711, HV-15705, HV-15703 and HV-
15713 cannot be opened until 60 minutes following containment
isolation. The containment make-up line valves SV-15767 and SV-
15737 also cannot be opened until 60 minutes following
containment isolation, while valves SV-15776A and SV-15736A are
isolated for a period of 10 minutes. After the isolation period
has elapsed, these valves may he opened remote manually under
administrative control foz control of hydrogen, as discussed in
Subsection 6. 2. 5. 2.
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Layout drawings of the primary containment are listed in -Section
1 2

Hydrogen recombiners and the hydrogen purge system are discussed
in Subsection 6.2.5.

The primary containment leak rates are discussed in Section 6. 2.

6.5 3 2 Seconder Containment

The following are provided to control fission products within the
secondary containment following a design basis accident:

a) A secondary containment that completely surrounds each
of the two primary containments

b) The Standby Gas Treatment System {SGTS) discussed in
Subsection 6.5. 1. 1

c) A recirculation system

Rev. 12, 9/79 6. 5-13a
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The secondary containment consists of a reinforced concrete
structure up to the refueling floor (el 818 ft 1 in.) and of a
metal sided superstructure above el 818 ft 1 in., both discussed
in Subsection 3.8 4.

The secondary containment isolation is discussed in Subsection
9.4.2.1. This section also defines three ventilation zones (I,II, and IXI) .

The SGTS is used to maintain the affected zone(s) of the
secondary containment under approximately 0.25 in. wg. negative
pressure and control the cleanup of the fission products from the
primary containment following a design basis LOCA, or from the
refueling floor following a refueling accident..

A common recirculation system is provided for Units 1 and 2 to
perform the following functions:

a) Mix the atmosphere in the reactor building to obtain a
lesser and more uniform concentration of radioactivity
following a desiqn basis LOCA and refueling accident

b) Prevent the spread of radioactivity by the heating-
ventilating-cooling systems between:

1) Zone I and Zone II
2) Zone III and Zones I or II during and after a

refueling accident

c) Provide mixing of the atmosphere within the reactor
building. This may involve mixing the atmosphere of
Zone I or Zone II and the refueling area (Zone III) or
of Zone III above. See Subsection 9.4 2. 1.3 for the
secondary containment isolation modes. Also see
Subsection 6.2. 3 for the secondary containment analysis.

The recirculation flow diagram is shown on Figures 9 4-4 and 9.4-
5. The instruments and controls are shown on Figure 9.4-7.

Estimated respective zone(s) recirculation flow rates and their
volumes are listed in Table 6.5-7.

The recirculation system consists of two 100 percent redundant,
vane-axial fans connected to the emergency power supply,
associated ductwork, dampers, and controls.

The recirculation air is distributed to all areas and rooms
through the existing normal ventilation ductwork.
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Both fans, ductwor3c used in the recirculation mode, supports, and
instruments and controls meet the Seismic Category I
requirements.

The recirculation system starts automatically on receiving the
reactor building isolation signal, which is defined in Subsection
9. 4. 2. 1. 3.

For the recirculation system failure mode and effect analysis see
Table 6.5-4.

The tests and inspection described in items 1, 2, 3, 13 and 14 of
Table 9. 4. 1 are applicable to the recirculation system.

6 5.4 ICE CONDENSER AS A FISSION PRODUCT CLEANUP SYSTEM

Not applicable.

6 5 5 REFERENCES

6 5-1 ORNL-NSXC-65
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8. 1 .INTRODUCTION

8. 1. 1 GENERAL

The electric power systems of the Susquehanna Steam Electric
Station Units 1 and 2 are designed to generate and transmit
electric power for the supply of PPGL customer needs utilizing
the power network of the PPGL and of the Pennsylvania-New Jersey-
Maryland tPJM| interconnection.

The two independent offsite electric connections to Susquehanna
SES are desiqned to provide reliable power sources for plant
auxiliary loads and the engineered safety features loads of both
units such that any single failure can affect only one power
supply and cannot propaqate to the alternate source.

The onsite ac electric power system consists of Class IE and non-
Class IE power systems The two offsite power systems provide
the preferred ac electric power to all Class IE loads through the
Class IE distribution system. In the event of total loss of
offsite power sources, four onsite independent diesel generators
provide the standby power for all,engineered safety features
loads.

The non-Class XE ac loads are normally supplied through the unit
auxiliary transformer or the startup transformer. However,
durinq plant startup, shutdown, and post-shutdown, power is
supplied from the offsite power through the startup transformers.

Onsite Class IE and non-Class IE dc systems supply all dc power
requirements of the plant.

8 1 2 UTILITY POi?ER GRID AND OFFSITE POWER SYSTEMS

Unit 1 and 2 generators are connected by separate isophase buses
to their respective main step-up transformer banks as shown on
Fiqure 8 3-1. Unit 1 main step-up transformer bank, with two
three-phase, half capacity power transformers, steps up the 24 kV
generator voltage to 230 kV; the Unit 2 bank, with three single
phase power transformers, steps up the 24 kV generator voltage to
500 kV As shown on Figure 8.3-1, the step-up transformer for
Unit, 1 connects to the 230 kV substation and for Unit 2 to the
500 kV substation. The 230 kV substation uses a breaker and one-
half scheme design, and the 500 kV substation a ring bus
arranqement with provision for future expansion to a breaker and
one-half operation. The substations are approximately 1.9 miles
apart and are, interconnected by a 500-230 kV bus tie transformer

8. 1-1
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and transmission line. Aerial transmission connects the 230 kV
substation with two other generating stations, Sunbury and
Montour, and with Stanton, Siegfried, Harwood, and Jenkins
substations. Aerial transmission lines integrates the 500 KV
substation into the 500 KV system with connections at
Wescosville, Alburtis and Sunbury. Both the 500 kV substations
and the 230 kV substations are tied into the PJM Interconnection.

The plant startup and preferred power for the engineered safety
features systems is provided from two independent offsite power
sources Figure 8. 2-1.

a) A tap from the Montour-Mountain 230 kV line feeds the
start-up transf ormer No. 10.

b) A 230 kV tap from the 500-230 kV tie line feeds the
startup transformer No. 20.

The transmission system, including the 230 kV line to Unit 1 main
transformers and the two offsite power lines to the two startup
transformers, is operational before Unit 1 fuel load. The
transmission line to Unit 2 main tranformers is operational
before Unit 2 fuel load.

The offsite power systems and their interconnections are
described in detail in Section 8. 2.

8 1 3 OHSITE POMER SySTEMS

The onsite power system for each unit is divided into two major
cateqories:

a) Class IE Power System

The Class IE power system supplies all engineered safety
features (ESF) loads, and other loads that are needed
for safe and orderly shutdown, and for keeping the plant
in a safe shutdown condition.

The Class IE power system for each unit consists of four
independent load group channels, channels A, B, C, and
D. Any combination of three out of four load group
channels meets the design basis requirements. 'In
addition, two divisionalized load groups are established
for those ESF loads which require one out of two load,
groups to meet the design basis requirements. ESF load
group division separation and channel separation are
shown in Tables 3.12-1 and 3. 12-2 respectively.
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Physical separation is discussed fully in Subsection
3. 12.3

The Class IE power system distributes power at 4. 16 KV,
480 V, + 24 V dc, 125 V dc, 250 V dc voltage levels.
The Class IE power system is shown on Figures 8.3-3 thru
8 3-8

b) Non-Class IE Power System

The non-Class IE ac portion of the onsite power system
supplies electric power to 'all nonsafety related plant
auxiliary loads. The non-Class IE ac auxiliary system
distributes power at 13.8 kV, 4. 16 kV, 480 V, and
208/120 V voltage levels. These distribution levels are
grouped into two symmetrical bus systems emanating from
the 13. 8 kV level as shown in Figure 8.3- 1.

Power transmitted to the utility grid is discussed in
Subsection 8.1.2.
Non-Class IE dc power is discussed in Subsection 8.3.2.

A detailed description -of „the onsite power system is found in
Subsections 8.3.1 and 8.3.2.

8 1 4 SAFETY RELATED LOADS

The Class IE loads supplied by th'e Class IE ac power system arelisted in Tables 8.3-1 to 8.3-5. Class IE loads, supplied by the
Class IE dc system are listed, in Tables 8.3-.6,to 8.3-8.

8 -1 5 DESIGH BASES

8.1.5.1 Safety Design Bases

The following principal design bases are applied to the design of
the onsite and offsite power systems:

Offsite~ower ~S stew

a) Electric power from the offsite power sources to the
onsite distribution .system .is provided .by two physically
separated transmission lines designed and located to
minimize the likelihood of simultaneous failure.
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b) The loss of one or both generating units or the loss of
the most critical unit on the power grid will not result
in total loss of offsite power.

Onsite Power System

a) One unit auxiliary transformer per generating unit is
provided to supply power to the plant electrical

'uxiliarydistribution system.

b) Two startup transformers common to both units are
provided to supply offsite power to the Class IE power
system and common plant auxiliary power system and to
supply power to the Unit Auxiliary loads during startup,
shutdown, and in the event of loss of a unit auxiliary
transformer.

c) Outage of one startup and/or one engineered safeguard
transformer would not jeopardize continued plant
operation except where the operation is limited as
suggested by Regulatory Guide 1.93.. See compliance
statement to Regulatory Guide 1.93 in Subsection 8.1.6. 1

d) Standby diesel generators are shared by two units. See
Subsection 8.1.6 responses to Regulatory 'Guide 1.81, for
diesel generator capability and compliance discussions.

e) Each -generating unit has its own independent dc system.

f) The onsite Class IE electric power system for each unit
is divided into 'four independent load groups. Besides
the sharing of the diesel generator with the counterpart

g)

load group of the other unit, each -load group has its
own distribution buses and loads. Minimum engineered
safety feature loads required to shut down the unit
safely;and maintain it in a safe shutdown condition are
met by any three of .the four load group channels.

The four Class IE load groups are subgrouped generally
to form two divisions for meeting the design basis of
one out of two ESP load requirements.

h) Automatic or manual transfers are not provided between
redundant load groups except swing buses as discussed in
Subsection 8. 3. 1.3. S.

The Class IE electric systems are designed to satisfy
the single failure criterion in accordance with IEEE
379-1972

8 1-4
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j) The dc system battery banks are individually sized for
four hours of operation under the maximum design loading
without the support of the battery charger.

m)

Raceways are not shared by Class'E and non-Class IE
cables. However, the affiliated cables that are
supplied from the Class XE buses are treated as Class IE
cables with regard to redundant system separation and
identification criteria.
Special identification 'criteria applies for Class IE
equipment, cabling, raceways, and affiliated circuits.
Affiliated circuits are uniquely identified.
Separation criteria apply which establish requirements
for preserving the independence'f redundant Class IE
system and providinq isolation between Class IE and non-
Class IE equipment.

nl Class IE equipment has been designed with the capability
for periodic testing.

8~1~6- 8eauXatorv-Guides and IEER Standards

Codes and standards applicable to the onsite power system are
listed in Table 3.2-1. Generally, the system is designed in
accordance with IEEE Standards 308-1974, 317-1972, 323-1971, 334-
1971, 344-1971, 382-1972, 384-1974, 387-1972, and 450-1972.

Q -1~6;1-- Compliance with-regulatory. Guide's

Compliance with General Design Criteria 17 and 18 of 10CFR50,
Appendix A, is discussed in Subsections 8.3.1.11.1 and 8.3.2.2.1.
Compliance with applicable Regulatory Guides 1.6, 1.9, 1.22,
1 29' 30r 1 32 ~ 1 40' 41r 1 47< 1 53r 1 62m 1 63r 1 73m 1

75'.81,1.89, 1.93, and 1.106 is discussed below.

The desiqn of the standby power system is in compliance
with Regulatory Guide 1. 6.

The standby power system consists of four'ndependent
load groups. All safety related loads are divided among
these four load groups so that loss of any 'one group
will not prevent the'inimum safety functions from being

REV. 17, 9/80 8. 1-5
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performed. Each load qroup consists of both standby ac
and dc power systems.

Each ac load group has connections to two independentoffsite power supplies and to a single onsite diesel
qenerator. The power feeder breakers to each load group
are interlocked so that only one of the power supplies
can be connected at any one time except during diesel
generator load test where the diesel generator is
sychronized to one of the preferred offsite power
sources. Only one diesel generator is tested at a time.
Each diesel qenerator is exclusively connected to the
corresponding load group of the two units; ie, diesel
qenerator A connects to load qroup channel A of both
units, etc.
The diesel generator of one load qroup cannot be
paralleled, either manually or automatically, with the
diesel qenerator of the redundant load groups.

No provision exists for automatic transfer of loads
between load groups except as discussed in Subsection
8.3.1.3 5.

The dc power system of each of the four load groups
consists of a 125 V dc battery and a charger. The
battery charger is supplied by its corresponding ac
power system. The dc power system of any one load groupis independent of any other dc power system.

Two independent 250 V divisionalized dc power systems
are also provided for each unit to supply large dc
loads. Loss of any one 250 V dc subsystem will not
prevent the safety functions from being performed.

Physical separation of Class IE equipment is fully
discussed in Section 3.12.

E
ill

The standby diesel generators comply with Regulatory
Guide 1.9 except as noted in (5) and (6) of the
following:
1) The continuous or the 2000 hr rating of the standby

diesel generators is greater than the sum of
conservatively estimated loads needed to be
supplied followinq any design basis event within
one of the two units. Load requirements are listed
in Tables.8.3-1 to 8.3-5.
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2) The standby diesel generators are capable of
startinq and „acceleratinq all engineered safety
features and forced shutdown loads to the rated
speed in the time frame and sequence shown in
Tables 8 3-1 to 8.3-5.

3) The standby diesel generators are capable of,
maintaining, during steady state and loading
sequence, the frequency and voltage above a level
that may degrade the performance of any of the

— loads.

4) The standby diesel generators are capable of
recovering from transients caused by step load
increase or resulting from the disconnection of
partial or full load so that the speed does not
damage any moving parts.

5) The suitability of each diesel generator is
conf irmed by factory qualif ication testing.

6) power guality is in accordance with IEEE 308-1974,
Section 4. 3. At no time during the loading
sequence vill the frequency and/or voltage drop to
a level that vill degrade the performance of any of
the loads below their minimum requirements. The
power guality is confirmed by preoperational tests.

c) Regulatory Guide 1. 22 $ 2/72)

Refer to Section 3. 13 for compliance statement.

d) Requlatogg Guide 1 2~9 2/76/

Refer to Section 3. 13 for compliance statement.

e) ~egulat~or Guide 1. 30
/8~2'efer

to Section 3. 13 for compliance statement.

f j ~egulatoul Guide 1.~32 3/2 6g

All safety related electric systems are in compliance
with Regulatory Guide 1.32. Compliance is discussed as
follovs:
The portions of Regulatory Guide 1.32 applying to dc
power are discussed in Subsection 8.3.2.2 1 (d) .

The availability of the offsite power meets the criteria
set forth in Regulatory Guide 1.32. The two offsite

8. 1-7
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circuits have immediate access to the transmission
network. See response to Regulatory Guide 1.93 for
operating restrictions when offsite power is not
immediately available.
XEEE 308-1974is generally accepted by Regulatory Guide
1.32. Compliance with the Regulatory Guide is discussed
as follows:
Class IE ac power systems are designed to ensure that
any design basis event, as listed in Table 1 of IEEE
308, does not cause either (1) loss of electric power to
more than one load group, surveillance device, or
protection system to jeopardize the safety of the
reactor unit, or {2) transients in the power supplies,
which could degrade the performance of any system.

Controls and indicators for the Class IE 4. 16 kV bus
supply breakers are provided in the control room and on
the switchqear. Controls and indicators for the standby
ac po'wer supplies are also provided in the control room
and on the local diesel generator control panels.
Control and indication for the standby power system is
described in Subsection 8.3. 1.

Class lE equipment and associated design, operating, and
maintenance documents are distinctly identified as
described in Subsection 8.3.1.3.

Each Class IE equipment is qualified by analysis, by
successful use under required conditions, or by actual
test to demonstrate its ability to perform its function
under applicable design basis events.

The surveillance requirements of IEEE 308 are followed
in desiqn, installation, and operation of Class IE
equipment and consist of the following:

1) preoperational equipment and system tests and
inspections are performed in accordance with the
requirements described in Chapter 14.

2) Periodic equipment tests are performed in
accordance with the requirements of Chapter 16.

The standby ac power supplies are shared by both units
The total standby capacity is sufficient to operate the
engineered safety feature loads following a design basis
accident on one unit and a concurrent forced shutdown of
the other unit.

8. 1-8
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The two preferred. offsite power supplies are also shared
by both units. The capacity of each offsite power
supply is sufficient to operate the engineered safety
features of one unit and safe shutdown loads of the
other unit.
Connection of non-Class IE equipment to Class IE systems
is discussed in the response to Regulatory Guide 1. 75.

Selection of diesel generator set is discussed in the
response to Regulatory Guide 1.9.

gegulatorg Guide 1. 40~~373$

Refer to Subsection 3.11.2 for compliance statement.

gegu~latov Guide 1. 4 1 g3g73g

The preoperational testing program conforms to the
qeneral quidance provided by Regulatory Guide 1.41 as
descr ibed in Cha pter 14.

The onsite Class IE electric power system, designed in
accordance with Regulatory Guides 1.6 and 1. 32, is
tested as part of the preoperational testing program and
also after major modifications. The tests are performed
in accordance with the requirements outlined in Chapter
14. Facilities are provided to test the independence
between the redundant onsite power sources and their
load groups. =

The onsite Class IE electric power system can be tested
functionally, one load group at a time, by allowing one
load group to be powered only by its associated diesel
generator while the bus is isolated from the preferred
offsite po~er source. The isolation of the offsite
power source can be done by direct actuation of
unde voltaqe relays monitoring the Class IE system.

Each test may include injection of simulated accident
signals, startup of diesel qenerators, and automatic
load applications. Functional performance of tne loads
is checked. Each test is of sufficient. duration to
achieve stable operating conditions and thus permit the
onset and detection of adverse conditions that could
result from improper assignment of loads.

Durinq test of one Class IE load group, the buses and
loads of the redundant load group not under test are
monitored to verify independance of load groups.
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Refer to Section 3. 13 for compliance statement.

Refer to Section 3. 13 for compliance statement.

k) lieGulatouy Guide 1 ~62 10/7~3

Refer to Section 3. 13 for compliance statement.

l) gegulato~r Guide 1. 63~10/7~3

The design of electric penetration assemblies is in
compliance with Regulatory Guide 1.63.

In accordance with Regulatory Guide 1.63, the electrical
penetration assemblies are designed to withstand,
without loss of mechanical integrity, the maximum fault
condition vs time conditions which could occur as a
result of a sinqle random failure of circuit overload
devices. The following system features are provided to
ensure compliance with the requirements of the
Regulatory Guide.

1) Medium Voltaqe System

Por medium voltage circuits feeding loads in the
primary containment the circuit breaker associated
with the load is backed up by the main bus feeder
breaker to interrupt the circuit, should the load
breaker fail to open during a fault

2) 480 V System

The 480 V motor control centers feed all 480 V
loads inside the primary containment. In addition
to the primary feeder circuit breaker a back up
breaker is provided to each circuit to provide back
up protection of the penetration assemblies. The
penetration withstands the available fault current
and time duration for either primary or back up
circuit breakers to interrupt the circuit.
208 V and Lower Voltage Systems

The majority of low voltage control and power
circuits are self limitinq in that the circuit
resistance and/or short circuit capability limits
the fault current to a level that does not damage

8. 1- 10
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the penetration assemblies., The remaining control
and power circuits have primary and backup fuse or
breaker to ensure fault isolation.

4) Instrument Systems

The overload and short circuit capability in tlie
instrument systems are sufficiently low such that
no damage can occur to the penetration assemblies.

Selection of electric valve operators for use inside the
containment is in compliance with Regulatory'Guide 1.73.

The electric valve operators for service inside the
containment are type tested in accordance with IEEE 382-
1972 as modified by Regulatory Guide 1.73. The tests
consist o f (1) aging, (2) seismic, and (3) accident or
other special environmental requirements. Test
parameters are discussed in Subsections 3.11.2a.3 and
3 11 2b 2.

See Section 3.13 for compliance statement for GE
furnished valve operators.

The Requlatory Guide endorses the XEEE 384-1974, subject,
to the additions and clarifications delineated in
Section C of the guide. Regulatory compliance for the
NSSS scope of supply Power Generation Control Complex
(PGCC), Advance Control Room system (ACR) and Nuclear
Steam Supply Shutoff System (NSSSS) local panels are
addressed in Section 3.13. All remaining balance of
plant (BQP} circuits and equipment meet the requirements
of the Regulatory Guide 1.75 except as discussed and
clarified in items 4, 5, 7, ll, 13, 14, 15 and 16 below.

1) The electric power system has physical independence
required by General Desiqn Criterion 3, 17, and 21
of Appendix A of 10 CPR Part 50 to provide the
minimum number of circuits and equipment to perform
the required safety and protective functions
assuminq a single failure.

I

2) The separation of circuits and equipment (including
Class IE from non-Class IE circuits) is achieved by
structural design, distance, or barrier (as defined
per IEEE 384-1974 Section 4 and 5), or any
combination thereof.

R EV 17, 9/80 8. 1-11
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Two basic circuit isolation schemes are used to
isolate control circuits of two redundant load
qroups and Class IE from non-.class IE controlcircuits. The first scheme consisting of an
isolation type =relay, PCB type HDR relay, is used
to isolate'nterfacing control circuits. This
relay has an internal physical separation between
the coil and the electrical contacts. The relaycoil motive power .is transmitted through.an
extended rotary shaft which actuates a contact
assembly. This relay, is. of Class IE category andis designed for metal plate (barrier) mounting sothat the coil circuit is at one side of the plate
while the contact circuits are on the other. Inall applications of this relay, either the metal
plate is wide enough to provide a 6 inch minimalair space between the isolated circuits, or the
relay is boxed so that the circuits have no commonair space at all.

3)

The second isolation scheme is applicable to non-
interlocking control circuits of redundant
separation groups (including non-class IE) that are
housed in the same cabinet for operational
expediency. In this case, the isolated circuit
device is completely boxed, and all cabinet wiring
to the device is either enclosed in a flexible
metal conduit or is in a wireway with at least 6

'nchesof separation from the wiring and devices 'of
the circuits it is isolated from. Isolation
devices for power circuits are addressed in
paragraph 5 below.

The mechanical systems that are served by the
electrical systems satisfy the physical
independence requirements.

4) "Affiliated'~ circuits are non-Class IE circuits
which satisfy at least one of the following
conditions:

Supply power to non-Class ZE loads from Class
ZE power supplies.

Routed in a common raceway with Class IEcircuits.
Share the same enclosure with Class IE
circuits without a 6 inch minimum separation
or a physical barrier

RE V 17, 9/80 8. 1-12
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»Affiliated» circuits are used in SSES in place of
"associated" circuits which are defined in Section
4.5 of IEEE 384-1974. Affiliated circuits are same
as associated circuits except the terminal
equipment/devices are not subject to the
requirements of Class IE equipment/devices.
»Affiliated» circuits encompass the isolation
methods described in paragraph 5) .

The affiliated circuits are subject to the same
requirements as Class IE circuits, such as uniqueidentification, derating, environmental
qualification, flame retardance, splicingrestriction, raceway fill, and separation, exceptcircuits located in the Turbine Building. All
Class IE circuits (RPS) and affiliated circuits
(control rod drive water pump motors, turbine
buildinq chillers, main condensate vacuum pump
motors, and instrument air compressors), located in
the Turbine Building, are routed in qualified Class
IE raceways although they are supported from a non-
Seismic Category I structure..

5) Reference: Section 4.5 and 4.6 of IEEE 384-1974.
Affiliated circuits are avoided wherever possible,
but where non-Class IE loads are connected to a
Class IE power supply, isolation between the Class
IE and non-Class IE equipment is accomplished byeither of methods i through iv below. Method V is
applicable to non-Class IE power supply feeding a
non-Class IE circuit which becomes affiliated due
to the circuits proximity to Class IE
circuits/devices.
Isolation Methods:

(i) Shunt-tripping the Class IE circuit breaker or
tripping of the motor contactor (Class IE) on
a loss of coolant accident (LOCA) signal.

(ii) Shunt-tripping the Class IE circuit breaker or
tripping of the motor contactor (Class IE) on
a lOCA and total loss of offsite power (LOOP)
signal.

(iii)An isolation system which consists of a Class
IE circuit overcurrent interrupting device is
placed in series with a non-Class IE circuit
overcurrent interrupting device. The circuit
between the two devices is affiliated. This
method is used for a non-Class IE distribution
bus.

Rev. 26, 9/81
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(iv) A Class ZE circuit interrupting device
actuated by overcurrent .is placed in series
with a non-Class IE equipment. The circuit
between the interrupting device and the non-
Class IE equipment is affiliated.

(v) For non-Class IE circuit in proximity of Class
IE circuits, an isolation system which trips
on an overcurrent is placed in series with the
non-Class IE circuit.

All non-Class 1E loads connected to Class lE power
supplies per isolation methods i through iv are
summarized in table 8.1-2. Circuits using
isolation method v are all Class IE equipment space
heaters, utility, or liqhting circuits where the
minimum physical separation cannot be met (See
Para. 16). An isolation system is defined as two
separate overcurrent devices (isolation method iii
and v) placed in series in a circuit to minimize
any failure in the non-Class IE equipment from
causing unacceptable influences in the Class IE
system. The type of isolation devices used
actuated by overcurrent are breakers and fuses.
one of the overcurrent devices of the isolation
scheme is Class IE and located in or adjacent to
the Class IE eguipment. The other is non-Class XE
and located at or near the non-Class IE equipment.
The basis for the selection of two devices in
series are:

a) Both devices are of different type and
different electrical characteristic to
eliminate the possibility of a common. mode
failure due to a manufacturing defect.

b) The devices are selected to minimize the
effects on the Class lE power supply against
faults in the non-Class 1E equipment.

c) The devices are coordinated to clear the fault
in the non-Class lE equipment, without
tripping the Class 1E main source breaker.

d) During a seismic event, the Class 1E devices
feedinq to non-class 1E eguipment will provide
adequate circuit isolation in the event of a
non-Class IE equipment failure.

e) The devices are selected to protect the Class
XE circuits aqainst faults at the non-Class IE

REV 1 7 r 9/80 8. 1-14
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C

6)

power circuit (isolation method v) such as
short'ircuit"and overvoltage.

Non-Class IE power and control circuits are
separated from the Class IE and associated circuits
by the minimum separation requirements specified in
Section 5 of

IEEE'384-1974."'solation

devices are used where a non-Class IE
control circuit and Class IE control circuits are
interfaced. (See paragraph 2).

7) Reference: Position C.7 of Regulatory Guide 1.75
and Sections 5.1.3, 5.1.4 and 5.6.2 of IEEE 384-
1974.

Exception to Section 5.1.3 of IEEE 384-1974: The
1" minimum separation requirement of totally
enclosed raceway is not met due to space limitation
in some areas. This is limited to instrument to
instrument, instrument to control, and control to
control, and non-Class 1E control to Class lE power
totally enclosed raceway only. For Justification,
refer t'o Wyle Lab. Test Report No. NE56719 dated
November 20, 1980.

Non-Class 1E, low energy circuits for
digital/analog information and instrumentation such
as 'annunciators, data loggers, meters, recorders
and transient monitoring system are permitted to be
connected to 'Class lE devices for required inputs.
These non-Class 1E circuits are exempted from
separation requirement only with the same
channel/division which the circuits are connected
for their inputs. The cabling- of these non-Class
lE low energy circuits, with the exception of
annunciators, are routed ex'elusively in non-Class
lE instrumentation raceways which d'o not contain
control or power (high energy) circuits except 120
V AC.

All annunciator circuits'are non-Class lE. The
cable runs of these circuits are separated from
Class 1E circuits by the minimum separation
requirements specified in Section 5 of IEEE 384-
1974. However, annunciator cabl'es"are routed 'only
in the non-Class lE. control raceways which contain
cables of voltage level of 120 V AC, 125 V DC and
250 V DC.

Rev, 27, 10/81

All instrumentation and annunciator cables have
fire retardant insulation (See Subsection,8.3.3).
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The racevays are of fire retardant materials.
Instrumentation cables have grounded shields.

Analysis:
Annunciator and instrumentation circuits are low
energy circuits. The annunciator circuits operate
in 125 V dc high impedance {60 KQ) source. Host of
the instrumentation systems operate on .1-5 V DC
signals in high impedance circuits or 4.-20 ma
signals in low impedance circuits.
Since only low energy can be derived from
instrumentation circuits, the probability of these
non-Class 1E circuits providing a mechanism offailure to the Class 1E circuits inside Class 1E
devices or enclosures is extremely low.

The worst credible event which could affect the
Class 1E system through the non-Class 1E low energycircuits is a fire involving a control raceway
containing annunciator cables. Assume in the worst
case where annunciator cables fram redundant class
lE equipment are both shorted to a 120.V AC, 125 V
DC or 250 V DC cable due to the fire, further
assume that the sensor contacts are both'losed and
that the overcurrent protective device of the 120 V
AC, 125 V DC or 250 V DC cable does'not trip. Then
the class 1E devices could be damaged and therefore
prevent the devices from performing their Class 1E
function.
To summarize the abave failure mode, the redundant
Class lE systems will fail only if all of the
following conditions occur at. the same time: „

F

a. Annunciator cable from a Class lE device is
fused to the highest voltage circuit
conductors (250 V DC) .

b. Annunciator cable from a redundant Class lE
device is also fused to the highest voltage
source {250 V DC).

C ~ The highest voltage (250 V DC) circuit
conductors-are not short circuited or
graunded.

The highest voltage (250 V DC) circuit
protective devices failed (breaker or fusefailed to perform its intended function)

Rev. 26, 9/81 8. 1-16
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e. Class IE device contact closed (alarm state)

f. Redundant Class lE device contact closed
{alarm state)

ge In order for the Class 1B protective system,
as designed, to fail due to fire,the above six
independent low probability events must happen
simultaneously. This's considered extremely
unlikely. Thus, the low energy non-Class lE
circuits, which are not separated from the
Class lE circuits at the input devices do not
provide'a mechanism of failure of the Class lE
system.

8) In addition to the minimum separation requirements
as outlined in items 6 and 7 above; (a) there are
no cable splices in raceways, (b) cables and
raceways are flame retardant, (c) cable trays are

~ limited to 30 percent filland are no't filled above
the side rails.

9) Raceway and cable identifications are in compliance
with Regulatory Guide 1.75. Detailed descriptionis given in Subsection 1.8.6.

10) Standby diesel generators are housed'in separate
rooms within a Seismic Category I structure with
independent air supplies. The auxiliaries and
local controls of each unit ar'e also housed in the
same room as the unit they serve.

'

Redundant Class IE batteries are located in
separate rooms within a Seismic Category I
structure; however, each battery zoom is exhausted
by an individual ventilation duct to a common
exhaust plenum. - Two redundant Class'E centrifugal
exhaust fans service the common exhaust ductwork.

Battery chargers of redundant load groups are
physically separated in accordance with the
reguirements of Regulatory Guide 1.75

12) All redundant Class IE switchgear, motor control
centers, and distribution panels are physically
separated in accordance with Regulatory Guide 1. 75.

Rev. 26, 9/81
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'1 3) Redundant Class IE containment electrical
penetrations are dispersed around the circumference
of the containment and are physically separated in
accordance with the requirements of Section.5.5 of
IREE 384-1974., Due to limited space, cable
.penetrations into the suppression pool contain both
non-Class IE and Class IE circuits. These non-
.Class IE circuits are for instrumentation,
.annunciation, and computer inputs and are not
'treated as affiliated circuits.
The suppression pool area is serviced by three (3)
electrical penetration assemblies: M300, M301, and
'M330B. Penetrations for Unit I, 1M300 and, 1M301,
each contains circuits of one division of the Class
IE:systems and non-class IE circuits. .The third
,.penetration, 1M330B, contains only non-Class IE
circuits. The Unit II penetrations 2M300 and 2M301
contain only circuits of one of the redundant Class
'IE divisions and the third penetration 2M330B
contains all the non-Class IE circuits to the
suppression pool area. Penetrations M300 and M301
are located in opposite quardrents of the
suppression pool for each unit.

'The unit I penetrations 1M300 and 1M301 have 'both
Class IE and non-Class IE power, control and
instrumentation circuits. The class IE power
circuit conductors are routed through the
penetration in a 2 inch flexible metalic conduit,.
The conduit extends beyond the penetration and the
power cables are spliced to the plant cable in a
junction box used only for the Class IE power
circuit. These Class IE power circuits are
separated from all others by the 2 inch conduit.

'The non-Class IE power circuits service the
=portable lights„and service eguipment during
personnel entrance to the suppression pool area.
During plant operation the loads are removed.

Penetrations lM300 and 1M301 also have non-Class IE
instrument and control circuits. Three of the non-
C1ass IE instrument circuits are for non-Class IE
=RTD inputs (Except on affiliated RTD cable,
RMlI9804E, is routed together with non-.Class IE
circuits since it cannot be accommodated by another
penetration module). These are low energy and do
'not degrade the Class IE circuits as discussed in
Section 8.1.6.l.n 7) . The non-Class IE control
circuits are used for annunciator inputs only.

Rev. 26, 9/81 8.1-18
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These annunciator circuits derive digital
information from the same Class IE equipment as the
Class IE control cables (ie PSV-15704A2, solenoid
valve control and valve position annunciation) . Ho
other non-Class IE circuit cables are routed in the
same raceway with the annunciator cables from the
Class IE valve to the penetration inboard to the
suppression pool. For further justification on
annunciator circuits see Section 8.1 6.1.n-7) . The
remainder of non-Class IE "instrument and controlcircuits are used for the Integrated Leak Rate Test
(ILRT). This

Rev. 26, 9/81
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testinq is performed only when the reactor is in
the cold shutdown mode and personnel access to the
suppression pool is permitted. After the ILRT test
are completed these circuits are isolated from the
rest of the plant as all test instruments and
sensors are disconnected and removed from both the
suppression pool and the reactor building areas'.
The segments of the ILRT circuits not. disconnectedafter testing are run in separate plant raceways
used only for the ILRT system.

All future non-Class IE circuits will .be routed
throuqh the penetration 1W330B reserved for non-
Class IE only.

14) References: Section 5.6.2 and 5. 6.3 of IEEE 384-
1974

In general, circuits for redundant Class IE systems
and circuits for non-Class IE systems are located
in separate enclosures such as, boxes, racks, and
panels. However, in cases where redundant
channel/division Class IE circuits or Class IE and
non-Class IE circuits, or RPS and other Class IE
and non-Class IE circuits are locat'ed in the s e
enclosure, physical separation is achieved either
by minimum of 6" horizontal and vertical
separation, steel barriers, metallic enclosure, or
metallic flexible conduit (exception to this
separation requirement is taken for non-Class IE
low energy circuits discussed in paragraph 7 ofthis section) . Where the above separation methods
are not feasible, one of the separation groupcircuits are to be covered with one of the

. following qualified nonflammable material:
Haveg Industries, siltemp sleeving type S and
woven tape type WT65.

ii. Carborundum, Fiberfrax sleeving type HP144T
and woven tape type 3L144T.

These materials have been qualified to be used as
separation barriers (Hyle Lab. Test Report No.
56669 dated Nay, 1980) .

Applications of these materials are controlled and
documented by the engineering office. Enclosures
that contain wirinq and devices for Class IEcircuits are labeled distinctively to identify
externally the separations system and qroupinq (see

REV 17r 9/80 8 1-19
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Subsection 3.-12. 3. 2) . Internal to enclosures,
terminal blocks and devices such as relays,
switches and instruments are uniquely identified.
In addition, external cables are color coded and
marked to be readily identified (see Subsection
3. 12 3. 4. 2) . Hire 'bundles or cables inter nal t o
cont'rol boards are not distinctively or permanently
identified.

15) Due to spatial limitation beneath the reactor
vessel, the following is a description of
electrical cable separation for the Neutron
Nonitorinq System (NNS), Reactor Protection System
(RPS), and Control Rod Drive System (CRD):

All Class IE cables are routed through
enclosed raceway such as enclosed wireways,
rigid and flexible conduits except as noted in
par aqr ap h iv.

ii. Non-Class IE cables are routed in open trays.

iii. Cables of different systems may be routed in
some portion of raceway. But channel
separation is maintained.

Because of space limitation and need for
flexibility, the flexible conduits end after
the horizontal runs where cables drop down for
connection to connectors..

Vo The 1 inch minimum separation requirement of
XEEE 384-1974 is not met for enclosed raceways
beneath the reactor vesseL. Also, the minimum
separation requirements of IEEE 384-1974
Section 5.1.3 and 5.1.4 are not met for Class
IE enclosed raceways and non-Class IE open
trays.

All cables ("lass IE and non-Class IE) beneath the
reactor vessel are low energy instrumentations
circuits. Fire hazard beneath the reactor vessel
is described in Fire Protection Review Report
Section 4. 3.8 Fire Zone l-lH.

16) Non-Class IE circuits inside a Class IE equipment,
such as liqhtinq, utility or space heater circuit,
shall be considered affiliated, unless a 6" minimum
separation or physical barrier from the Class IE
circuits is provided or unless analysis or test
shows that the non-Class IE space heater circuits

BEV. 17, 9/80 8- 1-20
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will not affect the Class IE system., If power is
supplied from a non-Class IE distribution panel, an
isolation device or system {Isolation method V) isinstalled at or near the equipment to preventfailures in the non-Class IE circuits from
affecting redundant Class IE circuits.
Alternatively, the non-Class IE supply cables may
be routed in separate raceways such that no common
mode failure could affect redundant Class IEcircuits due to a single event.

o) gegulgtorg-„Gugde 1~81- $ 1$75$ -

The design of the standby electric power systems meets
Regulatory Guide 1. 81.,
The dc power systems are not shared between the two
units.
The standby ac power supplies are shared between the twounits. The standby ac power systems have the capabilityto concurrently supply the engineered safety feature
loads of one unit and the safe shutdown loads of the
other unit, assuming a total loss of offsite power and asingle failure in the onsite power system, such as theloss of one diesel generator.

The standby ac power systems for the two units are
desiqned with minimum interactions between each unit's
safety feature circuit so that allowable combinations of
maintenance and test operations in either or both units
would not degrade the capability to perform the minimum
required safety functions in any unit, assuming a total
loss of offsite power.

p)
It

Refer to Section 3.13 for compliance statement.

Redundant offsite and onsite power sources are providedto meet the "Limiting Conditions for Operation" as
„defined in Regulatory Guide 1.'93., See Chapter 16 for
plant operating restrictions after the loss of power
sources.

r) g~g~lto~y Gu~ie 1. 106 $ 11/75)

The reguirements of Regulatory Guide 1.106 are met.
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The thermal overload protection devices for all safetyrelated motors on, motor-operated valves (NOV) are
bypassed except during testing.
This is accomplished by the use of an operate/test or
normal/test type selector switch located in Panel OC697
at rear section of control room:

A. Operate/Test Type Switches

In the operate position, a set of normally
closed (N.C.) contacts for each MOV is
connected in parallel across the thermal
overload trip contacts, thus bypassing the
overload trip.

2. In the test position, the above set of
contracts open thus permitting the overloadtrip contacts to trip the motor on closing or
opening should an overload condition occur.

B Normal/Test Type Switches

In the normal position, a set of normally open
(N.O ) contacts in series with one or more
relays (desiqnated as 95) deenergizes the 95
relays. A set of normally closed relay
contacts is paralleled across the thermal
overload trip contacts thus bypassing the
overload trip.,Loss of power to the relayswill cause the overloads to be bypassed.

2. In the test position the above, N.O. contacts
close, energizing the 95 relays, and thus
opens the contact across the NOV overload trip
contacts. This permits a motor overload totrip the motor during a closing or openingtest operation.

A by pass indication system is provided toalert the control room operator vhen a
safequard NOV is in a disabled condition.
Loss of power supply, such as when the breakeris tripped for maintenance, or less of control
power is indicated in the bypass indication
panel C694 located behind the unit operating
benchboard. A division I or II group alarmvill then be made and this vill be annunciated
at the emerqency care cooling benchboard C601.
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Table 8.1-1 provides a listing of all NOV ~ s
with their thermal overload bypassed during
plant operation (re fer to Section 1. 7 for
cha nqes) ..

8</ 6 g--Com~igace- wj,th- IEEE 338-1975 344-1971- and 387-1972

a I.Egg~38- -1 97-1 ~

See response to Regulatory Guide 1 118 in Section 3. 13for compliance statement.

b

Compliance with this standard is discussed in Section
3 10

c ~ ~IEQ- 387-1972-

The following paragraphs analyze compliance with the
design criteria of ZEEE 387-1972.

Adequate cooling and ventilation equipment is providedto maintain an acceptable service environment within thediesel qenerator rooms during and after any- design basis
event, even without support from the preferred power
supply.

Each, diesel generator is capable of starting,
accelerating, and accepting load as described in
Subsection 8.3.1.4. The diesel generator automatically
energizes its coolinq equipment within an acceptable
time after startinq.
Frequency and voltage limits -and the basis of the
continuous ratinq of the diesel generator are discussedin the compliance statement to Regulatory Guide 1.9 in
Subsection 8. 1 6. 1.

1

mechanical and electric systems are designed so that a
sinqle failure affects the operation of only a single
diesel generator.

Desiqn conditions such as vibration, torsional
vibration, and overspeed are considered in accordance
with the requirements of IEEE 387-1 972.
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Each:diesel governor can operate in the droop mode and
the voltage regulator can operate in the paralleled mode
during diesel generator testing. If an underfrequency
condition occurs vhile the diesel generator is
paralleled with the preferred (offsite) power supply,
the diesel generator will be tripped automatically.

Each diesel generator is provided with control systems
permitting automatic and manual control. The automatic
start signal is functional except vhen the diesel
generator is in the maintenance mode. Provision is made
for controlling the diesel generator from the control
room and from the diesel generator room. Subsection
8.3. 1.4. 10 provides further description of the control
systems.

Voltage, current, frequency, and output power metering
is provided in the control room to permit assessment of.
the operating condition of each diesel generator.

Surveillance instrumentation is provided in accordance vith IEEE
387 as follovs:

Starting System

Startinq air pressure low alarm

2) Lubrication System

Lube oil pressure lov trip and lube oil temperature high
and low alarms. Lube oil pressure lov trip is by
coincident logic.

3) Fuel System

Fuel oil level in day tank high and low, fuel oil
pressure high and low, and fuel oil level in storage
tank high and lov alarms

4) Primary Coolinq System

Essential service vater low pressure

Secondary Cooling System

Jacket coolant temperature high and low, jacket coolant
pressure low-

Combustion Air Systems

Failure alarm is provided

REV 17r 9/80 8 ~ 1-24
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7) Exhaust System

Pyrometers located at diesel generator local control
panel

8) Gene rator
Generator differential, ground overcurrent, and reverse-
power, underfrequency, and overvoltage trip and alarm.
Neutral overvoltage and overcurrent alarm.

9) Excitation System

Low field current and overexcitation relay trip and
alarm

10) Voltaqe Regulation System

Diesel generator overvoltage alarm

11) Governor System

Diesel qenerator underfrequency alarm and trip, and
engine overspeed trip

12) Auxiliary Electric System

4.16 kV bus undervoltage relays initiate bus transfer
and alarm.

A detailed list of trip and alarm functions and testing of thediesel generator is discussed in Subsection 8.3. 1.4.

R EV 17, 9/80 8 1-25
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Page 8

e CIRCUIT
NUMBER

71

72

73

74

75

76

77

78

79

80

NON CLASS 1E LOAD

480/277V
Essential
Lighting Panel
OEPOl

480V/277V
Essential
Lighting Panel
OEP02

480V/277V
Essential
Lighting Panel
1EP05

Reactor Bldg.
Chiller compressor
1K206A

Control Rod Drive
Water pump
1P132A

Turbine
Bldg.'hiller

compressor
1K102A

Reactor Bldg.
Chiller compressor
1K206B

Main condenser
Mechanical vacuum
pump 1P105

Turbine Bldg.
Chiller compressor
1K102B

Control Rod Drive
Water pump
1P132B

CLASS lE POWER SUPPLY

Control structure
HGV -Room

Eng. Div.I Safeguard MCC

OB136

Control structure
HSV Room
Eng. Div.II Safeguard MCC

OB146

Control structure
HSV Room
Eng. Div.II Safeguard MCC

OB146

Channel A/Div.I
Emergency auxiliary
Switchgear 1A201

Channel A/Div.I
Emergency auxiliary
Switchgear lA201

Channel A/Div. I
Emergency auxiliary
Switchgear lA201

Channel B/Div.II
Emergency auxiliary
Switchgear lA202

Channel B/Div.II
Emergency auxiliary
Swtichgear lA202

Channel B/Div.II
Emergency auxiliary
Switchgear lA202

Channel D/Div.II
Emergency auxiliary
Switchgear lA204

METHOD OF
ISOLATION
7Re f . RSAR
8.1.6.ln.5)

1.1.1.

I.V

I.V

I.V

I.V

I.V

I.V

I.V

23
81

~ „

Control Structure
Passenger Elevator
ODS108

Control Structure HSV
Room Div.I Engineered
Safeguard MCC

OB136

Engr. Safeguard Div.I Engr. Safeguard
Service Water Pumphouse Service Water Pump
OLP16 house MCC

OB517

I.V

Rev. 23, 6/81
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CIRCUIT
NUMBER

94 Control Rod Drive
Water Pump
2P132A

'hannel A/Div. I
Emergency Auxiliary
Switchgear 2A201

NON CLASS lE LOAD CLASS 1E POWER SUPPLY
METHOD OF
ISOLATION~Ref�.FRAR

8.1.6.ln.5)
I.V

23

95

96

97

98

99.

100

Turbine Bldg.
Chiller Compressor
2K102A

Reactor Bldg.
Chiller Compressor
2K206B

Main Condenser
Mechanical Vacuum
Pump 2P105

Turbine Bldg.
Chiller Compressor
2K206A

Control Rod Drive
Water Pump
2P132B

Turbine Bldg.
Chiller Compressor
2K102B

Channel A/Div. I
Emergency Auxiliary
Switchgear 2A201

Channel B/Div. II
Emergency Auxiliary
Switchgear 2A202

Channel C/Div. I
Emergency Auxiliary
Switchgear 2A203

Channel C/Div. I
Emergency Auxiliary
Switchgear 2A203

Channel D/Div. II
Emergency Auxiliary
Switchgear 2A204

Channel D/Div. II
Emergency Auxiliary
Switchgear 2A204

I.V

iv

I.V

iv

iv

I.V

101 Reactor Bldg. Closed Reactor Area
Cooling Water Pump Div. II Engineered
2P210A Safeguard MCC

2B247

102

103

104

105

Reactor Bldg. Closed
Cooling Water Pump
2P210B

Process Radiation
Monitoring Cabinet
2C604

Reactor Area
Div. II Engineered
Safeguard MCC

2B226

Div. I 24VDC
Distribution Panel
2D672

iv

23
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8.3 ONSITE POWER SYSTEMS

8.3.1 AC POWER SYSTEMS

8.3.1.1 Descri tion

The onsite ac power systems are divided into Class IE and non-
Class IE systems. Figure 8.3-1 shows the single line of both
systems with the Class IE system identified by a dotted line
enclosure.

The onsite ac power systems consist of main generators, main
step-up transformers, unit auxiliary transformers, and diesel
generators. The distribution system has nominal ratings of 13.8
kV, 4.16 kV, 480 V, and 208/120 V.

The off-site ac power system supplies power to plant systems
through two start-up transformers.

8.3.1.2 Non-Class IE ac S stem

The non-Class IE portion of the onsite power systems 'provides ac,
power for non-nuclear safety related loads. A limited number of
nonsafety related loads are important to the power generating
equipment integrity and are fed from the Class IE distribution
system through the isolation system as discussed in Subsection
8.1.6.1(n).

The non-Class IE ac power system distributes power at 13,8 kV,
4.16 kV, 480 V, and 208/120 V voltage levels. These distribution
levels are grouped into two symmetrical distribution systems
emanating from the 13.8 kV buses.

,All non self-activated switchgears receive control power from the
125 Vdc control power sources. The 125 Vdc control power sources
for the non-Class lE 13.8 kV and 4 kV switchgear breakers and 480
V load center breakers are shown in Tables 8.3-17 and 8.3-18
respectively.

Rev. 15, 2/81 8.3-1
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8.3.1.2.1 eration

- The unit auxiliary transformer supplies all the non-Class IE unit
auxiliary loads except unit HVAC and Units 1 and 2 common loads,
which are fed by the two startup transformers as shown on Figures
8.3-1 and 8.3-2.

The unit auxiliary transformer primary is connected to the main
generator isolated phase bus duct tap (24 kV) while the secondary
of the transformer is connected to two 13,8 kV unit auxiliary
buses through a nonsegregated phase bus.

During plant'tartup, shutdown, and post shutdown, power is
supplied from the off-site power sources through the two startup
transformers. In addition, capability is provided to transfer
the unit auxiliary buses to the startup power source to maintain
continuity of power at the unit auxiliary distribution system.

In addition to the loading conditions mentioned in the above
paragraph, the 13.8 kV startup buses also supply the preferred
power supplies to the Class IE load groups through their
respective 13.2 kV - 4.16 kV engineered safeguard transformers as
discussed in Subsection 8 '.1.3 (Figure 8.3-1).

The auxiliary bus feeder breakers from the unit auxiliary
transformers and the startup tie bus section are interlocked to
prevent supplying power to the startup bus from the unit
auxiliary transformer.

A 13.8 kV tie bus is provided for the two startup buses. A
separate (not in switchgear line-up) bus tie breaker is located
in the tie bus. In the event of a loss of startup power supply
to the 13.8 kV startup bus, an alarm is initiated and,.a time
delay undervoltage relay initiates the tripping of the 13.8 kV
incoming breaker and the closing of the tie breaker, resulting in
a slow transfer. However, this transfer is prevented if either
auxiliary 13.8 kV bus is being fed from the undervoltage tie bus
section. This condition is sensed by the closure of two (2)
auxiliary "b" contacts in series, .one from each of the unit
auxiliary bus to tie-bus circuit breakers connected to a common
tie bus section. Manual initiation of the tie breaker is also
provided. However, the use of this manual control is
administratively limited as an overriding means only. Under
automatic operating conditions of the tie breaker, auxiliary
switch "b" contacts of the startup transformer incoming breakers
are also utilized as a permissive to close the tie breaker to

!

prevent tying of the two startup transformers.

At the 4 kV ESF power distribution subsystem a three-way transfer
system is provided to enable the ESF loads to connect to either
of the two off-site power sources or to the standby diesel

Rev. 23, 6/81 8.3"2
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generators. Each ESF bus is normally connected to a preferred
, source which is one of two ES transformers connected respectively
to the two startup buses. During loss of 'one off-site power
source, that is, upstream of the startup bus, the startup bus
undervoltage relay will trip the feeder breaker to the ES
transformer, causing a transfer at the 4kV ESF bus. If power
loss occurs between the 13kV startup bus and the 4kV ESF bus, a
4kV transfer will occur. The 4kV ESF'bus transfer is initiated
by the bus undervoltage relay, which'trips the normal incoming
breaker and subsequently closes the alternate incoming breaker.
This is practically a dead bus transfer. If both off-site power
sources are unavailable, the diesel generator breaker closes as
soon as the diesel generator power is available.

The above transfer mechanism allows only one source breaker to be
closed at any one time and to ensure this, breaker auxiliary
switch contacts are used for interlocking. A manual live bus
transfer is possible through a synchronizing device in which case
an alternate source breaker is first closed and is followed by .an
automatic tripping of the preferred 'supply breaker. In this case
the duration of the tie is merely a few cycles. Furthermore, the
diesel generator can be tied with any one of the two off-site
sources for an indefinite" time under test condition but this does
not in any way cause the two off site power systems to be tied
together.

The plant security load center is double ended, each end being
supplied from one of the 13 kV start-up buses through a stepdown
transformer and is provided with a normally open tie breaker.
Each bus is supplied from its own start-up source. Should one
source be lost the undervoltage relay at the transformer
secondary trips the bus incoming breaker. The bus undervoltage
relay then initiates closure of the tie breaker provided the,
incoming breaker has successfully tripped. Upon return of the
failed source the incoming breaker will not automatically close
and can only be manually closed after the tie breaker has been
tripped.

In all of the foregoing tie or transfer systems, there is no way
that the two off-site power systems can be tied together at the
on-site buses assuming loss of one off-site source.

Rev. 23, 6/Sl 8.3-3
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Automatic bus transfer for the non-Class IE power system is
provi'ded at the 13.8 kV level only.

The 13-8 kV switchgear- provide power for large auxil'iary loads
and 480 V. load, centers. The 13. 8 kV switchgear feed double-ended
480 V load centers. A manual tie breaker is provided for each
set of load centers to intertie the two load centers in the event
of failure of one load center transformer. Load: centers
generally supply power to 480 V loads larger than. 100 hp and
power for their respective motor control centers.. The motor
control centers supply 480 V loads smaller than 100 hp while '480
U, 480/277 V, 208/120 V panels provide miscellaneous loads such
as unit heaters,, space heaters, lighting systems,. etc.

8.3. 1.2.2 Non-Class IE Fguigment Capacities

Refer to Figure 8.3-1 for interconnections of the following
equipment. Physical locations of each of the following equipment
can be found in Section 1. 2.

a) Unit Auxiliary Transformer

33/44/55 NVA, 3P~ OA/FA/FOA~ 55 C
37/49.3/61 .6 MVA,, OA/F A/FOA„, 65 C

23.0-13.8 k.V Grd. Y/7. 96 kV
Z = 9.0% 8 33 MVA

b) Startup Transformer

45/60/75 MVA 3',, OA/FOA/FOA, 650C
225/129,9 -- 13. 8/7. 97 kV
Z = 15.0% 9 45 NUA
LTC s 158 in 15/165 steps

c) Engineered„Safeguard Transformer

10,5/13. 12 N VA, 3', OA/F A ~ 55 oC
11. 76/14 7 NVA, OA/FA, 650C
13.2-4.16 kV Grd. Y/2.4 kV
Z = 6.8% ib 10. 5 NVA

d) 1Jnit Auxiliary 13. 8 k V Sw itchgear

Buses 2000 A continuous rating,,750
MVA bracing

Incoming breakers 2000 A continuous rating,- 750
NVA 3JtJ Class 28,000 A sym
interrupting rating

Rev. 26, 9/81
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Feeder breakers 1200 A continuous rating ~ 750
MVA 3'lass 28,000 A sym
interrupting rating

e) Startup 13.8 kV Svitchgear

Buses 3000 A continuous rating, 750
MVA bracing

Incoming breakers

Tie breaker

Feeder breakers

I

f) 4.16 kV Switchgear

Buses

.Incoming breakers

Peeder breakers

g) 480 V Load Cent ers

Transformers

Control structure
and Administration
and machine shop
transformers only

Buses

3000 A continuous rating, 750
MVA 3'lass 28,000 A sym
interrupting rating
3000 A continuous rating, 750
MVA 3'lass 28,000 A sym
interrupting rating
1200 A continuous rating, 750
MVA 3p Class 28,000 A sym
interrupting rating

1200 A "ontinuous rating, 250
MVA bracing

1200 A ™continuous rating, 250
MVA 3'lass 29,000 A sym
interrupting rating
1200 A continuous rating, 250
MVA 3'lass 29,000 A sym
interrupting rating

i

1500/2000 k VA, 3', A'A/PA,
13200-480 V Grd. Y/277 V

1000/1333 kVA, 3', AA/PA,
13200-480 V Grd. Y/277 V

3000 A continuous; 65,000 A

bracing (1500/2000 k VA)

1600 A continuous; 50,000. A
bracing (1000/1500 kVA)
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Incoming breakers

Feeder breakers

Tie breakers

3000 A continuous, 65,000 A sym
intarrnpting rating (|500/2000
kVA)

1600 A continuous, 50,000 A sym
interrupting rating (1000/1500
kUA)

600 A continuous, 30,000 A sym
interrupting rating
1600 A continuous, 50,000 A sym
interrupting rating

h) 480 V Motor Control Centers

Horizontal bus (main)

Vertical bus

Breakers (Molded Case}

150 A frame

250 A frame

i) 480 V Distribution Panel

Bus

600 A continuous; 42,000 A

bracing

400 A continuous; 42,000 A

bracing

25,000 A symmetrical
interr upting rating
22,000 A symmetrical
interrupting ra+ing

225 A rating, 14,000 A bracing

Branch breakers 100 A frame, 14,000 A

interrupting rating

j) 208/120 U ac Instrument ac Distribution Panels

Main breaker
{mo13ed case)

Buses

Branch breakers
(molded case)

225 A continuous
22,000 A sym interrupting
rating
225 A continuous

100 A fr arne s ize
10,000 A sym interrupting
rating
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8.3.1.3 Class IE ac Power System

The Class IE a" portion of the onsite power system is shown on
Figure 8. 3-1.

The Class XE a" system distributes power at 4. 16 kV, 480 V, and
208/120 V to the safety related loads. The safety related loads
are divided into four load groups per generating unit and aretabulated in Table 8.3-1. Each load group has its owndistribution system and power supplies.
The 4. 16 kV bus of each Class IF. load group channel is provided
wit.h connections to two offsite power sources designated as
preferred and alternate power supplies. Diesel generators are
provided as a standby power supply in the event of total loss ofthe preferred and alternate pow..r supplies. Standby power supplyis discussed in Subsection 8. 3. 1. 4.

Preferred and alternate power supplies up to the 4. 16 kV buses of
the Class IE power system are considered as non-Class IF..

All non self.-activated switchgears receive control power from the
125 Vdc control power sources. The 125 VR" control power sourcesfor the Class 1F, 4.16 kV switchgear breakers and 480 V load
center breakers are shown in Tables 8.3-19 and 8.3-20
respectively.
In order to achieve 'adequate separation between channelized load
group and Rivisionalized load group, two 125 Vdc control power
supplies are provided for each 4.16 kV switchgear (refer to Table
8 3-19) .

8. 3. 1. 3. 1 Power Supply Feeders

Each Class IE 4.16 kV swit,"hgea. of a load group channel is
provided with a preferred and an alternate (offsite) power'supply
feeder and one standby diesel generator feeder. Each bus is
normally energized by the. preferred power supply. If the
preferred power source is not. available at the 4. 16 kV bus,
automatic transfer is made to the alternate power source as
described in Subsection 8.3. 1.3.6. Tf both preferred andalternate power feeders become Re-energizeR, the safety-related
loads on each bus are picked up automatically by the standbydiesel generator assigneR to that bus as described in Subsectio'n
8.3 1.4.
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8.3. 1. 3. 2 . Power Feeder Cabl es

Power feeder cables for the 4.16 kV system are aluminum
conductor, and are rated 5 kV, 90OC conductor temperature with
high temperature Kerite insulation. The cables are provided with
an overall flame resistant Kerite jacket covering. For the 480 V
system, cables of size «4/0 ANG and larger are aluminum
conductor; cables less than «4/0 AMG are copper conductor. Both
types of cables are rated 600 V, 90oC conductor temperature with
ethylene-propylene insulation with a flame-resistant hypalonjacket covering. The conductors are sized to carry the maximumavailable short circuit current for the time required fo thecircuit breaker to clear. the fault. All Class IF. cables have
been designed for operation as discussed in Section -3.11.

The 4.16 kV switchgear, D.C. load centers, and D.C. Controlcenters are equipped with aluminum busses and silver-plated
bolted connections. -The 480 V load centers and motor controlcenters are equipped with copper/aluminum busses and the bolted
connections are also silver-plated. All circuit breakerterminals are copper. For, power cable terminat,ions, Burndy
compression aluminum terminals {HYLUG) are used. These t.erminals
are of seamless tubular constru"tion, tin-plated to resistcorrosion, and factory filled with oxide inhibiting compound
penetrox A. "ompression adapters ilA ADAPT MPT series or
equivalent are used 'for equipment/vendor supplied components
having mechanical lug. which cannot. be converted to accept a
Burndy compression lug due to physical or pract.ical limitations.
A .non-oxidizing lubricant such as D50H47 or equivalent will be
applied on all contact su faces at bolted joints to avoid
damaging the silver-plated contact su face"..

8. 3. 1. 3. 3 Bus Arrangemen ts

The ™lass IE a" system is divided into four load group channels
per unit {load group Channel,s A„B, "., a nd D) . Power suppliesfor each load group are discussed in Subse=tion 8.3.1.3.1. All
Class IF. ac loads are divided among the four. load groups so that
any combination of three out of four load groups has the
capability of supplying the minimum required safety loads.
The distribution system of each load group ™onsists of one 4.16
kV bus, one 480 V load center, four or five moto" control
centers, and several low voltage distribution panels. The bus
arrangements are shown on Figure 8.3-1, 8.3-3, 8.3-4, 8.3-7 and
8 3-8.
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Table 8.3-1 provides a listinq of all the loads supplied from
each Class IE bus.

Tvo redundant. 480 V swing,.buses,.are provided for each unit for
the RHB" in jec tion valve 'motor operators, recirculation loop
bypass valve mot'or operators,. and recirculation discharge valve
motor operators. The single line of the swing bus is shovn on
Piqure 8.3-9. '

Class IE 480 V load center of one load group channel supplies
the preferred power to the svinq bus through the electrical
isolation of a motor-generator (M-G) set. The alternate pover is
supplied directly from another redundant Class IE 480 V load
center The M-G set is used for electrically isolating two
redundant load qroups. Faults at the sving bus cannot be
propagated onto more than one load qroup.-

The swing buses are Class IE motor control center constructions.
An automatic transfer 'switch is provided for transferring the
swing bus from the preferred to the alternate power source upon
reduction or loss of voltage at the swinq bus..If the
undervoltage is caused by a fault at the swing bus, the transfer
will be prevented even if the alternate power is available. The
sving bus will be retransferred back to preferred power vhen the
voltaqe is restored within acceptable limits.
The swing bus and transfer switch are designed so that for a loss
of offsite power and any single failure, the minimum required
ECCS flow to meet 10CPB50 Appendix K criteria is always
available.
The followinq is' common mode-common cause failure analysis
(CMCCFA) for the automatic transfer switches:

Piqure 8.3-l3 depicts a simplified sinqle line diagram for the
sving bus system to facilitate the analysis.

Table 8.3-24 provides a step-by-step CMCCPA of the auto transfer
switch by postulatinq the variou major common causative factors
(even ts) .

Normal conservatism in desiqn and manufacturing margins,
mandatory requirements of QA/QC procedures, Initial Test Program,
Preoperational Tests, applicable administrative procedures and
maintenance programs as well as operator actions contribute to
minimize the susceptibility of the auto transfer switch to the
various common causative factors as analyzed in Table 8. 3-24.

This analysis demonstrates that the transfer svitch, as a
component of the svinq bus system design, vill not degrade the
Rev. 17, 9/80 8.3-9
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independence and separation between the redundant Class IE
channels {load center channels A and C or B and D).

The test program (Section 14.2 and Technical Specification 314.8)for the 480V swing bus system (Figure 8.3-13) consists of:
a) Periodic inspection of wiring, insulation, and connectionsetc. to assess the continuity of the components and system.

b) Periodic testing to verify the operability and functional
performance of individual components in the system

c) - Periodic testing of operational sequence and operability of
the system as a whole.

8.3. 1.3 6 Nanual and Automatic Interconnections Between
-. Buses-, Buses and Loads and Buses and Sunnlies

No provision exists for'utomatically or manually connecting oneClass IE load group to the redundant Class IE load group or forautomatically transferring loads between load groups except the
swing buses as discussed in Subsection 8.3.1.3.5.

Rev. 17, 9/80 8.3- 9a
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For each load group, one 4. 16 kV feeder circuit breaker is
provided for the normal incoming preferred pover source, and
another 4. 16 kV feeder circuit breaker is "onnected to the
alternate pover source (see Subsection 8.3. 1.3. 1) . The normal
preferred power source to each bus is electrically interlocked
with the alternate power source such that the bus can be
connected to a single power source at any one time. In the

event'f

loss of preferred. power to the load group, undervoltage relaysllf (less than or equal to 15 percent voltage) on the 4.16 kV
svitchgear vill initiate an automatic transfer to the alternate
power source if available. In the event of losing both preferred
and alternate power supplies, the load group vill be povered, from
the standby diesel generator.

15

Restoration of pover from standby power to alternate pover is
manually initiated in the control room on panel OC653; After
synchronizing the standby power source to the alternate pover
source, the alternate source in oming breaker is closed. Upon
closing of this alternate source breaker, the standby source
breaker will automatically trip. This tripping is initiated by
the alternate source breaker auxiliary switch contact interlock. ~

A similar procedure is used to restore pover from standby to the
preferred sour"e.

Restoration of pover from standby power to alternate pover is
manually initiated in the control room on panel OC653. After
synchronizing the standby power source to the alternate pover
source, the alternate source incoming breaker is closed.'pon
closing of this alternate source breaker, the standby source
breaker will automatically trip. This tripping is initiated by
the alternate source breaker. auxiliary svitch contact interlock.
A similar procedure is used to restore power from standby to the

< preferred source.

8.3.1.3.7 Interconnections Between Safety Related and
Nonsafety Related Buses, Nonsafety Related
Loads~ and Safety Related Buses

Discussion of interconnections between safety related and non-
safety related buses, nonsafety related loads, and safety

related'usesis presented in Subsections 3.12.2 and 8.1.6.1.
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8 3 1.3.8 Redundant Bus Separation

The engineered. safety featur'es svitchgear, load centers, and
motor control centers for the redundant Class IE load groups are
located in separate Seismic Category I rooms in the reactor
building to ensure electrical and physi'cal separation.Electrical equipment separation is discussed in Subsection
3.12.2. Equipment layout drawings can be found in Section 1.2.

8 3 1 3.9 Class IE Pguipment Capacities

a) 4.16 kV Switchgear

Buses 1200 A continuous rating, 250
MVA bracing

Incoming breakers

Feeder breakers

1200 A continuous rating, 250. =

N VA 3'lass 29, 000 A s ym
interrupting rating
1200 A continuous rating, 250
NVA 3g Class 29,000 A sym
interrupting rating

b) 480 V Load Centers

Transformers (Unit 1) 750/1 000 k VA~ 3', AA/FA~ 4160- '. 3
480 V Grd. Y/277 V

Transformer (Unit 2) 750 k VA,, 3g, AA~ 4160-480 V 3
G rd. Y/277 V

Buses

Breakers

1200 A continuous, 30,000 A

bracing

600 A frame size, 30,000 A sym
interrupting rating

c) 480 V Hotor Control Centers

Buses

Horizontal (main)

Vertical

600 A continuous, 42,000 A

bracing

400 A continuous, 42,000 A

bracing

Breakers (molded case)
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150 A frame

250 A frame

25,000 A sym interrupting
rating
22,000 A sym interrupting
rating

d} Automatic transfer
switch

480 V, 3', 400
continuous 31,000 A

sym withstand capability
e) 208/120 V ac Instrument ac Distr ibution Panels

Buses

Branch breakers
(molded case)

225 A cont inuous
10,000 A sym interrupting
rating
100 A frame size
10,000 A sym interrupting
rating

8'.3. 1.3.10 Automatic Loading and Load Shedding

Xf preferred offsite pover is available to the Class 1E 4.16 kV
bus following a LOCA signal, the 'required ESF loads will start as
shown in Tables 8.3-1 and. 8.3-lb.
In the event of loss of preferred and alternate offsite power
supplies, the Class lF. 4.16 kV buses vill shed all loads except
the 480 V load centers. and connect the tandby diesel generator
to the Class 1F. hus. The loading sequence is shown on Table 8.3-
1-

However, if a slow hus transfer (hus voltage on transfer is less
than 25'I{) at the Class 1E 4.16 kV hus is initiated to the
alternate offsite power as a result of a loss of preferred
offsite power, all loads are shed except the 480 V load centers.
Then the required FSF loads will start as shown on Tables 8.3-1
and. 8.3-lb.

Emergency loads are also sequenced vith offsite pover because of
the power system limitation {transformer capability}. Load
sequencing is desinged to minimize system disturbance and hence
insure system stability.
Tables 8.3-l and 8.3-lh show the anticipated starting time of aJ1
FSF loads. Both Unit, 1 and Unit 2 husses for a given diesel
generator are normally supplied hy the same offsite power supply.
An individual timing unit is provided for each of the ESF loads
with automatic start function. Failure to start on one load, vill
not affect the starti.ng initiation of other loads.
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The loading sequence for a simultaneous LOCA in one unit and afalse LOCA in the other unit is shown in Table 8.3-lb. A false
LOCA signal as used in this section refers to a non-mechanisticfailure resulting in a LOCA signal in one reactor unit when a
LOCA has not occurred in that unit.
The load starting transient n the diesel generator is reduced if
the Unit 1, and Unit 2 load sequences do not start
simultaneously.

If offsite power is available, the LOCA signal in one unit andfalse LOCA signal in the other will shed 2 RHR motors and 2 core
spray motors of each unit and sequentially start 2 RHR and 2 core
spray motors as shown in Table 8.3-1b. This is done in order notto exceed the loading limitations of the >S Transformers and to
provide at least the minimum core cooling requirements of bothunits. Under the modified core cooling arrangement, 2 RHR pumps
(one in each loop) and 2 core spray pumps {both in the same loop)will satisfy the minimum cooling requirements of each unit.
Approximately ten minutes after the above event the operator will.
be able to determine which is the false-LOCA unit and shutdownnon-essential loads in the non-LOCA unit. In case off-site poweris not available, the loading is the same as discussed above, hut
the sequencing is slightly altered as hown in Table 8.3-16.
Under all conditions discussed in Subsections 8-3.1.3.10.1 and8.3.1.3.10.2, safety function are met within the time limits
shown in Table 6. 3-1.

I

8 3.1.3.11 Safety Related Equipment Identification

Subsection 8.3.1.11.3 provide information regarding the physicalidentification of Class lE equipment.

8.3.1.3.12 Instrumentation and Cont ol Systems for the
Applicable Power Systems with the Assigned
Power Supply IdentiFied

The dc power s»pplies for the control of. the redundant Class lE
equipment are physical ly and electrically separate and
independent. Refer to Subsection 8.3.2 foe a detailed discussionof the dc system.
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8.3.1.3.13 Electric Circuit Protection Systems

Protective relay schemes and direct-acting trip devices on
primary and backup circuit breakers are provided throughout the
onsite power system in order to:

a) Isolate faulted equipment and/or circuits from unfaulted
equipment and/or circuits

b) Prevent damage to equipment

c) Protect personnel

d) Minimize sys+em disturbances

e) Maintain continuity of the power supply

Najor types of protection measures employed inrlude the
following:

a) Bus Differential Relaying

A bus differential relay is provided for each Class lE
4. 16 kV bus. This relay provides high speed
disconnecting of bus supply breakers to prevent
propagation of internal bus fault to another bus.

b) Overcurrent Relaying

Fach Class lE 4. 16 kV bus feeder circuit breaker is
equipped with three extremely inverse-time overcurrent
relays to sense and to protect. the bus from overcurrent
condition.

The standby diesel generato" feeder ci cuit breaker to
the 4. 16 kV bus is equipped with three voltage
restrained overcurrent relays and one inverse-time
ground fault relay for feeder cir"uit protection.

Each 4. 16 kV motor feeder cirruit breaker has three
overcurrent relays, each with one long time and one
instantaneous element for overload, locked rotor, and
short.-circui+ protection. Fach breake" is also equipped
with an instantaneous ground current relay.
Each ™lass IF. 4. 16 kV supply circuit breaker to a 480 V

load center transformer is protected by three
overcurrent relays with long-time and instantaneous
elements. An instantaneous overcurrent ground sensor
relay provides sensitive ground fault protection.
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for simultaneous operation when the engine is below 280
rpm.'eferto Subsections 9.5 5 and 9.5 7 for further description.

8.3.1 4.3 Alarm and 'Iripging Device

The protective and alarm l'ogic diagrams for the diesel'enerator
and its associated breakers are shown on Figures 8.3-11 and 8.3-
12

Mhile supplying loads following an automatic start, each diesel
engine and related generator'circuit breaker are tripped by
protective devices under the following conditions only:
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c) Under/Overvoltage Belaying

Each 4. 16 kV Class IE bus is equipped with undervoltage
relays for diesel generator starting and undervoltageannun"iation. Each 480 V Class IE load center bus is
equipped with under/overvoltage relays for annunciation.

d) Diesel Generator Differential Belaying

Each diesel generator. is equipped with differential
relaying protection. 7his circuitry provides high speed
d~isconnection to prevent severe damage in case of diesel
generator internal faults.

e) 480 V Load Center Protection
Fach load center circuit breaker is equipped withintegral, solid-state, dual magnetic, ad justab'le,direct-action trip devices providing inverse-time
overcurrent protection. Notor feeders are equipped withlong-time ov< rcurrent and instantaneous short-circuit
protection.

f) 480 V Hotor Control Center Protection
Molded-case circuit h..eakers provide inverse-time
overcurrent and/or instantaneous short circuitprote"tion for all connected loads. For motor circuits,
the molded-case circuit breakers are equipped with anadjustable instantaneous magnetic trip function only.!lotor therma1 overload protection is provided by the
heater element trip unit in each phase of the motor
feeder circuit. The molded-case breakers for nonmotor
feeder circuits provide the" mal inverse-time overcurrent
protection and instantaneous short circuit, protection.

'hethermal overload trip unit for safety related
motor-operated valves are normally bypassed except
during maintenance tests.

The circuit protection system is designed so that fault isolationis secured with a minimum circuit in erruption.

The
combination of devices and setting. applied a'f fords theselectivity necessary to isolate a fa<ilted area quickly with 'a
minimum of disturbance to the rest of the system.

The pro+ective <devices are preoperationally tested in accordance
with the requirements of Chapter 14. After the plant is in
operation, periodic tests will be performed to verify the
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protective device calibration, set point.", and correct operationin accordance with the requirements of Chapter 16.

8 3 1.3.14 Testing of the ac System During Power Operation

All Class IF. circuit breakers and motor starters, except for theelectric equipment associated with Class IE loads identified in
I Subsection 8.3.1.3.15, are testable during reactor operation.

During periodic Class IF, system tests, suhsystems of the FSF
system such as safety injection, containment spray, and
containment isolation are actuated thereby causing appropriatecircuit breaker or contactoc operation. The 4. 16 kV and 480 Vcircuit breakers and control circuits can also be tested
independently while individual equipment is shut down. The.circuit hreakers can be placed in the test position and exercisedwithout operation of the related equipment.

8 3. 1. 3.15 Class 1F. Loads not Testabl» During Power Operations
A. Feedwater Line Isolation Valves

The feedwater line isolation valves '(HV-F032 A/0) are of the
motor operated check valve type and are not testable with thefeedwater flow present. 'totor operation i., not required forisolation. Only the outermost isol.ation valve is Class 1F,
powered and would be motor operated foc long term isolationafter isolation of the foedwater line.
Conformance with Pequlatocy Guide 1.22 Section 0.4:
1. The feedwater isolation is not designed for isolation

with feedwater flow present as t he loss of flow would
adversely affect operability of, the plant.

2. Rotor operation is not required foc isolation.
3. The motor operator of the outermost isolation valve isfully testable during shutdown.

B. Hain Steam I. olation Valves

The main steam isolation

valval'an

be tested individually to
the 90'5 open position at full. power with the slow acting test
solenoid valve. A fully closed test using the two fast
acting main solonoids woul.d require a reduction in reactor
power

Confocmance with Regulatory c'uidc 1.22:
7. 3. 2a. 2. 2. 1. 2 and 5. 4. 5. 4.

See section.,
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C. ADS System — Safet.y/Relief Valves

The active components of the ADS system except the
safety/relief valves and their associated solenoid valves are
designed so they may be tested during plant power operation.
The relief valve and associated solenoid are not tested
during reactor power operation.

Conformance with Regulatory Guide 1.22:

l. The safety/relief valves are not tested during power
operation because of resulting adverso affect on plant
operation.

2. Becau. e of 1ow failure rates of valve actuation, the
probability of failure is acceptably low without.
testing.

3. The safety/relief valves and associated solenoid valves
can be tested during startun following shutdown.

D. Recirculation Loop Isolation Valv~,

The recirculation pump isolation valves are not tested during
reactor power operations.

Conformance with Regulatory Guide 1.22 Section D.4:

1. Operation of a recirculation loop isolation valve woul<l
result in a reduction of circulation which would
adversely affect the safety anil operability of the
plant.

2. The probability of fai1ure is acceptably low without
testing the valve motor during operat..ion.

3. The valve and motor are fully testable during reactor
shutdown.

8 3.1.4 Standby Power Supply

The standby power supply for each sa.oty related load group
consist of, on<. diesel generato" complete with its accessories
and fuel storage and transfer systems. Each die."-el generator is
rated 4000 kw at 0.0 pf for continuous operation and 4700 kw for
2000 hr operation. The ratings for each diesel generator are
calculated in accordance with the recommendation of Regulatory
Guide 1.9 (discusse<l in Subsection S.1.6.1) . The diesel-
generators can operate at loads of from 50 i:o 100 percent for
unlimited periods without; harm. Any diesel generator
continuously operated at. load..'f le~.':han 50 percent will be
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loaded to 75-,100 percent for 15-30 minutes approximately everysix hours and immediately prior to shutdown. Such oper'ationwill enhance engine performance and reliability.

The four diesel generators are shared by the two units. Each
diesel generator is connected to the 4.16 kV bus of the assigned
load group per unit. The capacity of the diesel generators
(assuming one diesel fails) is sufficient to operate the
engineered safety features loads of one unit and those systems
required for concurrent safe shutdown of the second unit.
No provisions are provided for parallel operation of the diesel
generator of one load group with the diesel generator of the
redundant, load group. The diesel generator circuit breaker and
the offsite power incoming circuit breakers are interlocked to
prevent feedback into the offsite power system. These interlocks
are bypassed during diesel generator load tests; however, only
one unit is tested at any one time. During the test period, thediesel generato" under test is manually synchronized to the
preferred offsite power system. Upon receipt of a LOCA signal
under the test condition, the diesel generator breaker is tripped
but the diesel generator continues to run.

The diesel generators are physically and electrically isolated
from each other. Physical separation for fire and missile
protection is provided between diesel generators by separate
rooms within a Seismic Category 'I structure. Power and control
cable for each of the diesel generators and associated switchgear
are routed in separate raceways. Physical electrical equipment
layout of the diesel generator rooms is shown on Figure 8.3-10.
Auxiliaries reauired for startina and continuous operation of
each diesel generator are fed by the Class TE power 'load group
associated with that diesel generator.

Control power for each diesel generator is provided by its
corresponding 125 V dc systems from both tlnit. 1 and Unit 2.
These two power feeders are not redundant, but have been providedfor ease of. maintenance. Indication of which unit is supplying
the dc control power is not provided in the control room. Manual
switches are installed a+ the local panel. to select the preferred
power feeder. Since each diesel generator is shared by bothunits, either source of DC cont "ol power i= adequate. Loss of D"
power to the Diesel Generator is indicated on the BIS panels as a
group trouble alarm on panel OC653 in the main control room.

Each diesel generator is provided with a local engine control
panel, a generator-exciter control panel, x local 4. 16 kV
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distribution panel, and a 480 V motor control center in the
diesel generator room.

a) Local Engine Control Panel — consists of a local
annunciator, engine control devices, gages, and controlfor diesel generator auxiliary equipment such as fueloil transfer pump, standby jacket. water pump, etc.
The diesel generator control system is designed in such
a manner that some control devices are mounted in the
free standing control panel separate from the engine,
while others are mounted directly on the engine, as requiredfor reliable service. All devices that are essential to
the start-up or power output of the diesel-generator set
have been seismically qualified by analysis or test
to acceleration levels consistent with their mounting location.

b) Generator-Exciter "ontrol Pane3. — consists of generatorexcitation control equipment, generator protective
relays and devices, etc.

c) 4. 16 kV Distribution Panel — provides connections for
diesel generato" feeders to Unit 1 and 2. Also housespotential .transformers and current transformer, etc.

d) 480 V Motor Control Center — provides power to all 480 V
auxiliary equipment relateh with that diesel generator.
This NCC is equipped with an automatic transfer switchfo- connection to either Unit 1 or 2 480 V Class XH load
center. These t wo load centers belong to the same load
group channel as the diesel generator.

Physical separation of standby power system is discussed in
Section 3. 12.

8 3. 1.4.1 Automatic Starting Initiating Circuits

The diesel geperator ~ at.e automatically started by any of the
following conditions:

a) Total loss of power at the 4.16 kV Class IE bus of
either unit to which the diesel generator is connected

b) Safety injection signal — low water level in the
reactor, high drywoll pressure, or manual actuation.

Two redundant control/starting circuits are provided for each
diesel generator. Failure of one circuit. would not prevent the
respective diesel generator from sta +ing or from continuous
opera tion.
The diesel generators are ready to accept loads wit.hin 10 secafter the initiation of the start rircuit.
Rev. 18, ll/80



SSES-PSAR

8 3. 1.4.2 Diesel Starting Nechanism and System

The diesel generator start system is described in Subsection
9 5.6. To ensure fast and reliable starting, each diesel engineis provided with immersion heaters in the engine jacket water and
the lube oil system to maintain the engine coolant and lube oil
temperature at an operable level. The electric jacket water
immersion heater and the water circulating pump are interlocked
for simultaneous operation when the jacket water temperature
drops below the preset temperature. The electric lube oil
immersion heater and the prelube circulating pump are interlocked
for simultaneous operation when the engine is below 280 rpm.
Refer to Subsections 9.5. 5 and 9.5.7 for further description.

8.3 1.4.3 Alarm and Tripping Device

The protective and alarm logic diagrams for the diesel generator
and its associated breakers are shown on Figures 8.3-11 and 8. 3-
12

While supplying loads following an automatic start, each diesel
engine and related generator circuit breaker are tripped byprotective devices under the following conditions only:

a) Engine overspeed

b) T,ube oil low pressure.

c) Generator differential
To prevent spurious tripping of the diesel generator due to
malfunction of the engine lube oil low pressure rip device, four
independent sensors are. provided and conne"ted in a coincidence
one-out-of-two taken twice tripping .logic. An individual
tripping alarm is provided by the annunciator at each local
control panel.

The starting circuit is also eguippe3 with a "fail to
start~'elayoperator that interrupts the starting of the diesel

generator if a predetermined ..peed is not reached within a
limited time f'ollowing a start initia tion.
Xn addition to the above-listed trips, each generator circuit
breaker is tripped hy the following protective relays to
disconnect the generator from a faulty bus (the diesel generator
continues to run):

a) Voltage restrained overcurrent

Rev. 15, 4/80 8. 3-20



SSES-FSAR

b) 0 kV hus differential.
Following a manual start, a diesel generator is in the test mode
and ready for a load test. Hhen so operated, in addition to theabove-listed trips, each diesel engine and related generatorcircuit breaker are automatically tripped by the followingprotective devices:

a) Generator loss of field
b) Generator overexcitation

c) Ant.imotoring

d) Generator underfrequency

e) Generator overvoltage

f) Generator high bearing temperature

g) High jacket water temperature

h) Turbo lube oil pressure low

'i) ;")ain and connecting rod bearing temperature high

j) Engine vibration
k) Turbo thrust hearing failure.

An individual alarm is also provided for each of these abnormalconditions at the local control panel. h group alarm is providedin the main control room as- a high priority alarm.
I

Other relays and devices are provided to annunciate abnormaldiesel engine and generator conditions at the local control panel
as following. These conditions are annunciated in the maincontrol room as a low priority alarm.

Generator field ground

b) Generator voltage unbalance

c) Generator neutral overvoltago

d) Engine lube nil pre. sure high

e) Crankcase pressure high

f) Engine lube oil temp off normal

g) Engine crankcase level low
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h) Auxiliary standby pump on

i) Jacket water temperature off normal

j) Jacket water low pressure

k) Fuel oil pressure high

1) Fuel oil pressure low

m) Fuel strainer high differential pressure

n) Fuel filter high differential pressure

o) Lube oil filter high differential pressure

p) Starting air system 1ow pressure or malfunction

q) Voltage regulator transfer to standby

r) Jacket water standpipe level high

s) Jacket water standpipe level low

t) Puel oil day tank level high

u) Fuel oil Ray tank level low

v) Fuel storage tank 1 evel high

w) Fuel storage tank level low

x) Notor control center not proper for automatic operation
(actuated by blown control fuse, etc.)

y) Control switches not proper for remote automatic
operation (diesel generator auxiliaries)

z) Lube oil circulating pump malfunction

aa) Lube oil heater malf unction

bb) Jacket water heater mal function

cc) Jacket water circulating pump malfunction

The following alarms are provided in the main con trol room
annunciator: i

a) ~ Diesel generator tripped
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b) High priority alarm (all trip conditions listed
previously

c) Low priority alarm (all abnormal conditions listed
previously

d) Diesel generator breaker tripped .

e) Diesel generator fail to start
f) Diesel generator near full load

g) Diesel generator not in automatic mode.

8. 3. 1. 4. 4 Brea ker Int erlocks

Interlocks have been provided in the closing and tripping of the
4.16 kV Class IE circuit breakers to protect against the
following conditions:

a) Automatic energizing of electric devices or loads during
maintenance

b) Automatic closing of the 'diesel generator breaker to any
energized or faulted bus

c) Connecting two sources out of synchronism

,8 3 1 4.5 Control Permissive

A single key-operated switch at the local control panel is
provided for each diesel generator to block automatic start
signals when the diesel is out of service for maintenance. An
annunciator alarm in the main control room and an indication at
the bypass-indication-system panel indicate when the switch's
not in automatic position.
A pushbutton in the control room and a local pushbutton at the
local control panel in the diesel generator room are provided to
allow manual start of the diesel when all protective systems are
permissive. During periodic diesel generator tests, permissives
and interlocks are designed to permit manual synchronizing and
loading of the diesel generator with either offsite power source.
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8.3 1.4.6 Loading Circuits

Upon automatic starting of the diesel (emergency mode),
connection of the diesel generator to the 4. 16 kV bus is not made
unless both offsite power sources are lost. As the generator
reaches the predetermined voltage and frequency levels, control
relays provide a permissive signal for the closing of the
respective diesel generator breaker to the corresponding 4. 16 kV
bus. The diesel generator circuit breaker is closed within
10 sec after the receipt of the starting signal. The required
safety related loads are connected in sequential order to the
Class XE buses as shown in Table 8.3-1. This prevents diesel
generator instability and ensures voltage recovery thereby
minimizing moto".. accelerating time. A fast-responding exciter
and voltage regulator ensures voltage recovery of the diesel
generator after each load step.

8 3.1.4.7 Testing

Preonerat.ional Test

Fach diesel generator is tested at the site prior to reactor fuel
loading in accordance with requirements of Chapter 14.

Periodic Testing

After being placed in service, the standby power system is tested
periodically to demonstrate. continued ability to perform its
intended function, in accordance with the requirements of Chapter
16.

8.3.1.4.8 Fuel Oil Storage and Transfer System

The diesel generator fuel oil system is described in Subsection
9 5.4

8.3. 1.4 9 Diesel Generator Cooling and Heating

The diesel generator cooling system is described in Subsection
9 5.5
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8 3.1.4.10 Instrumentation and Control Systems for
Standby Power Supply

The instrumentation and control circuit of each diesel generator
is provided with a manual selector switch for connection to
either Unit 1 or 2 125 V dc powe" supply. These two power
supplies belong to the same load group channel 'to which the
diesel generator is connected.

Control hardware is provided in the control room for each diesel
generator for the following operations:

a) Starting and stopping

b) Synchronization

c) P'requency and voltage adjustment

d) manual or automatic voltage regulator selection

e) Isochronous and droop selection.

. Control hardware is provided at each local control'panel for the
following operations:

a) Starting and stopping

b) Frequency and voltage adjustment

c) Manual or automatic diesel generator mode (key lock
selector switch)

d) Automatic or manual voltage regulator selection

e) Normal or standby voltage regulator selection
I

f) Units 1 or 2 dc control power supply selection.

Electrical metering instruments are provided in the control room
for surveillance of the diesel generator:

a) Voltage

b) Current

c) preguency

d) Power output.

Electrical metering instruments are provided at the local control
panel for surveillance of the diesel generator:
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a) Voltage

b} Current

c) Frequency

d) 'ower {watt} output

e) Reactive power {var) output.

8 3.1.4.11 Qualification Test Program

8.3.1 4.11.1 Class IE Eguipment Identification
The diesel-generator sets are designated Class IE since they
perform essential safety-related functions. Therefore, the
equipment vas qualified per IEEE 323-1971 and documented in
Cooper Energy Services {CFS) Report FACE-0188-1. The diesel

,engine, synchronous generator, and auxiliaries, such as heat
exchangers, air receivers, and fuel tanks vere qualified.
8 3.1.4.11.2 Qualification Technigues and Documentation

All testing conducted by CHS for the Susquehanna SFS diesel-
generator sets provides the basis for data evaluation of future,
ongoing, periodic, jobsite testing. Periodic exercising of the .

diesel-generator sets shows availability and reliability. Data
taken during those tests vill be compared to data taken under
corresponding load conditions during factory testing. By
comparison, trends which may indicate equipment degradation are
developed and utilized to predict maintenance intervals.
Testing and analyses completed to verify equipment performanc~
capability are as follows:

a) Testing performed on the first generator of this
contract included the folloving parameters, with testing
procedures as outlined in IEEF. 115. Refer to Electric
Produ"ts test report for generator serial number
17402243-200 dated 5-20-76 for documentation of test
results.

2.

Synchronous impedance curve.

Zero pover factor saturation curve.

Losses (for efficiency calculation).
Direct-axis synchronous reactance.
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5. Negative sequence reactance.

6. Direct-axis transient reactance.

7. Direct-axis transient open circuit time constant.

8. Open circuit saturation curve.

9. Start circuit test.
b) Testing performed on each generator furnished under this

contract. included the followinq para meters with testi ng
procedure as outlined in XEEE 115. Refer to Electric
Products test report for generator serial numbers
17402244/246-200 dated 6/22/76 for documentation of test
results.
1. Tnsulation resistance.

2. High potential tests.
3. Winding resista nce.

4. Overspeed.

5. Phase sequence rotation.
6. Mechanical balance.

c) Testing was performed on each assembled engine-generator
set per IFFF, 387 and included the following. Refer to
CES test procedure Tl-TR and to CES reports for engine
serial numbers 7157-60 for documentation of test
results.
1. High potential testing of control wiring.

2. Measurement of engine vibration.
3. Fast star. capabilit y.

Transient performance evaluation.

Steady state load capability.
I

Load rejection.
7.'umber of starts from a single air receiver.

8. Performance evaluation of power factor
discriminator and standby voltage regulator.
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d) Functional auxiliaries, such as lube oil pumps, jacket
water pumps, heaters, and coolers were evaluated to
ensure proper operation during the assembled engine-
generator set testing described in c above. The
functional capability of the auxiliaries is documented
in the test log section of the CES reports for engine
serial numbers 7157-60. The establishment of adequate
pressures and temperatures in the lube oil, cooling
wat.er, and fuel oil systems confirms correct operation
of, auxiliaries.

e) Engine and generator control panels were assembled and
tested with their respective engine-generator sets and
evaluated for proper control and monitoring. Refer to
CES reports for engine serial numbers 7157-60 for test
results. The achievement of engine-generator transient
and steady state performance confirms correct operation
of control panels.

f) To evaluate the seismic effects on the safe shutdown
capability some tests have been performed, but most
evaluations were achieved by analysis. Both CES and
vendor furnished equipment, which are essent.ial to the
power output capability of the generator, have been
seismically evaluat.ed and determined adequate to meet
the specified response spectra with no loss of
functional or structural integrity. Refer to CES
seismic reports numbered CPS-1 through CES-09 for
documentation of. seismic analyses and tests.

8.3.1.0.11.3 Performance In Service Environment

Actual performance requirements and service conditions are
achievable in the field installation only. Simulation of
performance is attained through computer techniques which
comparatively analyze motor starting data taken during factory
testing with motor load starting characteristics predicted for
the essential pumps-motors to be started at the jobsite.
Simulation of service environments, such as the predicted diesel
generator room ambient temperature, would require an
environmental chamber large enough to store t,he entire engine-
generator set. In order to ascertain the ability of this
equipment to perform in the predicted environment, operating
experience and design experience are used. The varied types of
engines designed, the varied installation applications, and the
resultant experience gained have dete"mined the capabilities of
this equipment to perform under different service conditions.
This experience is augmented by previous and ongoing RGD testing
of a similar CFS Type KSV engine where specific data may be
needed relative to particular performance requirements. However,
much of this data is proprietary.
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As a result oF this experience and testing, it is con'eluded the
service conditions described in Section 3.11 can be accommodated
while fulfilling the performance requirements. For example,
installation elevations of up to 1500 feet are accommodated
without any der«ting or design modification. The 676 feet
elevation for the Susquehanna SFS diesel-generator sets falls
well within this range. To arcommodate variance in combustion
air temperature, coolers/heaters are supplied which either add
heat to or t.ake heat f,"om combustion air as neede:l to provide the
necessary manifold air temperat:ure. The range of -190F to +105~F
air temperature is therefore accommo;lated.

Tn addition, all service water heat exchangers are designed with
fouling factors inrorporated permi.t:+ing the'uildup of specified
amounts of di't or sludge while n!aintaining the necessary heat
tansfer chiractcristirs under the most adverse load and cooling
water temperat;ure condi.tion .. Particle~ or mineral: in the
service water are therefore" accommodated in heat exchanger
design.

Seismic effect;s are taken.into arcount analytically and hy, test
for all essential component an.l 'sy.,'. ms of. the diesel-generator
set;s.

8.3. 1.4. 12 Control and Ala "m Log<ic

The control and alarm logic For the die..el qenerators is shown on
Fig. 0.3-12. Condi!.ions whirh . ende" +he diesel generator
incapable of responding to >n automatic emergency start are shovn
on Table 8.3-16. The fol'lowing i™ an item hy item «nalysis of
each of these co!!ditions:

General Note

The diesel generator will. be tripped hy (1) generator
differential relay, (2} engine overspeel, and (3) low engine lube

, oil pressure (one-o»t-of-two taken twice logic)»nde" emergenry
operation. For test oper« .ion, the liespl generator will be
tripped by all condition.. li.sted »nde "Diesel Generator High
Priority" alarm as shown on Figure 8.3-12. Follow'ing a manual
stop, no reset is nero.;. ary for su!;sequent emergenry or test.
operation except the mode selector switch must be returned to
"Remote" position. T) is condition i: «nn»ncia„ed locally and in
the control room. Fol.lowi rg a trip, control circuit must he
reset. Diese1 gene:ator ".'ip i= also alarmed lorally and in

t.he'ontrolroom.

There are two engi.ne star+ing circuits for each diesel generator
for added reliability. Pact. rircui t i" upplied from the same
125V battery system but thrn» yh sc pa ate ci=cuit. breakers. Only
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one circuit .is re<quired for starting and keeping the diesel
generator in a running mode. Therefore, any single component
failure (as liste<l in Column 8 of Table 8.3-16) cannot prevent
the diesel <jenera tor from sta rting.

TD-B. 1 Generator Differential Relay activated

A generator. different ial "el ay is provided for <.arh diesel
generator for internal fault. protection. This relay vill
trip the diesel gen»rator under any mode of operation. The.
dies»3 generator diff< ren <. ia 1 ala rm is annunria ted locally
an<1 repeated as a gt.oup alarm "Diesel Generator High Priority
Trouble" in the main control room.

2) ID-B.? Fngine Overspee<l Belay activated

An independent overspe«R sensor is p:ovided for each diesel
generator starting cirruit. Activation of any one sensor is
alarmed, but will not prevent the diesel. generator from
starting or running.

3) ID-B. 3 Fngino Lube Oil Lov Pres-"ure Relay activate<i

Each of. the control. cirr»it:: have tvo independent engine lube
oil low prcssure switrhes arranged .in a one out, of two logir..
Pressure switches are bypassed Ru ing engine starting.
Therefore, alarm is initiated ".or any one pressure svitch (or
relay) activation. Disabling of the, !liesel generator can
only be accomplishe<1 vi..h one engine lube oil lnv pressure
relay activated in each control rircuit. 4) ID-B.4
Operating YoRe Switch in "Local"

Dperat.ing mode switch (key lockeR) is put on "Local"
local testing and maintenance servires only. "Local
position" is annunciated in the main control room as
Generator no+ in Auto. «Alarm is al„.o indicated in t

Bypass Indication System (VIS) on "Diesel Generator S
Local" {also in t.he main rontrol room) . Automatic by
t he. "Local" operatinq mode under emergency condition
provided. on) y one Rie."el gene."ation wi ll be tested
out for s<..rvice at any on~ tim».

for
"Diesel
he
watch x.n
pass 0 f.

is not
or taken

ID-B.5 Loss of 125 VDC Fngin< Cont"ol Power

As Risrussed above, t wo separate rontrol circuits are
provided for each <lie..el generator. Alarm is indicated
lorally and annunciat<.d in t he main control room as "Diesel
Generator High Priori ty." Xnlirat ion is also provided at the
BIS panel. Loss of either ci cui" will not prevent the
die,el generator .from starting nr operating.

6) I)-B. 6 Con trol'c'lay Mal. funct ion
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Control relays can fail in either contact open or closed
state. Since there are two circuits provided, assuming a
single relay failure, the diesel generator will not be
prevented from starting or operating.

7) ID-B.7 Engine 6 Generator Mechanical Trouble

Low priority and high priority trouble alarms are provided
for engine and generator mechanical trouble as shown on
Figure 8.3-12 and Table 8.3-16.

8) .XD-B.8 Starting Air Control Solenoid Valve Failure

There are two starting air solenoid valves for each of the
two starting circuits for each D/G. Loss of any three
starting solenoids will not prevent the diesel generator from
s tarting.

9) ID-B.9 Starting Air System Trouble

See (9) ID-B.9 and Section 9.5.6 fo" a complete starting air
system discussion. The starting air pressure is monitored atall times with annunciation provided locally and in the main
control room.

10) ID-B.10 Fuel Oil Control Solenoid Failure

One fuel oil control solenoid is provided in each of the two
control circuits for each diesel-generator. A failure of
either fuel oil control solenoid will not preent the diesel
generator from starting.
ID-B.11 Loss of 125 VDC Generator Control Power

Loss of the generator control power will prevent the
operation of the excitation, system. Indication is provided
at the Bypass Indication System as "Excitation Control power
Loss" (Main Control Room).

12) ID-B. 12 Disabling of Engine anil Generator Mechanical parts
During Maintenance Services

Before the diesel generator is taken out of automatic mode
for maintenance services, the operating mode ..elector switch
must be in "Local." position as required by maintenance
procedures. This will result in an alarm in the main control
room as '~Diesel generator not in auto" ('iDiesel generator
control switch in LOCAL" in BIS panel)

No alarms are specifically provided for monitoring of engine
and generator mechanical parts under the subject condition.
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Cogcggsi on

No, modifications are necessary as a result of this evaluation
because adequate alarms and indications are provided in addition
to the alarm redundancy of the control circuits.

8~3~1~5 Elegtgical~suipmgnt ~aou t

Class IE switchqear, load centers, motor control centers, anddistribution panels of redundant load groups are in separate
rooms of the reactor building and the control structure.
Standby diesel qenerators and associated equipment are in
separate rooms of the Seismic Category I diesel generator
building. Each room is provided with a separate ventilation
syste m.

Plant layout drawings- are included in Section 1.2.

The reactor protection system (BPS) power supply is a non=Class
IE system. The normal 120 V ac power to each of the two reactor
protection systems is supplied, via a separate bus, by its own
high inertia motor generator set. The drive motor is supplied
from a 480 V non-Class IE motor control center. High inertia is
provided by a flywheel. The inertia is sufficient to maintain
voltage and frequency within 5 percent of rated values for at
least 1. 0 sec following a loss of power to the drive motor.

The alternate 120 V ac power for each of the reactor protection
systems is supplied by a'on-Class IE motor control center
throuqh a 480-120 V, 1'ransformer. A selector switch is
provided for the selection of the two power supplies. The switch
also prevents paralleling the motor generator set with the
alternate supply.

The electrical protective assembly (EPA), consisting of Class 1E
protective circuitry, is installed between the BPS and each of the
power sources. The EPA provides redundant protection to +he RPS
and other systems which receive power from the RPS busses by
actinq to disconnect the RPS from the power source circuits.
The EPA consists of a circuit breaker with a trip coil driven by
loqic circuitry which senses line voltage and freqency and trips
the circuit breaker open on the conditions of .overvoltage,
undervoltaqe and underfrequency. Provision is made for setpointverification, calibration and ad)ustment under administrative
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control. After tripping, the circuit breaker must be reset
manually. Trip setpoints are based on providing 115 VAC, 60 Hz
power at the RPS logic cabinets The protective circuit
functional range is + 10% of nominal AC voltage and -5% of
nominal frequency.

The EPA assemblies are packaged in an enclosure designed to be
wall mounted. The enclosures are mounted on a seismic Category I
structure separately from the motor generator sets and separate
from each other. Two EPAs are installed in series between eachof the two RPS motor-qenerator sets and the RPS busses and
between the auxiliary power sources and the RPS busses. The
block diagram in Figure 7.2-9 provides an overview of the EPA
units and their connections between the power sources and the RPS
busses. The EPA is designed as a Class lE electrical componentto meet the qualification requirements of IEEE 323-1974 and IEEE
344-1975. It is desiqned and fabricated to meet the quality
assurance requirements of 10CPR50, Appendix B.

The enclosures containing the EPA assemblies are located in an
area where the ambient temperature is between 40~F and 122~F.
The circuits within the enclosure are qualified to operate under
accident conditions from 400P to 1370P, at 10% to 95% relative
humidity and survive a total integrated radiation dose of 2x10~
rads. The assemblies are seismically qualified per IEEE 344-
1975, to the Safe Shutdown Earthquake (SSE) and Operating Base
Earthquake acceleration response spectra and environmentallyaualified to the requirement of IEEE 323-1974. The enclosure
dimensions are approximately 16x24x8. inches and accommodate power
cable sizes from 7 AMG to 250 HCN ~

8.3.1.7 Class IE 120 V ac Instrumentation and Control
Power Suonlv

Four independent Class IE 120 V ac instrumentatio'n and control
power supplies are provided to supply the four channels of
engineered safety features load groups. The four bus arrangement
provides a separate single-phase electric power supply to. each of
the four protection channels that are electrically and physicallyisolated from the other protection channels. Each
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pover supply consists of a 480-120 V transformer and adistribution panel. The 480 V pover supply is provided by the
corresponding 480 V Class IF. motor control center.
There is no manual or automatic transfer between the four 120 V
ac Class IF. panels.

.There is no automatic loading or load shedding of the panels.

8.3;1.8 Non-Class IF. Instrumc nt. and Vital ic Power Supply

Non-Class IE Instrument ac Power Supply

Two 208/120 V non-Class IE instrument ac power supplies per unit.furnish reliable power to non-Class IE miscellaneous
instrumentation systems.

The non-Class IE instrument ac pover supply for each unitconsists of tvo subsystems, each with a regulating transformer,
an automatic transfer switch, and a 208/120 V distribution panel.
Each distribution panel is supplied as an assoriated circuit from
two Class TF. motor control centers.
The transfer switch maintains separation betveen the two Class IE
power supplies, and the redundant, breakers act as an isolation
system between the Class IF. power supply and the non-Class IF,load.

Vital ac Power SUDDlg

Two 208/120 V non-Class IF. vital ac power suppliesfuninterruptible power supplies) per unit supply essential non-
Class IE equipment. uch ns the plant. romputer. Fach vital ac
power supply consists of one invorter, automatir. transfer switch,
manual bypass switch, and distribution panel(s) . Normally, thedistribution panel is supplied hy the inverter.
Each inverter is supplied by a separate Class IE 250 V dc
subsystem as described in Subse"tion 8.3.2. If the inverte" isinoperable or i, to he removed from service for maintenance ortesting, a transfer to the backup supply is made through the
manual bypass switch. The backup supply is a regulating typetransformer from a 480 V Class IE motor contxol center. Atransfer svitch provides the automatic switch-over in case ofinverter failure.
The supply from the Class IF. 480 V MCC is an associated circuit.
Redundant breakers act as an isolation system betveen the Class
IE pover supply and non-Class IE load.
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8.3 1.9 Design Criteria for Class IE Equipment

The following design criteria are applied to the Class IF.
equipment.

MOTOR SIZF. - Motor size (horsepower capability) is equal to or
greater than the maximum horsepower required by the driven load
under normal running, runout, or discharge valve (or damper)
closed condition.

MINXMUM MOTOR ACCELERATING VOLTAGE — The electrical system is
designed so that the total voltage drop on the Class XE motor
circuits is less than 20 percent of,the nominal motor voltage.
The Class IE motors are specified with accelerating capability at
80 percent nominal voltage at their terminals.

MOTOR STARTING TORQUE — The motor starting torque is capable of
starting and accelerating the connected load to normal speed
within sufficient time to perform its safety function for all
expected operat.ing condit.ions, including the de ign minimum
terminal voltage.

MINIMUM MOTOR TORQUE MARGIN OVER PUMP TORQUE THROUGH ACCELERATING
PERIOD — The minimum motor torque margin over pump torque through
the accelerating period is determined by using actual pump torque
curve and calculated motor to"que curves at 80 and 100 percent.
terminal voltage. The minimum torque margin (accelerating
torque) is such that the pump-motor assembly reaches nominal
speed in less than five seconds. This margin is usually not less
than 10 percent of the pump torque..

MOTOR INSULATION — Insulation systems are selected on the basis
of the ambient conditions to which the insulation is exposed.
For Class I motors located within the containment, the insulation
system is selected to withstand the postulated accident
environment.

TEMPERATURE MONITORING DEVICZS PROVIDED IN LARGE HORSEPOWER
MOTORS — Six resistance temperature detectors (BTD) are provided
in the motor stator slots, two per phase, for motors larger than-
1500 hp. In normal operation, the RTD at the hottest

location'selected

hy test) monitors the motor temperature and provides an
alarm on high temperatu e. RTDs are provided .for motors from 250
to 1500 hp. Each bearing that's not antifriction type has a
chromel-constantan ISA Type E thermocouple bearing temperature
device to alarm on high

temperature.'NTERRUPTING

CAPACITIES — The interrupting capacities of the
protective equipment are determined as follows:
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a) Switchgear

Switchgear interrupting capacities are greater than the
maximum short circuit current available at the point of.
application. The magnitude of short circuit currents in
medium voltage systems is determined in accordance with
ANSI C37.010- 1972. The offsite power system, a single
operating diesel generator, and running motor
contributions are considered in determining the faultlevel. High voltage power circuit breaker interrupting
capacity ratings are selected in accordance with ANSI
C37. 06-1971.

b) Load Centers, Motor Control Centers, and Distribution
Panels

Load center, motor control center, and distribution
panel interrupting capacities are greater than the
maximum short circuit current available at the point of
application. The magnitude of short circuit currents in
low-voltage systems is determined in accordance with
ANSI C37. 13-1973, and NEMA AB1. Low-voltage powercircuit breaker interrupting capacity ratings are
selected in accordance with ANSI C37.16-1970. Molded
case circuit breaker interrupting capacities are
determined in accordance with NEMA AB1.

ELECTRIC CIRCUIT PROTFCTION - Electric circuit protectioncriteria are discussed in Subsection 8.3. 1. 3.13.

GROUNDING REQUIREMENTS — Equipment and system grounding are
designed in accordance with IEEE 80-1961 and 102-1972.

8.3.1 10 Safety-related Logic and Schematic Diagrams

Safety-related logic and schematic diagrams are provided aslisted in Section 1.7.

8 3 1.11 Analysis

A failure mode effects analysis for the ac power system is
presented in Table 8.3-9.
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8.3.1.11.1 General Design Criteria and Regulatory Guide
Compliance

The following paragraphs analyze compliance with General DesignCriteria 17 and 18. All Regulatory Guides are discussed in
Subsections 3. 13 and 8. 1. 6. 1.

GENERAL DESIGN CRITFRION 17~ ELECTRIC POMFR SYSTEMS

An onsite electric power system is provided to permit functioning ofstructures, systems, and components important to safety.
With total loss of offsite power, the onsite power system providessufficient capacity and capability to ensure tha+:

a) Specified acceptable fuel design limits and designconditions of the reactor coolant pressure boundary are
not exceeded as a result of anticipated operational
occurxences

b) The core is cooled and containment integrity and othervital functions are maintained in the event of
postulated accidents.

Tables 8.3-1 to 8. 3-5 list those loads important to safety under
Resign conditions.

The onsite electric power system includes four load groups. The
load groups are redundant in that three load groups are capableof ensuring (a) and (b) above. Sufficient independence is
provided between redundant load groups to ensure that postulated
single failures affect only a single load group and are limitedto the extent of total loss of that load group. The redundant
load groups remain intact to provide for the measures specifiedin (a) and (b) above.

During a loss of offsite power, the Class IH system is
automatically isolated from the offsite power system. This
minimizes the probability of losing electric power from theonsite power supplies as a result of the loss of power from the
transmission system.

Protection, such as voltage restraint ovex'current and 4. 16 kV busdifferential relays, is provided to trip the diesel generatorcircuit breaker, if abnormal co'nditions occux. This protection
prevents damage to or shutdown of the diesel generator.
The turbine generator is automatically isolated from the
switchyard following a turbine or reactor trip. Therefore, its
loss does not affect the ability of either the transmission
network or the onsite power supplies to provide power to the
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Class XE system. Transmission system stability studies indicate
that the trip of the most critical fully loaded generating unit
does not impair the ability of the system to supply plant station
service. Further discussion is provided in Subsection 8. 2.2.

GENERAL DESIGN CRITERION 18, INSPECTION AND TESTING OF
ELECTRICAL POSER SYSTENS

The Class IE system is designed to permit:

a) Periodic inspection and testing, during equipment
shutdown, of wiring, insulation, connections, and relays
to assess the continuity of the systems and the
condition of components

b) During normal plant operation, periodic testing of the
operability and functional performance of onsite power
supplies, circuit breakers and associated controlcircuits, relays, and buses

c) During plant shutdown, testing of the operability of the
Class IF, system as a whole, including the system~s
operational sequence, operation of signals of the

'ngineeredsafety features actuation system and the
transfer of power between the offsite and the onsite
power system.

8.3.1.11.2 Safety Related Equipment Exposed to
Accident Fnvironment

The detailed information on all Class IE equipment that must
operate iri an accident environment during and/or subsequent to an
accident is furnished in Section 3. 11.

8 3. 1'. 11.3 Physical Identification of Safety Related
Equipment

Fach circuit and raceway is given a unique alphanumericidentification, which distinguishes a circuit or raceway related
to a particular voltage, function, channel, or load group. One
alpha character of the identification is assigned to a load group
on the basis of the following'riteria:
SEPARATION GROOP CHANNEL A (Red Color Code) — Class IF.
instrumentation, controls, and power cables, raceways, and
equipment related to Channel A loads, dc subsystem A, 120 V'c
instrumentation and control channel A, Division I raceways.
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SEPARATION GROUP CHANNEL 8 (Green Color Code) - Class IE
instrumentation, controls, and pover cables, raceways, and
equipment related to Channel B loads, dc subsystem B, 120 V ac
instrumentation and control channel B, Division II raceways.

SEPARATION GROUP CHANNEL C (Orange Colo" Cade) — Class IE
instrumentation, controls, and pover cables, raceways, and
equipment related to Channel C loads, dc subsystem C, 120 V ac
instrumentation and control channel C.

SEPARATION GROUP CHANNEL D (Blue Color Code) — Class IE
instrumentation, controls, and power cables, raceways, and
equipment related to Channel D loads, 120 V ac instrumentation
and control channel D.

SEPARATION GROUP N {Black Color Code) — Non-Class IE
instrumentation, controls, and power cables, racevays, and
related equipment.

SEPARATION GROUP DIVISION I (Red/Brown Color Code) - Class IE
instrumentation, control, and power cables.

SEPARATION GROUP DIVISION II (Green/Brovn Color Code) — Class XE
instrumentation, control, and power cables.

The associated pover cables are routed with the separation groups
they are associated vith. The associated pover cables are
identified as follows:

a) Red/Brown — associated with separation group channel A

or division I.
b) Green/Brovn - associated with separation group channel B

or division II.
c) Orange/Brown — associated vith separation group channel

C

d) Blue/Brown -'ssncia ed with separation group channel
D.'able

and raceway separation groups are summarized in Table 8. 3-
10

For identification of racevays and Cl.ass IE cables refer to
Section 3. 12.

Design dravings provide distinct identification of Class IE
equipment. The applicable separation group or load group
designation is also identified.
Flectrical component identification is discussed in Subsection
1 8.6
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Qeg~e~l I~nde endence of ge~dnnd n~ts stems

~Se ~a~aion Cg~t~eri

This subsection establishes the criteria and the bases for
preservinq the independence of .redundant Class IE power systems.
(For PGCC see Section 3.12)

raceway'nd Cable Routing

Wherever possible, cable trays are arranged from top to bottom,
with trays containing the highest voltage cables at the top. A
raceway designated for one vo1tage cateqory of cables contains
only those cables. Voltage cateqories are:

a) 480 V ac, 120 V ac, 125 V dc and 250 V dc power

b) 120 V ac, 125 V dc, and 250 V dc control and digital
signal

c) Low level signal.
The 480 VAC power, l20 VAC control, and digital alarm siqnal
cables originated from the same 480 VAC motor control center
(MCC) are routed through a common shuttle tray and riser above
the NCC. The shuttle tray covers the length of the MCC, and itis used to connect the MCC to the main raceway system viavertical tray risers. The cables are routed in accordance with
the above raceway categories once they leave the shuttle tray andvertical tray risers.
15 kV and 5 kV class cables are routed in conduits only.
Cables corresponding with each separation qroup, as defined in
Subsection 8.3.1.3, are run in separate conduits, cable trays,ducts, and penetrations.

Ref er to Subsection 3. 12.3. 4.2 for description of physical
separation of raceway and cable routing.
8.3.1.11.5 Administrative Responsibilities and Controls for

Ensuring ~Se a~tion~Cite~r'
m

The separation group identification described in Subsection
8.3.1.11.3 facilitates and ensures the maintenance of separationin the routing of cables and the connections. At the time of the
cable routing assignment during design, those persons responsible
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for cable and raceway scheduling ensure that the separation groupdesiqnaticn on the scheme to be routed is compatible with asingle-line-diagram load group desiqnation and other schemespreviously routed. Extensive use of computer facilities assistsin ensuring separation correctness. Each cable and raceway isidentified in the computer program, and the identificationincludes the applicable separation group designation. Auxiliary
programs are made available specifically to ensure that cables of
a particular separation group are routed through the appropriate
raceways. The routing is also confirmed by quality control
personnel during installation to be consistent with the design
document. Color identification of equipment and cablinq
(discussed in Subsection 8.3. 1.11.3 and Section 3.12) assistsfield personnel in this effort.

8 3 2 DC POQQR SYSTQNS

The dc power systems are divided into Class IE and non-Class IE
systems.

8 3 2. 1. 1~C1 eg Ig dc Poee~d~tee

1

The Class IE dc'system is shown on Figures 8.3-5 and 8.3-6 . The
dc system for each generating unit consists of four 125 V dc

ubsystems, two 250 V dc subsystems, and two 124 V dc subsystems.

8 3~.1.1.1 125 V dc Sub~sstems

Four Class IE 125 V dc power subsystems provided for each unit
are located in separate rooms in the control structure. Thesefour subsystems are identified as channels A, B, C, and D. Each
subsystem provides the control power for its associated Class IE
ac power load group channel. 4.16 kV switchgear, 480 V load
centers, and standby diesel generator as dicussed in Subsection8.3.1. Also these dc subsystems provide dc power to the
engineered safety feature valve actuation, diesel generatorauxiliaries, plant alarm and indication circuits, and emerqencyliqhtinq system.

Each 125 V dc subsystem consists of one load center, one Class IE
and one non-Class IE distribution panels, one 125 V battery bank,
and one battery charqer. The non-Class IE distribution panel is
connected to the Class IE dc power supply through an isolation
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system. The isolation system is defined in Subsection. 8.3.6.$ .,
The battery charger of each'ystem is supplied with 480 V Class
IE ac power from the motor control center associated with the
same load group channel. One spare 125 V battery charger is
provided for both qenerating units.

The charger output voltage can be regulate'd at two different
control points. One is a variable resistor located inside the
cabinet and is used for rough voltage settings. The other is a
screwdriver adjusted potentiometer located on the front of the
cabinet, and is used for fine adjustments. By setting both

12

Rev. 19, 1/81 8.3-40a



SSES-FSAR

This page has been intentionally left blank

Rev. 19, 1/81 8.3-40b



SSES-FSAR

controls at their maximum positions, the charger output voltage
would be 145.2 volts. All equipment or devices connected to the
l25 V DC supply are rated 105 V to 144 V DC. Maximum output
voltage resulting from a failure of charger voltage control
circuit is not available at the present time.

There are no overvoltage protection devices provided for the 125
vdc subsystem. The 125 V dc power is distributed through circuit

. breaker type distribution panels. The 125 V dc loads are shown
in Table 8.3-6.

The failure mode and effect analysis for the 125 Vdc susbystem is
shown in Table .8.3-21.

8.3. 2. 1. 1. 2 250 V dc Subsystems

Two Class IE 250 V dc subsystems are provided for each unit and
identified as Divisions I and IZ as shown on Figure 8.3-5. The
250 U dc subsystems are located in separate rooms in the control
structure. The two .subsystems supply the dc power required for
larger loads such as dc motor driven pumps and valves, inverters
for plant computer and vital 120 V ac power supplies. The 250 V

dc loads are shown in Table 8.3-7.

A 2,000 amp fuse is provided at each pole of the 250 Vdc battery
output for short circuit protection. These fuses are also used
to disconnect the load center from the battery during battery
discharge and service tests.
The Division I 250 V dc subsystem is provided with one 250 V

battery bank, one load center, two equal capacity chargers, and
motor control centers. The Division II 250 V dc subsystem is
provided with one .250 V .battery bank, one distribution load
center, one battery charger, and motor control centers.

The 250 V dc battery charqers are supplied by 480 U Class IE ac
motor control centers.

One spare 250 V battery charger is provided for both generating
units.
There is no load shedding provided for any of these non-Class lE
loads.

All 250 Vdc motor control centers (MCC), including non-Class 1E,
are seismically qualified. However, the Class lE NCC's are
located in a seismic Category I structure while the non-Class 1E
BC' are I.ocated in a non-seismic Category I structure (Turbine
Building) .

Rev. 15, 4/80 8.3-41



SSES-FSAB

The charger output voltage can be regulated at two different
control points. One is a variable resistor located inside the
cabinet and is used for rough voltage settings. The other is a
screwdriver adjusted potentiometer located on the front of the
cabinet, and is used for fine adjustments. By setting both
controls at their maximum positions, the charger output voltage
would be 290.4 volts. All equipment or devices connected to the
250 V DC supply are rated 210 V to 288 VDC. Maximum output
voltage resulting from a failure of charger voltage control
circuit is not available at the present time. There are no
overvoltage protective devices provided for the 250 V DC
subsystem.

The 250 V dc power is distributed through dc motor control
centers except the inverters, which are fed directly from the
distribution load centers.

The non-,Class IE 250 V dc loads are supplied by a non-Class IE dc
motor control center. The non-Class IF. dc motor control center
is connected to t.he Class IR dc distribution load center through
an isolation system as defined in Subsection 8. 1.6. 1(n). The
non-Class IE 250 V dc loads consist mainly of emergency turbine
generator auxiliaries.

The failure mode and effect analysis for the. 250 Vdc subsystem is
shown in Table 8.3-22.

8. 3. 2. 1.1. 3 124 V. dc Subsystems

Two + 24 V dc subsystems are provided for each unit for radiation
monitoring cir"uits. These two subsystems are located in
separate rooms in the control structure and are identified as
Divisions I and,II. Each +24 V dc subsystem consists of two 24'
battery banks, two chargers, and a circuit breaker type
distribution panel.

The 24 V dc chargers 'are supplied by 120 V. Class IE instrument ac
power panels. .he +24 V dc loads are shown i'n Table 8.,3-,8.

One spare 24 V dc battery charger is provided for both generat'ing
units.
The 24 vdc subsystem is equipped with under/overvoltage relays
for tripping of the chargers and annunciat.ion. All 24 V dc
equipment and devices in Susquehanna SES are rated for 20 to 28
vdc ~
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8.3.2.1.1.4 Class IE Station Batteries and Battery Chargers

Refer to Subse" tion 8.3.2.1.1.5 for all Class IE dc system
equipment ratings.
The battery chargers are full wave, silicon controlled
rectifiers. The housings are freestanding, NENA Type I, and are.
ventilated. The chargers are suitable for equalizing the
batteries. The chargers are in compliance with all applicable
NEMA and ANSI standards.

The capacity of each battery charger, or the combined capacity of
both chargers in the case of. Division I 250 V dc subsystem, is
based on the largest combined demand of all the steady-state
loads and the charger current required to restore the battery
from the design minimum charqed state to the fully charged state
within 12 hr.

The battery chargers are constant voltage type with capability of
operating as battery eliminators, and would function properly
with battery disconnection boing a noxmal condition. The battery
eliminator feature is incorporated as a precautional measure to
protect against. inadvertant disconnection of the battery. There
is no planned modes of operation which would require batt.ery
disconnection. Variation of the charger output voltage has been
determined by testing to be less than 1'%ith or without the
battery connecteR. Maximum output ripple for the 24 V and 125 V

dc chargers is 30 millivo1ts RNS with ox without the battery, and
200 millivolts for the 250 V chargers.

The failure mode and effect analysis for the + 24 Vdc subsystem
is shown in Table 8.3-23.

Each 125 V, 250 V, and +24 V battery bank has sufficient capacity
without its charger to independently supply the required loads
for 4 hr as shown in Tables 8.3- 6, 8. 3-7, and 8;3-8 respectively.

In accordance with IEEE 450-1972 initial rated battery capacity
is 25 percent greater than required. This margin allows
replacement of the. battery to he made when its capacity has
decreased. to 80 percent of it." rated capacity (100 percent of
design load) .

8 3 2.1.1. 5 Class 1E DC System Fguipment Ratings

a) 125 V dc Subsystems

Battery 60 lead-calcium cells
720 amp-hr (8 hxs to
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Charger

Load Center

Main bus (horizontal)

1.75 V per cell 8 77<F}

ac input — 480 V,
3p'c

output — 100 A continuous
rating

1600 A continuous rating,
25, 000 A short circuit bracing

Vertical bus

Breaker s

1200 A continuous rating,
25,000 A sh'ort circuit bracing

600 A frame size, 2 poles*
25,000 A int.errnpting rating

Distribution Panel

Main bus

Breakers
(molded case)

b) 250 V dc Subsystems

Battery

Chargers

Load Centex

Main tins (horizontal)

Vertical bus

Breakers

Cont.rol Center

Main kins (horizontal)

Vertical bns

225 A continuous rating,
50,000 A short cixcuit bxacing

100 A frame size, 2 poles
10,000 A interrupting rating

120 lead — calcium cells
1800 amp-hr (8 hrs to
1.75 V pe" cell 9 77oF)

ac input — 480 V, 3p
dc output — 300 A continuous

1600 A continnous rating
25,000 A -short ci cuit bracing

1,200 A "ontinuous rating
?5,000 A short circuit bracing-
600 A continuous rating
25,000 A interrupting rating

600 A continuous rating
10,000 A short circuit bracing

600 A continuous rating
10,000 A short circuit bracing

Rev. 15, 4/80 8. 3-44



SSHS-FS AR

Breakers
(mol herl case)

100 A, 225 A and 600 A frame
rating sizes, 2 poles,
10,000 A

interrupting')

+24 Volt Sub ystems

Battery 2 groups of 12 lead-calcium
cells. 75 amp-h r (8 hrs to
1.75 V per cell 9 77oF)

Chargers ac input — 120 V,
1P'c

output — 25 amp continuous

Distribution Panels

Nain hus 100 A continuous
5,000 A short circuit bracing

Breakers
(molded case)

100 h frame size, 2 poles,
5,000 A interrupting rating

8.3 2.1.1. 6 Inspection~ maintenance~ and Testi~n

Testing of the dc power systems are performed prior to plant
operation in accordance with the requirements of Chapter 14.

Tn-service tests and inspections of the dc power systems
including batteries, chargers, and auxiliaries are specified in
Chapter 16.

8 3. 2. 1. 1. 7 Separation and Vent ilat ion

For each Class IB dc subsystem, the battery bank, chargers, and
dc switchgear are located in separate rooms of the Seismic
Category I control structure. >he battery rooms are ventilated
by a system that. is designed to preclude the possihility of
hydrogen accumulation. Sect ion 9.4 contains a description of the,=
battery room ventilation system.

8 3.2. 1. 1. 8 Non-Class TF. dc System

Generally, non-Class 'IE dc loads are connected to a Class IH dc
system through a non-Class TK dc distribution panel. These cases
are discussed in Subsections 8. 3. 2. 1. i. 1 and 8. 3. 2. 1. 1. 2.
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h non-Class IF. 125 V dc system is provided for the remote river
water intake pump house 4.16 kV switchgear control. This 125 V

dc system consists of a distribution panel, two 25A chargers, 60
lead-calcium cells and is rated 50 hh at 8 hr discharge rate
based on a terminal voltage of 1.75 V per cell when discharged.

8. 3. 2 2 A na lysis

8.3.2.2.1 Compliance with General De ign Criteria,
Regulat~or Guides~ and TFFE Standards

The following paragraphs analyze compliance of the Class IE dc
power systems with General Design Criteria 17 and 18, Regulatory
Guides 1.6, 1. 32, 1.41, 1.81, and 1.93, and IEFF. 308-1974 anrl
450-1972.

a) General Design Critr cion 17~ Electric Power Systems

Consideration of Criterion 17 leads to the inclusion of the
following factors in the design of the dc power systems:

1) Separate Class ZF. 125 V dc suhsystems supply
control power for each of the Class IF, ac load
groups.

2) The. ac power for the battery chargers in each of
these dc suhsystems is supplied from the same ac
load group for which the dc subsystem supplies the
control power.

3) Two independent 250 V rlc subsystems are provirled to
ensure the availability of the dc power system for
maintaining the reactor integrity during postulaterl
accidents.

4) The Class TF, dc subsystems including batteries,
chargers, dc switchgear, and distribution equipment
are physically seoarate and indepenrlent.

5) Suf ficient capacity, capability, independence,
redundancy, and testability are provirlerl in the
Class XE dc subsystems, ensuring the performance of.
safety functions assuming a single failure.
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b) General Design Criterion 18, Inspection and Testing
of Electric Power ~Sstems

Fach of the Class IF, subsystem is designed to permit:

1) Inspection and testing of wiring, insulation ~ and
connections during equipment shutdown to assess the
continuity of the subsystem and the condition of
its components.

2) Periodic testing of the operability and functional
performance of the components of the subsystems
5uring normal plant operation.

The Class IE dc subsystems are periodically inspected and
tested to assess the condition of the battery cells, charger,
and other components in accordance with Chapter 16.
Preoperational testing is discussed below in assessment of
compliance with Regulatory Guide 1.41.

c) .Regulatory Guide 1. 6 ~1/71)

The design of the dc system -complies with Regulatory Guide
1.6.

t.

Separate Cl as." IE 125 V dc subsystems supply con+rol power
for each of the four Class IE load groups. T,oss of any one
of the subsystems does not prevent the minimum safety
function from being performed. The 125 V dc subsystem
chargers are supplied from the same ac load group for which
the dc subsystem supplies the control power. Fach of the
four 125 V dc subsystems, including battery bank, charger,
and distribution system, is independent of other 125 V dc
subsystems. Thus, sufficient independence and redundancy
exist between the 125 V dc subsystems to ensure performance
of minimum safety functions, assuming a single failure.
Two independent Clans IE 250 V dc subsystems are provided.
Fach subsystem i independent of the other. Sufficient

.independence and redundancy exist in these subsystems so that
a single failure in the 250 Y dc subsystems does not

prevent'he

performance of minimum safety functions.
Two independent Class IF, x24 V dc subsystems are provided.
Each subsystem is independent of the other. Sufficient
independence and redundancy exist in these subsystems so that
a single failure in the +24 V dc subsystems does not prevent
the performance of minimum safety functions.
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d) Regulatory Guide 1. 32~8g72}

The battery charger capacity for each of the Class IE dc
subsystems complies with this Regulatory Guide.

Each Class IF., battery charger has sufficient capacity to
supply the largest combined demand of the various steady-state loads and the charging current required to restore thebattery from the design minimum charge state to the fully
charged state irrespective of the status of the plant during
which these demands occur.

e) Regulatory Guide 1.41/3/73}

The Class IE dc subsystems have been designed in accordancewith Regulatory Guides 1.6 and 1. 32 and testing capabilities
are provided in accordance with the guidance of Regulatory
Guide,1.41 and will be preoperationally tested as describedin Chapter 14.

f) Regulatory Guide 1.81 $ 1/75}

The requirements of the Regulatory Guide are met. Each
generating unit is provided with separate and independentonsite dc electric power systems capable of supplying powerto the control systems of engineered safety features loads
and loads such as valves, and actuators, required forattaining a safe and orderly cold shutdown of. the unit,
assuming a single failure.

g) Regulatory Guide 1.93 $ 12/74}

Compliance is discussed in Subsection 8.1.6.1 (q) .

h) IEEE Standard 308-1974

The Class IZ dc systems provide power to Class IE loads and
. for control and switching of Class IF. systems. Physical

separation and el'ectrical isolation are provided to preventthe occurrence of, common mode failures. The design of the
Class IE dc systems includes the following:

1) The 125 V dc ystem is separated into four
subsystems

2)

3)

The 250 V dc and + 24 V dc systems are each
separated in+o two subsystems

The safety action by each group of loads are
independent of the safety actions provided by their
redundant counterparts
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4) Each dc subsystem includes power supplies that
consist of one battery bank and one or two chargers
as required for capacity as shown on Figures 8.3-5
and 8. 3-6.

5) The batteries are not interconnected.

Each Class IE distribution circuit, is capable of transmitting
sufficient energy to start and operate all required loads in
that circuit. Distribution circuits to redundant equipment
are independent of'each other. The distribution system is
monitored to the extent that it is shown to be ready to
perform its intended function. The dc auxiliary devices
required to operate eguipment, of a specific ac load group are
supplied from the same load group.

Each battery supply is continuously available during normal
operations and following the loss of power Crom the ac system
to start and operate all required loads.

The 125 V- dc and 250 V dc subsystems are ungrounded; thus, a
single ground fault does not cause immediate loss of the
faulted system. Ground detection and alarm is provided for
each dc subsystem so that ground faults ran be'located and
removed. The 124 V dc subsystem is grounded.

Equipment of. the Class IE dc system is proterted and isolated
hy fuses or circuit breakers for short circuit or overload
protection. The following instrumentation is provided .to
monitor the status of each of the dc subsystems:

1) 125 V dc and 250 V dc subsystems:

System undervoltage

System ground

Battery availability
Battery charger trouble — ac undervoltage; charger
failure; rharger output breaker trip
Load center breaker trip (250 V dc subsystem only)

All above alarms are annunciated as a group alarm
in the main control room.
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2) + 24 V Qc subsystems:

positive bus low voltage

Negative bus low voltage

positive bus high voltage

Negative bus high voltage

Battery availability
Battery charger trouble — ac failure; charger
failure; charger output breaker trip
All above alarms are annunciated in the main
control room as + 24 V dc system trouble, a group
alarm for each battery bank and its associated
system.

The batteries are maintained in a fully charged condition and
have sufficient stored energy to operate all necessary
circuit breakers and to provide an adequate amount of energy
for all required emergency loads for four hours after loss of
ac power.

Fach battery charger has an input ac and output dc circuit
breaker for isolation of the charger. Pach battery charger .

power supply is designed to prevent the ac supply from
.becoming a load on the battery due to a power feedback as the
result of the loss of ac power to the chargers.

The battery charger ac supply breaker can be periodically
opened to verify the load carrying ability of the battery.

The batteries, battery chargers, and other components of the
dc subsystems are housed in the control structure, which is a
Seismic Category I . tructure.
The periodic testing and surveillance requirements for the
Class IF, batteries are detailed in Chapter 16.

i) IEPE Standard 450-1972

The recommended practices of IEEH 450 for maintenance,
testing, and replacement of batteries are followed for the
Class IE batteries and are discussed in Chapter 16.
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8.3.2.2.2 Physical Identification of Safety Related
Fguipment

Physical identification of Class IE equipment is discussed in
Subsection 8. 3. 1. 3.

8. 3. 2. 2. 3 Independence o f Redundant Systems

The general considerations for the independence of Class IE dc
pover subsystems are described in Suhsection 8. 1.6. 1(n). The
physical separation criterion is discussed in Section 3. 12.

8 3 3 PIRE PROTECTION FOR CABLE SYSTEMS

8 3.3.1 Cable Derating and Cable Tra~Fill

The power and control cable insulation is designed for a
conductor temperature of. 90~C Allowable current carryingcapacity oF, the cable is based on not exceeding the insulation
design temperature vhile the surrounding air is at an ambient
temperature of 65.50C for the primary containment and 40~C forall other areas. The design operating conditions of all Class IEcables are discussed in Section 3. 11.

The power cable ampacities are established in accordance vith
IPCEA Publications P-54-440 and P-46-426 and are shown in Tables
8 3-1 1 t h rough 8. 3- 15.

For control circuits, minimum 414 AMC'onductors are generally
used.

Instrumentation cable is al o designed for a conductor
temperature of 900C. Operating currents of these cahles are low
(usually mA or mV) and will not cause the design temperature to
be exceeded at maximum design ambient temperature.

In general, cable tray fill is limited to 30 percent fill bycross-sectional area. In cases where the limitation is exceeded,
a review vill be performed for each case for the adequacy of the"design.

Conduit fill is in compliance with Tables I and II,, Chapter 9,National Electrical Code, 1975.

Power cables, control cable , and instrumentation cables are
defined as follows:
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Power Cables

Power cables are those cables that provide electrical energy for
motive power or heat.ing to all 13. 8 kV ac, 4. 16 k V ac, 480 V ac,
120 V ac, 250 V dc, and 125 V dc loads.

Control Cables

Control cables, for the purpose of. derating, are generally 120 V

ac, 250 V dc, 125 V dc, and 24 V dc circuits between components
responsible for the automatic or manual initiation of auxiliary
electrical functions and the electrical indication of the state
of auxiliary components.

Instrumentation Cables

Instrumentation cables are those cables conducting low-level
instrumentation and control signals. These signals can be analog
or digital. Typically, these cables carry signals from
thermocouples, resistance tempe"atu e =detectors, transducers,
neutron monitors, etc.

8.3.3.2 Fire Dc tect ion for Cable Systems

Fire detection systems are discussed in Subsection 9.5. 1.

8~3.3.3 Fire Barriers and Separation Between Redundant Trays

Electrical equipment and cabling has heen arranged to minimize
the propagation of. fire from one separation qroup to another.
Physical separation of cabling systems is discussed in Subsection
3 12 2.

Where the minimum physical eparation cannot he met as specified .

in Subsection 3.12.2; and a fire harrier is selected as the
alternative, a 1/4 in. Haysite FTR-FR-C is installed. The bolts
and hardware used to secure the Haysit e panel to the tray support
are coated after installation with 1/8 in. of fireproofing
material Dynatherm's Flamemastic 7 1A compound.

Rev. 15, 4/80 8. 3-52



SSES-PSAR

8 3.3.4 Fire Stops

Fire stops and seals are provided for cable penetrations in thefloor for vertical runs of raceways, at each access opening in
ceilings and at fire-rated wall penetrations. The fire stops are
furnished to provide a method of sealing off air spaces around
cable penetrations. The properties of materials and
qualification tests are discussed in Subsection 9.5. 1.
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Equip-
ment 8 Descri tion

ESF Loads

Operating Diesel Gen A
Rating kW Unit, 1 Unit 2

Each h Each Bus Bus

Diesel Gen C Diesel Gen B
Unit 1 Unit 2 Unit 1 Unit 2

Bus Bus . Bus Bus

TABLE 8.3-1

ASSIGNHENT OF ESF AND SELECTED NON-ESF
LOADS TO DIESEL GENERATORS AND DIESEL RATINGS

Number Connected

Page I of 7

Loadin Se uence (3 Note 3
Diesel Gen D Unit 1 - DBA Unit 2-Shutdown
Unit 1 Unit 2 Required Time From Required

Bus Bus Number DBA Number Time

IP 206 A,B,C,D, Reactor Core Spray 700 555
Pumps

IP 202 A,B,C,D RHR Pumps 2000 1425

1P 506 A,B RHR Service Water 600 460
Pumps

1 1 1 1
"

1

1 1 1 1

1 1

1 1 3

1 1 3

1 1

20 sec

10 sec 1

10 min+ 1

30 min+

31 min+

IV 211 A,B,C,D Core Spray Pump Room 2
Unit Coolers

1.7 1 1 1 1 1 1 1 3 20 sec

Hotor Operated
Valves (Note I)

Set Set 10 sec Set 10 sec

1V 222 A,B Engineered Safeguards 15
Switchgear & L.C. Room
Unit Coolers

OV116 A,B, Control Structure 5
Battery Room Exhaust-
Fans.

IV 210 A,B,C,D RHR Pump Room Unit 10
Coolers

12 1 -1 1

1 1 1 1 1

2

1 1

1 1 3

70 sec 1

70 sec

10 sec 1

70 sec

30 min

IV 208 A>B RCIC Pump Room Unit 1.5
Coolers

1.2 1 1 1 1 60 sec 1 60 sec

*Hanual Initiation
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Equip-
ment 8 Descri tion

Operating Diesel Gen A
Rating kW Unit 1 Unit 2

Each h Each Bus Bus

TABLE 8.3-1 (cont'd)

Number Connected
Diesel Gen C Diesel Gen B
Unit 1 Unit 2 Unit 1 Unit 2

Bus Bus Bus Bus

Page 2 of 7

Ioadin Se uence 3 (Note 3
Diesel Gen D Unit 1 - DBA Unit 2-Shutdown
Unit 1 Unit 2 Required Time From Required

Bus Bus Number DBA Number Time

1V 209 A,B

1V 613 to 643

OV 512 A,B,C>D

OP 514 A>B>C>D

OV 201 A>B

ESF Loads (con't)

HPCI Pump Room Unit
Coolers

Battery Chargers,
125V D.C.

Diesel Generator
Room Ventilation
Supply Fans

Diesel Generator
Diesel Oil Transfer
Pumps

Reactor Building
Recirc Fans

1.5 1.2

25

40 32 1

2.5 1

75 60 1

,1 1

1 1 1

1 1

1 1

1 1

1 3

1 3

1 3

60 sec

10 sec 3

10 sec

60 min S>

beyond

10 sec

10 sec

OP 504 A,B,C,D Emergency Service
Water Pumps

450 360 1 1 2 65 sec

OV 109 A,B

OV 115 A,B 8
OV 117 A,B

Standby Gas Treat-
ment System Exhaust
Fans

Control and Computer
Rooms Air Cond. Unit
Fans.

50

40

40

32 2

1 1 10 sec

70 sec

OK 507 A>B>C>D Diesel Generator
Starting Air
Compressors.

10 8 2 2 10 sec
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Equip-
ment 0 Descri tion

ESF Loads (con't)

Operating Diesel Gen A
Rating kW Unit 1 Unit 2

Each h Each Bus Bus

TABLE 8.3-1 (cont'd)

Number Connected
Diesel Gen C Diesel Gen B
Unit 1 Unit 2 Unit 1 Unit 2

Bus Bus Bus Bus

Page 3 of 7

Loadin Se uence 3 Note 3
Diesel Gen D Unit 1 - DBA Unit 2-Shutdown
Unit 1 Unit 2 Required Time From Required

Bus Bus Number DBA Number 'ime

1V 216 to 246

OV 521 A>B>C>D

120 V Instrument A.C.
Dist. Panels

Engineered Safeguards 5
Service Water Pump
House Ventilation
Fans (ESWP)

25 1 1 1 1 1 1

2

1 1 10 sec 3

65 sec

10 sec

OP 162 A,B

OV 101 A,B

OK 112 A,B

OE 145 A,B

OV 118 A,B

IE 219/IE 220

Control Structure 30
Chilled Water
Circulating Pumps

Control Structure 20
Emergency Outside
Air Supply Fans

Control Structure 351
Water Chiller
Compressors

Control Structure Air
Cond. Unit Heating
Coils

Standby Gas Treatment 5
System Equip. Room
Exhaust. Fans

Standby Liquid Cont.
Tank Heater

24 1

16 1

306

130

40 I 1

2 min

70 sec

3 min

70 sec

10 sec

55 sec 1 55 sec.

1P 208 A,B Standby Liquid Cont. 40 32 1 - 1
Pumps
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Equip-
ment 8 Descri tion

ESF Loads (con't)

Operating Diesel Gen A
Rating kW Unit 1 Unit 2

Each h Each Bus Bus

TABLE 8.3-1 (cont'd)

Number Connected
Diesel Gen C Diesel Gen B
Unit 1 Unit 2 Unit 1 Unit 2

Bus Bus Bus Bus

Page 4 of 7

Loadin Se uence 3 (Note 3
Diesel Gen D Unit 1 - DBA Unit 2-Shutdown
Unit 1 Unit 2 Required Time From Required

Bus Bus Number DBA Number Time

1D 653 A,B
1D 663

OV 144 A,B

Battery Chargers-
250V D.C.

Standby Gas Treatment
System Equip. Room
Heating Unit Fans

75 1 1 1 1 10 sec 1

10 sec

13 sec

OV 103 A,B Control Structure Air
Cond. Unit Fans

50 40 1 70 sec

OP 122 A,B

OC 866 A,B,

OP 171 A,B

Control Structure
Chiller Comp Oil Pumps

Standby Gas Treatment
System Heaters

Control Structure
Chiller Condenser
Water Circ Pumps

1.5

20

1.2 1

90 1

16 1

1 1

1 1

60 sec

10 sec

60 sec

1E 440 A,B,C,D Containment Hydrogen
Recombiners

75 1 1 1 1 1 1 1 2 61 min

OE 143 A,B

1V 506 A,B

Control Structure
Emergency Outside Air
Supply Unit Heating
Coils

Engineered Safeguards
Service Water Pump
House Ventilation
System (RHRSWP)

30

1 1 1

1 1 60 sec

70 sec 1 70 sec.
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TABLE 8. 3-10

ROUTING TABLE

Cable Separation Group Raceway Separation Group

Cables Permitted in
Selected Raceways Non-Class IE- Div I Div II Chan A Chan B Chan C Chan D

Non-Class IE
Div I
Div I Associated
Div II
Diy II Associated
Chan. A
Chan. A Associated
Chan. B

Chan. B Associated
Chan. C

Chan. C Associated
Chan. D

Chan. D Associated

Yes
No
No
No
No
No
No
No
No
No
No
No
No

No
Yes
Yes
No
No
Yes
Yes
No
No
No
No
No
No

No
No
No
Yes
Yes
No
No
Yes
Yes
No
No
No
No

No
Yes
Yes
No
No
Yes
Yes
No
No
No
No
No
No

No
No
No
Yes
Yes
No
No
Yes
Yes
No
No
No
No

No
No
No
No
No
No
No
No
No
Yes
Yes
No
No

No
No
No
No
No
No
No
No
No
No
No
Yes
Yes

RPS Al RPS A2 RPS Bl RPS B2

RPS Al
RPS A2
RPS Bl
RPS B2

Yes
No
No
No

No
Yes
No
No

No
No
Yes
No

No
No
No
Yes

Note: To determine raceways in which cable may be routed, read across from selected cable until "yes"
appears. Column heading is raceway required.





SSES-FSAR

TABLE 8- 3-1 1

CABLE AMPACITIES — 15 kV CABLES (ALUMINUM)

Conducto r
Size

Amps in Duct
and Embedded

Cond uit
40~C

Ambient
40 ~C

Ambient

Amps in Conduit
in Air

65.5oC
Ambient

3-1/c

S4/0 A WG

350 KCMIL
500 KCMIL
750 KCMIL

1000 KCMIL

6-1/c

44/0 A MG

350 KCMIL
500 KCMIL
750 KCMIL

1000 KCMIL

9- 1/c

44/0 AQG
350 KCMIL
500 KCMIL
750 KCMII

1OOO KCMIL

1/c

195
248
301
372
428

2/c

353
450
541
666
764

3/c

472
601
720
882
1006

1/c

232
306
380
469
552

2/c

436
575
714
882
1038

3/c

633
835
1037
1280
1507

1/c

162
214
266
328
386

2/c

305
403
500
617
727

„3/c

443
585
726
896
1055

3-1/c indicates single conductor per phase, and
6-1/c indicates two conductors per phase, etc.
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TABLE 8. 3-12

CABLE ANPACITIES — 5 kV CABLES (ALUMINUM)

Conducto r
Size

Amps in Duct
and Embedded

Conduit
400C

Ambient
40~C

Ambient

Amps in Conduit
in Air

65 5oC
Ambient

3- 1/c

44/0 A MG

350 KCNIL
500 KCNIL
750 KCNIL

1000 KCMIL

6- 1/c

54/0 AMG

350 KCMIL
500 KCNIL
750 KCNIL

1000 KCNIL

9-1/c

44/0 A WG

350 KCNXL
500 KCM1L
750 KCMIL

1000 KCMIL

194

2/c

351

3/c

472

1/c

226
248
301
373
429

2/c

425
449
543
669
768

3/c

617
603
728
890
1017

1/c

158
298
368
473
542

2/c

298
560
692
889
1019

3/c

432
814
1005
1291
1480

1/c

209
258
331
391

392
484
622
713

570
704
904
1036
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T ABLE 8. 3-13

CABLE AMPACITIES JN TRAY - 600 V CABLES

Material
Cond uctor

Size
Amps Amps

40oC Ambient 65.5~C Ambient
1- 3/c 3-1/c 1- 3/c 3-1/c

Copper

Aluminum

¹10 AMG
8 AMG
6 AHG
2 AMG

¹4/0 AMG
350 KCMIL
500 KCMIL
750 KCMIL

21
36
52

104

13
24
33
69

165
274
371
528

15
25
36
73

9
17
23
48

116
192
260
370

CONDUCTOR: 6-1/c (2-1/c Per Phase)

350 KCMIL
500 KCMIL
750 KCMIL

548
742

1056

384
520
740

CONDUCTOR: 9-1/c (3-1/c Per Phase)

350 KCMIL
500 KCMIL
750 KCMIL

822
1113
1584

576
780

1110
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TABLE 8.3-14

CABLE AMPACITIES IN DUCT OR EMBEDDED CONDUIT
600 V CABLES

Material
Conductor

Size
Amps

40oC Ambient
Amps

65. 5 C Ambient

CONDUCTOR: 1-3/c or 3-1/c (One Conduit)

Copper 410 AMG
88 AMG
46 AMG
42 AMG

36
50
66

112

25
35
46
79

Aluminum 44/0 A MG

350 KCMIL
500 KC NIL
750 KC MIL

174
235
287
360

122
165
201
252

CONDUCTOR:

350 KCMIL
500 KCMIL,.
750 KCMIL

6-1/c (2-1/c Per Phase)
(Two Conduit)

430
524
653

301
367
458

CONDUCTOR:

350 KC MIL
500 KCMIL
750 KCMIL

9-1/c (3-1/c Per Phase)
(Three Conduits)

586
71'0
880

410
497
616
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TABLE 8. 3-15

CABLE ABPACITIES JN CONDUIT IN AIR
600 V CABLES

Material
Cond uctor

Size
Amps

40~C Ambient
1- 3/c 3- 1/c

Amps
65.5 C Ambient
1- 3/c 3-1/c

Copper

Aluminum

010 AMG
$ 8 AMG
46 AMG
k2 AWG

0 4/0 AMG
350 KC NIL
500 KCNIL
750 KCMIL

36
52
69

123

36
52
69

123

200
274
341
432

25
36
48
86

25
36
48
86

140
192
239
302
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9 1 FUEL STORAGE AND HANDLING

9 1 1 NEH FUEL STORAGE

9.1.1. 1 ~ Desian Bases

9. 1. 1. 1. 1. 1 Sa fete Design Bases — Structural

a) The new fuel storaqe racks containinq a full complement
of, fuel assemblies are designed to withstand all
credible static and dynamic loadings to prevent damage
to the structure of the racks, and therefore the
contained fuel, and to minimize distortion of the racks
arrangement. (See Table 3.9-2(s)).

b) The racks are designed to protect the fuel assemblies
from excessive physical damaqe which may cause the
release of radioactive materials in excess of 10CFR20
requirements under normal conditions.

c) The racks are constructed in accordance with,the
Quality Assurance Requirements of 10CFR50, Appendix B.

The new fuel storage racks are cateqorized as Safety
Class 2 and Seismic Category I.

9. 1. 1. 1. 1. 2 Sa fetv Desian Bases —* Nuclear

a) The new fuel storage racks are desiqned and maintained
with sufficient spacing between the new fuel assemblies
to assure that the array, when racks are fully loaded,
shall be subcritical, by at least 5% 4 K including
allowance for calculational biases and uncertainties.
In the calculations performed to assure that keff
(0. 95, the standard lattice methods (Ref 9. 1- 1) used at
General Electric are employed. Under conditions where
Diffusion theory is valid, it is used in calculations
(i e., conditions where the fuel is flooded with water
at a density of between 0.7 and 1.0 q/cc).
The new fuel storage vault is cov'ered by leak tight,
metal, removable covers. The movement of these covers 23
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23
will be administratively controlled by approved plant
procedures.

It is assumed that the storage array is infinite in all
directions Since no credit is taken for leakage, the
values reported as effective neutron multiplication
factors are in reality infinite neutron multiplication
factors.
The biases between the calculated results and
experimental results as well as the uncertainty
involved in the calculations are taken into account as
part of the calculational procedure to assure that the
specified keff limits are met.

a) New fuel storage racks are supplied for 30% of the full
core fuel load in each unit.
Hew fuel storaqe racks are designed and arranged so
that the fuel assemblies can be handled efficiently
durinq refuelinq operations.

9 1 1 2 Pacilities Description

The location of the new fuel storaqe facility within the station
complex is shown in Section 1.2. Each new fuel storage rack

'Piqure 9.1-1) holds up to 10 channeled or unchanneled assemblies
in a row. Puel spacing {7 inches nominal center-to-center within
a rack, 12 inches nominal center-to-center between adjacent
racks) within the rack and from rack-to-rack will limit the
effective multiplication factor of the array (keff) to not more
than 0.95. The fuel assemblies are loaded into the rack through
the top. Bach hole for a fuel assembly has adequate clearance
for insertinq or withdrawing the assembly channeled or
unchanneled. Sufficient guidance is provided to preclude damage
to the fuel assemblies. The upper tie plate of the fuel element
rests against the rack to provide lateral support. The design of
the racks prevents accidental insertion of the fuel assembly in a
position not intended for the fuel. This is achieved by abutting
the sides of each casting to the adjacently installed casting.
In this way, the only spaces in the new fuel racks are those into
which it is intended to insert fuel. The weight of the fue1
assembly is supported by the lower tie plate which is seated in a
chamfered hole in the base castinq.
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The floor of the new fuel storage vault is sloped to a drain
located at the low point. This drain removes any water that may
be accidentally and unknowingly introduced into the vault; The
drain is part of the liquid radwaste collection system.

The radiation monitoring equipment for the new fuel storage area
is described in Subsection 12. 3.4.

9.1.1.3 Safety Fvaluation

9. 1.1. 3.~1 Criticalitv Control

The calculations of keff are based upon an infinite geometrical
arranqement of the fuel array. The arrangement of fuel
assemblies in the fuel storage racks results in keff below 0.95
in a dry condition or completely flooded with water which has a
density of l q per cc. General Design Criterion 62 requirements
(Prevention of Criticality in Fuel Storage and Handlinq) ~ are metif fuel is stored in the dry condition or if the abnormal
condition of floodinq (water with a density of l g/cc) occurs.
New fuel storage vault covers prevent optimum moderation in the.
new fuel vault.

23

9 1.1.3.g New Fuel Rack Design

The new fuel storage vault contains 23 sets of castings
each of which may contain up to 10 fuel assemblies;
therefore a maximum of 230 fuel assemblies may be
stored in the fuel vault.

23

b) There are three tiers of castings which are positioned
.by fixed box beams. This holds the fuel assemblies in
a vertical position and supported at the lower and
upper tie plate with additional lateral support at the
center of gravity of the fuel assembly.

c) The lower castinq supports the weiqht of the fuel
assembly and restricts the lateral movement; the center
and top casting restricts lateral movement only of the
fuel assembly.

-d) The new fuel storage racks are made from aluminum.
Materials used for construction are specified in
accordance with ASTN specifications in effect in 1970.
The material choice is based on a consideration of the
susceptibility of various metal combinations to
electrochemical reaction. Hhen considering the
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23

susceptibility of metals to galvanic corrosion,
aluminum and stainless steel are relatively close
together insofar as their coupled potential is
concerned. The use of stainless steel fasteners in
aluminum to avoid detrimental galvanic corrosion in a
predominantly air environment, is a recommended
practice and has been used successfully for many years
by the aluminum industry.
The minimum center-to-center spacing for the fuel
assembly between rows is 11.875 inches. The minimum
center-to-center spacing within the rows is 6.535
inches. Puel assembly placement between rows is not
possible

Lead-in and lead-out of the casting, in the rack,
provides quidance of the fuel assembly durinq insertion
or withdrawal.

The rack is designed to withstand the impact force of.
4000 ftlbs while maintaining the safety design basis.
This impact force could be generated by the vertical
free fall of a fuel assembly from the heiqht of 53
feet

23

h) The storage rack is designed to withstand the pull-up
force of 4000 lbs. and a horizontal force of 1000 lbs.
There are no readily available forces in excess of 1000
lbs

The storaqe rack is designed to withstand horizontal
combined loads up to 222,000 lbs, well in excess of
expected 1oads.

23

The maximum stress in the fully loaded rack in a
faulted condition is 26 Kips. (See Table 3.9-2(s) ) .
This is lower than the allowable stress

k) The fuel storaqe rack is designed to handle non-
irradiated, low emission radioactive fuel assemblies.
The expected radiation .levels are well below the design
levels.

23

The fuel storage rack is designed using non-combustible
materials. 'lant procedures and inspections assure
that combustible materials are restricted from this
area. Pire prevention by elimination of combustible
materials and fluids is reqarded as the prudent
approach rather than fire accomodation and the need forfire suppressant materials which could negatecriticality control assurances. Therefore, fire
accommodation is not considered necessary.
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m) The new fuel vault covers, shich are carbon steel, areillustrated in Pigure 9.l-la The covers overlap the
curb and have a protective lip that prevents direct
impinqment of water into the vault. The modified I-
beams that span the vault provide mechanical support
and direct water run-off from the covers.

23

9 1 2 ~ SPENT FUEL STORAGE

9 1 2.1 Desian -Bases
~t I

9~1 2 1.1 ~Sfegg Desj,gn Bgses

9.1Q.1.1.1 Safety pesign Bases — S~tuctugal

a) The high density spent fuel storage racks containing a
storage space sufficient for approximately 372% of onefull core of fuel assemblies are designed to withstandall credible st'atic and dynamic loadinqs to prevent
excessive damage to the structure of the racks, and
therefore the contained fuel. {See Table 3.9-2(s) ).

b) The racks are designed to protect the fuel assemblies
from excessive physical damage which may cause the
release of radioactive materials in excess of lOCFR20
reguirements under normal or abnormal conditions.

c) The racks are constructed in accordance with the
Quality Assurance Requirements of 10CPR50, Appendix B.

d) The spent fuel storage racks are categorized as Safety
Class 2 and Seismic Category I.

e) The spent fuel pool structure and the anchoraqe system
to the fuel storage racks are categorized as Seismic
Cateqory I.
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9.g.2./~1 g Safety ~ej.gn Bosey — g~u

23

The effective neutron multiplication factor {Keff) of 'the fuel
array in any combination of any stored positions up to and
including the fully loaded condition, is less than 0.95. Thepositioning of the neutron pojsoning material {boral} between
each adjoining fuel assemblies assures subcriticallity by atleast 5% 4 K under all normal and abnormal conditions.
Consideration has been given to the geometry of the racks,possible abnormal loading, and the density of the
coolant/moderator.

9 1- .1 2 Power Generation Desian Bases

The sPent fuel storage pool and fuel storage racks are designedto assure:

a) subcriticality, by at least. 5% 4K

b

c)

decay heat from fuel assemblies/bundles vill not
adversely affect the fuel, racks, or pool valls.
radiation levels vill be "As Low As Reasonably
Achieveable".

9. 1.2. 1. 3- Storaae Caoacity - Desian Bases

Each reactor unit has a spent fuel pool vhich has hiqh densityfuel storage racks providinq a maximum storage capacity of 2840fuel assemblies. These fuel locations also Provide storage of
used fuel channels, if needed. In addition, the fuel storage
rack desiqn provides storage of 10 various reactor internal
components, such as:

23

b.
co
da

control rods
control rod guide tubes
defective fuel storage containers
"out-of-core" shipping containers

This capacity provides each reactor unit storage space for off
loadinq one-quarter {1/4) of a core for approximately ten {10)
years, plus one complete core load of fuel.

23

Each reactor unit's spent fuel pool is interconnected, via atransfer canal. Spent fuel may be transferred safely, throughthis transfer canal, to the other pool. This capability provides
greater flexibility for the stations storage of spent fuel, if
the need ever arises
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Each reactor unit's spent fuel pool walls also have storage
hanqers for one hundred and thirty control rods. These hangers,
empty or full of control rods, do not interfere with the storage
of fuel or the other mentioned reactor internal components inthis section.

23

9.1. g. g Facilities Descj.j,ption=

The location of the spent fuel storage facility within the
station complex is shovn in Figure 1.2-23 and 1.2-33. The racks
are connected to wall embedments on the pool -walls and shown in
Figure 9.1-2b. Each pool has 24 racks for a storage capacity of
2840 fuel assemblies plus 10 multipurpose cavities for storage of
control rods, control rod guide tubes, and defective fuel
containers.

The spent fuel liner plate is -not a structural element {i.e. itis not load bearing). The fuel racks are attached to the pool
walls by embeds and anchors, which are designed for all credible
loads {See Table 9.1-7a). The liner plate is welded to these
embeds. In addition, the liner plate is attached to the pool
walls by a system of stiffeners and anchors. The racks, embeds
and fuel pool walls and liner plate (including anchor system) are
designed for all credible loads.

A leak detection system is provided for the collection of
possible leakaqe through the pools'iner plate. The liner
leakage detection system is segregated into sections that collect
leakage at independent locations below the pools. 'rainage paths
are formed by welded channels behind the liner veld joints and
are desiqned to permit free gravity flow to manual telltale
val ves.

This system is provided to:
a) Prevent pressure buildup .behind the liner plate
b) Prevent the uncontrolled loss of contaminated pool

water to other cleaner locations within the secondary
containment, and

c) Provide expedient liner leak detection and measurement.

Both Units 1 and 2 share a common cask pit that accepts the spentfuel shippinq cask and accommodates undervater fuel transfer to
the cask from either unit through its respective transfer canals.
Movements of the cask on the refueling floor are restricted as
shovn on Figures 9.1-16A and 9.1-16B
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The evaluations of the consequences of a postulated accidental
drop of a spent fuel assembly and the shipping cask are discussedin Chapter 15. The capability of the spent fuel pool storagefacility to prevent missiles generated by high winds fromcontacting the fuel is discussed in Subsection 3.5.2.
The rack arranqement is designed to prevent accidental insertionof fuel bundles between adjacent racks.
The six (6) foot thick spent fuel pool walls provide radiationshielding to, 25 MRem/Hr,measured on the outside of the spent fuelpool walls. Normal water shielding over the stored fuel in theracks is approximately 23 feet and is sufficient to provideshielding for required building occupancy. Under the normal
water level conditions, 9 ~ of water is above the active fuel when
moved through the refueling channel- This depth of water
provides shielding to assure less than 2.5 MRem/Hr to the
operators on the refueling platform.
Accidental droppaqe of heavy objects into the fuel pool isprecluded by the use of electrical
interlocks to limit the reactor building crane travel over thespent fuel pool, and the use of guardrails and curbs around allpools and the reactor wells to prevent fuel handling and
ser vicinq equipment from falling 'into the pools
The spent fuel pools, reactor wells, dryer-separator storagepools, and common shippinq cask pool including all gates are
designed to Seismic Category I requirements. All pools and wellsare lined with stainless steel to minimize leakage and reducecorrosion product formation. The spent fuel pools are further
designed so that they cannot be drained to a level that uncoversthe top of the stored fuel. The normal water shielding over thestored fuel in the racks is approximately 23 ft However, in theunlikely event that the pool gates fail to contain the poolwater, the fuel racks and their contained fuel are assured ofmaintaininq. water coverage at all times. Coolinq water supplylines enter the spent fuel pool from above the normal water level
and are provided with high point siphon breaking vent lines to

Q3 pre vent siphoning of water from the pools.
The superstructure of the reactor building serves as a low
leakage barrier to provide atmospheric isolation of the spentfuel storage pool and associated fuel handling area.

The superstructure is composed of structural steel framing, metalsidinq and metal roof deckinq. The superstructure is designed to
Seismic Category I criteria.
Features to limit potential offsite exposures in the event ofsiqnificant release of radioactivity from the spent fuel have
been provided
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These include a ventilation exhaust system, isolation of the
secondary containment on high radiation, air mixing, and a
standby gas treatment system capable of maintaining the secondary
containment at 1/4-in. water column negative pressure with
respect to the outside ambient pressure. These features are
discussed in Subsection 9.4.2.
The radiological co'nsiderations for the spent fuel storage
arranqement are described in Chapter 12.

9.1.2.3 Safety @valuation

9,1 2.3.1 Criticality Control

9.1.2.3.l.l Description of Fuel Racks

The high density fuel storage racks are a modular design. Eachfuel pool contains 24 modules. Twenty-two {22) of the modules
provide 120 positions for fuel on a rectangular 10 x 12 array.
This array is made up of 60 square poison cans placed in a
checkerboard pattern. Each square can is constructed by placing
a slab of "Boral" between a square tube-within-a-tube. These
tubes are seal welded and anodized. The nominal width of the
<Boral" is 5.25 inches and the length continues so it overlaps
the fuel pellet stack length in the fuel assemblies by one inchat both the top and bottom.

23

Two of the 24 modules provide fuel storage spaces for 100 fuel
assemblies in a 10 X 10 array plus five {5) storage positions forother components, each. The fuel array is made up of 50 poison
cans placed in a checkerboard pattern. The five other storage
positions are made up of 11.5 inch ID, right circular anodized
aluminum tubing.
The tw'enty-four (24) modules are placed in the spent fuel storage
pool in such a manner to assure there is a "Boral" slab between
each adjoining fuel storage position.

9 1.2,3,1.2 Basic Assumptions of C~iticality Analysis
The geometry of the spent fuel storage array is such that Keffwill be ( 0.95. To ensure that the design criteria are met, thefollowinq normal and abnormal spent fuel storage conditions were
analyzed {See Pigure 9 1-3).
a) normal positioning in the spent fuel storage array,
b) fuel stored in multi-purpose storage positions, 23

Rev. 23, 5/81 9 1-9



SS ES-PS A R

c) pool water temperature increases to 2l20P,

d) normal storage array of ruptured fuel,
e) abnormal positioning in the spent fuel storage array,

f) moving fuel bundle adjacent to storage area,

g) dropped fuel bundle

To ensure that the analysis followed a conservative approach and
conformed to the general guidelines of criticality safety
analysis, the calculations were performed using the following
criteria:

23

20
3 ~

4
5.
6

A uniform 3.25 w/o enriched U-235 distribution in an 8 x 8
bundle
Presh fuel, na burnable poison
minor structural members replaced by water
Fresh water 9 680P
Two water rods
Supercell calculations include the water gap and
channel surrounding the assembly.

Cross sections for all other material regions of the reference
storage rack cell of Pigure 2 come from the approprite CHEETAH-B
calculation.

a) CORC- BLADE

1
20

Two mesh intervals
Boron density adjusted (densified) to accommodate area
lost in cylindricizing boral to preserve thickness of
poison control blades.

The fast and thermal flux spectra generated by
peripheral pin cell calculation in CHEETAH-B are input
to CORC-BLADE which in turn yields the effective Boron
cross-sections.

b) PDQ-7

The use of a four group conventional model

20 Arbitrary mesh selections include two mesh intervals
per fuel pin, two mesh intervals for outer water gap
and three mesh intervals for homogenized Aluminum can
and void gap.

The use of infinite water cross sections for the pool
water in the dropped assembly analysis.
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~9~.$ ~~3 Cglc~~aiogyg Mogelg

a)

The analysis of the Susquehanna spent fuel storage rack
desiqn uses the CHEETAH-B/COBC-Blade/PDQ-7 calculational
model. CHEETAH-B is the BSR lattice version of Nuclear
Associates International's (NAI's) CHEETAH code which is a
modified version of the original LEOPARD code and uses a
modified ENDF/B-II cross section library. CORC-Blade
generates diffusion theory cross-sections for the control
poison in boiling water reactors and utilizes in its
calculations an input neutron spectrum from the cell code,
CHEETAH-B. The PDQ-7 program is the well-known few-group
spatial diffusion theory code. The CHEETAH-B/PDQ-7 model
which is also a part of the IEAHS (Lifetime Evaluations and
Analysis of Heterogeneous Systems) nuclear analysis series
of Control Data Corporation, has been extensively tested by
means of benchmarking calculations of measured criticals as
well as core physics calculations for several operatinq
power reactors.
CHEETAH-B determines a multi-group neutron spectrum for a
given homogeneous mixture of materials and uses this
spectrum to weigh the cross sections and provides average
few group cross-sections. The generation of macroscopic
edits over user defined sub-extra regions facilitates
preparation of constants for nondepleting regions of the
assembly as input to subsequent PDQ calcualtions.
The reference case storage rack cell is shown in Figs. 9.1-
4a 6 4b. A zero neutron current boundary condition is
applied to the four sides of this cell to produce aninfinite array effect. The two dimensional PDQ-7 reference
case calculations are made for four neutron energy groups,
two mesh blocks per fuel pin and a zero axial buckling to
account for no axial leakage.

b) The Verification Model

.The verification calculation employs the KENO-IV/AMPX model.
The basic neutron cross section data comes from the master
library of AMPX - a 123 qroup GAM-THERMOS neutron library
prepared from ENDF/B version II data. The NITAML module of
the AMPX program is used to perform a Nordheim integral
treatment of the 0-238 resonances accounting for the self-.
shielding effect. The workinq library produced by the
NITAQL/AMPX module retains the 123 group energy structure
and is used direct1y by KENO-IV.

In the KENO-IV calculation, each fuel and water rod cell is
represented discretely The array option of KENO-IV is
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23

applied to arrange the box types into a matrix representing
the fuel assembly. Then a water reflection region is added
to the outside of this matrix followed by the zircaloy
channel, water, an'd the aluminum canister. Void and Boral

"slab regions complete the reference case storage rack cell.
To simulate the arrangement of large number of storage rack
units, and for a non-leakage condition in the axial
directions, a specular reflective condition is applied to
all six sides of this storage rack cell.

9 l.g,3.1~4 gefe~ence Case Calculations

a)

23

The referen'ce storage rack cell is 6.625 inches square (See
Pigure 9.1-4b). The Aluminum canister has an inside
dimension of 6.156 inches and is 0.125 inches thick to
accommodate an 8 x 8 fuel assembly of dimension 5.12 inches.
The fuel is channeled in 0.120 inch thick Zircaloy-4.
Sheets of Boral, clad with Aluminum hang between adjoining
canist'ers. -The Boral sandwich is 0.125 inches thick and
5.25 inches in width. The Boral Core is assumed to have a
thickness of 80 m'i.ls and a minimum B-10 density of
0 0233g/cm>. Between the Aluminum Canister and the Boral
sheets is a void space of 0.047 inches.

Renal~a ot'he Reference CMe Calculations

23

The reference case for this study is a CHEETAH-B/CORC-
BLADE/PDQ-7 calculation for the configuration at a
temperature of 68oP and zero voids. This calculation
results in a keff value of 0.8931.

The KENO-IV results gave an average Keff of 0.9124 + 0.0043
with a 95% confidence interval ranging from '0.9038 to
0 9210

c) Channel Effect

23

Since" the rack must accommodate both channel and unchanneled
fuel, studies reveal that the channeled fuel in the rack is
more 'reactive than the unchanneled fuel. Taking the
conservative approach, the study here involves channeled
fuel except in the accident condition where unchanneled fuel
is dropped. The decrease in b,k from channeled to
unchanneled fuel is 0.002 in the reference case rack.
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9.1~,3. l~5 Susgughanga SQS Bias Calculations
23

a)

b)

Using the reference storaqe rack cell geometry, the
temperature of the fuel and pool water vas varied.
Intermediate steps at 32~P, 95 P, 120~P, 150~P, 180 F, 212~P
vere studied, and the results of the CHEETAH-B/CORC-
BLADE/PDQ-7 runs show reactivity decreased continuously as
temperature increased from 320P.

Void Effect 23

c)

The effect of boiling (assuminq equal voids inside and
outside fo the rack) is studied hy varying the voids from 0%
to 204 at a temperature of 2120P with the reference geometry

~ and CHEETAH-B/CORC-BLADE/PDQ-7 calculations. The keff
variation due to voids shows a continuous decrease.

Enrichment Sensitivity
23

The basic analy'sis was performed for an average enrichment
of 3.25 v/o of U-235 which gives an average U-235 fuel
loadinq of 15.7521 grams per axial centimeter of the active
section of the assembly. For the purpose of determining the
effect of fuel loading change, the analysis found that, in
the range of interest to the Susquehanna spent fuel poolfacility, an enrichment reactivity coefficient of 0.008

4k/O.l v/o U-235 can be applied.

d) Effect of Boron

The Boral slab vhich separates tvo adjacent fuel assemblies
has a nominal thickness of 0.125 inches, nominal vidth of

'5.250 inches, and an overall length or height of 12 feet 8
inches. The nominal Boral core thickness is 80 mils The
minimum B-10 loading in the Boral core is'guaranteed by the
manufacturer to be O.OQ3 g/cm~ which yields a B-10 number
density of 0. 006905xl0 atoms/cm~ (based on 80 mils
thickness).

Although the analysis vas based on a minimum B-10 loading, a
study of boron density revealed an increase in, reactivity of
0.0054k if the boron density was lowered from 70% to 65% but
only a 0. 0034k decrease if it vas raised from 70% to 75%.
The effect of reducinq the Boral vidth vas also examined.
The r'esults yield a reactivity variation of approximately
0.0034k/0.125 inch of Boral in a study of vidths from 5.12
inches to 5.455 inches. The change due to the -0.03 inch
minimum tolerance on Boral vidth is +0.0014k.
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The criticality calculations are based on the assumption
that the core of the Boral slabs contains a homogeneous
mixture of fine B C.and aluminum powder. The computer codes
used for these calculations contain no provision to takeinto account directly the self-shielding effect due to the
random distribution of B C grains of finite sizes in the
mixture. Based on a homogeneous mixture, the neutron
attenuation factor for a Boral slab of 80 mil thickness with
0.0233 q/cm~ B-10 loading was calculated to be 0.969.

Neutron attenuation. studies for Boral slabs identical to
those furnished on the Susquehanna pro]ect were made. They
have determined that using an attenuation factor of 0.963
minimum assures a B-10 areal density of 0.0233 qm/cm~
minimum.

~ Usinq calc'ulational techniques utilizing a B-10 loading of
0.0233 qm/cm~ producinq an attentuation factor of 0.963
yielded a Boral core thickness of 0.055 + 0.003 inches.
Analysis shows the difference between an attentuation factor
of 0.969 (which was calculated from the reference case Boral
core thickness of 0.080"), and 0.963 yields a 4K = 0.003 for
the Susquehanna spend fue.l storage racks. Therefore, the
Boral acceptance criteria is either a minimum R-10 loadingof 0.0233 gm/cm~ or a minimum neutron attentuation factor of
0 963

f) Change in Pitch /~itch sensitivity)

23

The reactivity effect of mechanical tolerance changes caused
by structural, fabrication, installation, and seismic
conditions can be conservatively determined by the pitch

. sensitivity study. The calcualtions were carried out on a
0.125.inch increment. The pitch reactivity'coefficient was
determined to be about +0.0074k/0.125 inch pitch reduction
in the range from 6.875 inch pitch to 6.375 inch pitch.
Based. on a total dimensional average positional tolerance of
0.256«, a bias 4K = -0.014 is included in the finalreactivity summary.

q Boral Width Reduction

The nominal width of the Boral slab is 5.25". The change inreactivity due to the -0.03tt minimum tolerance on this width
is4K =,-0.001.
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6 x 9 — One Boreal Sggb /posing
To simulate the effect of one missing Boral slab, a 6 x 9
array was described in a PDQ-7 model using reference
geometry and cross sections. With 1 internal boral slab
missing the Keff was 0.8981 or an increase of 0.005 Ak from
the reference case.

Off Center Positionina-

The reactivity effect of off-center positioning due to
improper loading or some natural phenomenon can be
conservatively determined. The f'our assembly cluster with
assemblies loaded off center in their cavities and
preferentially leaning toward the center of the cluster was
analyzed. The zero neutron current boundary condition
applied to the outer boundaries of this 2 x 2 array produces
the effect of an infinite array of these four off-center
assembly clusters. With a reduced pitch of 6.5 inches and
modified cross sections which reflect the changing spectral
effect of additional water or no water ad)acent to the
channel the keff was 0.8897. An off-centered loading of
assemblies decreases the reactivity so no adverse effect
occurs~

Rack Nodule Junction /no Boralg

At the )unction of four rack modules, four fuel assemblies
in the corner locations could face each other without being
separated by Boral slabs, depending on the rack orientation.
The structural design provides a minimum separation of 9.375
inches for these four assemblies. Study shows that this
configuration will cause no adverse reactivity effect.
Stora'ge of Fresh Fuel Under gist Conditions

The storaqe of fresh fuel under mist or foam conditions was
considered. A series of CHEETAH-B, CORC-BLADE, PDQ-7
calculations was made for the base case geometry at 680F by
varying values of water density (.15 to .75 qm/cm~). Two
KENO-IV verification runs were made for water densities of
.15 and . 25 gm/cm~; the resulting Keff's are 0 5301+0.0023
and 0.5958 + 0.0029 respectively. The results indicate a
negative reactivity coeff icient for decreasing the water
density. Thus it may be concluded that fresh fuel may be
stored under dry or mist conditions with no further safety
implications.
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The consequences of dropping an assembly'outside the rack
and parallel to an assembly located in the outermost row of
the storage array were analyzed. The assembly dropped
during handlinq is assumed to lodge parallel to an assembly
in an outer cavity with no Boral slab separatinq the
par'allel assemblies. The analysis produced an increase in
reactivity less than +0. 5% Ak in a 4 x 4 array with 8 inches
of pool water in the outer cavity

9.1-2-3.1 7 SUMMARY AND CONCLUSIONS

XZDiffus 'n Theo Results

The results of the criticality analysis of the proposed storage
rack for Susquehanna Spent Fuel are summarized below:

PDO Results:

Keff Reference Case
Dimensional and Positional

Tolerance,AK
Boron Width .Ef feet, AK
Temperature Effect, AK
Variation on Boral Accept.
Void Effect,AK
Adjusted Keff for Susquehanna

0 893

0 014
0.001
0 004
0 003
gegytive
0. 915

Monte Carlo Results and the Calculational Bias

The KENO-IV verification calculation for the nominal case yields
a Keff value of 0. 912+0.004 with 95% confidence interval ranging
from 0.904 to 0.920. The KFNO model has a slightly negative bias
( AK = -0.001) ~ deduced from NAI's benchmarking calculations.
Comparinq the upper bound 95$ confidence interval result of the
KENO nominal case and the PDQ runs, and based on the KENO
benchmarkinq results, a calculational bias of 0 026 in AK should
be applied to the adjusted PDQ Keff.

Summary of Jesuits

23

Keff (PDQ) ad justed
Calculational bias
Final Keff
Desiqn Limit, Keff
Calculational Margin

for Susquehanna SES

Keff
AK

Keff
Keff

AK

0 915
0.026
0 941
0. 950

0 009

The final Keff value (0.941) includes all the design
specification tolerances, model bias, and the 95$ confidence
interval from the K/NO ca+culatiogs. However, the negative
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reactivity effect {-0.5% Ak) due to the presence of U-234 and the
parasitic structure materials (i.e. spacer qrids) in each
assembly, and the positive reactivity effects due to the possible
absence of a Boral plate and an assembly drop accident are not
included.

9.1.2.3.2 High Densi~t Puel Stor~ae Rack Desiqn

Spent fuel storage racks provide a place in the spent fuel poolfor storing new and spent fuel. The high density spent fuel
racks contain a neutron-absorbing medium of natural boron carbide
(B4C) in an aluminum matrix core clad with ll00 series aluminum.
This neutron absorber is marketed under the trade name of Boral.

Boral slabs are manufactured under a proprietary qualified
process. This process assures a uniform minimum B-10 density of
0.0233 qm/cm< in the Boral slabs utilized in the construction of
t,he Susquehanna Racks. Benchmark measurements of those slabs
yi'eld a neutron attenuation factor of 0.963 minimum.

23

The rack manufacturer, assures that correct Boral locations and
quantities w'ere present in accordance with the design and
procurement documents through a rigorous quality assurance
proqram evaluated and approved by the AE. The construction of
the rack assures that all adjacent storage cavities are separated
by a Boral slab. The Boral is sealed within two concentric
square, aluminum tubes referred to as poison cans.

Piqure 9.1-2a shows the structural design. Each rack module
consists of six basic components:

1) top grid casting

2) bottom grid casting

3) poison cans

4)'ide plates

5) corner angle clips
6) adjustable foot assemblies

Each component is anodized separately.
The top and bottom grid castinq are machined to maintain a
nominal fuel pitch (center-to-center spacing) of 6.625 inches.
Mithin these machined areas, in a checkerboard pattern, Boral
poison cans are nested. This ensures smooth entry and removal of
fuel assemblies in each fuel cavity. This design also assures
Boral is between each stored fuel assembly. To complete the
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module, the grids are bolted and/or riveted together by four
corner angles and four side shear panels. Ad justable foot
assemblies are located at the four corners of each module to
allow adjustment for variations of the pool floor level of +0.75
inches. To maintain a flat, uniform contact area, the leveling
screw bearing pads are free to pivot

Each model is level with each other module at the top. There is
nominally seven inches of clearance from the bottom of the module
to the pool floor. This assures adequate clearance for cooling
water to enter each fuel cell, and through natural convection,
keep each'fuel assembly cool.

Each module is bolted to each other. The perimeter modules have
seismic bracinq to embedments in the pool wall assuring

23 structura 1 in teqrity through a 1 1 anticipated dynamic loads. The
weight of the fuel assembly is supported in the chamfered hole in
the bottom casting Nominal center-to-center fuel spacing
between modules is 9.375 inches.

a) The square poison cans are positioned in a top and bottom
grid in a checkerboard pattern. Each poison can is pressure
and vacuum leak tested for inteqrity.

23

b) The seismic restraints from the racks to the wall embedments
consist entirelY of a welded stainless steel construction.
To reduce any qalvanic corrosion, inconel pins are used
between the wall seismic restraints and racks. The only
interface of each module with the pool floor are four
stainless steel pads attached to the rack levelinq screws.
A 1/4 inch ABS plastic material is volumetrically captured
between this pad and the aluminum leveling screw to prevent
galvanic corrosion with the pool floor stainless steel liner
pla te.

c) All materials used for construction are specified in
accordance with the 1972 issue of the ASTN specifications,
as a p pl ica hie.

Traceability of major rack components to a heat lot are
maintained.

In addition, the suppliers'uality assurance-quality are
control program audited, by the AE and user, in effect to
ensure that the Boral has the required minimum B4C density
and uniform B4C distribution in each sheet. Boral
traceability is maintained.

d) A dimensional, visual, and functional {including testing
with a dummy fuel assembly) inspection of the racks is
performed prior to shipment by the rack manufacturer.
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e) The rack materials have no significant degradation due to
the total radiation doses expected in the spent fuel pool
over the design life.

f) The minimum fuel spacing within a rack assembly is 6.500
The minimum fuel spacing between racks is 9.125'~. Fuel
assembly placement between modules 'or cavities of a module
are not possible.

23

q) The racks are desiqned to withstand the loading under the
followinq loading conditions: dead, live, jammed fuel
assembly, dropped fuel assembly, thermal', OBE and DBE
seismic, SRV, and LOCA or Chuqqing.

h) The racks are installed in the pool on four tension and
compression quadrants to eliminate thermal loads resulting
from confined expansion.

i) An inservice inspection (ISZ) program will be in effect
throughout the life of the racks to assure quality of the
poisoned racks is maintained; as described in Section
9 1.2.3 3

9. 1. 2. 3. 3 Insegyice Xnspection

Sixteen test coupons are to
service inspection program.
and the other sealed, would
of 1, 3, 5, 10, 15„20, 30/

be provided for an on-going in-
Two coupons, one of which is vented

be removed and analyzed at intervals
and 40 years after installation.

9.1.2.3. 3.1 Test Coupon Description and Installation
A typical test coupon is a shortened production-type can similar
to the spent fuel rack Pour sheets of BORAL neutron poison are
encapsulated between the inner and outer cans. After assembly,
the entire coupon is anodized.

The sealed cans are pressure-checked through a hole in the outer
can This hole is then welded to prevent water from contacting 23
the BORAL. The unsealed cans will also have a 13/64 inch hole
which will not be welded.

Two test coupons, one vented and the other unvented, are tied
toqether with a hanger. This hanqer contains a handling eye so
that they can be hung on the peri. meter of the spent fuel rack.

9.1.2.3.3.2 Test Coupon Inspection

a) The test coupon assembly will be removed from the spent fuel
pool~
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h) The test coupon will be drained of the entrapped water from
the vented coupon into a beaker and the pH determined.

c) The vented coupon will be disassembled sufficiently so that
the neutron absorber can be extracted.

d) Upon disassembly, note wheth'er there is water in the sealed
coupon. If so, perform step ¹B above.

e) Visual inspection of the neutron absorber plates will be
noted and any discoloration, corrosion damage or physical
damage will be recorded. If corrosion or physical damage is
noted, record depth and extent of damage.

f) The plates will be'ashed in a mild abrasive and detergent
solution, then rinsed in clean water and alcohol. The
plates will be dried in a 250' oven for 3.hours, followed
by 3 hours in a 600<F oven.

q) Each plate will be weighed and determine weight change.

h) Reperform step ¹e.

i) All data will be recorded, including pH values, for future
comparison.

9 1 3 SPENT FUEL POOL COOLING AND CLEANUP SYSTEM

9. 1. 3. 1 Desian Bases

The Fuel Pool Coolinq and Cleanup System (FPCCS) is desiqned with
the following considerations:

a) Maintaining the fuel pool water temperature below
125oF The heat load is based upon filling the pool
with 2840 fuel assemblies from normal refueling
discharges and transferred to the fuel pool within 160
hours after shutdown. Tables 9.1-2a and 9.1-2b show
one discharge schedule and heat load for this
condition.

23

b) During an emergency, heat load (EHL) condition, one RHR
pump and heat exchanger are available for fuel pool
coolinq. The EHL condition occurs when the spent fuel
racks contain 2840 fuel assemblies including a full
core discharged to the pool within 250 hours after
shutdown (control rods inserted). Tables 9.1-2c and
9.1-2d show the discharge schedule and heat load for
this condition for Units 1 and 2. The RHR cooling
system will maintain the fuel pool water temperature,
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'(withthe heat load of 3.26 x 10 'BTU/hr) at or below
125~ F with or vithout assistance from the PPCCS. Mhen
the decay heat load of the spent fuel drops to the
level for which the PPCCS is designed, the RHR system
may be disengaged. If, under EHL conditions, the RHR
cooling system and the PPCCS are not available for
cooling, the water in the fuel pool vill begin to boil
in about eight (8) hours.

23

c) Redundant Seismic Category I Emergency Service Mater
connection to each pool are provided to allow for
makeup of evaporative .losses in the event of failure of
the PPCCS. This event is discussed in detail in
Appendix 9-A. The pool vill begin to boil 25 hoursafter loss of cooling. The makeup line providessufficient flow to maintain the fuel pool water level
approximately 23 feet above the top of the fuel storage
racks.

To maintain the water clarity and quality in the pools
as follows to facilitate underwater handlinq of fuel
assemblies and to minimize fission and corrosion
product buildup that pose a radiological hazard to
operatinq personnel:

Conductivity < 3 mircromho/cm at 25OC

pH

Chloride (as Cl)

Heavy elements
(Fe, Cu, Hq, Ni)

5.3 — 7.5 at 250C

< 0.5 ppm

< 0.1 ppm

23
Total insolubles < 1 ppm

9 1,3 2 ~Sstem Description

Each reactor unit is provided with its own PPCCS as shown on
Fiqures 9.1-5 and 9.1-6.

The system cools the fuel storage pool water by transferring the
decay heat of the irradiated fuel through heat exchangers to theservice water system.

Mater clarity and quality in the fuel storage pools, transf er
canals, reactor wells, dryer-separator pools, and shipping caskpit is maintained by filtering and demineralizing.
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The FPCCS consists of fuel pool cooling pumps, heat exchangers,
skimmer surge tanks, filter demineralizers, associated piping,
valves, and instrumentation.
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~Eui ment Demcr~ition

Table 9. 1-1 shows the desiqn parameters of the FPCCS equipment.
The seismic and quality group classifications of the FPCCS
components are listed in Section 3.2.

Dne skimmer surge tank for each unit collects overflov vater from
skimmer drain openinqs with adjustable veirs at the water surface
elevation of each poo1 and well. The common shipping cask pit
water overflows to both units,'kimmer surge tanks.

Wave suppression scuppers along the working. side of the fuel
pools also drain to the skimmer surge tanks. The skimmer
openings in the pool liners are protected with a vire mesh screen
to prevent floating objects such as the surface breaker viewing
aids from entering the surge tanks. The adjustable weir plates
are set accordinq to the required cooling flow, desired flow
pattern, and water shielding needs.

The skimmer surge tank provides a suction head for the fuel pool
coolinq pumps and the RHR pumps, and a buffer volume during
transient flows in the normally closed loop FPCCS. Xt provides
sufficient live capacity for three days'ormal evaporative loss
from the fuel pool vithout makeup from the demineralized vater
system. k removable object retent'ion screen in the tank is
accessible through the flanqed tank top. Tank level indication
and alarms on a control panel on the refueling floor and/or the
vicinity of the fuel pool cooling pumps announce when the remote
manual makeup valves must be opened or vater drained from the
system.

The fuel pool cooling pumps are stopped upon a low tank level
siqna 1.

Three fuel pool heat exchangers piped in parallel are located in
the reactor building below the surge tank bottom elevation. The
shell side is subjected to the static head of the skimmer surge
tank level only. This is a minimum of 5 psi lower than the tube
side service water pressure, thus minimizing the possibility of
radioactive contamination of the service water system (see
Subsection 9. 2. 1) from a tube leak.

The number of heat exchangers in service depends on the decay
heat load from irradiated fuel in the spent fuel pool. The
common inlet and each heat exchanger outlet temperature is
recorded and high temperature alarmed on a local control panel.

Three fuel pool coolinq pumps piped in parallel are placed in
service in con junction with the heat exchangers They take
suction from the heat exchanqers and develop sufficient, head to
process a partial system flov through the filter demineralizers
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and transfer it combined with the bypass flow to the diffuser
pipes at the bottom of the pools.

The pump controls, .discharge pressure indicators, flow indicator,
and alarms for low flow and low discharge pressure are provided
on a local control panel.

The pumps trip individually upon low NPSH. Three fuel poolfilter demineralizers are piped in parallel. One fuel poolfilter demineralizer is normally associated with each FPCCS with
the third one in standby. The design flow per filter
demineralizer is less than the total system flow. Part of the
cooled water is therefore bypassing at a manually adjustable
rate.
If the inlet temperature should exceed 150~F, the filter
demineralizer must be manually bypassed to prevent degradation of
the ion exchange resin.

The filter demineralizer units are designed to operate with water
flowing at nominal 2 gpm/sq ft filter area. Powdered ion-
exchanqe resin or resin mixed wi.th Solka-Floe is used as a filter
medium. The filter elements are stainless steel-mesh, mounted
vertically in a tube sheet and replaceable as a unit. Venting is
possibj.e from the upper head of the filter vessel to the reactor
building ventilation system. The upper head is removable for
installa'tion and replacement of the filter elements. The filter
demineralizer units are located separately in shielded cells.
Sufficient clearance is provided to permit removal of the filter
elements from the vessels. Each cell contains only the filter
demineralizer and connectinq piping. All inlet, outlet, recycle,
vent, drain valves, and the holding pumps are located in a
separate shielded room, toqether with necessary pipinq and
headers, instrument elements, and controls. Penetrations through
shieldinq walls are located so that shielding requirements are
not compromised.

A post-strainer is provided in the effluent stream of each filter
demineralizer to limit the migration of the filter material. The
post-strainer element is capable of withstanding a differential
pressure greater than the shut-off head for the system.

The ion exchanqe resin is a mixture of finely ground, 300 mesh or
less, cation and anion resins in proportions determined by
service. The cation resin is a strongly acidic polystyrene 'with
a divinylbenzene cross-linkage. The resin is supplied in fully
regenerated hydrogen form The anion resin is a strongly basic,
Type I, quaternary ammonium polystyrene with a divinylbenzene
cross-linkage. The resin is supplied in a fully regenerated
hydroxide form
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The resin is replaced when +he pressure drop is excessive or the
ion exchange resin's exhausted. Backwashing and precoating
operations are controlled from a local control panel in the
reactor buildinq. The spent filter medium is backwashed from the
elements with instrument air and condensate and transferred via a
receivinq tank to the waste sludge phase separator in the.
radwaste building.
New ion exchange resin is mixed in a resin tank and transferred
as a slurry by a precoat pump to the filter where it is deposited
on the filter elements. A separate precoat tank is provided to
allow precoating of the filter elements with Solka-Floe only or
prior to depositinq ion exchange resins. Both tanks are
fur'nished with an agitator for'ixing the filter medium slurries.
The precoat subsystem is common to both FPCS and may also be used
for chemical cleaning of the filter demineralizers.

The holding pump associated with each filter demineralizer
maintains circulation through the filter in the interval between
the precoatinq operation and the return to normal system
operation, or upon decrease in process flow below a point where
the precoating may fall off the filter elements.

The filter demineralizers are controlled from a panel in the
reactor building of Unit 1. Differential pressure and inlet and
outlet pressure instrumenta+ion are provided for each filter
demineralizer unit to indicate when backwash is required.
Suitable alarms, differential pressure indicators, and flow
indicatinq controllers are provided to monitor the condition of
the filter demineralizer and the post effluent strainers.

The backwash and precoat operations are push-button initiated,
automatically sequenced operations. The filter demineralizer
inlet and outlet. conductivity is recorded and 0. 1 micromho/cm in
the outlet is alarmed on the reactor building sample station
cabinet.

Fuel pool hiqh and low level alarms with adjustable set points
over the skimmer weir range and temperature indication and high
alarms are provided on a refuelinq floor control panel.

A high rate of leakaqe through the refueling bellows assemblies,
drywell to reacto- well seals, or the fuel pool and shipping cask
pit double gates is alarmed on a refueling floor control panel.

All local alarms are duplicated individually or as group alarms
in the main control room.
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~0 evational Deac~ri tion
N

During normal plant operation, the fuel pools are isolated from
the reactor wells and the common shipping cask pit. The fuel
pool cooling pumps circulate the pool water in a closed loop,
takinq suction from the skimmer surge tank through the heat
exchanqers and discharqinq a partial flow through the filter
demineralizer, the balance through a bypass line back to the fuel
pool diffusers.
After the reactor has been 'shut down, the vessel head and one
refueling gate is removed. Two refueling water pumps (see
Subsection 9. 2. 10) transfe- condensate from the refueling water
storage tank through diffusers into the reactor well and dryer-
separator pool. The water level rises from the BPV flange
elevation to the fuel pool water level in approximately 4 hr.
The second refueling qate is then removed and refueling
operations continued.

As the heat load increases with additional spent fuel elements
being transferred from the reactor core to the spent fuel pool,
additional pumps and heat exchangers of the ZPCCS are put into
service to meet the design objectives. Part of the cooled water
can be'iverted to the reactor well through the filling diffusers
assisting the RHR system in removing decay heat rising from the
core to the water surface. At, this time two fuel pool filter
demineralizers may be used in conjunction with the reactor water
cleanup system to maintain required water quality in the reactor,
reactor well, dryer-separator pool, and fuel pool. After
refueling has been completed, the refueling water pumps transfer
the water from the reactor well and dryer-separator pool through
a condensate demineralizer back to the refueling water storage
tank. This is accomplished in approximately 4 hr Gravity
draining of the refuelinq water to the refueling water storage
tank is possible at a lower flow rate.

As the decay heat from the spent fuel decreases with time, the
number of operatinq pumps and heat exchangers may be reduced to
keep the, fuel pool below the maximum normal design temperature.

.The shipping cask storage pit is filled and drained in the same
manner as the reactor well within approximately one hour with one
refuelinq water transfer pump. The shipping cask storage pit is
interconnected with the fuel pool during cask loading operations
of spent fuel for offsite disposal. A small stream of fuel pool
coolinq water may be diverted from the fuel pool cooling pumps to
the filling diffuser of the shippinq cask pit to remove decay
heat and water impurities during cask loading operations. This
water returns over a skimmer weir to the skimmer surge tanks.

Durinq periods of higher than MNHL generation in the fuel pool,
eq, storing of a full core of irradiated fuel shortly after
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shutdown, the RHR system is used to assist the FPCCS in
dissipating the decay heat. One RHB pump takes suction from an
intertie line to the skimmer surge tank and discharges through
one RHR heat exchanger to two independent diffusers at the fuel
pool bottom.

Makeup water to ".eplenish evaporative and small leakage losses
from the pools is provided from the demineralized water storage
tank into the skimmer surge tank by opening a remote manual
valve.

A Seismic Category I line from each of the two emergency service
water loops is connected to the RHR intertie diffuser lines of
each fuel pool, allowing for emergency makeup during hoiling of
the pool vater. The manual supply valves .in these emergency
makeup lines are accessible apart from the refueling floor.

9. 1.3. 3 Sa fe ty E valu ation

The FPCCS is designed to maintain the fuel pool water at 1250F
under normal refueling conditions (discharge schedule Table 9.1-
2a) with all three heat exchangers and pumps in operation.

Under this condition an analysis was made of the natural
circulation cooling of a maximum powe spent fuel assembly in the
most restrictive natural circulation flow loop in the pent fuel
pool. The maximum coolant temperature at the outlet of the fuel
assembly wa calculated to be 1690F while the maximum clad
temperature was calculated to he 1880F. E!nder the e conditions
there is no boiling in any fuel assembly.

Under full core unload conditions, (discharge schedule Table 9.1-
2c) the hulk water temperature cannot bo maintained below the
desired maximum value of 125~F hy the spent fuel pool cooling
system alone. It is therefore necessary to connect the RHR
system to the spent fuel pool. When this is done the pool
temperature can be maintained well helow 1250F.

All piping and equipment shared with or connecting to the HHR
intertie loop are Seismic Category I, Quality Group C, and can be
isolated from any piping associated with the non-Seismic CategoryI Quality Group C fuel pool cooling system.

Provisions to minimize and monitor leakage from the fu l pool are
described in Subsection 9. 1. 2. 3.

Makeup .or evaporative and small leakage losses from the fuel
pool is normally supplied from the demineralized water system to
the skimmer surge tanks of each unit. The intermittent flow rate
is approximately 50 qpm to each surge tank.
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A Seismic Category I makeup of 30 qpm is provided hy a 2 in. line
from each emergency service water (ESM) loop to the RHR fu<.1 pool
diffusers, thus providing redundant flow paths from a reliable
source of water. The design makeup rate from each ESA loop is
based on replenishing the boil-off from the NNHL in each fuel
pool for 30 days following the loss of the FPCCS capacity. The
time required to reach boiling after loss of loading is
approximately 25 hours.

The water level in the spent fuel storage pool is maintained at a
height which is sufficient to provide hielding for. required
building occupancy Radioactive particulates removed from the.
fuel pool are collected in filter demine -alizer unit in shielded
cells. For these reasons, the exposure of. station personnel to
radiation from the spent fuel pool cooling and cleanup system is
normally minimal. Further details of radiological con.idcrations
are described in Chapter 12.

An evaluation of the radiological effect of a boiling fuel pool
is presented in Appendix 9A.

9 1.3 4 Inspection and Testing Requirements

No special tests are required because a+ least one pump, heat
exchanger, and filter demineralizer aro continuously in operation
while fuel is stored in the pool. The remaining components are
periodically operated to handle increased heat loads during
refueling.
The pool liner leak detection drain valves are periodically
opened and the leak rate estimated by the volumetric method.
or dye pressure testing f rom hehind the liner plate may he
performed to locate a liner plate leak.

Gas

Routine visual inspection of the system components,
instrumentation, and trouble alarms is provided 'to verify system
operability. Components and piping o the FPCCS designed per
ASNE Doiler and Pressure Vessel Code, Section III, Class 3 are
in-service i»spected as described in Section 6. 6.

The system will be preoperationally +e ted in accordance with the
requirement. of Chapter 14.
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9.1.4.1 Desiqn Bases

The fuel-handling system is designed to provide a safe and
effective means for transporting and handling fuel from the timeit reaches the plant until it leaves the plant after post-
irradiation cooling. Safe handling of fuel includes design
considerations for maintaining occupational radiation exposures
as low as practicable during transportation and handling.

Design criteria for major fuel handling system equipment is
provided in Tables 9. 1-2 through 9. 1-4 which list the saf ety
class, qua.lity group, and seismic category. %here applicable,
the appropriate ASME, ANSI, Industrial and Electrical Codes are
identified. Additional design criteria is shown below and
expanded further in Subsection 9. 1 ~ 4. 2.
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The transfer of new fuel assemblies between the uncrating area
and the new fuel inspection stand and/or the new fuel storage
vault is accomplished using the reactor building crane or the
refueling floor jib cranes equipped with a general purpose
grapple.

The reactor building crane auxiliary hoist or a refueling floor
jib crane is used with a general purpose grapple to transfer new
fuel from the fuel inspection stand or the new fuel vault to the
fuel storage pool. From this point on, the fuel will be handled
by the telescoping grapple on the refueling platform.

The refueling platform including refueling platform rails,
clamps, and clips are Safety Class 2 'and Seismic Class 1 from a
structural standpoint in accordance with 10CFR50, Appendix A and
B. Allowable stress due to safe shutdown earthquake loading is
120 percent of yield or 70 percent of ultimate, whichever is
least. A dynamic analysis is performed on the structures using
the response spectrum method with load contributions resulting
from each of three earthquakes being combined by the RMS
procedure.

Working loads of the'platform structures are in accordance with
the AISC Manual of Steel Construction. All parts of the hoist
systems are designed to have a safety factor of five based on the
ultimate strength of the material. A redundant load path is
incorporated in the fuel hoists so that no single component
failure could result in a fuel bundle drop. Maximum deflection
limitations are imposed on the main structures to, maintain
relative stiffness of the platform. Welding of the platform is
in accordance with AWS D14-1 or ASME Boiler and Pressure Vessel
Code Section 9. Gears and bearings meet AGMA Gear Classification
Manual and ANSI B3.5. Materials used in construction of load
bearing members are to ASTM specifications. For personnel
safety, OSHA Part 1910-179 is applied. Electrical equipment and
controls meet ANSI CI, National Electric Code, and NEMA
Publication No. ICl, MGl.

The general purpose grapple and the main telescoping fuel grapple
have redundant hooks. The fuel grapple has an indicator which
confirms positive grapple engagement.

The fuel grapple is used for lifting and transporting fuel
bundles. It is designed as a telescoping grapple that can extend,
to the proper work level and in its fully r'etracted state still
maintains adequate shielding over fuel.

To preclude the possibility of raising radioactive material out
of the water, the cables on the auxiliary hoists incorporate an
adjustable, removal stop that will jam the hoist cable against
some part of the platform structure to prevent hoisting when the
free end of the cable is at a preset distance below water level.
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In addition, redundant electrical interlocks are a part of the
qra pple.

Provision of a separate cask loading pool, capable of being
isolated .from the fuel storaqe pool, will eliminate the potential
accident of dropping the cask and rupturing the fuel storage
pool. Refer to Chapter 15 for accident considerations.

9 1 4.g System Descr~ition

Table 9.1-5 is a listing of typical tools and servicing equipment
supplied with the nuclear system. The following paragraphs
describe the use of some of the ma d'or tools and servicing
equipment and address safety aspects of the design where
applicable.

9.1.4. 2.1 Soent Fuel Cask

The spent fuel cask is used to transfer spent rqactor fuel
assemblies from the spent fuel pool via the cask pit to a fuel
storage or fuel reprocessing facility. The cask may also be used
for offsite shipment of irradiated reactor components such as
control rod blades, in-core monitors, etc.

The maximum loaded weight and, hence, the capacity of the cask is
determined by the 125 tons liftinq capacity of a reactor building
crane. The maximum loading height, ie, height of. the open cask
in the storage pit, is determined by the depth of the shipping
cask pit from the qate bottom. This allows for a constant water
depth over the fuel in transit from the reactor to the fuel pool
and into the shippinq cask.

The cask is designed to dissipate the maximum allow'able heat load
from contained irradiated fuel by natural con'vection at least
from the time the cask pit is drained until the cooling system on
the transport vehicle is connected.

It further allows underwater replacement of the lid and other
operations that may pose unacceptable radiation hazards to
personnel. Considerations facilitating decontamination of the
cask are given in the design. The design of the cask meets all
applicable regulations of the Department of Transportation and
10CFR71 with respect to shippinq of large quantities of fissile
materials.

At present, no specific type of cask has been chosen. Over the
lifetime of the plant, several different sizes and models may be
used which the fuel handlinq facilities can accommodate.
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9 1.4.2.2 Cask Crane

See Subsection 9.1.5 for discussion of reactor building cranes.

9.1.4.2 3 Fuel Servicing Eguigment

The fuel servicing equipment described below has been designed in
accordance with the criteria listed in Table 9 1-2.

9.1 4.2. 3.1 Fuel Pr~e machine

The fuel preparation machine, Figure 9.1-7, is mounted on the
wall of the fuel storage pool,. and is used for stripping resuable
channels from the spent fuel and for rechanneling of the new
fuel. The machine is also used with the fuel inspection fixture
to provide an underwater inspection capability, and with the
defective fuel storage container to contain a defective fuel
assembly for stripping of the channel.

The fuel preparation machine consists of a work platform, a
frame, and a moveable carriage. The frame and moveable carriage
are located below the normal water level in the fuel storage
pool, thus providing a water shield for the fuel assemblies being
handled. The fuel preparation machine carriage has a permanently
installed up-travel-stop to prevent raising fuel above the safe
water shield level. The moveable carriage is operated by a foot
pedal controlled air hoist.

9. 1. 4. 2. 3. 2 New Fuel Inspection S tand

The new fuel inspection stand, Figure 9.1-8, serves as a support
for the new fuel bundles underqoing receiving inspection and
provides a working platform for technicians engaged in performing
the inspection.

The new fuel inspection stand consists of a vertical guide
column, a lift unit to position the work platform at any desired
level, bearinq seats and upper clamps to hold the fuel bundles in
position.
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9.1 4.2 3 3 Channel Bolt Wrench

The channel bolt wrench, Figure 9.1-9, is a manually operated
device approximately 12 feet 'in overall length. The wrench is
used for removinq and installing the channel fastener assembly
while the fuel assembly is held in the fuel preparation machine.

The channel bolt wrench has a socket which mates and captures the
channel fastener capscrew.

9 1.4.2.3 4 Channel Handlincn Tool

The channel handling tool, Figure 9.1-10, is used in conjunction
with the fuel preparation machine to remove, install, and
transport fuel channels in the fuel storage pool.

The tool is composed of a handlinq bail, a lock/release knob,
extension shaft, angle guides, and clamp arms which engage the
fuel channel. The clamps are actuated (extended or retracted) by
manually rotating lock/ release knob.

The channel handling tool is suspended by its bail from a spring
balancer on the channel handling boom located on the fuel pool
periphery

9.1.4. 2. 3. 5 Fuel Pool Sipger

The fuel pcol sipper, Figure 9.1-11, provides a means of
isolatinq a fuel assembly in demineralized water in order to
concentrate fission products in relation to a controlled
backqround.

The fuel pool sipper consists of a control panel assembly and a
sipping container cover to the tank.

9.1.4.2. 3.6 guel ~Zns ection fixture

The fuel inspection fixture, Figure 9.1-12, is used in
conjunction with the fuel preparation machine to permit remote
inspection of fuel elements. The fixture consists of two parts:
(1) a lower bearing assembly, and (2) a guide assembly at the
upper end of the carriage. The fuel inspection fixture permits
the rotation of the fuel assembly in= the carriage, and, in
conjunction with the vertical movement of the carriage, provides
complete access for inspection.
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9.l.4. 2. 3..7 Channel Gauging Fixture

1

The channel gauging fixture, Figure 9.1-13, is a go/no-go gauge
used to evaluate the 'condition of a fuel channel, prior to
rechannelinq or when one is difficult to install.
The channel qauqinq fixture consists basically of a frame,
qauginq plate and qauginq block. The gauging plate is shimmed to
correspond to the outside dimension of a usable fuel channel.
The qauqinq block conforms to the inside dimension of lower end
of a usable fuel channel.

The channel qauqinq fixture is installed in the vertical
position, between the two . uel preparation machines and hangs
from the fuel storage pool curb.

9 1 4 2.3.8 General Purpose Grapple

The general purpose grapple, Figure 9.1-14, is a handling tool
used generally with the fuel. The grapple can be attached to the
reactor buildinq auxiliary hoist, jib crane, and the auxiliary
hoists on the refuelinq platforms. The general purpose grapple
is used to remove new fuel from the vault, place it in the
inspection stand, and transfer it to the .fuel pool It can be
used to handle fuel durinq channeling.

9. 1 4. 2. 3. 9 Fuel Grapple

The fuel grapple is a telescoping mast with a double hook grapple
head used to lift and orient fuel bundles for core and storage
rack placement. It is a triangular, open sectioned mast
constructed of tubular stainless steel.

Mast section-to-section guidance is provided by nylon bearing
pads. Vertical motion is supplied by a dual wire rope cable
hoist, which provides a redundant load path, and is mounted on
the. Refuelinq Platform Main Trolley. Hoist cable attachment to
the inner-most grapple section is achieved th"ough a rocker
arm/clevis assembly which allows for load eguilization in the
hoist wire ropes. A redundant hook grapple head featuring
individual hook engage switches and air cylinders consists of
engage switches wired in series and interlocked in a manner to
prevent raisina a fuel bundle with either hook disengaged.
Figure 9..1-20 outlines the main fuel grapple.
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9.1 4. 2. 4 Servicing Aids

General area undervater liqhts are provided vith a suitable
reflector for illumination. Suitable light support brackets arefurnished to support. the lights in the reactor vessel to allow
the liqht to be positioned over the area being serviced
independent of the platform. T.ocal area underwater lights are
small diameter lights for additional illumination. Drop lights
are used for illumination vhere needed.

A radiation hardened designed portable undervater closed circuit
television camera is provided. The camera may be lovered into
the reactor vessel and/or fuel storage pool to assist in the
inspection and/or maintenance of these areas. The camera is
capable of pitchinq ninety degrees which allows infinite scanning
of three hundred and sixty degrees, solid angle

A general purpose, plastic vieving aid is provided to float on
the water surface to provide better visibility. The sides of the
vievinq aid are brightly colored to allow the operator to observeit in the event. of filling with water and sinking. A portable,
submersible type, underwater vacuum cleaner is provided to assist
in removing crud and miscellaneous particulate matter from the
pcol floors, or the reactor vessel. The pump and the filter unit
are completely submersible for extended periods. The filter
«packaqe« is capable of being remotely changed, and the filtersvill fit into a standard shipping container for off-site burial.
Fuel pool tool accessories are also provided to meet servicing-
requirements. A fuel sioper is provided. This is to be used to
detect defective fuel assemblies during open vessel periods while
the fuel is in the core. The fuel sipper head isolates
individual fuel assemblies by sealing the top of the fuel channel=
and pumpinq water from the bottom of the fuel assembly, through
the fuel channel, to a sampling station, and return to the
primary coolant system. After a »soaking» period a water sampleis obtained and is radio-chemically analyzed.

9.1 4. 2. 5 Reactor Vessel Servicing~Euipment

The essentiality and safety classifications,.the quality group,
and the seismic category for this equipment are listed in Table
9.1-3. Pollowinq is a description of the equipment designs in
reference to that table.
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9.1.4. 2. 5. 1 Reactor Vessel Service Tools

These tools are used when the reactor is shut down and the
reactor vessel head is being removed or reinstalled. Tools in
this qroup are:

Stud Handling Tool
Stud Wrench
Nut Runner
Stud Thread Protector
Thread Protector Nandrel
Bushing Wrench
Seal Surface Protector
Stud Elongation iieasurinq Rod
Dial Indicator Elongation Neasurinq Device
Heat Guide Cap

These tools are designed for a 40 year life in the specified
environment. Lifting tools are designed for a safety factor of 5
or better with respect to the ultimate strength of the material
used. When carbon steel is used, it is either hard chrome
plated, parkerized, or coated with an acceptable paint.

9.1. 4. 2. 5. 2 Steam Line Plug

The steam line plugs are used during reactor refueling or
servicinq; they are inserted in the steam outlet nozzles from
inside of the reactor vessel to prevent a flow of water from the
reactor well into the main steam lines during servicing of safety
relief valves, main isolation valves, or other components of the
main steam lines, while the reactor water level is raised to the
re fuelinq level.
The steam line plug design provides two seals of different types
Each one is independently capable of holding full head pressure.
The equipment is constructed of non-corrosive materials. All
calculated safety factors are 5 or greater. The plug body is
desiqned in accordance with the "Aluminum Construction Manual" by
the Aluminum Association.

9.1. 4. 2. 5. 3 Shroud Head Bolt Wrench

This is a hand held tool for operation of shroud head bolts. It
is deisqned for a 40 year life, it is made of aluminum to be easy
to handle and to resist corrosion. Testing has been performed to
confirm the design.
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9 1.4.2. 5.4 Head Holding Pedestal

Three pedestals are provided for mounting on the refueling floor
for suppcrtinq the reactor vessel head. The, pedestals have studs
which engage three evenly spaced stud holes in the head flange.
The flanqe surface rests on replaceable wear pads made of
aluminum. When resting on the pedestals, the head flange is
approximately 3 feet above the floor to allow access to the seal
surface for inspection and O-ring replacement.

The pedestal structure is a carbon steel weldment, coated with an
approved paint. It has a base with bolt holes for mounting it to
the concrete floor The structure is designed in accordance with
"The Manual of Steel Construction" by AISC.

9.1.4.2. 5.5 Head Nut and Washer Rack

The RPV head nut and washer rack is used for transporting and
storinq up to 6 nuts and washers. The rack is a, box shaped
aluminum structure with dividers to provide individual
compartments for each nut and washer. Each corner has a lug and
shackle for attaching a 4-leg lifting sling.
The rack is designed in accordance with the i~Aluminum
Construction Manual" by the Aluminum Association, and for a
safety factor of 5.

9.1 4 2.5.6 Head Stud Rack

The head stud rack is used for transporting and storage of 8
reactor pressure vessel studs. It is suspended from the
auxiliary building crane hook when lifting studs from the reactor
well to the operating floor.
The rack is made of aluminum to resist corrosion.

9 1.4.2 5.7~Dr er and S~earator Sl~in

The dryer and separator sling is a lifting device used for
transportinq the steam dryer or the shroud head with the steam
separators between the reactor vessel and the storage pools. The
sling consists of a cruciform shaped structure which is suspended
from a hook box with four wire ropes and turnbuckles. The hook
box, with two hook pins, engages the reactor building crane
sister hook. On the end of each arm of the cruciform is a socket
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with a pneumatically operated pin for engaging the four lift eyes
on the steam dryer or shroud head.

The slinq has been designed such that one hook pin and one main
beam of the cruciform is capable of carrying the total load and
so that no single component failure will cause the load, to drop
or swing uncontrollably out of an essentially level attitude.
The safety factor of ll liftinq members is 5 or better in
reference to the ultimate breaking strength of the material. The
structure is desiqned in accordance with "The Manual of Steel
Construction« by A.ISC. The completed assembly is proof tested at
125 percent or greater of rated load and all strucutral welds are
maqnetic particle inspected after load test.

The RPV head stronqback is used for lifting the pressure vessel
head. It is a cruciform shape with four equally spaced lifting
points on the ends of the arms In the center it has a hook box
which enqaqes with two pins to the reactor building crane sister
hook.

The stronqback is desiqned such that one leg of the cruciform
will support the rated load and such that no single component
failure will cause the load to drop or swing uncontrollably out
of an essentially level attitude The strucutre is designed in
accordance with «The Manual of Steel Construction" by AISC All
weldinq is in accordance with the ASME Boiler and P'ressure Vessel
Code Section IX. A safety factor of. 5 or greater in reference to
the ultimate material strength is used for the design. The
completed assembly is proof tested at 125 percent rated load.
After the load test, all structural welds are magnetic particle
inspected.

9 1.0.2 5.9 Service Platform

The service platform is provided to facilitate maintenance work
on reactor internals. It provides a working platform for people
and hand guided tools, and it also has provision for supporting a
jib crane. The service platform is supported by four wheels
which run on a circular track resting on the vessel flange and
confined by the vessel closure studs.

The service platform is non-Seismic Class I equipment, and it has
been designed for 0.75 q horizontal and 0.00 g vertical. The
physical size of the device is such that it cannot enter the
reactor pressure vessel.
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The structure design is in accordance with "The Manual of Steel
Construction" by AISC. Materials are in accordance with ASTM
Standards. fielding is in accordance with ASME Section IX or AMS
Dl. 1 str uctura1 welding.

The electrical system is in accordance with ANSI-ANS Cl National
Electrical Code, and NEMA Publications No. IC1 and MGl.

Painting and surface preparation is in conformance with SSPC and
in compliance with Reg. Guide 1.54.

9.1.4.2 5.10 Service Platform Su ort

The service platform support serves as a sealing surface
protector for the reactor vessel flange, and as a track for the
service platform It has continuous vertical support on the
vessel flange, and horizontally it is confined by the vessel
studs by strapping to the outer edge of the flange. The service
platform support is made from aluminum and all welding is done in
accordance with ARS Code D1.0.

The steam line plug installation tool is suspended from the
building crane auxiliary hook for transpozting and installing the
steam line plugs in the steam line nozzles of the reactor vessel
This tool is made of aluminum, it is designed for a safety factor
of 5, and in accordance with "Aluminum Construction Manual" by
the Aluminum Association.

The instrument strongback attached to the Reactor Building crane
auxiliary hoist is used for servicing neutron monitor dzy tubes
should they require replacement. The strongback supports the dry
tube during transfer to the vessel. The in-core dry tube is then
decoupled from the strongback and is guided into place while
being supported .by the Instrument Handling Tool. Final in-core
insertion is accomplished from below the reactor vessel. The
instrument handling tool is attached to the refueling platform
auxiliary hoist and is used foz removing and installing fixed in-
core dry tubes as well as handling neutrons source holders and
the Source Range Monitor/Intermediate Range Monitcr dzy tubes.

Each in-coze in'strumentation guide tube is sealed by an 0-ring on
.-the flange and in the event that the seal needs replacing, an in-
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core guide tube sealing tool is provided. The tool is insertedinto an empty guide tube and sits on the beveled guide tube entryin the vessel. Mhen the drain on the Mater Seal Cap is opened,
hydrostatic pressure seats the tool. The flange can then be
removed for seal replacement.

The auxiliary hoist on the refueling platform is used with
appropriate grapples to handle control rods, flux monitor dry
tubes, sources, and other internals of the reactor. Interlocks
on both the grapple hoists and auxiliary hoist are provided for
safety purposes; the refueling interlocks are described and
evaluated in Section 7.6.

9.1. 4. 2. 7 Refueling ~E u~i ment

Fuel movement and reactor servicing operations are performed from
a platform which spans the refueling, servicing, and storagecavities.

9.1.4.2.7.1 Refueling Platform

The refueling platform is a gantry crane which is used to
transport fuel and reactor components to and from pool storage
and the reactor vessel. The platform spans the fuel storage and
vessel pools on rails bedded in the refueling floor. A
telescoping mast and gzapple suspended from a trolley system i"
used to transport and orien+ fuel bundles, foz core, storage
rack, or shipping cask placement. Control of the platfcrm is
from an operator station on the main trolley with a positionindicating system provided to position the grapple over corelocations." The platform control system includes interlocks toverify hook engagement and grapple load, prevent unsafe operation
over the vessel during control rod movements," and limit verticaltravel of the grapple. Two 1000 pound capacity auxiliary hoists,
one main trolley 'moun+ed and one auxiliary trolley mounted, are
provided for servicing such as X.PRN replacement, fuel support
replacement, jet pump servicing, and control rod replacement.
The grapple in its fully retracted position provides 8 feet 6
inches minimum water shielding over the active fuel duringtransit.
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9.1.4.2.8 Stora e E ui ment

Specially designed equipment storage racks are provided.
Additional storage equipment is listed on Table 9.1-5. For fuel
storage racks description and fuel arrangement, see Subsections
9.1.1 and 9.1.2.

Defective fuel assemblies are placed in defective fuel storage
containers, as necessary. These containers are stored in the
multi-purpose storage container which is a part of the high
density spent fuel racks. These may be used to isolate leaking
or defective fuel while in the fuel pool and during shipping.

Defective fuel storage containers can be picked up and moved with
a fuel bundle in them. Channels can also be removed from the
fuel bundle while in a defective fuel storage container.

The Fuel Pool Sipper may be used for out-of-core wet sipping at
any time. They are used to detect a defective fuel bundle while
circulating water through the fuel bundle in a closed system.
The containers cannot be used for transporting a fuel bundle.
The bail on the container head is designed not to fit into the
fuel grapple.

9.1.4.2.9 Under Reactor Vessel Servicin E ui ment

The primary functions of the under reactor vessel servicing
equipment are to: (1) remove and install control rod drives, (2)
service thermal sleeve and control rod guide tube, (3) install
and remove the neutron detectors. Table 9.1-4 lists the
equipment and tools required for servicing.

The control rod drive handling equipment, which is powered
electrically, is used for the removal and installation of the
control rod drives from their housings. This equipment is
designed in accordance with the requirements of National
Electrical Manufacturers Association (NEMA, MG-l, Motor and
Generator Standards), American National Standards Institute
Standards (ANSI C-l, National Electric. Code), Occupational Safety
and Health Act (OSHA - 1910.179), American Institute of Steel
Construction (AISC - Manual of Steel Construction). All lifting
components are equipped with adequate brakes or gearing to
prevent uncontrolled movement upon loss of power or component
failure.

The equipment handling platform is also powered electrically and
provides a working surface for equipment and personnel performing
work in the under vessel area. It is a polar platform capable of
360 rotation. This equipment is designed in accordance with the
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applicable requirements of OSHA (Vol. 37, No. 202, Part 191 ON),
AISC, ANSI-C-l, (National Electric Code).

The spring reel .is used to pull the in-core guide tube seal or
in-core detector into the in-core guide tube during in-core
servicing.

The thermal sleeve installation tool locks, unlocks, and lowers
the thermal sleeve from the control rod drive guide tube.

The in-core flange seal test plug is used to determine the
pressure integrity of the in-core flange 0-ring seal. It is
constructed of non-corrosive material. The key bender is
designed to install and remove the antirotation key that is used
on the thermal sleeve.

9.1.4.2.10 Fuel Transfer Descri tion

9.1.4.2.10.1 Arrival of Fuel on Site

New fuel arrives in the railway bay of the reactor building Unit
1 either by railcar or truck. The access doors are closed to
maintain the secondary containment as required by Technical
Specifications. Unloading of the metal shipping containers is
done by the auxiliary hoist of the reactor building crane.

9.1.4.2.10.2 Refuelin Procedure

The plant refueling and servicing sequence diagram is shown in
Figure 9.1-15. Fuel handling procedures are described below and
shown visually in Figure 9.1-16 through Figure 9.1-19.

The Refueling Floor Layout is shown in Figure 9.1-4 and component
drawings of the principal fuel handling equipment are shown in
Figures 9.1-7 through 9.1-14 and Figure 9.1-20.

The fuel handling process takes place primarily on the refueling
floor above the reactor. The principal locations and equipment
are shown on Figure 9.1-16. The reactor, fuel pool, and shipping
cask pool are connected- to each other by slots, as shown at (A)
and (B). Slot (A) is open during reactor refueling, and slot (B)
is open during spent fuel shipping. At other times the slots are
closed by means of blocks and gates, which make water-tight
barriers.

The handling of -new fuel on the refueling floor is illustrated in
Figure 9.1-17. The transfer of the bundles between the crate (C)
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and the new fuel inspection stand (9) and/or the new fuel storage
vault (E) is accomplished using 5-ton auxiliary hoist of the

~ reactor building crane or a half-ton floor mounted refueling jib
crane equipped with a general-purpose grapple. The fuel bundle
cannot be handled horizontally without support, so the crate is
placed in an almost vertical position before being opened. The
top and front of the crate are opened, and the bundles removed in
a vertical position.

The auxiliary hoist of the reactor building crane or the jib
crane are also used with a general-purpose grapple to transfer
new fuel from the new fuel vault or inspection stand to a storage
rack position in the fuel pool. From this point on, the fuel is
handled by the telescoping grapple on the refueling platform.

The storage racks in both the vault and the fuel pool hold the
fuel bundles or assemblies vertical, in an array which is
subcritical under all possible

conditions'he

new fuel inspection stand holds one or two bundles in
vertical position. The Inspector(s) ride up and down on a
platform, and the bundles are manually rotated on their axes.
Thus the inspectors can see all visible surfaces on the bundles.

The general-purpose grapples and the fuel grapple of the
refueling platform have redundant hooks, and an indicator .which"
confirms positive grapple engagement.

The refueling platform uses a grapple on a telescoping mast for
lifting and transporting fuel bundles or assemblies. The
telescoping mast can extend to the proper work level; and, in its
fully retracted state, maintains adequate water shielding over
the fuel being handled.

The reactor refueling procedure is shown schematically in Figure
9.1-18. The refueling platform (G) moves over the fuel pool,
lowers the grapple on the telescoping mast (H), and engages the
bail on a new fuel assembly which is in the fuel storage rack.
The assembly is lifted clear of the rack, and moved through slot
(A) and over the appropriate empty fuel location in the core (J).
The mast then lowers the assembly into the location, and the
grapple releases the bail.

The operator then moves the platform until the grapple is over a
spent fuel assembly which is to be discharged from the core. The
assembly is grappled, lifted, and moved through slot (A) to the
fuel pool. Here .it is placed in one of the fuel prep machines
(K).

An operator, using a long-handled wrench, removes the screws and
springs from the top of the 'channel. The channel is then held,
while a carriage lowers the fuel bundle out of the channel. The
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channel is then moved aside, and the refueling platform grapple
carries the bundle and places it in a storage rack. The channel
handling boom hoist, (L), moves the channel to storage, if
appropriate.

In actual practice, channeling and dechanneling may be performed
in many sequences, depending on whether a new channel is to be
used, or a used channel is to be installed on a new bundle and
returned to the core. A channel rack is conveniently located
near to the fuel prep machines, for temporary storage of channels
which are to be reused.

To preclude the possibility of raising radioactive material out
of the water, redundant electrical limit switches are
incorporated in the auxiliary hoists of the refueling platform
and the jib crane hoist, and interlocked to prevent hoisting
above the preset limit. In addition, the cables on the hoists
incorporate adjustable stops that will jam the hoist cable
against the hoist structure, which prevents hoisting if the limit
switch interlock system should fail.
When spent fuel is to be shipped, it is placed in a cask, as
shown in Figure 9.1-19. The refueling platform grapples a fuel
bundle from the storage rack in the fuel pools, lifts it, carriesit through slot (B) into the shipping cask pool, and lowers it
into the cask, (M). When the cask is loaded, the reactor
building crane sets the cask cover (N) on the cask. After
draining the shipping cask pool, the cask is decontaminated and
lowered through the open hatchways, (P), onto the truck or
railcar in the railway bay at grade level.

Provision of a separate cask loading pool, capable of being
isolated from the fuel storage pool, eliminates the potential
accident of dropping the cask and rupturing the fuel storage
pool.

Additional detailed informatio'n is provided below.

9.1.4.2.10.2.1 New Fuel Pre aration

9.1,4.2.10.2.1.1 Recei t and Ins ection of New Fuel

The incoming new fuel will be delivered to a receiving station .
The crates should be unloaded from the transport vehicle and
examined for damage'during shipment. The crate dimensions are
approximately 32" x 32" x 18 feet long. Each crate contains two
fuel bundles supported by an inner metal container. Shipping
weight of each unit is approximately 3000 pounds. The receiving
station includes a separate area where the crate covers can be
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removed.
the metal
refueling
reusable.
by use of
refueling

The crates are then moved to the reactor building where
inner containers are removed and lifted to the
floor. Both inner and outer shipping containers are
Handling during uncrating is to be accomplished

the reactor building crane extending down from the
floor through the equipment hatch.

9.1.4 '.10.2.1.2 Channelin New Fuel

The initial core for both units will be channeled as each new
fuel bundle is inspected in the fuel inspection stand. This
process will be repeated whenever new fuel channels are to be
placed on new fuel bundles. Usually channeling new fuel is done
concurrently with de-channeling spent fuel. Two fuel preparation
machines are located in the fuel pool; one used for de-channeling
spent fuel and the other to channel new fuel. The procedure is
as follows: Using a jib crane and the general purpose grapple, a new
fuel bundle is transported to one fuel prep machine if it had
been residing in the fuel storage vault. Otherwise it is moved
from a spent fuel pool storage rack to the fuel preparation
machine using the refueling bridge. A spent fuel bundle is moved from a
spent fuel pool storage rack to the other fuel prep machine. The channel
is unbolted from the spent fuel bundle using the channel bolt wrench. The
channel handling tool is fastened to the top of the channel and the fuel
prep machine carriage is lowered removing the fuel from the channel. The
channel is then positioned over a new fuel bundle located in the first fuel
prep machine 52 and the process reversed. The channeled new fuel is then
stored in the pool storage racks ready for insertion into the reactor.

9.1.4.2.10.2.1.3 E ui ment Pre aration

Prior to the plant shutdown for refueling, all equipment must be
placed in readiness. All tools, grapples, slings, strongbacks',
stud tensioners, etc. should be given a thorough check and any
defective (or well worn) parts should be replaced. Air hoses on
grapples should be routinely leak tested. Crane cables should be
routinely inspected. All necessary maintenance and interlock
checks should be performed to assure no extended outage due to
equipment failure.

The in-core flux monitors, in their shipping container, should be
on the refueling floor. The channeled new fuel and the
replacement control rods should be ready in the storage pool.
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9.1.4.2.10.2.2 Reactor Shutdown

The reactor is shut down according to a prescribed procedure.
During cool down the reactor pressure vessel is vented and filled
to above flange level to equalize cooling. The drywell and
suppression chamber are de-inerted. The eight reactor well
shield plugs can be removed., This is accomplished with the
reactor building crane and the supplied slings.

This operation can be immediately followed by removal of the
three canal plugs and the three slot plugs. Thus, a total of 14
separate plugs must be removed and placed on the refueling floor.
A "Refueling Equipment Storage and Crane Clearance" arrangement
drawing is issued to locate placement of these plugs on the
refueling floor. The outer fuel pool gate is also removed at
this time. The gate sling is attached to the gate lifting lugs
and the reactor building crane lifts the gate and places it on
the fuel pool gate storage lugs.

9.1.4.2.10.2.2.1 D ell Head Removal

Immediately after removal of the reactor well shield plugs, the
work to unbolt the drywell head can begin. The drywell head is
attached by removable bolts protruding from the lower drywell
flange. The nuts on top are merely loosened and the bolt heads
swing outward. The bolts are then pulled upwards and supported
with the nuts on a slotted lip of the head.

s ~ fll 0 II,A )ll l''ll s 't

The sister hook of the reactor building crane is attached to the
hook box on top of the unbolted drywell head and lifted to its
appointed storage space on the refueling floor. The drywell seal
surface protector is installed before any other activity proceeds
in the reactor well area.

9.1.4.2.10.2.2.2 Reactor Well Servicin

When the drywell head has been removed, an array of piping is
exposed that must be serviced. Various vent piping penetrations
through the reactor well must be removed and the penetrations
made water tight. Vessel head piping and head insulation must be
removed and transported to storage on the refueling floor.

Water level in the vessel is now brought to flange level in
preparation for head removal.
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9.1.4. 2 10. 2 3 Reactor Vessel Open~in

9.1.4. 2. 10.2. 3.1 Vessel Head Removal

The stud tensioner is transported by the reactor building crane
and positioned on the reactor vessel head. Each stud is
tensioned and its nut loosened in a series of 2-3 passes. When
the nuts are loose, they are backed off using a nut runner until
only a few threads engage. The vessel nut handling tool is
enqaqed in the upper part of the nut and the nut is rctated free
from the stud. The nuts and washers are placed in the racks
provided for theh and transported to the refueling floor for
storage. W'ith the nuts and washers removed, the vessel stud
protectors and vessel head guide caps are installed.
The head stronqback, transported by the reactor building crane,is attached to the vessel head and the head transported to the
head holding pedestals on the refueling floor. The head holding
pedestals keep the vessel head elevated to facilitate inspection
and "0» ring replacement.

The six studs in line with the fuel transfer canal are removed
from the vessel flanqe and placed in the rack provided. The
loaded rack is transported to the refueling floor for storage.

9.1.4.2.10.2.3.2 Dr~ Removal

The dryer-separator sling is lowered by the reactor building
crane and attached to the dryer lifting lugs. The dryer islifted from the reactor vessel and transported to its storage
location in the dryer-separator storage pool adjacent to the
reactor well. The dryer is transported in air. However, if the
dryer should become highly contaminated, the reactor well and
storaqe pool can be flooded and a wet transfer effected.

9.1 4.2. 10.2.3.3 Separator Removal

Xn preparation for separator removal, the service platform and
service platform support are installed on the vessel flange.
Prom the service platform work area, the four main steam lines
are pluqqed from inside the vessel using the furnished plugs forthis duty. Servicing of the safety an'd relief valves can thus be
accomplished without adding to the critical refueling path time.
Working from the service platform, the separator is unbolted
usinq the shroud head .bolt wrenches furnished.
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Mhen the unbolting is accomplished, the service platform is
removed and stored on the refueling floor The service platform
support remains on the vessel flange during the remainder of the
refuelinq outage and acts as the flange seal surface protector.

The dryer-separator slinq is lowered into the vessel and attached
to the separator lifting lugs. The water in the reactor well and
in the dryer-separator storage is raised to fuel pool water level
and the separator is transferred underwater to its allotted
storage place in the adjacent pool.

9 1 4.2.10 2.3.4 Fuel Bundle Sampling

During reactor operation, the core off-qas radiation level is
monitored. If a rise in off-qas activity has been noted, the
reactor core will be sampled during shutdown to locate any
leakinq fuel assemblies. The fuel sampler or sipper rests on the
channels of a four bundle array in the core. An air bubble is
pumped into the top of the 4 fuel bundles and allowed to stay
about 10 minutes. This stops water circulation through the
bundles and allows fission products to concent;rate if a bundle is
defective. After 10 minutes, a water sample is taken for fission
product analysis. If a defective bundle is found, it is taken to
the fuel pool and if required, may be stored in a special
de'fective fuel storage container to prevent the spread of
contamination in the pool

9.1 4.2.10.2.4 Refueling and Reactor Servic~in

I

The remaining qate isolatinq the fuel pool from the reactor well
is now removed thereby interconnecting the fuel pool, the reactor
well, and the dryer-separator storage pool. The actual refueling
of the reactor can now begin.

9.1.4.2.10.2.4.1 Refueling

During a normal equilibrium outage, approximately 25% of the fuel
is removed from the reactor vessel, 25% of the .fuel is shuffled
in the core (generally from peripherial to center locations) and
25% new fuel is installed. The actual fuel handling is done with
the fuel qrapple which is an integral part of the refueling
platform. The platform runs on rails over the .fuel pool and the
reactor well. 1n addition to the fuel grapple, the refueling
platform is equipped with two auxiliary hoists which can be used
with various qrapples to service other reactor internals.
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To move fuel, the fuel grapple is aligned over the fuel assembly,
lowered and attached to the fuel bundle bail. The fuel bundle is
raised out of the core, moved through the refueling slot to the
fuel pool, positioned over the storage rack and 1owered to
storage. Fuel is shuffled and new fuel is moved from the storage
pool to the reactor vessel i.n the same manner.

9.1.4.2.10.2.5 Vessel Closure

The following steps, when performed, will return the reactor to
operating condition. The procedures are the reverse of those
described in the proceeding sections: Many steps are performed
in parallel and not as listed.

a) Install inner fuel pool gate.

b) Core verification. The core position of each fuel
assembly must be verified to assure the desired core
configuration has been attained.

c) Control rod drive tests. The control rod drive timing,
friction and scram tests are performed.

d) Replace separator.

e) Drain dryer-separator storage pool and reactor well.

f) Decontaminate reactor well.

g) Install service platform, bolt separator, and remove the
four steam 1ine plugs. Return the service platform and
platform support to storage on refueling floor.

h) Remove drywell seal surface covering.

i) Open drywell vents, install vent piping.

j) Replace fuel pool outer gate.

k) Replace steam'ryer.
1) Decontaminate dryer-separator storage pool.

m) Replace vessel studs.

n) Replace slot plugs.

o) Install reactor vessel head.

p) Install vessel head piping and insulation
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q) Replace dryer-separator canal plugs.

r) Hydro-test vessel, if necessar y.

s) Install drywell head.

t) Inert reactor drywell and suppression chamber.

u) Install reactor well shield plugs.

v) Startup tests. The reactor is returned to full power
operation. Power is increased gradually in a series of
steps until the reactor is operating at rated power. At
specific steps during the approach to power, the in-core
flux monitors are calibrated.

The spent fuel shipping cask arrives by railcar or truck in the
railway bay of the reactor building Unit 1. It is lifted from
there by the 125 ton hook of a reactor building crane through the
floor hatches to the refueling floor and placed into the empty
shipping cask pit between the fuel pools of Units 1 and 2.

The cask outside is decontaminated from road dirt and the lid
removed by the reactor building crane. One of the inner gates of
the shipping cask pit is removed. After filling of the shipping
cask pool, the second qate to one of the fuel pools is removed
and loading of the cask with irradiated fuel commences. The
refueling platform is used to transfer fuel bundles of
sufficiently low decay heat level from the spent fuel storage
racks underwater into the shipping cask.

Following replacement of the cask lid, the gates to the fuel pool
are inserted, the shipping cask pit drained and the cask outside
decontaminated. The reactor building crane then transfers the
cask from the storaqe pit onto the shipping vehicle where a
cooling system dissipates the remaining decay heat of the fuel
during transport.
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9 1 4.3 Safet . Evaluation

9. 1. 4. 3. 1 S ent Fuel Cask

The spent fuel cask is equipped with dual sets of lifting lugs
and yokes compatible with the reactor building crane main hook,
thus preventing a cask drop due to a single failure. An analysis
of the spent fuel cask drop is therefore not required.

9. 1- 4. 3. 2 Reactor Buildin Crane

See Subsection 9.1.5.3 for the reactor building crane safety
evaluation.

9. 1.4 3. 3 Fuel Servicin E ui ment

Failure of any fuel servicing equipment listed in Table 9.1-2
poses no hazard beyond the effect of the refueling accident
analyzed in Chapter 15.

Safety aspects (eval'uation) of the fuel servicing eguipment are
discussed in Subsection 9. 1.4.2.3.

The small manual devices listed in Table 9. 1-5 facilitate
underwater viewing and handling of fuel. Failure of any
servicing aid does not pose any hazard beyond the effect of the
refueling accident.

The dryer-separator sling and the reactor vessel head strongback
are both of a cruciform design providing two redundant sets oflifting points compatible with the single failure proof reactor
building crane main hoist and hook. Therefore accident analysis
is not required.
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9. 1. 4. 3. 6 In-Vessel Servicing ~Equi ment

Pailure of any in-vessel servicing equipment listed in Table 9.1-
5 poses no hazard beyond the effect of the refueling accident
analyzed in Chapter 15.

9. 1. 4. 3. 7 Re fue~lin Egu~iment

The most severe failure of the refueling plat.form and associated
grapple and hoists results in the dropping of a fuel assembly
onto the reactor core. This refueling accident is analyzed in
Chapter 15.

Safety aspects of the refuelinq equipment are discussed in
Subsection 9.1.4.2.7. A description of fuel transfer, including
appropriate safety features, is provided in'Subsection
9.1.4.2. l0. Zn addition, the following summary safety evaluation
of the fuel handling system is provided below.

The fuel prep machine removes and installs channels with all
parts remaining under water. Mechanical stops prevent the
carriage from liftinq the fuel bundle or assembly to a height
where water shieldinq is less than 8 feet. Irradiated channels,
as well as small parts such as bolts and springs, are stored
underwater. The spaces in the channel storage rack have center
posts which prevent the loading of fuel bundles into this rack.

There are no nuclear safety problems associated with the handling
of new fuel bundles, singly or in pairs. Equipment and
procedures prevent an accumulation of more than two bundles in
any location.

The refueling platform is designed to prevent it from toppling
into the pools during a SSE. Redundant safety interlocks are
provided as well as limit switches to prevent accidentally
runninq the grapple into the pool walls. The grapple utilized
for fuel movement is on the end of a telescoping mast At full
retraction of the mast, the grapple is eight feet below water
surface, so there is no chance of raising a .fuel assembly to the
point where it is inadequately shielded by water. The grapple is
hoisted by redundant cables inside of the mast; and is lowered by
gravity. A digital readout is displayed to the operator, showing
him the exact coordinates of the qrapple over the core.

The mast is suspended and gimbaled from the trolley, near its
top, so that the mast can be swung about the axis of platform
travel„ in order to remove the grapple from the water for
servicinq and for storage.
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The grapple has two independent hooks each operated by an air
cylinder. Engagement is indicated to the operator. Interlocks
prevent grapple disengagement until a "slack cable" signal from
the lifting cables indicates that the fuel assembly is seated.

In addition to the main hoist on the trolley, there is an
auxiliary hoist on the trolley, and another hoist on its own
monorail. These three hoists are precluded from operating
simultaneously, because control power is available to only one of
them at a time. The two auxiliary hoists have load cells with
interlocks which prevent the hoists from moving anything as heavy
as a fuel bundle.

The two auxiliary hoists have electrical interlocks which prevent
the lifting of their loads higher than 8 feet under water.
Adjustable mechanical jam-stops on the cables back up these
interlocks.
In summary, the fuel handling system complies with Regulatory
Guide l. 13 (3/71), General Design Criteria 2, 3, 4, 5, 61, 62,
and 63, and applicable portions of 10CPR50.

A system-level, qualitative-type failure mode and effects analyis
relative to this system is discussed in Subsection 15A.6.5.

1

9.1-4.3-8 S~tora e RR~ui ment

The safety evaluation of the new and spent fuel storage is
presented in Subsections 9.1.1.3 and 9.1.2.3.

9.1 4 3 9 Under Reactor Vessel Servicin E ui~ment

Failure of any'nder reactor vessel servicing equipment poses no
hazard in excess of the effects of accidents analyzed in Chapter
15.

9 1.4 4 Ins ection and TestingsReduirements

9.1.4.4.1 Ins ection

Refueling and servicing equipment provided by the NSSS supplier
is subject to the strict controls of quality assurance,
incorporating the requirements of federal regulation 10CFRSO,
Appendix B. Components defined as essential to safety, such as
the fuel storage racks and refueling platform have an additional

9. 1-40



SSES-FSAR

set of engineering specified, "quality requirements» that
identify safety-related'features which require specific QA
verification of compliance to drawinq requirements.

For components classified as American Society of Mechanical
Enqineers (ASME) Section III, the shop operation must secure and
maintain an ASME»N«stamp, which requires the submittal of an
acceptable ASME quality plan and a corresponding procedural
manual.

Additionally, the shop operation must submit to freguent ASM E

audits and component inspections by resident state code
inspectors.

Prior to shipment, every component inspection item is reviewed by
QA supervisory personnel and combined into a summary product
quality checklist (PQL) . By issuance of the PQL, verification is
made that all quality requirements have been confirmed and are on
record in the product's historical file.

9.1.4.4.2 Testincn

Prior to multi-unit fabrication, major pieces of refueling or
servicinq equipment are fabricated and tested as prototype units.
These units are tested to specifications defined by the
responsible desiqn engineer and implemented by a test engineering
organization In many cases, a full design review of the product
is conducted before and after the testing cycle.

Any design changes affecting function, that are made after the
design review of the qualification testing has been completed,
are reverified by test or calculation.

Shen the unit is received at the site, it is inspected by quality
assurance personnel to ensure that no damage has occurred during
transit or storaqe. Prior to site operation, the refueling or
servicing equipment must undergo a sequence of preoperational
functional tests, as defined by a site preoperational test
specification.
There is an operation and maintenance instruction manual for each
tool, that additionally requires a series of functional checks
each time the unit is operated for reactor refueling or
servicinq

.Fuel handling and vessel servicing equipment is preoperationally
tested in accordance with Chapter 14.
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Tools and servicing equipment used for refueling are inspected
and preoperationally performance tested prior to the plant
outage. a

9.1 4.5 Instrumentation Re uirements

The ma jority of the refueling and servicing equipment is manually
operated and controlled by the operatorfs visual observations.
This type of operation does not necessitate the need for a
dynamic instrumentation system.

However, there are several components that are essential to
prudent operation that do have instrumentation and control
systems

9.1.4.5 1 Refueli~uPlatfote

The refueling platform has a non-safety related X-Y-Z positionindicator system that informs the operator which core fuel cell
the fuel grapple is accessing. Interlocks and control room
monitor are provided to prevent the fuel grapple from operatingin a fuel cell where the control rod is not in the properorientation for refueling. Refer to Subsection 7.6.1.1 for
discussion of refueling interlocks.
Additionally, there are a series of mechanically activated
switches and relays-that provide monitor indications on the
operators console for grapple limits, hoist and cable load
conditions, and confirmation'hat the grapple9s hook is either
engaged or released.

A series of load cells are installed to provide automatic
shutdown whenever threshold limits are exceeded on either thefuel grapple or the auxiliary hoist units.

9.1 4.5.2 Fuel Su ort Gra le

Although the Fuel Support Grapple is not essential to safety, it
has an instrumentation system consisting of mechanical switches
and indicator lights. This system provides the operator with apositive indication that the grapple is properly aligned and
oriented and that the grappli'ng mechanism is either extended or
retracted.
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9.1 4.5 a h

Refer to Table 9.1-5 for additional refueling and servicing
equipment not reguiring instrumentation

9-1

The area radiation monitoring equipment for the refueling area is
described, in Subsection 12.3 4.

Two reactor building cranes are provided for thy Susquehanna SES.
Unit 1 crane is a single failure- proof crane and is designed to
handle the spent fuel cask. The Unit 2 crane is not single
failure-proof and is designed to handle construction loads and
all normal plant operation loads except the spent fuel cask

The Unit 2 reactor building crane, rated 125 tons (main hoist), 5
tons (auxiliary hoist), is potentially capable of carrying any
loads within its rated capacity, but not over or within
restricted areas of the refueling floor. L.imits of the
restricted areas are shown on Figures 9 1-16 A 8 B.

Administrative controls are used to preclude'he Unit 2 reactor
building crane from bing used for handling the spend fuel cask
when stored in the spent fuel shipping cask storage pit
The following description will address the Unit 1 crane only,
which will be referred to as the reactor building crane or the
crane

~91. 5 1 Des~in Bases

The main purpose of the reactor building crane is to handle the
spent fuel cask between the cask transport vehicle the cask
storage pit, and the wash-down area in the reactor building.
Secondary purposes of the reactor building crane include:

a) Handling loads related to maintenance and replacement of
equipment from the reactor building which are received
or shipped through the railroad access doors
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b) Handling of shield plugs, reactor vessel,and drywell
heads, steam dryer and separator, etc, during refueling
operations.

The reactor building crane is designed for the following ratings:

Hain hoist capacity 125 tons

Auxiliary hoist capacity 5 tons

Speed of main hoist (at rated load) 5 fpm (see Note 1)

Speed of auxiliary hoist {at
rated load)

Speed of trolley (using main hoist)

Speed of, trolley (using aux hoist)

Speed of bridge

Lift of main hook (see Note 2)

Lift of auxiliary hook

Crane span

20 fpm (see Note 1)

1'0 fpm

.50 fpm

50 fpm

173 ft
173 ft
130

Leng th of run way (between stops) 323 ft
Uncontrolled drop

0.5 in. (max.)
8.55 in. {max.)

Hain hoist
Auxiliary hoist

Note 1:, Hinimum speed at rated load is less than
2 percent of rated speed

Note 2: Unit 2 reactor building crane ratings are
identical to those of the Unit 1 crane,
except for the main hook lift, which is
68 ft.. This, in addition to
administrative controls, precludes
inadvertent use of the Unit 2 crane for
spent fuel cask handling, since the main
hook does not reach the spent fuel cask
plant entry level.

The use of the crane main hoist is restricted over the reactor
wells and prevented over the spent fuel pools.

The auxiliary hooks of both cranes are designed for use
underwater, up to 50 ft depth.
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~91 5 2 ~Eu~ment Des~in

a) ~Gene ag

The reactor building crane is designed, fabricated,
installed, and tested in accordance with ANSI B30. 2. 0,
CHHA-70, and OSHh regulations.

b)

The structural portions of the crane bridge and trolley
are designed for (1) dead load plus rated lift load plus
impact load of 15 percent of the total dead plus rated
live loads, not to exceed allowable stresses; (2) dead
load plus rated lift load plus a lateral load of 10
percent of the total dead plus rated live loads, not to
exceed allowable stresses; (3) the operating basis
earthquake (OBE) while lifting the rated load, the
working stresses not to exceed 125 percent of the
allowable stress; (4) the design basis earthquake (DBE)
while lifting the rated load, the allowable stresses to
be less than 90 percent in bending, 85 percent in axial
tension, and 50 percent in shear of the material minimum
yield stresses; (5) a tornado loading of 300 psf,
without live load, the allowable stresses to be the same
as for (4) above.

The structure of the crane bridge consists of welded box
type girders with truck saddles and truck frames of
welded steel construction. The trolley side frames,
sheave frames, and truck frames are of structural steel
welded construction

c) Mechanical

The crane is of a single trolley top running electric
overhead travelling bridge design. The general
arrangement of the crane in the reactor building is
shown on Figure 9.1-4.

The main hoist is provided with the following dual
components preventing a single failure to result in a
drop of the spent fuel shipping cask:

1) Dual sister hook (hook within a hook)

2) Dual reeving systems complete with redundant wire
ropes,'pper, lower, and equalizing sheaves

3) Dual main hoist gear boxes with individual braking
systems.
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Each wire rope has a safety factor of five against
breaking while lifting the rated capacity. ln case of
failure of one of the tvo reeving system's, the dynamic
load transfer to the other system vill not cause the
rope load to exceed one-third of the rope breaking
strength.
The following holding brakes are provided:

Hain hoist Three, rated for 150 percent of the motor
torque, with provision for manual
operation to allow lowering of the load
after a poser failure

Trolley

Bridge

Two, rated for 50 percent of motor torque

One, .rated for 100 percent of motor
torque.

All holding brakes are ac magnet operated. 'In addition,
the bridge is provided with a hydraulic foot operated
brake.

d Controls)

Bridge and trolley ac static stepless speed control
vith reversing plugging control

Hoists dc static reversing stepless speed
control including regenerative
braking, with a minimum speed of
less than 2 percent of the rated
speed.

Operation of the crane is from the bridge mounted cab or
floor. The floor operation is by pendant or radio
control. Control at any one time is from one point
only.

9~1. 5. 3 Sa fe~tEva~uation

As described in Subsection 9.1.5.2, the main hoist is provided
with dual main hoist components capable of holding the load int he e vent of a single failure.

The reactor building crane is provided with limit switches to
prevent overtravel of the bridge and trolley and stop the main
and auxiliary hooks in their highest and lowest safe positions.
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Tvo limit switches, each of,different design, are provided to
limit the upward movement of the main and auxiliary hoist.

Two geared limit switches are provided for the main hoist, and
one for the auxiliary hoist to limit the downward movement of the
respective hoists.

Mhen the 125-ton hook is loaded or unloaded but not in parked
upper position, movement of the crane bridge and/or trolley vill
be stopped when entering the restricted areas shown on Figures
9. 1-16A 6 B . The following means are provided to accomplish the
above:

a) A series of proximity switches mounted on the crane,
adjacent to the crane and trolley runways.

b) A series of trip bars mounted on the bridge and trolley
runvays are positioned to trip respective proximity
switches.

c) Relays and logic systems to trip pover supplies to
affected drive motors, when a proximity svitch is
tripped. This will result in the setting of respective
holding brakes and cessation of bridge or trolley
movement. »Hemory logic» vill then allow the bridge or
trolley to move in the opposite direction avay from the
restricted area.

The crane cannot enter the area above the spent fuel pools with
any load on the main hoist. A key locked bypass switch is
provided in the cab to allow the use of the main hoist over the
RPV area for handling shield plugs, RPV and dryvell heads, steam
dryer/separator etc.

Crane overload protection is provided by an electrical cut-out on
the hoist drive motor. In addition, tvo vane switches are
provided on the equalizer to prevent the crane from lifting loads
in excess of its rated capacity.

An overspeed switch activating all spring set motor brakes in the
lowering direction holds the load in suspension

See Section 3. 13 for discussion of compliance with Regulatory
Guide 1.104.

See Appendix 9B for a discussion of compliance with BTP ASB9-1.

The results of a failure mode and effect analysis are presented
in Table 9.1-6. 1
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The crane is safety related and a quality assurance program has
been established and iaplemented in the design, fabrication,
erection, and testing
The crane is designed to remain on the runway in a parked and
restrained position (by tornado locks) with no load attached
under the following tornado wind loadings:

a) 300 psf on the windward crane girder
b) 1200 psf on the leeward crane girder

The crane mechanical and structural components are qualified to
Seismic Category I requirements. The crane, however, may become
and remain inoperational after the operating basis earthguake,
but no parts or the load will dislodge or fall manual towering
of the main hoist load is provided

9 1 5.4 Zns ection and Testinc[~ae nirenents

Crane components tests are performed 'during the crane fabrication
as follows:

a) Each hook: lJltrasonic tests
200 percent load test followed
by dimensional check

Dry powder magnetic particle
test

b) Sire rope= Rope sample destructive
breaking test

c) Gears, gear pinions,
, swivels, load block

frames, hook
trunnions; seismic
restraints, and
tornado locks: Magnetic particle tests
Major structural
welds: 100 percent magnetic

particle testing.
The crane hoists, trolley, and bridge drives are operated in the
shop to demonstrate their operability and the trolley tracking
After the crane is erected, it is thoroughly tested, including
the crane rating test in accordance with ANSI B30.2.0

9 1-48



SSES-FSAR

The crane periodic operational tests are in accordance with
applicable OSHA regulations, local codes, and ANSI B30.2.0.

9.1.5.5 Instrumentation Re uirements

The crane is furnished with dual devices and controls, as
described in Subsection 9.1.5.3, to prevent or detect a single
crane failure and thus preclude dropping of the spent fuel cask.
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TABLE 9.1-1

SPENT FUEL POOL COOLING AND CLEANUP SYSTEM COMPONENT DESCRIPTION

COMPONENT
EQUIPMENT
NOS. TYPE

QUAN- SIZE,
TITY EACH

FLOW

MATERIAL EACH TDH FT

PUMP POWER

HX CAPACITY
EACH

DESIGN
PRESSURE/
TEMP.
PSIG/ F

Fuel Pool Cooling
Pumps

Fuel Pool Cooling
Pumps

Fuel Pool F/D
Holding Pump

1P-211A,B,C Horiz. Centr. 3

2P-211A,B,C Horiz. Centr. 3

OP,1P,2P-205 Horiz. Centr. 3

SS

SS

SS

600 gpm

600 gpm

160 gpm

200

200

45

60 hp

60 hp

5 hp

150/155

150/155

150/200

Fuel Pool F/D
Precoat Pump

Fuel Pool Skimmer
Surge Tank

Fuel Pool Skimmer
Surge Tank

Fuel Pool F/D
Resin Feed Tank

OP-201

1T-208

2T-208

OT-202

Horiz. Centr. 1

Vert. Cyl. 1

Vert. Cyl. 1

Vert. Cyl. 1

SS

7850/5050 gal SS

7850/5050 gal SS

235/188 gal SS

475 gpm 15 hp 150/200

15/200

15/200

Atm/150

Fuel Pool F/D
Precoat Tank

OT-201 Vert. Cyl. 1 500/360 gal SS Atm/150

Fuel Pool Filter
Demineralizer

Fuel Pool Heat
Exch.

Fuel Pool Heat
Exch.

OF,lF,2F-202

1E-202A,B,C

2E-202A,B,C

Vert. Cyl.
Pressure
Precoat

Shell and
Straight

Tubes, Fixed
Tube Sheets,
Counter Flow

325 ft

1310 ft

1310 ft

SS

Shell &

channels:CS

Tubes &

Tube-Sheets:
SS

650 gpm

Shell:
296000 lb/hr

Tubes:
496000 lb/hr

150/200

4.4x10 Btu/hr 150/2206

at

125/110'F Shell 150/200
95/104'F Tubes



DRIVE SOCKET

SHAFT HOUSING

SHAFT

SOCKET WRENCH

CABLE

GUIDE

DETENT LEAF SPRINGS

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2

FINALSAFETY ANALYSISREPORT

CHANNEL BOLT WRENCH

FIGURE g y g



SS ES-FS AR

APPENDIX 9A

~HlNLYSZS FOE NON SEZSNZC SPENT FUEL POOL COOLZNG SYSTEIIS

As described in Subsection 9.1.3 the Spent Fuel Pool (SFP)
Coolinq Systems are designed as non-seismic Category I, Quality
Group C systems. The following analysis examines the
consequences of a loss of SPP cooling

Since the cooling systems for both units are cross-connected and
in close proximity it was assumed that a seismic event causes the
loss of cooling to both spent fuel pools. In addition, in order
to maximize both the heat loads and the iodine inventories in the
pools, sequential refuelinqs were postulated. The loss of
coolinq was assumed during the second refueling, just after the
refuelinq cavity water level was lowered and the seismically
qualified RHR system would not be available for cooling the
cavity and SFP. The analysis involved an evaluation of the time
to pool boilinq, the capability to add makeup water if the poolboils, and the thyroid dose consequences at the LPZ boundary due
to iodine= releases from the boiling pools.

The assumptions used in this analysis were consistently chosen to
be the 'iworst caseiY design basis assumptions, similar to those in
Regulatory Guides for design basis accidents (e.g. RG 1.3, 1.25,etc.). The combination of all of these design basis assumptions
occurring at the same time would be extremely unlikely, makingthis accident as analyzed, one of very low probability. Many of
the assumptions are considered to be overly conservative. For
example, operatihq experience with present BMR fuels (Reference
9A-l) indicates that the assumption of 1% of the fuel with
cladding failures is at least a factor of 100 too conservative
for 8 X 8 fuel bundles. Spiking factors are yet to be observed
for a temperature rise in S.F. P.s. The assumption of 10% of theactivity in the fuel gaps is at least 30 times the expected gapactivity as discussed in Chapter 15, and 5 times the gap activity
values used in the Rasmussen Report (Mash 1400) . A morerealistic evaluation of this accident would result in releases of
radioactivity, if any, many orders of magnetude below the

~ calculated values. The realistic releases would be well below
the Appendix I technical specifications, indicating that such an
incident is of little or no consequence.

The conservative results showed that the pools would not boiluntil at least 25 hours after the loss of cooling. If cooling is
not restored before the pool boils, then makeup water from the
Cateqory I Emergency Service Mater System can be added to the
pool to keep the fuel covered at all times
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As shovn in Table 9A-1
the thyroid dose consequences of the boiling pool are well belov
the guideline values of 10CFR100 and the 1.5 RBN thyroid
guideline of Requlatory Guide 1.29

The folloving assumptions vere used to calculate the heat
generation and boiling rates in the tvo spent fuel pools.

Each pool contains the maximum fuel inventory of 15 quarter
cores. Fourteen of the quarter cores vere unloaded yearly
from 1 to 14 years earlier. The last quarter cores are from
the gust completed sequential refuelinqs. For Unit 1 the
fuel has decayed for 10.5 days, the length of time from
shutdown until the water level in the refueling pool.,has been
lowered and the RHB system would not be able to cool the
refueling and spent fuel pools. For Unit 2 the decay time is
13.5+10 5 = 24 days. The 13. 5 days is the minimum time to
complete a fuel unloading and loading. Actual refuelings
indicate that both of these times vill result in the maximum
heat generation rates and maximum evaporation rates at times
when the RHR vill not be available.

20 The decay heat was calculated using the decay heat curves
from the proposed standard ANS-5.1 (10/73), corrected for a
finite operatinq time. An uncertainty factor of 25% vas
applied to the calculated decay heat for all times ) 10~ sec,
and 10% for 10~ < t < 10~ sec. The SBP 9. 2. 5 methodology of
appi.ying the uncertainty factor only to the first term of the
fission product decay equations (SPB Eq. 2) was not
extrapolated to decay times beyond 10~ sec because it gives
unrealistic results. For example, the SPB equation says that
14 yr old spent fuel generates over 50% of the decay heat
that 1 yr old fuel generates, whereas using no uncertainty
factor results 'in the 14 yr old fuel generating about 5%.
Thus the 25% uncertainity factor results in a factor of 10
conservatism. The decay heat generation rate for each pool
is given, in Table 9A-2 for various times after the postulated
loss of coolinq.

30 All heat generated by the fuel is assumed to be absorbed by
the water in order to minimize the time to boiling. No heat
is lost to the surroundinqs by conduction through the
concrete and steel, or by evaporation The temperature
gradients from the fuel at the bottom of the pool to the
cooler water at the top vill create convective vater and heat
currents which should thoroughly mix the water, and promote
an even distribution of heat rather'than localized points of
surface boiling.
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The following assumptions vere used to calculate the offsite~ ~

~doses for the loss of cooling to the spent fuel pools.

a The saturation inventory of I-131 in the 3440 MMt core is
8.66X10> Ci.

During refuelinq.184'uel elements (approximately 1/4 core}
are removed and transferred to the SPP. Iodine in fuel from
past refuelings will be negligible due to the long decay
times.

co It is assumed that 1% of the fuel rods in t'e core are
defective and that this lg is in the 1/4 core transferred to
the SPP.

The iodine activity in the SPP water at the initiation of
boiling is assumed to be negligible compared to the activity
released from the fuel during pool boiling. Activity in the
core coolant or from a shutdown spike would have been cleaned
up to acceptably low levels by the BHCU and SFP Cleanup
Systems before fuel transfer began

e. The SPP cooling systems are assumed to fail 24 days after
shutdown from the first reactor and 10.5 days after shutdown
for the second. The 10.5 days is the time after a complete
fuel transfer when the water level in the refueling pool vill
be lowered, and the RHR system would not be able to cool the
refueling and spent fuel pools in case of an accident.

The qap activity, or 10% of the rod activity is available for
leakage from the defective 1% of the rods The leakage rate
was assumed to be 8.1xl0 ~ Ci/sec, which corresponds to a
release ra te of 700 Ci/sec for I-131 This is the full
power desiqn fuel leak rate. It should be noted that the
available activity in the gaps of the defective fuel rods may
have already been significantly depleted by the shutdown
spike.

ge A constant spike factor of various magnitudes up to 100 vas
applied to the I-131 leakage rate from the fuel to account
for the potential spiking effects during the temperature
transient. The leakaqe rate returns to the normal full povez
unspiked rate of 8.lxl0 Ci/sec when boiling begins, since
the fuel should now be close to its nev steady state
temperature.
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A comparison vith Reference 9A-2 shovs that the measured I-
131 release rate at 9 days after shutdown is approximately .2
to .3 of the at power release rate. Since the temperature of
the fuel luring boiling is expected to be well belov reactor
operating temperature, the use of the "at power'~ leakage rate
is considered to be extremely conservative.

h. The activity released from the fuel is assumed to be
uniformily mixed in the 45,300 ft~ {2.83xl0~ lb mass) of
water in each SPP.

The activity release rate from the pool depends on the
evaporation {boiling) rate. No evaporation was assumed
during the heatup period until the pool water reaches 2120F.
All heat generated by the fuel vas assumed to be absorbed by
the water anl no losses vere assumed through the concrete and
steel. This results in the shortest time to boiling. The
heat generation and evaporation rates after boiling begins
are given as a function of time in Table 9A-2

The iodine partition factor at the pool surface vas varied
between .1 and .01.

k. No credit vas taken for iodine plateout on walls and
equipment or vashout by condensing water vapor in the
refueling area

1. The atmospheric dispersion factors for dilution of the
radioactive releases are the same as those used in the
Chapter 15 accident analysis. These 5th percentile ground
level x/Q' are given below for the LPZ boundary distance.
The time zero is assumed to be the start of the accident vhen
pool cooling is lost.

Time

0-8 hrs

8-24 hrs

1-4 days

4-30 days

X/Q {Sec/N~)

22 X 10

2 8 X 10 "<

1 43 X 10

1 08 X 10
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m. The thyroid dose models and breathing rates given in
Regulatory Guide 1.3 vere used.

The following model vas used to calculate the offsite thyroid
doses from the release of X-131 from the fuel

1 The activity in the fuel available for leakage at the loss of
cooling, S(o) vas calculated using the reactor inventory
eguation from T1D-14844 vith the appropriate decay from
shutdown until the loss of cooling, and the fractions of
iodine available for release During the pool heatup and
boiling phases the activity in the fuel gaps available for
leakage, S(t), vas adjusted for decay and losses by leakage
to the pool.

S(t) + S(o) e -("d 'e) (Eq. 9A-1)

@here Decay Ram bda (1/sec)
d

Leakage rate from the fuel (1/sec)
e

t = Time (sec)

2. The activity in the SPP as a function of time, A(t), is given
by the solution to the following differential equation

S(t)-(X< + X ) A(t) (Ci/Sec) (Eq. 9A-2)

Evaporation Lambda from the pool (1/sec)
ev

e

Since SFP makeup vater will be available, the
evaporation lambda is found by dividing the evaporation rate
(lb/sec) by the constant pool vater mass (lb)

3. The activity released to the atmosphere over a time interval
to t 2 < R {tq t2 ), vas found by the solution to the

folloving egua Rion.

R(ti tR) = (PF) J X A{t) (Ci) (Eq. 9A-3)

1

Where:

PF = Iodine partition factor at the pool surface

For any time interval vhere all the parameters are kept
constant the release in curies is given by:
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R(t t) ~- -~ eev 1-(1/PFi X X S(t )
1 2

Xd+X Xd + 0
-(Xd+X )(t -t ) -()«+x )(t -t )d ev 2 1

(Eq. 9A-4)1-e - 1-e
(A,d+A,d e "d'".d ev

0 The thyroid dose at the LPZ is calculated using the equations
and models from Regulatory Guide 1 3.
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10 3 HAIN STEAH SUPPLY SYSTEN

The main steam supply system for this BMR cycle extends from the
outermost containment isolation valve up to but not including the
turbine stop valves and includes connected piping of 2 1/2 inches
nominal diameter or larqer up to and including the first valve
that is either normally closed or is capable of automatic closure
durinq all modes of reactor operation.

10 3 1 DESIGN BASES

The main steam supply system has no safety-related function and
is desiqned to:

1) Deliver the required steam flow from the reactor to the
turbine generator, at rated temperature and pressure,
over the full range of operation from turbine warm up to
valves wide open (VMO}.

2) Provide motive steam to the. steam jet 'air ejectors.

3) Provide steam for the steam seal evaporator and driving
steam for reactor feed pump turbines.

4) Provide steam for the of f gas recombiner.

5) Bypass reactor steam to the condensers during startup
and any time the quantity of steam produced by the
reactor is more than is required by the turbine
generator.

10 3 2 DESCRIPTION

The design pressure/temperature rating of the main steam piping
is '1230 psiq at 585 degrees F. The piping is designed and tested
accordinq to ASME Section III, Class 2, and it is fabricated of
seamless carbon steel (the 24 i.nch lines are SA106 Grade C, all
other sizes are SA106 Grade B).

There are four 24 inch nominal main steamlines supplying steam to
the turbine generator. Each line is provided with a drain
downstream of the outermost containment isolation valve. The
drains are routed to the condenser through a common 3 inch
header These drains and connections to each main steamline
betweem the inboard and outboard isolation valves also tie into
the main steam isolation valve leaicage control system (see.
Section 6.7) . Each main steamline is also provided with low point
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dra'i'ns consisting of a drip leq which, under normal operation,
collects moisture and drains it to the condenser through a

=- norma).ly open valve and a restricting orifice. Each drip pot is
provided with hiqh and .low level switches which operate another
motorized drain valve. that is norma,lly closed and is installed in
parallel to the normally open valve described above On high
level the.. level witch opens the motorized valve and drains the
moisture di"ectly to the condenser. .When the Level in the drip
leq has been lowered sufficiently. the low level switch closes the
valve.

pressuze equalizing lines, 24 inch nominal size, branch from each
main steamline and connect to a 24 inch nominal header which ties
into the bypass valve chest throuqh two 18 inch nominal lines.
The 24 inch header is provided with a drip pot similar to that
described for the main steamlines. The main steam supply to the
reactor feed pump turbines originates from this 24 inch header.

See Figure 10. 4-1 for details of the above description. For
details of pipinq downstream of ~ the turbine stop and control
valves see Section 10. 2.

During normal plant operation the turbine control valves and
bypass valves are controlled by the two pressure regulator
furnished by the turoine vendor These two,regulators are
essentially identical and are installed in one of the four main
steamlines in accordance with the turbine vendor's instructions.
The regulator with the lowest set point will be the controlling
regulator until it fails, then the other regulator which is
biased approximately 10 psi higher will take over. A pressure
transmitter is installed in one of -the main steam lines, the ~

readings from which are recorded, in the control room.

10. 3 3 HVALUAT'IONa

The main steamlines (MSL) from the outer isolation valves up to
and includinq,the turbine stop, valves and all branch lines 2-1/2
inches in diameter,and larger, up to and including the first
valve (includinq their restraints) are designed by the use of an
appropriate dynamic, seismic-system analysis to withstand the
Operatinq Bases Earthquake (OBE) and Safe Shutdown Earthquake
(SSE) desiqn loads in combination with other appzopriate loads,
within the .limits specified for Class 2 pipe in the ASME Section
1II Tho mathematical model for the dynamic seismic analyses of
the MSL and branch line pipinq includes the turbine stop valves
and pipinq oeyond the sto p valves includinq the piping to the
turbine casinq. The Dynamic input loads for design of the main
steamlines are derived from a time history model analysis or an
equivalent method, as described in Section 3.9, of the
Containment, Reactor Building, Turbine Building and turbine
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pedestal. The Turbine Building, housing the naia steamlines~ may
undergo some plastic deformation under the SSE, however, ~ the
plastic deformation is limited to a ductility factor of 2 and anelastic multi-degree-of-freedom system analysis is used to
determine the input to the main steamlines. The stress allowable
and associated deformation limits for piping are in accordance
with ASIDE Section IIX Class 2 reguirements fox the OBE and SSE
loading- combinations. The main steamline supporting structures
(those portions of the Turbine Building) are such .that the main
steamlines and their supports can maintain their integrity within
the ASIDE Section III, Class 2 reguireaents under the Seismic
Category I loading conditions. The pipe supports for the nain
streamline meet the requirements of ASHE Section III 1971 Edition
thru winter 1972 Addenda, for materials, fabrication and
inspection.

Between the outermost isolation valves and the turbine stop
valves the four main steamlines are routed within the confines of
a tunnel Temperature elements are located at each end of this
tunnel and the readings from these are fed into a temperaturedifferential svitch. The purpose of these tenperature elementsis to detect a failure of any of the main steanlines. This would
be j.ndicated by an increase in the temperature differential which
would be sensed and an alarm initiated.

f
Por details of the analysis of postulated high energy linesfailure refer to Secti'on 3.6.

BKQ * 2"-

The main steamlines are fabricated, examined and tested in
accordance with the ASHE Boiler and. Pressure Vessel Code, SectionIII, Class 2.

During normal operation each turbine stop valve is tested dailyto verify that it functions correctly. Similarly each bypass
valve is tested weekly. The preoperational and inservice
inspection of the main steamlines is described in Section 6.6.
The preoperational and inservice inspection of the steanline
isolation valves is described in Subsection 5.2.4.
The system will be preoperationally tested in accordance with the
requirements of Chapter

10 $ 5 MATER CHBHISTRY QPS~B

Not applicable

Rev. 17, 9/80 10. 3-3
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'10 3- Q- STERE ~ IIMD FE|LDMMTER SYSTEM MATER?MLS

10 3 6 1- - Fracture Touchiness

The main steam and feedwater piping are not impact tested. The
penetrations of these lines through the primary containment, from
the isolation valves outside the containment, are charpy, V-
notch, or drop weight tested (See Subsection 3.1.2.5.4) .

10 3 6~/ material Selection and Pab~icatjon

1) Materials used in the main steam and feedwater systems,
SA-155 KC70 and SA-106, Grade C, are listed in AppendixI to Section III of the ASME Code.

2) There are no austenitic stainless steel components in
these systems.

3) The cleaning and handling Class 2 and 3 components will
be performed in accordance with cleanliness
Specification (8850-M-167 which complies with the
requirements o'5 Regulatory Guide 1.37, March 3.6, 1973
and ANSI N45. 2. 1-73.

4) There is no low alloy steel in these systems.

5) Exceptions to Regulatory Guide 1.71 are described in
Sec tion 3. 13

10 3-4
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11.1 SOURCE TERMS

General Electric has evaluated radioactive material sources
(activation products and fission product release from fuel) in
operating boiling water reactors (BRRs) over the past decade.
These source terms are reviewed and periodically revised to
incorporate up-to-date information.. Release of radioactive
material from operating BMRs has generally resulted in doses to
offsite persons which have been only a small fraction of
permissible doses, or of -natural background dose.

U

The information provided in this section defines the design basis
radioactive material levels in the reactor water, steam and off-
gas The various radioisotopes listed have been grouped as
coolant activation products, non-coolant activation products, and
fission products. The fission product levels are based on
measurements of BMR reactor water and off-gas at several stations
through mid-1971. Emphasis was placed on observations made at
KRB and Dresden 2. The design basis radioactive material levels
do not necessarily include all the radioisotopes observed or
predicted theoretically to be present. The radioisotopes
included are considered significant to one or more of the
following criteria:

(1) plant equipment design,

(2) shielding design,

(3) understanding system operation and performance,

(4) measurement practicability, and

(5) evaluating radioactive material releases to the
environment.

For halogens, radioisotopes with half-lives less than 3 minutes
were omitted. For other fission product radioisotopes in reactor
water, radioisotopes with half-lives less than 10 min. were. not ~

considered.

11 1 1 FISSION PRODUCTS

ll.1.1.1 Noble Ra~dio as Fission Products

The noble radiogas fission product source terms observed in
operating BMRs are generally complex mixtures whose sources vary
from miniscule defects in cladding to "tramp" uranium on external
cladding surfaces. The relative concentrations oc amounts of
noble radiogas isotopes can be described as follows:

11. 1-1
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Equilibrium: R > K>Yg
(11. 1-1)

Recoil: R w K2YX (11. 1-2)

The nomenclature in Subsect'ion 11.1.1.4 defines the terms in
these and succeeding equations. The constants k>'nd k describe
the fractions of the total fissions that are involved in each of
the releases. The equilibrium and recoil mixtures are the two
extremes of the mixture spectrum that are physically possible.
When a sufficient time delay occurs between the fission event and
the time of release of the radiogases from the fuel to the
coolant, the radiogases approach equilibrium levels in the fuel
and the equilibrium mixture results. When 'there is no delay or
impedance between the fission event and the release of the
radiogases, the recoil mixture is observed.

Prior to Vallecitos Boiling Water Reactor (VBWR) and Dresden 1
experience, it was assumed that noble radiogas leakage from the
fuel would be the equilibrium mixture of the noble radiogases
present in the fuel.
VBWR and early Dresden 1 experience indicated that the actual
mixture most often observed approached a distribution which was
intermediate in character to the two extremes (Reference 11;1-1).
This intermediate decay mixture was termed the "diffusion~~
mixture. Xt must be emphasized that this "diffusion" mixture is
merely one possible point on the mixture spectrum ranging from
the equilibrium to the recoil mixture and does not have the
absolute mathematical and mechanistic basis for the calculational
methods possible Xo'r equilibrium and recoil mixtures. However,
the "diffusion'~ distribution pattern which has been described is
as follows:

0,5Diffusion: R ~ K3YX (11. 1-3)

The constant k describes the fraction of total fissions that are
involved in th5 release. The value of the exponent of the decay
constant, X , is midway between the values for equilibrium, 0,
and recoil, 1. The "diffusion" pattern value of 0.5 was
originally derived from diffusion theory.

Although the previously described ~'diffusion<~ mixture was used by
GE as a basis for design since 1963, the design basis release

'agnitudeused has varied from 0.5 Ci/sec to 0.1 Ci/sec as
measured after 30-min decay (t = 30 min). The noble radiogas
source-term rate after 30-min decay has been used as a
conventional measure of the design basis fuel leakage rate sinceit is conveniently measurable and was consistent with the nominal
design basis 30-min off-gas holdup system used on a number of
plants. Since about 1967, the design basis release magnitude used
(including the 1971 source terms) was established at an annual
average of O.l Ci/sec (t = 30 min) This design basis is

11. 1-2
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considered as an annual average with some time above and some
time below this value. This design value was selected on the
basis of operating experience rather than predictive'assumptions.
Several judgment factors, including the significance of
environmental release, reactor water radioisotope concentrations,
liquid waste handling and effluent disposal criteria, building, ~

air contamination, shielding design, and turbine and other
component contamination af fecting maintenance, have been
considered in establishing this le vel.

Noble radiogas source terms from fuel above O.l Ci/sec (t = 30
min) can be. tolerated for reasonable periods of time. Continual
assessment of these values is made on the basis of actual
operating experience in BWRs (References 11.1-2 and 11.1-3).

While the noble radiogas source-term magnitude was established at
0. 1 Ci/sec . (t = 30 min), it was recognized that there may he a
more statistically applicable distribution for the noble radiogas
mixture. Sufficient data were available from KRB operations from
1967 to mid-1971 along with Dresden 2 data from operation in 1970
and several months in 1971 to more accurately-.-characterize the
noble radiogas mixture pattern for an operating BWR

The basic equation for each radioisotope used to analyze the
collected data is:

-M'Xt
R = K YP(1-e )(e ) (11 1-4)

g g

With the exception of Kr-85 with a half-life of 10.74 yr, the
noble radiogas fission products in the fuel are essentially at an
equilibrium condition after an irradiation period -of several
months (rate of formation is equal to the rate, of decay). So for
practical purposes the term (1 — e- T) approaches 1 and can be
neglected when the reactor has been operating at steady-state for
long periods of time. The term (e- T) is used to adjust the
releases from the fuel (t =') to the decay time for which values
are needed. Historically t = 30 min has been used. When
discussing long steady-state operation and leakage from the fuel
(t = 0), the„following simplified form of Equation 11.1-4 can be
used to describe the leakage of each noble-radiogas:

R =KYX (11. 1-5)
g

The constant, Kg, describes the magnitude of leakage. The
relative rates of leakage of the different noble radiogas
isotopes is accounted for by the variable, m, the exponent of the
decay constant,X

Dividing both sides of .Equation 11.1-5 by y, the fission yield,
and taking the logarithm of both'ides results in the following
equation:
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log(R /Y) = m log (A) + log (K ) (ll 1-6)

Equation ll 1-6 represents a straight line when log R~/y is
plotted versus log (X); m is the slope of the line. This
straight line is obtained by plotting (R /y) ve'rsus (y) on
logarithmic graph paper By fitting actual data from KRB and
Dresden 2 (using least squares techniques) to the equation the
slope, m, can be obtained. This can be estimated on the'plotted
graph. With radiogas leakage at KRB over the nearly 5-yr period
varying from 0.001 to 0.056 Ci/sec (t = 30 min) and with radiogas
leakage at Dresen 2 varying from 0.001 to 0.169 Ci/sec (t = 30
min), the average value of m was determined. The value for m is
0.4 with a standard deviation of +0.07. This is illustrated in
Figure ll.1-1 as a frequency histogram. As can be seen from this
figure, variations in m were observed in the range m = O.l to m =
0 6. After establishing the'alue of m = 0.4, the value of Kgcan be calculated by selecting a value for R , or as has been
done histonically, the design basi.s is set b f the total design
basis source-term magnitude at t = 30 min. With Rg at 30 min =
100,000 Ci/sec, K can be calculated as being 2.6 x 10~ and
Equation 11.1-4 be@mes:

R = 26 X 10 YX 'l e )(e ) (11. 1-7)

This updated noble radiogas source-term mixture has been termed
the»1971 Mixture" to differentiate it from the»diffusion
mixture.<> The noble gas source term for each radioisotope can be
calculated from Equation 11.1-7. The resultant source terms are
presented in Table ll.l-l as leakage from fuel (t = 0) and after
30 min decay. While Kr-85 can be calculated using Equation 11.1-
7, the number of confirming experimental observations was limited
by the difficulty of measuring very low release rates of this
isotope Therefore, the table provides an estimated range for
Kr-85 based on a few actual measurements.

11 1 1.2 Radiohalo~en Pission Products

Historically, the radiohalogen design basis source term was
established by the same equation as that used for noble
radiogases. In a fashion similar to that used with gases, asimplified equation can be shown to describe the release of each
halogen radioisotope:

Rh = K YX (ll 1-8)

The constant, KI,, describes the magnitude of leakage from fuel
The relative raEes of halogen radioisotope leakage is expressedin terms of n, the exponent of the decay, constant, X As was
done with the noble radiogases, the average value was determinedfor n. The value for n is 0.5 with a standard deviation of
+0 19. This is illustrated in Figure 11.1-2 as a frequency

11 1-4
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histogram. As can be seen from this figure, variations in n were
observed in the ange of n = 0.1 to n = 0.9.

It appeared that the use of the previous method of calculating
radio-halogen leakage from fuel vas overly conservative. Figurell.1-3 relates KRB and Dresden 2 noble radiogas versus I-131
leakage While it can be seen from Dresden 2 data during the
period August 1970 to January 1971 that there is a relationship
between noble radiogas and I-131 leakage under'one .fuel
condition, there vas no simple relationship for all fuel
conditions experienced. Also, it can be seen that during this
period, high radiogas leakages were not accompanied by high
radioiodine leakage from the fuel. Except „for one KHB datum
point, all steady-state I-131 leakages observed at KHB or Dresden
2 were equal to or less than 505 ~ Ci/sec. Even at Dresden 1 in
March 1965, when severe defects were experienced in stainless-
steel-clad fuel, I-131 leakages greater than 500 p Ci/sec I-131,
were not experienced. Figure 11.1-3 shows that these higher
radioiodine leakages from the fuel vere related to noble radiogas
source terms of less than the design basis value of 0.1 Ci/sec (t
= 30 min). This may be partially explained by inherent
limitations due to internal plant operational problems that
caused plant derating.

In general, it would not be anticipated that operation at full
power would continue for any significant time period with fuel
cladding defects vhich would be indicated by I-131 leakage from
the fuel in excess of 700'i/sec. When high radiohalogen
leakages are observed, other fission products vill be present in
greater amounts. This may increase potential- radiation exposure
to operating and maintenance personnel during plant outages
folloving such operation,

Using these judgment factors and experience to date, the, design
basis radiohalogen source terms from fuel were established based
on I-131 leakage of 700 p Ci/sec. This value, as seen in Figure
11.1-3, accommodates the experience data and the design basis
noble radiogas source term of O.l Ci/sec (t = 30 min). With the
I-131 design basis source term established, Kh can be calculated
as being,2.4 x 107 and halogen radioisotope release can be
expressed by the, following equation:

E

R„= 2.4 X 10 YX '1-e )(e ) (11.1-9)

Concentrations of radiohalogens in reactor water can be
calculated using the following equation:

Ch

(X+B+V)M (11. 1-10)

11. 1-5
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Although carryover of most soluble radioisotopes from reactor
water to steam is observed to be 0.1% ( 0.001 fraction), the
observed "carryover" for radiohalogens has varied from O. lii to
about 2% on newer plants. The average of observed

radiohalogen'arryovermeasurements has been l. 2% by weig ht of reac tor water
in steam with a standard deviation of +0.9. In the present
source-term definition, a radiohalogen carryover of 2X (0.02
fraction) was used.

The halogen release rate from the fuel can be calculated from
Equation 11.1-9. Concentrations in reactor water can be
calculated from Pquation ll 1-10. The resultant concentrations
are presented in Table .11.1-2.

ll.1.1. 3 Other Pission Prod ucts
s t

The observations of other Xission products (and transuranic
nuclides, including Np-239) in operating BWRs are not adequatelycorrelated by simple equations. Por these radioisotopes,
design basis concentrations in reactor water have been estimated
conservatively from experience data and are presented in Table
11.1-3. Carryover of these radio-isotopes from the reactor water
to the steam is'estimated to be < 0.1% (< 0 001 fraction). Inaddition to carryover, however, decay of noble radiogases in the
steam leaving the reactor will result in production of noble gas
daughter radioisotopes in the steam and condensate systems.

Some daughter radioisotopes (e.g., yttrium and lanthanum), were
not listed as being in reactor water. 'Their independent leakageto the coolant is negligible; however, these radioisotopes ma'y be
observed in some samples in equilibrium or approaching
equilibrium with'he parent radioisotope.
Except for Np-239, trace concentrations of transuranic isotopes
have been observed in only a few samples where extensive and
complex analyses were carried out. The predominant alpha emitter
present in reactor water is Cm-242 at an estimated, concentration
of 10-~ pCi/g or less, which is below the maximum permissible
concentration in drinking water applicable to continuous use by
the general public. The concentration of alpha-emitting
plutonium radioisotopes is more than one order of magnitude lover
than that of Cm-242.

Pt.utonium-241 (a beta emitter) may also be present in
concentrations comparable to the Cm-242 level.

11. 1-6
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ll.l. l. 4 Nomencla tur e

The following list,of nomenclature defines the terms used in
equations for, source-term calculations:

R

Y

Tt

K

h
M

h

leakage rate of a noble gas radioisotope (pCi/sec)
leakage rate of a halogen radioisotope (pCi/sec)
fission yield of a radioisotope,(atoms/fission)
decay constant of a radioisotope (sec- ~)

fuel irradiation time (sec)
decay time following leakage from fuel (sec)
noble radiogas decay constant exponent (dimensionless)
radiohalogen decay constant exponent (dimensionless)
a constant establishing the level of noble radiogas leakage
from fuel
a constant establishing the level of radiohalogen leakage from
fuel
concentration of a halogen radioisotope in reactor water {pCi/g)
mass of water in the operating reactor (g)
cleanup system removal constant (sec ~)
grams mass

cleanup system flowrate /~sec)
N

= halogen steam carryover removal constant (sec-~),

y = concentration of halogen radioisoto~ein steam ggCi~S fl
Ch

Steamflow

N

ll 1 2 ACTIVATION PRODUCTS

ll.1 2. 1 Coolan t Activation Products

The coolant activation products are not adequately correlated by
simple equations. Design basis concentrations in reactor water
and steam have been estimated conservatively from experience
data The resultant concentrations are presented in Table 11.1-
4
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11.1 2.2 Noncoolant Activation Products

The activation products formed by activation of impurities in the
coolant or by corrosion of irradiated system 'materials are not
adequately correlated by simple equations. The design basis
source terms of noncoolant activation products have been
estimated conservatively from experience data. The resultant
concentrations are presented in Table 11.1-5. Carryover of these
isotopes from the reactor water to the steam is estimated to be(0.1'( 0.001 fraction) .

11-1- 3 TRITON

In a BMR, tritium is produced by three principal methods:

(1) 'ctivation of naturally occurring deuterium in the
primary coolant,

(2) nuclear fission of U02 fuel, and

(3) neutron reactions with boron used in reactivity control
rods~

The tritium, formed in control rods, which may be released from a
BMR in liquid or gaseous effluents, is believed to be negligible.
A prime source of tritium available for release from a BMR is
that produced from activation of deuterium in the primary
coolant. Some fission product tritium may also transfer from
fuel to primary coolant. This discussion is limited to the
uncertainties associated with estimating the amounts of tritium
generated in a BMR which are available for release.
All of the tritium produced by activation of deuterium in the
primary coolant is available for release in liquid or gaseous
effluents. The tritium formed in a BMR can be calculated using
the equation:

R = E$VX

3.7 X 10 P
(11. 1-11)

where

R act
E

V

P

tritium formation rate by deuterium activation
(p C i/sec/tlM t)
macroscopic thermal neutron cross section (cm-i)
thermal neutron flux (neutrons/(cm~) (sec))
coolant volume in core (cm~)tritium radioactive decay constant (1.78 x 10-~ sec-i)
reactor power level (MMt)

11 1-8
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For recent BWR designs, R is calculated to be .1.3 a 0. 4 x 10 ~ p

Ci/ sec/NMt. The uncertainty'indicated is derived from the
estimated errors in selecting values for the coolant volume in
the core, coolant density in the core, abundance of deuterium in
lig'ht water (some additional deuterium vill be present because of
the H ( n, y ) D reaction, thermal neutron flux, and microscopic
cross section for deuterium).

The fraction of tritium produced by fission vhich may transfer
from fuel to the coolant -(which will then be available for
release in liquid and gaseous effluents) is much more difficult
to estimate Hovever," since zircaloy-clad fuel rods are used in
BQRs, essentially all"fission product tritium will remain in the
fuel rods unless defects are pr'esent in the cladding material
(Refer ence 11. 1-4) .

The study made at Dresden 1 in 1968 by the U.S. Public Health
Service suggests that essentially all of the tritium released
from the plant could be accounted for by the'euterium activation
source (Re ference 11. 1-3) . For purposes of estima ting the
leakage of tritium from defected fuel, it can be assumed that it
leaks in a manner 'similar to the leakage of noble radiogases.
Thus, use can be made of the empirical relationship described as
the "diffusion mixture» used .for predicting the source term of
individual noble gas radioisotopes as a function'f the total
noble gas source term. The equation which describes this
relationship is:

Rd.f = Kyk (11.1-12)

where,

R d.f = leakage rate of tritium from fuel (pCi/sec)dif
y = fission yield fraction (atoms/fission)

radioactive decay constant (sec ~)

K = a constant related to total tri,tium leakage ra'te

If the total noble radiogas source term is 10~ pCi/sec after 30-
min decay, leakage from fuel can be calculated to be about 0. 24 p
Ci/sec of tritium. To'lace this value in perspective in the
USPHS study, the obs'erved rate of Kr-85 (which has a half-life
similar to that of tritium) vas 0.06 to 0.4 times that calculated
using the "diffusion mixture« relationship. This would suggest
that the actual 'tritium leakage rate might range from' 015 to
0 10 pCi/sec. Since the annual average noble radiogas leakage
from a BWR is expected to be less than '0.1 Ci/sec (t = 30 min),

11 1-9
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the annual average tritium release rate from the fission source
can be conservatively, estimated at 0.12 + 0. 12 NCi/sec, or 0.0 to
0. 24 pCi/s ec.

For this reactor, the estimated total „tritium appearance rate in
reactor coolant and release rate in the effluent is about 19
Ci/yr. t

Tritium formed in the reactor is generally present as tritiated
oxide (HTO) and to a lesser degree as t"itiated gas (HT) .
Tritium concentration in the steam formed in the reactor will be
the same, a. in the reactor water at any given time. This tritium
concentration vill also be present in condensate and feedwater.
Since radioactive effluents generally originate from the reactor
and pover cycle equipment, radioactive effluents will also havethis tritium concentration. Condensate storage receives treated
water from the radioactive waste system and reject water from the
condensate system... Thus, all plant process, water vill have a
common, tritium concentration.

Off-gases released from the plant will contain tritium, which is
present. as tritiated gas (HT) resulting from reactor water
radiolysis as well as tritiated water vapor (HTO) . In addition,
water vapo" from the turbine gland seal steam packing exhauster
and a lesser amount present in ventilation air due to process
steam leaks or evaporation from sumps, tanks, and spills onfloors will also contain tritium. The remainder of the tritiumwill leave the plant in liquid effluents o" with solid wastes

Recombination of radiolysis gases in the air ejector off-gas
system will form water, which is condensed and returned to the
main condenser. This tends to reduce the amount of tritium
leaving in gaseous effluents. Reducing the gaseous tritium
release will result in a'slightly higher tritium concentration in
the plant process water. Reducing the amount of liquid effluent
discharged will also result in a higher process coolant
equilibrium tritium concentration.

Essentially, all tritium entering the primary coolant will
eventually be released to the environs, either as water vapor and
gas to the atmosphere, or as liquid effluent to the plant
discharge or as solid waste. Reduction due to radioactive decayis negligible due to the l2-yr. half-life of tritium.
The USPHS study at Dresden 1 estimated that approximately 904 of
the tritium release was observed in liquid effluent, with the
remaining 10% leaving as gaseous effluent (Reference 11.1-5).
Efforts to reduce the volume of liquid effluent discharges may
change this distribution o that a greater amount of tritium will
leave as gaseous effluent. Prom a practical standpoint, thefraction of tritium leaving as liquid effluent may vary between
60 and 90% with the remainder leaving in gaseous effluent.
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11.1 4 FUEL FISSION PRODUCTION INVENTORY AND FUEL EXPERTENCE

ll. l. 4.1 Fuel Fission Product Inventory

Fuel fission product inventory information is used in
establishing fission product source terms for accident analysis
and is, therefore, discussed in Chapter 15.

11.1.4.2 Fuel Experience

A discussion of fuel experience gained for BWR fuel including
failure experience, burnup experience, and thermal conditions
under which the experience was gained is available in three GE

topical re ports (References 11. 1-2, 11. 1-3 a nd 11. 1-6)

ll 1. 5 PROCESS LEAKAGE SOURCES

Process leakage results in potential release paths for noble
gases and other volatile fission products via ventilation
systems. Liquid from process leaks are collected and routed to
the liquid-solid radwaste system. Radionuclide releases via
ventilation paths are at extremely. low levels and have been "

insignificant compared to process off-gas from operating BWR

plants. However, because the implementation of improved process
off-gas treatment systems make the ventilation release relatively
significant, General Flectric has conducted. measurements to
identify and qualify these low-level release paths. General
Electric has maintained an awareness of other measurements by the
Electric Power Research Institute and other organizations; and
routine measurements by utilities with operating BWRs.

Leakage of fluids from the proce s system will result in the
release of radionuclides into plant buildings. In general, the
noble radiogase" vill remain airborne and will'be released to the
atmosphere with little delay via the building ventilation exhaust
ducts. The radionuclides will partition between air and water,
and airborne radioiodines may "plateout'~ on metal surfaces,
concrete, and paint. A significant amount of radioiodine remains
in air or is desorbed from surfaces. Radioiodines are found in
ventilation air as methyl iodide and as inorganic iodine which is
here defined as particulate,, elemental, and hypoiodous acid forms,
of iodine. Particulates will also be present in the, ventilation
exhaust air.
Experience with the airborne radiological releases from BWR

building heating, ventilating, and air conditioning and the main
condenser mechanical vacuum pump have been compiled and evaluated
in NEDO-21159, "Airborne Releases from BWRs for Environmental
Impact Fvaluations«, March 1976, Licensing Topical Report
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{Reference 11. 1-7) . This report is periodically updated to
incorporate the most recent data on airborne emission. The
results of these evaluations are based on data obtained byutility personnel and special in-plant studies of operating BMR
plants by independent organizations and the General Electric
Company. An evaluation of the radioactive releases from
ventilation systems, for compliance with Appendix I to 10CFR50,is given in Section 11..3. An evaluation of important exposure to
airborne activity is given in Subsection 12. 2.2.

11 1. 6 OTHER RELEASES

All other releases are covered in'Section 1 1.3.
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12 1 ENSURING THAT OCCUPATIONAL RADIATION EXPOSURES ARE

~12 PO ICY COHSI A ~IO

It is the policy of PP6L to maintain occupational radiation
exposure As Low As Beasonably Achievable (ALARA) at the
Susquehanna SES. This includes maintaining the annual dose toindividuals working at the station ALARA, and keeping the annualintegrated dose to station personnel ALARA. The management ofthis Company is firmly committed to performing all reasonable
actions to ensure that radiation exposures are maintained ALARA.

(Subsection 12.1.2 and Section 12.3 discuss the ALARA
considerations that have been incorporated into the design of the
Susquehanna SES.

The Susquehanna SES will be operated and maintained in such a
manner as to ensure occupational radiation exposures {ORE) are
ALARA. The operational ALABA program is described in Section
12 5. Training programs will be established to assure personnel
understand both why and how occupational radiation exposures will
be maintained ALARA A corporate ALARA Review Committee has beenestablished to ensure implementation of ALARA policy by various
program reviews.

Figures 17 2-2 and 13.1-1 exhibit the management organizationalstructure for the Susquehanna SES.

The Vice President — System Power and Engineering has the
corporate responsibility for the ALARA Program. The'responsibility for coordination and administration of the ALARA
Program is assigned through the Hanager-Power Producton to the
Hanager-Nuclear Support This individual is responsible to
determine that the policies and commitments contained in the PPSL
ALARA Program are being properly implemented.

During the design and construction phase, the Susquehanna SES
Project Hanager is responsible to ensure that the design and
construction of the facility is such that occupational exposureswill be ALARA This will include ensuring that, to the extent
practicable:
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Design concepts and station features reflect
consideration of the activities of station personnel
that might be anticipated and that might lead to
personnel exposure to substantial sources of radiation
and that station design features have been provided to
reduce the anticipated exposures of station personnel to
these sources of radiation

b Specifications for equipment reflect the obgectives of
ALARA, including among others, considerations of
reliability, serviceability and limitations of internal
accumulations of radioactive material.

During the startup and operation phase, the Superintendent of
Plant is responsible for controlling radiation exposure in a
manner consistent with ALARA requirements and is specifically
responsible for the onsite radiation protection program. His
responsibilities with respect to the ALARA Program include:
ensuring support from all station personnel, participating in the
selection of specific goals and objectives for the station,
supporting the Health Physics Supervisor in formulating and
implementing the station ALARA Program, and expediting the
collection and dissemination of data and information concerning
the program to the corporate management.

The ALARA responsibilities of the Superintendent of Plant are
implemented through the Health Physics Supervisor who, in
accordance with ALARA principles, develops the Health Physics
Program and Procedures, reviews other applicable station
procedures, and estimates and monitors personnel exposures.

Major ALARA responsibilities of the Health Physics Supervisor
include the following:
a. Participating in reviews of design changes for facilities and

equipment that can affect potential radiation exposures;

b. Identifying locations, operations, and conditions, that have
the potential for causing significant exposures to radiation;

co Initiating and implementing and exposure control program
which includes the establishment of manrem goals,

Developing plans, procedures, and methods for keeping
radiation exposures of station personnel ALARA:

e Reviewing, commenting on, and recommending changes in
applicable procedures to maintain exposures ALARA;
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f Developing or participating in the development of appropriate
Health Physics training programs related to work in radiation
areas or involving radioactive material;

q Supervising the radiation surveillance program to maintain
data on exposures of and doses to station personnel by
specific 5ob functions and type of work;

h. Supervising the collection, analysis, and evaluation of data
and information attained from radiological surveys and
monitoring activities;

i. Supervising, training, and qualifying the radiation
protection staff of the station; and

Ensuring that adequate radiation protection coverage is
provided for station personnel during all working hours.

Chapter 13 provides additional information concerning
responsibilities and reporting relationships at the Susquehanna
SES

12.1 1 3 Policy Implementation

The management ALARA policy is implemented at the Susquehanna SES
by the Health Physics Staff under the direction of the
Superintendent of Plant and Health Physics Supervisor. The
policy implementation is formalized by the incorporation of ALARA
philosophy and considerations into permanent plant procedures
dealing specifically with ALABA concerns. The operational ALARA
considerations identified in subsections 12. 1. 3 and 12.5. 3.2 are
implemented by these procedures.

Subsection 12.5.3.7 describes the training program
established to give appropriate station personnel the necessary
knowledge to understand why and how they should maintain their
OBE ALARA

The ALABA Review Committee has been established to review the
implementation of the Company ALARA Program Specif ic
responsibilities of the ALABA review Committee include:

a. Ensuring that the corporate ALARA program integrates
management philosophy and regulatory reguiremetns and is
maintained with specific goals and objectives for
implementation;

b Ensuring that an effective measurement system is established
and used to determine the degree of success achieved by

REV. 1 8/78 12 1-3



SS BS-PSAR

station operations with regard to the ALARA goals and
specif ic objectives;

c Bnsuring that the measurement system results: are reviewed on
a periodic basis and that corrective action is taken when
attainment of the specific objectives appears to be
)eopardized;
Ensuring that the authority for providing procedures and
practices by which the specific goals and objectives will be
achieved is delegated;

e. Ensuring that the resources needed to achieve ALABA goals and
ob]ectives are made available; and

f Periodically review a sampling of permanent plant procedures
concerning ALARA

12» 1»2 2ESZGN CONSIDERATIONS

This subsection discusses the methods and features by which the
policy considerations of Subsection 12. 1 1 are a ppliedProvisions and designs for maintaining personnel exposures as low
as reasonably achievable are presented in Subsections 12.3.1,
12.3.2 and 12.5.3.

Experiences and data from operating plants are evaluated to
decide if and how equipment or facility,designs could be improved
to reduce overall plant personnel exposures. During plant
design, operating reports and data such as that given in MASH
1311, NUBEG-75/032, NUREG-109 and Compilation and Analysis of
Data on occupational Radiation Exposure Experienced at operating
Nuclear Power Plantsi AIP, Septem.ber 1974, References 12 1-1,
thru 12 1-4 respectively, are reviewed to determine which
operations, procedures or types of equipment were mostsignificant in producing personnel exposures. Methods to
mitigate such exposures are implemented wherever possible and
practicable
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1~2~12,1 Gene~al Des~in Con~side ations for ALARA RRRosnres

General design considerations and methods employed to keep in-
plant radiation exposures ALARA have two objectives:

a) minimizing the necessity .for and amount of personnel
time spent in radiation areas; and

b) Minimizing radiation levels in routinely occupied plant
areas and in the vicinity of plant equipment expected to
require personnel attention

Both equipment and facility designs are considered in keeping
exposures ALARA during plant operations including normal
operation, maintenance and repairs,'efueling operations and fuel
storage, in-service inspection and calibrations, radioactive
waste handling and disposal, and other events cf modera te
frequency The actual design features used are described in
Subsection 12.3 1

The following equipment general design considerations to minimize
the necessity for and amount of personnel time spent in a
radiation area include, where practicable:

a) Reliability, durability, construction, and designfeatures of eguipmeat, components, and materials to
reduce or eliminate the need for repair or preventive
maintenance;

b)

c)

Servicing convenience including ease of disassembly and
modularization of components for replacement or removal
to a lover radiation area for repair;
Provisions, where practicable, to remotely or
mechanically operate, repair, service, monitor, or
inspect equipment; and

d) Redundancy of equipment or components to reduce the need
for immediate repair when radiation levels may be high
and when no feasible method i.s available to reduce
radiation levels.

The following equipment general design considerations directed
toward minimizing radiation levels proximate to equipment or
components requiring personnel attention include, where
practicable:
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a) Provision for draining, flushing, or, if necessary,
remote cleaning of equipment containing radioactive
material;

b) . Design of equipment, to minimize the buildup of
radioactive material and to facilitate flushing of crud
traps;

c) Utilization of high quality valves, valve packings, and
gaskets to minimize leakage and spillage of radioactive
materials;

d)

e)

Provisions for minimizing the spread of contamination
into equipment service areas; and.

Provisions for isolating equipment from radioactive
process fluids.

12.1 2 3 Pacility Layout General Design Considerations for
ALARM

The fo1.lowinq facility general design considerations to minimize
the amount of personnel time spent in a radiation area include
w here practicable:

a) Locating equipment and instruments, which will require
routine maintenance, calibration, or inspection for ease
of access and a minimum of required occupancy time in
radiation fields;

b) Arranging plant areas to allow remote or mechanical
operation, service, monitoring, or inspection of-highly
radioactive equipment; and

c) Providing, for transportation of equipment or components
requiring service to a lower radiation area.

Facility general design considerations directed, toward minimizing
radiation levels in plant access areas and in the vicinity of
equipment requiring personnel attention include where
practicable:

a) Separa'ting radiation sources and occupied areas (eg,
pipes containing potentially highly radioactive fluids
do not pass through normally occupied areas);

b) Providing adequate shielding between radiation sources
and access and service areas;
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c) Locating appropriate equipment, instruments, and
sampling sites in the lowest, practicable radiation zone;

d) Providing means and adequate space for using movable
shielding for sources within the service area when
required; and

e) - Providing means (eg. curbing, drains and flush) to
control contamination and to facilitate decontamination
of potentially contaminated areas.

Bechtel Power Corporation as agents for PPCL have been given the
basic responsibility for the performance of the ALARA design
review. PPCL provides overall coordination and input as
described below.

The ALARA Design Review is conducted in accordance with the
Susquehanna SES procedure for ALARA specific review. This
project-unique procedure defines the purpose of the review,
establishes the project ALARA review team, describes the
discipline ALARA review process, the extent and format of ALARA
review meetings and the method of noting and resolving ALARA
design changes.

The Bechtel Reactor-Plant (Nuclear) Group is responsible for the
overall coordination of the project ALARA review and interfacing
between the various Bechtel project disciplines, the Bechtel ~

Radiation Protection Staff and PPCL. One engineer from the
Bechtel Nuclear Group serves as the project ALARA coordinator
An engineer is assigned from each Bechtel discipline to serve as
that discipline s ALARA coordinator. The discipline ALARA
coordinators interface with the project ALARA coordinator.

Each discipline coordinator ensures that cognizant discipline
engineers for each system are familiar with the available
quidelines provided by his discipline chief. Guidelines cover
ALARA items such as valve actuators and, activating devices,
radioactive pipe classification systems, design of spent resin
handlinq systems and radioactive system component equipment
specifications. Other related discipline documents are provided
by the Bechtel project ALARA coordinator, including design
standards, data letters and information bulletins.
The Bechtel project ALARA Coordinator obtains input and expertise
from other Bechtel project groups such as Civil, Cost
Engineering, and Construction and from the Staff Radiation
Protection and Shielding groups as required.
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The project ALABA coordinator informs the discipline ALABA
coordinators of the system or area to be reviewyd and the review
schedule Zn preparation for the review team meeting the

I discipline ALABA coordinator has the cognizant engineers of his
group review the area/system for ALARA design coordinations for
this discipline and complete a form documenting the review.

At the Bechtel ALABA review meeting, which is attended by all
discipline ALABA coordinators, all potential problem areas are
discussed and a resolution proposed. If necessary a dose
assessment is made. Resolutions can take the form of a
justification of the current design. The project ALABA
coordinator is responsible for expediting close out 'of all items
and documenting the review meeting

Mhere resolution of any consideration cannot be reasonably
achieved within the present plant layout, schedule, and scope of
work, PPSL is notified with a recommended course of action.

All discipline ALARA coordinators review design documents on a
continuing basis and inform the project ALARA coordinator of any
new criteria, operating experience, or direction received from
the discipline chief.
Zn coordination with the design reviews, the project ALABA
coordinator schedules and leads site visits accompanied by
cognizant engineers. The site visits serve to confirm the
.findings of the design review and identify problems that may not
have been apparent on the drawings.

The major tool used in the design review is the SSES ALABA-
Specific Review Considerations Matrix and Check Matrix which
identify design features which have been judged to be cost
effective with respect to maintaining (Occupational Radiation
Exposures) OBE-ALARA in most applications. The review
consideration matrix identifies the discipline(s) responsible for
the ALABA consideration and the check matrix documents review of
the design by the responsible discipline {s).
At the time when the SSES design was formulated, insufficient
data such as radiation levels, exposure freguency and duration
was available to utilize a dose assessment as a primary design
tool The inconsistent nature of the available data also limited
the use of dose assessments as a design tool. The dose
assessment is a part of the ALABA review in that the components
of the dose calculation (radiation level, exposure time, exposure
frequency) are considered in developing the Susguehanna SES ALARA
Specific Bevies Considerations Matrix and in the actual review
itself A formal quantification of any potential dose reduction
and its cost effectiveness is not performed as part of the review
due to the late stage of design and construction, the large
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variation in the benefit of any potential dose reduction, and
inadequate quantitative data on the dose reduction effectiveness
of selected desiqn features.

ALARA Design Reviews to date have resulted in the following
signif icant design modifications:

{l) The radwaste evaporator compact skid has been modified
to allow the highly radioactive evaporator bottoms,
concentrate pump and associated piping to be shielded
from the remaining components.

(2) Rack mounting solenoid valves, pressure regulators a nd
filters associated with valves located in phase
separator tank cells outside in a low radiation zone and
removing resin inlet and flush valves from the tank
areas.

Zn addition to intensive system/area ALARA design review, field
routed small piping drawings are continually reviewed, often
resulting in changes in routing, valve and operator types, and
connection points.

1 2 1 3 OPERATIONAL CONSIDERATIONS

To assure that occupational radiation exposures are maintained as
low as reasonably achieveable (ALARA) during the operation of
Susquehanna SES specific activities will be implemented.

12.1.3.1 Procedure Deve~lo gent

Station procedures will be prepared, reviewed, and app oved in
accordance with Section 13.5.

12.1.3.1 1 ALARA Procedures

To assure adequate emphasis on the necessity to minimize
personnel exposures, ALABA procedures will be prepared as a sub
category of Health Physics procedures These procedures
implement considerations of such topics as ALARA Training, ALARA
review of applicable Radiation Work Permits (RAP), worker
feedback, special task training and evaluation of proposed
changes in applicable facilities or equipment. ALARA procedures
will provide the necessary basis for instruction of station
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personnel in the mechanisms available to minimize personnel
expo sures.

1~2 1.3.1 2 Station Procedures

I

Administrative requirements will be implemented to assure that
applicable procedures developed by other plant disciplines have
adequately incorporated the principle of minimizing personnel
exposure. Station administrative documents will describe the
criteria of selection of those procedures and revisions that will
be reviewed by Health Physics. Recommendations made by Health
Physics will normally be resolved with the appropriate plant
discipline prior to submission for final review and approval.

12. 1 3 2 Station onSanination

As described in Subsection 12.5.1, the Station organization
provides the Health Physics Supervisor direct access to the
Superintendent of Plant to assure uniform support of Health
Physics and ALARA requirements. This organization will allow the
Superintendent of Plant direct involvement in the review and
approval of specific ALARA goals and objectives as well as review
of data and dissemination of information related to the ALARA
program

The organization also provides a Health Physics Engineer who is
normally free from routine Health Physics 'activities to implement
the Station ALARA program. This individual is primarily
responsible for coordination of Station ALARA activities and will
routinely interface with first line supervision in radiation work
planning and post job review

12 1. 3. 3 Operat~in Experience

The Radiation Work Permit process described in Subsection
12. 5.3.2 will provide a mechanism for collection and evaluation
of data relating to personnel exposure. Information collated by
systems and/or components and job function will assist in
evaluating design or procedure changes intended to minimize
future radiaiton exposures.
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12.1 3 n nn oeune Reduction

Specific exposure reduction techniques that vill be employed at
Susquehanna SES are described in Subsection 12-5-3.2 Procedures
will assure that applicable station activities are completed with
adequate preparation and planning; work is performed with
appropriate Health Physics recommendations and support; and
results of post gob data evaluation are applied to implement
improvements.

In addition, the Health Physics staff, will at all times be
vigilant for ways to reduce exposures by soliciting employee
suggestions, evaluating orgins of plant exposures, investigating
unusual exposures, and assuring that adequate supplies and
instrumentation are available

PPSL management vill perform periodic revievs of station programs
to assure workers are receiving adequate instruction in ALAHA and
Health Physics requirements. Implementation of the Health
Physics program, selected procedures, and past exposure records
vill also be reviewed. ,Management vill perform formal reviews of
the Susquehanna SES Health Physics program at .least once every
three years and results will be forwarded to the Superintendent
of Plant, ALARA Review Committee and appropriate members of
corporate management The results of management reviews may also
include recommendations on mechanisms which may reduce personnel
exposure. The Superintendent of Plant vill respond to noted
recommendations or deficiencies and corrective action or
improvements will be verified during subsequent reviews.
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12. 2 RA DIATION SOU HCFS

In this section the source of radiation that focm the basis for
shield design calcul.ations and the sources of airborne
radioactivity required for the design of personnel protective
measures arid for dose assessment are discussed and identified.

12 2. 1 CONTAINED SOURCES

The shieldi»g design source terms are based on a noble gas
fission product release rate of 0.1 Ci/sec {after 30 minutes
decay) and .the corresponding fission, activation, and corrosion
product. concentrations in the primary coolant. ~ The sources in
the pcimary coolant are discussed in Section 11. 1 and listed in
Tables 11. 1-1 th cough 11. 1-5. Th coughout most of the primary
coolant system, activation products, principally nitrogen-16, are
the primary cadiation sources for shielding design. For all

ystems transpor ting radioactive marer ials, conser vative
allo«ance is made foc transit <lecay, while at the same time
providing for daughtec product. formation.

Basic reactor data and core region <lescciption us< d for this
.",ection are listed in Tables 12. 2-1 through 12.2-5.

In this subsection the $ esign sources are presented "by building
location and system. General locations of the equipment
discussed in this sect.ion are sho~n on the shielding and zoning
draw ings, Figure.- 12. 3-8 through 12. 3-27. Det aile'd data on
..ource !Aescciotions for each shi<.ldo.d plant. acea are presented in
Tables 12.2-38 through 12.2-40.

Shielding soucce terms @resented in this section and associated
tables are based on conservative a-sumptions regarding system and
equipment operations and characteristics to provi<le reasonaoly
conservative radioactivity conce»trations for shielding desiq»..
Therefore, the shielding source terms are not intended to
a'pproximate the actual system design radioactivity
concentrations.
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12. 2. 1. 1 Drvwell

12. 2. 1.1. 1 Reactor Core

The primary radiations within the dry well during full power
operation are neutron and gamma radiation resulting from the
fis. ion process in the core. Tables 12.2-4 and 12.2-5 list the
multigroup neutron and gamma ray fluxes at the outside surfaces
of the reactor pressure vessel and the primary shield at the core
midplane. The gamma fluxes include those resulting from capture
or inelastic scattering of neutrons within the reactor pressure
vessel and core shroud and the gamma radiation resulting from
prompt fission and fission product decay.

The largest radiation sources after reactor shutdown are the
decaying fission products in the fuel. Table 12.2-9 lists the
core gamma sources as a function of shutdown time. Secondary
sources are the structural material activation of the RPU, its
internals, and the piping and .equipment located in the primary
containment and 'also the activated corrosion products accumulated
or deposited in the internals of the RPV, the'primary coolant
piping, and other process system piping in the primary
containment.

12. 2. 1. 1.2 Reactor Coolant System

15(

Sources of radiation in the reactor coolant system are fission
products estimated to he released from fuel and activation and
corrosion products'hat are circulated in the reactor coolant.
These sources are listed in Tables 11.1-1 thru 11.1-5 and tneir
bases are discussed in Section 11 '. The nitrogen-16
concentration in the reactor coolant is assumed to he 61'i/gm
of coolant at the reactor recirculation outlet nozzle.

12. 2. 1- 1-2 ~Pimam2 Ste~am S mtem

The nitrogen-16 concentration in the main "team is assumed to be
100'i/gm of steam leaving the reactor vessel at the main steam
outlet nozzle. Fission product activity corresponds to an offgas
release rate of 100,000'i/sec at 30 minutes delay from the

'Radiation sources in the primary steam system piping include
activation gases, principally nitrogen-16, and the corrosion and
fission products carried over to the steam system.

zl
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reactor steam nozzle. Partition fractions for activity into the I

steam system are 100 percent for
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gases, 2 percent by'eight for halogens, and 0. 1 percent by
weight for particulates. These partition factors are applied to
the reactor water concentrations as given in Table 11. 1-2 through
11. 1-5

12. 2.1.2 Reactor Building

12 2. 1. 2. 1 Reactor Mater Cleans System

Radiation sources in the RWCU system consist of those
radioisotopes carried in the reactor water. 1Vitrogen-16 is the
predominant radiation source in the regenerative and
nonreqenerative heat exchanqers and RWCU pumps and piping. The
inventory of N-16 is based upon component transit times, as shown
in Table 12. 2-6. The main sources for the RMCU filter
demineralizers, holding pumps, and the RMCU backwash receiving
tank are the accumulated corrosion and fission products, based on
the inlet reactor water concentrations given in Section 11. 1.
Table 12.2-7 provides the inventory of the accumulated isotopes
in the filter demineralizer, and Table 12.2-8 provides the
inventory of isotopes in the RWCU backwash receiving tank.

12. 2. 1. 2 2 Spent Fuel Hand~lin and Transfer

The spent fuel assemblies are the predominant source of radiation
in the containment after plant shutdown for refuelinq. A reactor
operating time necessary to establish near fission product
buildup equilibrium for the reactor at rated power is used in
determining the source strength. Shielding requirements for
spent fuel transfer are based on the fission product activity
present 72 hours after shutdown to conservatively take credit for
the time elapsed prior to the initiation of refueling operations.
Source .terms for spent fuel are discussed in Subsection
12. 2. 1.3. 1 and are listed in Table 12.2-9.

12. 2. 1 2 3 Residual Heat Removal System

The pumps, heat exchanqers, and associated piping of the Residual
Heat Removal (RHR) System are potential carriers of radioactive
materials. For plant shutdown, the RHR pumps and heat exchanger
sources result from the radioactive isotopes carried in the
reactor coolant, discussed in Subsection 12.2. 1. 1.2, after 0

hours of decay .followinq shutdown. The radioactive isotopic
concentrations are listed in Table 12 2-10.
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12.2 1 2.4 Reactor Core Isolation Cooling System

Components of the Reactor Core Isolation Cooling (RCIC) Systemthat are potential radiation sources are the RCIC turbine and
steam inlet and exhaust piping. Radioactivity in the turbine and
piping is that present in the driving steam that has been
extracted from the main steam system. The steam activity as
discussed in Subsection 12.2.1 1.3, decayed for the appropriatetransit time to the RCIC turbine, is used for the shielding
calculations for this system, and is listed in Table 12 2-11.

12 2. 1 2 5 Hi h Pressu e Coolant Injection System

The radiation sources for the High Pressure Coolant Injection
System are the HPCI turbine and the steam inlet and exhaust
piping.. The steam activity, as discussed in Subsections
12. 2. 1. 1.3, decayed for the appropriate transit times is used for
the shielding of this system as shovn in Table 12 2-11.

12.2. 1-2.6 Car~em r~aS2stems

Because the core spray, when testing, 'uses condensate from the
condensate storage tank with very low radioactivity
concentrations, no shielding is reguired.

12 2 1.3 Refueling Facilities

12+2.1.3 1 ~Sent Fuel StoracCe and Transfer
I

The predominant radiation sources in the spent fuel storage andtransfer areas are the spent fuel assemblies. Spent fuel
assembly sources are discussed in Subsection 12. 2. 1.2. 2 For
shielding design, the spent fuel pool is assumed to contain the
design maximum of 2472 fuel assemblies (Section 9. 1). Of these,
764 spent fuel assemblies are assumed to be from unloading an
entire core with 72 hours decay; 184 assemblies are assumed to be
from previous refueling operations with 360 days decay: the
remaining 1524 assemblies are assumed .to be from previous
refuelings with 720 days decay. Fission product gamma source
strengths for these decay periods are shovn in Table 12.2-'9.
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12. 2. 1.3.2 Spent Fuel Pool Cooling and Cleanu~System

Sources in the Spent Fuel Pool Cooling and Cleanup {SFPCC) System
are primarily a result of transfer of radioactive isotopes from
the reactor coolant into the spent fuel pool during refueling
operations. The reactor coolant activities for fission,
,corrosion, and activation products {Tables 11. 1-1 through 11. 1-5)
are decayed for the amount of time required to remove the reactor
vessel head following shutdown, are reduced by operation of the
HWCU system filter demineralizers following shutdown, and are
diluted by the total volumes of the water in the reactor vessel,
refueling pool, and spent fuel pool {see Table 12.2-12) . This
activity then undergoes subsequent decay and accumulation on the
SFPCC filter deminerali zers {see Table 12. 2-13) . The SFPCCfilter demineralizer resins, are back washed periodically into a
backwash receiving tank. Shielding source terms for the backwash
receiving tank are shown in Table 12. 2-14.

12 '2. 1.4 Turbine Building

12.2.1.4.1 Primer Steam and Power Conversion Systems

Radiation sources for piping and equipment which contain primary
steam are based on the radioactivity carried over into the steam
from the reactor coolant and include fission product gases and

'alogens,corrosion and fission products, and gaseous activation
products as discussed in Subsection 12.2. 1 1.3. Steam density
variations and the steam transit times through equipment and
pipes are factored into the source term evaluation to account for
volumetric dilution effects, radiological decay, and daughter
product generation.

12. 2. 1. 4. 2 Condensate ~Sstem

The sources in the condensate system are based on decayed main
steam activities (Subsection 12.2.1.1.3). Kiqhty percent of the
N-16 and 100 percent of the noble gases are assumed to be
removed from the condensate system by the main condenser
evacuation system. The gaseous activities are minor in the
hotwell and negligible in the remainder of the condensate system.
The hotwell is designed for a two minute holding of condensate
and therefore N-16 activity at the condenser outlet is
negligible. Fission products, activated corrosion products, and
the daughter products from the decay of fission product gases in
transit through the turbine are the inlet sources to the
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condensate system. These sources, as shown in Table 12.2-15, are
present in the condensate pumps and piping and accumulate on the
condensate filter demineralizers. Table 12. 2-16 provides the
isotopic inventory for the condensate demineralizer.

12. 2. 1. 0 3 Offgas System Recombiner

Radioactive sources in the gas treatment system originate with
the noble gases and noncondensible gases removed from the main
condenser, and the activity entering with the extraction driving
steam to the main condenser evacuation system. The activity
removed from the main condenser is based on the primary steam
activity as described in Subsection 12. 2. 1. 1.3, decayed for the
total transit time to the steam jet air ejector. Eighty percent
of the N-16 a'nd 100 percent of the noble gases are assumed to be
removed" by the air ejector. Activity in the extraction driving
steam.to the air ejector is the primary steam activity as
described in Subsection 12; 2. 1. 1. 3, decayed by the transit time
to the air ejector. The total quantity of activity in the offgas
pipe and recombiner and source term assumptions are snovn in
Tabl es 12. 2-17 a nd 12. 2- 18.

12. 2. 1. 5 Radvaste Buildinq

12. 2. 1. 5. 1 Liquid Radvaste Systems

The radwaste system sources are radioisotopes, including fission
and activation products, present in the reactor coolant. The
components of the radvaste systems contain varying degrees of
activity depending on the detailed system and equipment design

The concentrations of radionuclides present in the process fluids
at various locations in the radwaste systems such as pipes,
tanks, filters, demineralizers, and evaporators are discussed in
Section 11. 2 and are listed in Ta bles 11. 2- 5 th rough 11. 2-7.
These nuclide concentrations vere used in the final shielding
design. Shielding for each component of the radvaste systems is
based on design activity conditions as are given in Sections 11.1
and 11.2.
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The liquid and solid. radwastes are collected, treated, and stored
in the solid radwaste facilities as discussed in Section 11-4-
The radwaste volumes aay be treated by evaporation, filtration,
decanting, and ion-exchamge treatment. The resultant volune
reduced products {e.g evaporator bottons, filter cmhes, depleted
resins) are solidified, normally with concrete, for storage and
offsite shipment. Liquid products (eg evaporator distillate)
may be analyzed for reuse as condensate maho-up, processed as
radioactive waste, or diluted and discharged

The radwaste is solidified ia either 50 cu ft cylindrical
containers or 200 cu ft cubical containers, then washed to
minimize external surface contaainants, and shipped or stored in
concrete shielded coapartments. The aforementioned operations
may be accomplished utilizing renote container loading, transfer,
capping facilities, and an overhead crane. Shieldiag of thesolid radwaste areas based oa the maximum activity sources at
zero decay described in Table 11 2-6 and 11 4»6. Ball aad slab
shielding requiremeats ia the solid radwaste area are based on
radwaste containers without any external container shielding
credit.

15 Ambie tChacoa Off asT e met S t m

The charcoal offgas system as described in Section 11 3 is
located in the radwaste building aad primarily adsorbs the noble
gases and daughter products remaining in the noncondensible gases
removed from the main condenser after treatment in the recombiner
offgas system.

The shielding of the components is based on the transit times for
formation and accuaulation of noble gas daughter products
collected on the particulate filters and the remaining xenon and
krypton gases on the carbon beds The gases, after charcoal
treatment, pass through a post HBPA filter where remaining
particulates are trapped. prior to exhausting The concentrationof the activity on the piping, equipment, and particulate and
charcoal filters for shield design is shown ia Tables 12.2-19
through 12. 2-24.
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~1 6 So ce

The radiati~n sources from design basis accidents are discussed
and evaluated in Section 15 7 Control roon shielding considers
radiation sources from two locations inside the reactor building
(the primary containment, and the secondary containaent) and the
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SGTS filters. Post LOCA sources for those areas are-givea in
Tables 12.2-25 through 12 2-27.

~g /~7 sjt,e Joug~d~~N-~6sh 'e go~e
~ V

S~~oXe

The H-16 present in the reactor steam in the primary steam lines,turbines, and moisture separator can contribute to the site
boundary dose as a result of high energy gamma emission. The
turbine shielding was designed to minimize shine dose. The N-16
shine dose rate at the site boundary was calculated based on thefinal turbine shielding design. The turbine operating floor
component N-16 inventories are'isted in Table 12 2-28.

''I
Kit*

Normally the only sources of activity not stored inside the plantstructures are the refueliag water storage tank (RMST) and the
condensate storage tank (CST)..'nder normal conditions the
condensate storage tank contains concentrations of radionuclides
that yield a surface exposure rate of less than 0.5 mr/hr. The
coadensate storage tank isotopi'c inventory is shown in Table
12 2-29

hI

The refueling water storage tank is also expected- to have a
maximum contact exposure rate 'of less than 0.5 mr/hr when wateris returned from the refueling pool. Maximum activity is based
on Table 12.2-12 isotopic inventories reduced by a factor of
approximately 10-«as a result of continued cleanup during
refueling operations.

~I:
Provisions have been made to recycle the water from both the
condensate and refueling water storage tanks to the condensate
demineralizer.

No other radioactive wastes are normally stored outside the plant
structures. All spent fuel is stored in the spent fuel pooluatil it is placed in the spent fuel shipping cask for offsite
transport. Storage space is provided in the radwaste for storagesolidified material shieldiag for Radioactive wastes stored
inside the plant structures is designed such that there is
normally Zone X access outside the structure.

) ~ ~ ~

~ 4 ~ ~

~ t I m I
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Special materials used in the radiochemistry laboratory and
sealed sources used for calibration purposes are of the lowactivity level and are handled in accordance with station health
physics procedures.', Unsealed sources and radiochemistry sanples
are handled in hoods that exhaust to the ventilation system

The radiation source for the Transverse Xncore Pxobe System (TIP)is provided in Tables 12 2-41 through .12o2-OC. The radiation
source is based upon location within.the core and residence tine.
As indicated in the tables, the TIP system consists of three
components for shielding calculations, the fissionable material,
non fissionable material, and the cable. Souxces axe providedfor each component .as a function of irradiation and decay tines.
The, reactor startup source is shipped to the site in a special
cask designed for shielding The source is transferred under
water while in the cask and loaded into Beryllium containers.
This is then loaded into the reactor while remaining under water.
The source remains within the reactor for its lifetiae. Thus, no
unique shielding requirements after reactor opexation are
required.

~12 hIRBOBB Bh 2 hCRXVE hTEBIhh SOURCES

I 2.2.2. 1 So u ce of A bo ne Rad ioact vit

The sources of airborne radioactivity are found in the various
confined areas of the plant facility and are primarily from the
process leakage of the systens carrying radioactive gases steam,
and liquids. Depending on the type of the system and its
physical condition, such as system pressures and temperatures,the leakage will be as a gas, steam, liquid~ or a mixture of
these.

Radioactive materials become airborne through a number of
mechanisms. The primary production mechanisms are spraying,
splashing, flashing, e vapoxation, and diffusion.
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The prinary sources oC eiahorno radioactivi'ty are found ia the
reactor, turbine, and'radeaate.buildings»; Bithin these
structuros, the radioactivity. any be..released in eguipnent
cubicles, systen.ceapi~aentcr~ valve aad piping galleries
saaplinq stations, radeosto,handliqg erceso cleahieg and
decontaninution arena and repair shops

Ventilation is'an effective neams of controlling 'airborne
radioactive naterials . Ventilation floe .paths ire designed such
that air froa l.ow potential airborne areas floes toward the
higher potential airborne areas , This f2ou pattern will 'ensure
that activity released in the above aontioned source locations
which usually have low .personnel access requirements, sill havelittle chance to escape to areas with a high personnol occupancy
such as corr'idors, uorking aisles and operating floors..

12.2 2 5 Hethodology For Estiaating the Expected Concentration
e he P nt

Xn order to estiaate the expected airborne radioactive naterial
concentrations at locations ctithin the plant, the following
nethodology was used:

(1) - Zstinate the total airborne releases {in Curies per
year) for each of the buildings of the plant;

(2) Estimate a distribution for these releases anong the
various eguipaeit areas of each building based on
operating data and engineering., )udghnent;

(3) Qeternine the annual exhaust f1oe froa each eguipnent
area;

(0) Calculate the resultant airborne radionuclide
concentration (uCi/cc) in each equipsent area based on
the release distribution {Ci/yr) and exhaust flow rate
(cc/yr) .

REV. 1, 8(78 12» 2-10 ".
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The following subsections discuss each step in. the above
procedure in"more detail.

12.2.2.6 Estimation of Total Airborne Releases Mithin the Plant

The estimated quantities of airborne radioactive material
produced in the buildings of the plant are given in Table 12. 2-
30. These releases vere based upon NUREG-0016, "Calculation of
Radioactive Materials in Gaseous and Liquid Effluents from
Boiling Mater Reactors«. The quantities in Table 12.2-30 vere
generated from NUREG-0016 as follows:

-All turbine building releases in NUREG-0016 were reduced by
a factor of five to take credit for the leakage collection
system installed for valves in lines 2 1/2" and larger (see
Subsection 11. 3.2.4.3) .

(NOTE: Releases assigned to the turbine building are assumed
to include any control structur'e releases).
-The Susquehanna reactor buildingreleases were taken to be the sum of the
releases listed in NUREG-, 0016 for the auxiliary building and containment
building.

-The radvaste building releases in NUREG-0016 are "per
reactor" and consequently vere doubled for Susquehanna SES.

-Tritium releases vere divided equally betveen the reactor
building and the turbine building.

12.2.2.7 Distribution of Airborne Releases Mithin
the Plant

The approach taken to determine the anticipated distribution of
gaseous effluents assumed that all airborne= radioactive material
originates only within the equipment areas of the plant. It was
further assumed that a major percentage of the release is
generated within a fev specific areas of each building with the
remainder coming from all other equipment areas. For. the
purposes of the estimate, 80 percent of each building's release
was distributed as described below'mong the major contributing
,areas and 20 percent was assigned to the »all other equipment
areas» category. Releases vere assumed to be generated
continuously throughout the year except for the drywell where a
30 day release period was used.

REV. 111 7/79 12 2-11
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The basis for the selection and relative contributions of the
major areas was an interim report for Electric Power Research
Institute Research Project 274-1 entitled»Sources of Radioiodine
at Boiling Water Reactors». This report provided data on the
important sources of Iodine-131 at operating BWR's and used
measured data to determine the relative release rate from each

I

source. The relative release rates for all airborne
radionuclides except for reactor building tritium were then
assumed to be directly proportional to the Iodine-131 release
rates. Since the spent fuel pool and the reactor vessel {when itis open during refueling) are the major sources of airbornetritium in the reactor building, tritium releases for that
buidling were assigned entirely to the refueling area.

Table 12.2-31 lists the major airborne contributors in each
building and the percentage of the total building release
assigned to each. Tables 12. 2-32 through 12.2-34 provide the
specific equipment areas of the plant associated with the major
contributors and the applicable exhaust air flow rates. Note
that only those equipment areas which have a significant
potential for airborne radioactive material releases were
included in the "other equipment areas> category.

12.2.2.8 Estimated Airborne Radioactive Material Concentrations
Within the Plant

The airborne radionuclide concentrations for each equipment area
was calcualted using the following methodology. For a specific
area, the appropriate .building release {Table 12. 2-30) was
multiplied by the applicable release percentage for the area
{Table 12.2-31) and divided by the area annual exhaust flow
{Table 12. 2-32, 12. 2-33, or 12.2-34) . The resultant
concentrations are presented in Tables 12.2-35 through 12. 2-37
which also include the fractions of the maximum permissible
concentrations in air as defined in 10CFR20 Appendix B, Table I.

12.2. 2.9 Cha~n es to Source Data Since PSAR

Airborne radioactive material sources were not specified in the
Susquehanna SES PSAR. Subsection 12.2.2 has been added in
compliance with the »Standard Format and Content of Safety
Analysis Report for Nuclear Power Plants», Regulatory Guide 1. 70.
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TABLE 12 2-30

ESTI |".ATED AIRBORNE R ADIOACTZVE RELEASES (CURIES/YEAR) < < i

Huc lide

Turbine~ »
Building
Releases
(per Unit)

Reactor
Building
Releases
(per Unit)

Radwaste
Building
Releases
(per Plant)

H-3
Kr-83m
Kr-85m
Kr-8S
Kr-87
Kr-88
Kr-89
X e-l.3 1m
Xe-l33m
Xe-l33
Xe-135m
Xe-135
Xe-137
Xe-138
I-1 31
5-133

Co-6O
Co-58
Cr-51
Nn-54
Pe-59
Zn-65
Zr-95
Sr-89
Sr-90
S b-124
Cs-134
Cs-136
Cs-13'1
Ba-140
Ce-14 1

8 0+0

4+1C 3>

2 6+1
4. 6+1

S. 0+1
1 3+2
1. 3+2

2. 9+2
3. 8-2
1 5-1
4 0-4
1 2-4
2. 6-3
l. 2-4
1 0-4
4. 0-5
2. o-5
1 ~ 2-3

0-6
6 ~ 0-5
6. o->
l. 0-5
1 2-4
2 2-3
1 2-4

0+]c 3)

6. 0+0

6.0+0
6 0+0

1 3+2
9. 2+1
6. 8+1

1. 4+1
3 4-1
1 4+0
2. 0-2
1. 2-3
6 0-4
6 0-3
8. 0-4
4. 0-3
8 0-4
1. 8-4
1. 0-5
4 0-4
8. 0-3
6 ~ 0-4
1 ~ 1 2
8. 0-4
2. 0-4

2. 0+1

9. 0+1

1. 0-']
3. 6-1
1 8-1
9. 0-3
1 8-2
6.0-2
3 0-2

, 3-0-3
1 0-4
9 0-4
6 0-4
1. 0-4
9 ~ 0-3
9. 0-4
1. 8-2
2. 0-4

2 3

Based on NUREG-0016
4» Includes control =structure release

4.0+1 = 4.0x10>
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TABLE 12.2-35

ESTIMATED AIRBORNE CONCENTRATIONS IN 'THE TURBINE BUILDING

NUCLIDE
MPC

p Ci/cc

CONDENSER

AREAS
*A%**AiC4**'r%*'AA*
Concen. Fract.

p ci/cc of MPC

Concen.
p Ci/cc

Fract.
of MPC

SJAE
AREAS

Ax*****x*4**k*x

MECH. VACUUM
PUMP AREAS

*4*A*x*%***A***
Concen. Fract.

p Ci/cc of MPC

TURBINE
HALL AREAS

co'c A*x**********
Concen. Fract.

p Ci/cc of MPC

OTHER EQUIP-
MENT AREAS

****ic**A*******
Concen. Fract.

p Ci/cc of MPC

kl-3
Kr-83m
Kr-85m .

Kr-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe-133m

. Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
I-131
I-133
Co-60
Co-58
Cr-51
Mn-54
Fe-59

~ Rn-65
Br-95
Sr-89
Sr-90
Sb-124
Cs-134
Cs-136
Cs-137
Ba-140
Ce-141

Rev. 11, 7/79

5. 0-6
1. 0-6
6. 0-6
1. 0-5
1. 0-6

-1.0-6
1.0-6
2. 0-5
1. 0-5
1. 0-5
1.9-6
4. 0-6
l.0-6
1.0-6
9. 0-9
3. 0-8
9. 0-9
5. 0-8
2.0-6
4.0-8
5.0-8
6.0-8
3.0-8
3.0-8
1.0-9
2.0-8
1.0-8
2.0-7
1.0-8
4.0-8
2.0-7

2. 2-8

4. 0-8

7. 5-8
1. 3-7

1. 4-7
3 ~ 7 7

3. 7-7

8. 3-7
1.1-10
4.3-10
1.1-12
3.4-13
7.5-12
3.4-13
2.9-13
1.1-13
5.7-14
3.4-12
1.1-14
1.7-13
1.7-13
2.9-14
3,4-13
6.3-12
3.4-13

4.4-3

6. 7-3

7.5-2
1. 3-1

l. 4-2
3. 7-1
9. 3-2

8. 3-1
l. 2-2
1. 4-2
1.3-4
6. 9-6
3. 7-6
8. 6-6
5. 7-6
l. 9-6
1. 9-6
l. 1-4
1. 1-5

, 8.6-6
1 ~ 7-5
l.4-7
3. 4-5
l. 6-4
l. 7-6

2.4-8

4. 3-8

7. 9-8
l.4-7

1.5-7
4.0-7
4. 0-7

8.8-7
1.2-10
4. 6-10
l. 2-12
3. 7-13
7. 9-12
3. 7-13
3. 0-13
1.2-13
6.1-14
3 ~ 7 1 2
1.2-14
1.8-13
1.8-13
3.0-14
3. 7-13
6. 7-12
3. 7-13

4.8-3

7 ~ 1 3

7. 9-2
l. 4-1

1.5-2
4. 0-1
9. 9-2

8. 8-1
l. 3-2
1.5-2
1.4-4
7.3-6
4.0-6
9. 1-6
6. 1-6
2. 0-6
2. 0-6
l. 2-4
l. 2-5
9. 1-6
1.8-5
1 ~ 5 7

3 ~ 7 5
l. 7-4
1. 8-6

9.6-9

1.7-8

3. 1-8
5. 6-8

6. 0-8
1.6-7
1.6-7

3. 5-7
4.6-11
1.8-10
4.8-13
1.4-13
3.1-12
1.4-13
1.2-13
4.8-14
2.4-14
1.4-12
4.8-15
7.2-14
7.2-14
1.2-14
1.4-13
2.7-12
1.4-13

1.9-3

2. 8-3

3. 1-2
5. 6-2

6. 0-3
l. 6-'1
3. 9-2

3. 5-1
5 ~ 1 3
6. 0-3
5.4-5
2.9-6
1.6-6
3.6-6
2.4-6
8.0-7
8.0-7
4.8-5
4.

8-6'.6-6

7. 2-6
6.0-8
1.4-5
6.6-5
7 ~ 2 7

6. 6-10

1.2-9

2.2-9
3.8-9

4.2-9
1.1-8
1.1-8

2.4-8
3.2-12
1.3-11
3.3-14
1.0-14
2 ~ 2 1 3
1.0-14
8.4-15
3.3-15
1.7-15
1.0-13
3.3-16
5.0-15
5.0-15
8.4-16
1.0-14
1.8-13
1.0-14

l. 3-4

2. 0-4

2 ~ 2 3
3. 8-3

4. 2-4
1. 1-2
20 7-3

2.4-2
3.5-4
4.2-4
3.7-6
2.0-7
1.1-7
2 ~ 5 7

1. 7-7
5.6-8
5.6-8
3.3-6
3.3-7
2.5-7
5.0-7
4. 2-9
1. 0-6
4. 6-6
5. 0-8

l. 9-9

3. 3-9

6. 0-9
1. 1-8

1. 2-8
3. 0-8
3. 0-8

6. 7-8
8. 8-12
3.5-11
9.3-14
2.8-14
6.0-13
2.8-14
2.3-14
9, 3-15
4.7-15
2.8-13
9.3-16
1.4-14
1.4-14
2.3-15
2.8-14
5.1-13
2.8-14

3. 7-4

5.4-4

6.0-3
1.1-2

1.2-3
3.0-2
7.6-3

6. 7-2
9. 8-4
1.2-3
1.0-5
5.6-7
3:0-7
7.0-7
4.7-7
1.6-7
1.6-7
9. 3-6
9. 3-7
7.0-7
1.4-6
1.2-8
2.8-6
1 ~ 3 5
1.4-7
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This section discusses the estimated radiation exposures both xn-
plant and at locations outside the plant structures. Subsections
12.4.1 and 12.4.2 discuss direct radiation and airborne radiation
exposures within the plant; Subsection 12. 4.3 is concerned with
exposures outside the plant structures; and Subsection 12.4.4
estimates the exposure to Unit 2 construction workers from the
operation of Unit 1.

12 4 1 DIRECT RADIATION DOSE ESTlHATES FOB EXr'OSURES WITHIN
THE PLANT

To estimate the total annual man-rem dose from direct radiation
to personnel within the. plant, seven broad categories or job
functions vere defined and the annual man-rem dose for each
category vas evaluated. Hhere the functions and expected
radiation levels vere predictable or clearly defined, analytical
methods sere employed. for the man-rem estimates. In other cases,
the estimate basis vas historical exposure data from operating
BQB power plants. Subsection. 12.4.1.1 provides the def initions
and components of each of the seven broad categories while
Subsection 12.4.1.2 describes briefly the estimation techniques
used.

The resultant dose estimates are contained in Subsection
12.4.1.3 ~ along with further discussion of the factors involved
and the methodology used for each category and its related
conponents.

~24. 1~1 Def irisation ~o Cgt~eo~ieg Used j,n Exposure Estimates

Seven broad categories vere used in estimating the total annual
man-rem dose. These categories are:

Jl"
or subcategories.

a) Routine patrols and surveillances of the reactor
building, turbine building and control structure, and
radvaste building

b) Periodic tests and checks in the reactor building,
turbine building and control structure, and radwaste

. building

12 4-1
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c) Control room operations, specifically, the dose received
by operators in the main and radvaste control rooms.

does not inply that a particular date has been established, but
rather that the maintenance is planned and vill cccuz at 'least
annually This category .also,.includes the preventative"
maintenance~ perfor'med, in>~the-„radiation areas of the turbine,
reacctor,j„andp radrv'a'ste buildings.

C

In-service .I s ections: These are inspecti.ons normally- performed
b'y qu'ality,y.assurance, .NDT personnel, and outside contractors.

'Such inspections'hnormally occur,.during'outages on piping and
sjstems; that,-.cannot'e checked twhile at power.

~S cial Hainten'anc'e'll maintenance that has not been scheduled.
This maintenance vill not.„have been planned in advance and
normally„ cannot.,:be =predicted.
l Y

"-' - ~ - "-'; ~ »t, i~» a hh "h

Whaste ProcessincC: "'I'ncludes,any work with solid or liquid
r'a'dvaste:,,>,,movement- of'asks and liners; radwaste, condensate
system, or fuel pool filter,changes; resin moving; compacting of
low Pevel „rad*vaste.. ', Na'intenance of radwaste equipment 'is covered
by the maintenan'ce"'caategories and is not included in,this job
function

Refueling: All work vith'„fuel,"or'eactor components performed in
the r'eactor and pool area.

Health p~hsics: ..This covers all health physics activities.
4 'hh

hh

Cho . ~,'

12.4 1 2 Ex osure Estimate Methodology

12 4-2

The analytical methods used for,man-rem estimation is based upon
the product of'estimated'expo'sur'e"time and estimated ambient dose
rate. Initially, a review of equipment in plant radiation areas
is performed., Estimates of the occupancy time requirements for
operations associ.ated, vi.'th, that 'equipment -{e.g., maintenance time
or surveillance time) are',develo'ped.' An "applicable frequency of
occurrence is then factored" xn to provide "the exposure time for
that, operation,.-:;- For,areeas with no'si9ni.fican't radiation sources,
an estimated„ dose,-rate of 0.25.'mBem/hr is used. Where radiation
sources,are*present, 2.5 mRemjhr's'ssumed for Zone II and
<15.0 @Rem/hr.„for most,Zo'ne IXI, areas. All other estimated dose
rates are based on either calculations'cr"a'ctual radiation levels
encountered at.„operating pl'antshe The analytical method was used
in determining the 'exposur'e''estimates for the routine maintenance
and "routine, operations ',ca tejories. '

a

h J '.
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In the historical method, the annual man-rem is estimated from
the exposures received at operating BMR power plants. This
method was used for all other categories (special maintenance,
inservice inspection, waste processing, refuelinq, health
physics) . The data sources are the -annual and semi-annual BHR

operatinq reports and plant correspondence with regulatory
agencies. Included are a total of sixty-one (61) reactor years
of operation for sixteen (16) nuclear units. The average
licensed power level of these units is 747 MMe with the smallest
rated at 514, t1We, see Table 12.4-1. The data was collected and
assembled usinq the following guidelines:

a) No data before the first calendar year which contained
less than nine (9) months of commercial operation was
used.

b)

c)

In multiple unit plants, each unit was assumed to
contribute equally to the annual exposures.

Zf exposure contributions from two or more.job functions
could not be separated, a conservative approach was
taken by assigning all the exposure to one function and
having no entry in the data base for the other.

Table 12.4-2 contains the results of the historical data
compilation and includes both the number of reactor yeazs
contzibutinq and the standard deviations associated with each job
function. " The large standard deviations, which range from about
60 to 160.'percent of the mean values, are indicative of the wide
spread of data that has been reported within each, exposure
category.

12-4 1 3 Results of llnnual DinEct Radiation Dose Estimates
I

The annual man-rem estimates for each category and subcategory
are detailed below in Subsections 12.4.1.3.1 through 12.4.1.3.7.
The methods used in their determination'ze as ~ described
previously, with any additional assumptions or information
included below where required.

In each of the following subsections, the annual exposure
estimates are reported for two plant configurations: single unit
operational and two units operational. Xn general, the «two-unit
dose» is twice the "single-unit dose«; however, the exposures
associated with'certain job functions are assumed to be
independent of the number of units in operation since the
functions will be performed regardless of whether one or two
units are operational. These specific job functions are:

m
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Hain Control Room operations
Radwaste Control Room operations
Radwaste building routine surveillances
Radwaste. building periodic testing
Radvaste building routine maintenance-

For these estimates, the single-unit doses are conservatively
assumed to be the same as the two-unit dose.

A summary of the direct radiation dose estimates is given in
Subsection 12 4.1.3.8 and in Table 12.4-9.

II

Jg.4.1~,1 Re~tine Eetations Dose Estimate

Durinq normal operations, routine patrols and surveillances are
performed by'lant operators. The majority of items checked are
rotating eguipment {pumps, fans, etc), and each is vieved to
verify the absence of leaks, excessive vibrations, or other
abnormal conditions. For the man-rem exposure estimation, the
followinq assumptions vere made:

a) Dose rates were estimated as outlined in
Subsection 12.4. 1.2.. Additionally, because of. the high
potential dose rates associated with certain equipment,
routine surveillances of such equipment vill be
performed from a remote location {such as the cell
doorway) and credit vas taken for the. lower ambient
radiation level at that point.

b)

c)

Exposure received during valking of patrol areas is
based upon a valking speed of 200 ft per minute.

Patrol freguency for Zone II areas will be twice per
shift, three shifts per day.

d) Patrol frequency for Zone.III areas will be once per
shift, three shifts per day.

e) Surveillance of eguipment in Zones IV and V will not be
performed regularly but only as required. A patrol
frequency of once per month was used for the estimate.

f) Each patrol consists of only one man.

The results of the routine patrol exposure estimate are contained
in Tables 12.4-3 through 12.4-5.

Similarly, the details and results of the exposure estimate for
the periodic testing subcateqory are also contained in
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Tables 12.4-3 through 12.4-5. The estimated dose rates used are
generally the same as for the routine patrol estimate. However,
since periodic testing is assumed to occur during equipment
shutdown, the estimated shutdown dose rate is used if it is
different from the operating dose rate.
The remaining subcategory is control room operations exposures.
This has been estimated from the estimated control room radiation
levels and the staffing requirements for the main and radwaste
control rooms. It is assumed that the staff ing levels of both
control rooms will be identical for either one or two units
operational. Table 12.4-6 contains the details of the control
room operations exposure estimate.

The total annual exposure estimate for the routine operations
category is then the sum of the three subcategory annual
exposures, see Table 12.4-7.

Annual Exposure Estimate: Routine Operations

113.1 man-rem [single unit operational)

163.8 man-rem (two units operational)

12-4.1.3.2 Routine Naintenance Dose Estimate

The estimated exposure to be received in this category was
determined from a compilation of the estimated annual man-hours
required for component maintenance and the estimated dose rate to
which the maintenance personnel will be subjected. As with
periodic testing, the estimated shutdown dose rate was used if
applicable.

The first step in this estimate consisted of a detailed review of
plant radiation areas to produce a listing of the types and
quantities of selected equipment present in each area. Next,total annual maintenance manhours were estimated for each
equipment type identified based on a combination of operating
experience and engineering judgement. These total estimated
manhours are shown in Table 12.4-8 and are intended to includeall expected routine activities for each equipment type such as
valve repacking, valve relapping, pump seal replacement, fan
overhaul, etc.
In any area, the total annual manhours for routine maintenance
was then the summation of the quantity-manhour products for all
equipment types found in the area. Multiplying the area annual
maintenance manhours by the anticipated area dose rate produced
the estimated man-rem by area. These were then summed to yield
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the routine maintenance man-rem by building and for the plant.
Tables 12.4-3 through l2. 4-5 contain the details and results of
the routine maintenance exposure estimate.

A "total annual" maintenance approach was used for each component
since currently available data generally does not contain
sufficient information to provide a basis for manhour breakdowns
by maintenance activity. In addition, the area-by-area
methodology employed makes estimate compilations by system
unnecessary since locations were high man-rem expenditures are
expected are clearly indicated.

Annual Exposure Estimate: Routine Maintenance

237.7 man-rem (single unit operational)
395.0 man-rem (two units operational)

12 4.1.3.3 In-service Inspection Dose Estimate

The annual exposure estimate for in-service inspection is based
upon the data from operating BWRs given in Table 12.4-2.

Annual Exposure Estimate: In-Service Inspection
27.5 man-rem (single unit operational)
55.0 man-rem (two units operational)

12. 4. 1. 3. 4 Special Maintenance Dose Estimat e

The annual exposure estimate for special maintenance is based
upon the data from operating BMRs given in Table 12.4-2.

Annual Exposure Estimate. Special Maintenance

273.1 man-rem (single unit operational)
546.2 man-rem (two units operational)

12. 4. 1. 3. 5 Paste Processinq Dose Estimate

Most of the operations in the plant associated with the waste
processing category are performed remotely and are therefore not
suitable for evaluation by the analytical estimation technique.
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Consequently, the annual man-rem estimate for waste processing is
more properly taken from the historical BWR operating data of
Table 12.4-2 since this will provide a conservative estimate of
the anticipated exposure.

Annual Exposure Estimate: Haste Procession

37.0 man-rem (single unit operational)

74 0 man-rem (two units operational)

12.4 1.3.6 Refueling Dose Estimate

The annual exposure estimate for refueling is based upon the data
from operating BMRs given in Table 12.4-2.
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19 2 man-rem (single unit operational)

38.4 man-rem {tvo units operational)

The annual exposure estimate for health physics monitoring is
based upon the data from operating BMRs given in Table 12.4-2.

annu~al x~osure nstiaate Health. Physics

29.3 man-rem {single unit operational)

58.6 man-rem (tvo units operational)

]2.4.1.3 8 Summar~of~D'rect Radiation Dose Estimates

The annual dose estimates in the preceding seven subsections, are
summarized and totaled in Table 12.4-9. As shovn in this table,
the estimate of total annual in-plant exposure from direct
radiation is:

Annual ~Ex osure Estimate: Total

736.9 man-rem, (single unit operational)

1331.0 man-rem (tvo units operational)

The contribution to the estimated cumulative station exposurefrom Routine Operations (RO) and Routine Maintenance (RM) in
areas'here radiation zone maximum design dose rates vere used in
the estimate are summarized belov:,
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Calculated Nanrem

Bld

O 0 t e t
RO

no ~Unit o ~cation

BN BO

Turbine
Reactor
Radvaste

3 8
7 2ll 2

1 7
1 9
1 7

7 6 1 41443811237
Total 22 2 i 43 33269
It can be seen that the calculated manrem in those areas where
radiation xone maximum design dose rates vere used in the
estimate comprise 3.6 percent and 3.0 percent of the total
estimated manrem for one unit and two unit operations,
respectively Since the expected radiation levels would be less
than the maximum design dose rates, the impact of using expected
radiation levels on the total esimated station manrem vould not
be significant due to the low contribution to the total from the
exposure categories discussed.

Dose estimates for Inservice Inspection, Haste Process'ing,
Special Haintenance, and Refueling vere based on historical data
from operating facilities. Any further breakdovn of the dose
estimate by individual task (such as vas made for Routine
Operations and Routine 5aintenance) would rely primarily on
historical information available. The resultant dose estimate
vould not be any more precise than would be an estimate based
solely on reported radiation exposures. Zn all four areas where
historical data vas used in the dose estimate, the SSES design
includes design features which vill reduce actual exposures
received by plant personnel. Due to the lack of sufficiently
detailed information to allov the precise quantification of the
dose reduction the calculation of the reduction cannot be
performed For example, the follovig design features have been
incorporated to facilitate Inservice Inspection:

a) Quick removal insulation around the reactor vessel nozzles.

b) Access panels in the shield vali to the bottom head welds.

c) Side access panels in the shield wall to the core region of
the reactor vessel.

d) The use of a remote, trackless vehicle for vessel veld
inspection.

e) The use of remote automatic veld inspection of the vessel
nozzle velds
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f) During the pre-service inspection access will be thoroughly
eva lua ted.

In view of the attendant uncertainties in the available data,
precise quantification of the dose reduction benefit of these
design features is not possible Therefore the methodology
employed in Section 12. 4 gives a reasonable and conservative
estimate of exposures from all activities.

12 4.2 AIRBORNE RADIOACTIVITY DOSE ESTIMATES FOR EXPOSURES
HZTHIN THE PLANT

The estimated exposures to plant personnel from airborne
radioactivity are based upon the source distributions and
radionuclide concentrations presented in Subsection 12.2.2 and
Tables 12.2-30 through 12.2-37. Because of the limited geometry
afforded by the finite room sizes within the plant, personnel
exposures due to noble gas immersion are expected to be
insignificant when compared to inhalation exposures and have
therefore not been estimated.

In order to determine whether exposure contributions from
airborne radioactive particulates are significant, an evaluation
was made in each area of the ratio of total particulate NPC
fractions to total radioiodine NPC fractions (which is equivalent
to the ratio of particulate NPC-HOURS to iodine MPC-HOURS) . Por
the turbine building areas and the reactor building areas, the
particulate-to-iodine ratios vere approximately. 0.02 and 0.05,
respectively, indicating that the particulate inhalation
exposures are not significant in those areas. In the radwaste
building areas, however, the particulate-to-iodine ratio was
approximately l.ll. Since ov'er 75 percent of the total
particulate NPC fraction was attributable to Cobalt-60, both the
thyroid inhalation dose due to radioiodines and the lung
inhalation dose due to Cobalt-60 were estimated for the radwaste
building tthe thyroid and the, lung are the critical organs for
iodines and Cobalt-60, respectively).
Tables 12. 4- 10 through 12.4- 12 are the compilations of the
estimated annual occupancy times and the estimated annual
exposures for each of the areas identified in Subsection 12.2.2
as being potential sources of airborne radioactivity. The
occupancy times are based upon detailed reviews of each area and
the determination of the operations which might occur in those
areas The exposures are based upon the estimated concentrations
in Tables 12.2-35 through 12.2-37, dose factors from Table C-1 of
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USNRC Regulatory Guide l.l09, and an assumed breathing rate of
1) 3.47x10-~ cubic meters'er second.

12 4 3 EXPOSURES AT LOCATIONS OUTSIDE PLANT STRUCTURES

The radiation exposures at locations outside the plant structures
were estimated for two areas: the site boundary and the visitor's
center Subsection 12.4.3.1 discusses direct radiation exposure
at these locations while- Subsection 12.4.3.2 deals with airborne
exposures.

12.4. 3. 1 Direct Radiation .Dose Estimates Outside Structures

At locations outside plant structures, the direct radiation
exposure has two principal components:

a) Sources of activity stored outside the structures,
specifically, the refueling water storage tanks {BNST)
and the condensate storage tank {CST).

b) Turbine shine due to the N-16 present in the reactor
steam.

Based on the calculated surface dose rates for the RMST and CST
given in Subsection 12.2.1.8, the dose contribution at locations
outside the plant structures due to these tanks is considered
negligible.
The N-16 present in the reactor steam in the primary steam lines,
turbines, and moisture sepa'rators 'provides a dose contribution to
locations outside the plant, structure as a result of the high
energy gamma rays which it emits as it decays. To reduce the
turbine shine doses, radiation "shielding was provided around each
turbine train and a roof. slab was constructed over each moisture
separator.

j.5I

The resultant annual exposure due to turbine shine was calculated
with the SKYSHINE (Section 12.3, Ref 12.4-1) computer program.
Point'ources were used to represent the components on the
turbine deck and the source strengths are given in Table 12.2-28.

Hith an assumed 100 percent occupancy factor and, an 80 percent
capacity factor, the maximum calculated dose rate occurs at the
south site boundary {see Figure 12.4-1) and is 5.6 mRem/year.
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R'he

dose rate in the visitor~s center was calculated by the
SKYSHINE program to be 3.50x10-~ mRem/hr. Assuming a visitor
will visit the plant one day a year for eight hours, the
estimated dose for the visitor is 2.80x10-~ mRem/year.

12.4.3.2 Airborne Radioactivity Dose Estimates Outside
Structures

Doses at the site boundary due to released activity are given in
Subsection 11.3. 3.

At the visitor's center, the total body. gamma and beta skin doses
for an assumed annual occupancy of 8 hours are also given in
Subsection 11.3. 3.

12 4. 4 EXPOSURES TO CONSTRUCTXON WORKERS

12.4.4 1 Direct Radiation and Dose Estimates

The estimated dose rates from direct radiation and turbine shine
received by construction workers on Unit 2 due to the operation
of Unit 1 are well within the limits of 10CFR20 for exposure to
individuals in unrestricted areas.

The estimated dose rates are the sum of the direct radiation from
the Unit "1 reactor building, turbine building, and radwaste
building and the turbine shine doses resulting from the decay of
N-16 in the steam lines and turbine equipment of Unit 1.

As'iscussedin Subsection 12.4.3. 1, dose contributions from outside
storage tanks are considered negligible and were not included in
the exposure estimate.

The annual dose to the construction workers employed in Unit 2
vhile Unit 1 is in operation has been estimated, for various
points in the Unit 2 construction area. The results of this
estimate and their corresponding points are shown on Figure
12. 4-1

The do'ses from turbine shine were calculated with the SKYSHINE
computer program in the manner described in Section 12.4.3 1.
The resultant dose includes the direct as well as air'cattered
contribution. No credit was taken for the shielding which will
be afforded bv the partially erected Unit 2 structures. The
radioactive wastes will be processed and stored in the radwaste
building where shielding is provided to ensure that the dose
outside the building will be minimized. Mith an allowance for
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distance between the radwaste,building and the Unit 2
construction area, the estimated direct shine dose will be less
than 0.01 mRem/hr under normal conditions.

The exposure for Unit 2 construction workers has been estimated
. based on the following assumptions:

a) The current schedule will be met.

b)

c)

Doses to personnel in the Unit 2 structures are
negligible once the exterior walls'nd slabs have been
fully erected.

Manual laborers spend 80 percent of their time in the
Unit 2 structures.a'nd 20 percent in the yard.
Non-manual workers spend 10 percent of their time in the
Unit 2 reactor building, 10 percent in the Unit 2
turbine building, and 80 percent in the field office.
Laborers assigned to the control structure or Un'it 2
turbine building are assumed to,.work in the'urbine
building only. Laborers as"igned to the Unit 2 reactor
building or drywell are assumed to work in the reactor
building only.

10 percent of the time spent in the Unit 2 turbine,
building will he on or above the turbine operating de'ck.
10 percent of the time spent in the Unit 2 'reactor
building will be on the refueling floor.

d)

')

The average dose rate in the yard areas is the average
of the dose rates at points 1 through 7 of Figure 12.4-
1, 0.025 mRem/hr. The average dose 'rate in the field
office is 0. 020 mRem/hr. Each of these dose rates
include a direct shine contribution of 0.01 mBem/hr.

The availabi.lity factor for Unit 1 is 80 percent.

f) 40 hours per week per person at the work site, 50 weeks
per'ear.

Exposure to personnel in various categories and locations is
summarized in Table 12. 4-13, which gives the total estimated
exposure to Unit 2 construction workers as 30.7 man-rem.

Section 20.202 of 10CFR20 specifies that personnel monitoring
equipment would be required if the maximum expected whole body
dose per calendar- quarter for workers i n an area would exceed
300 mRem. Zt was deterjmined that, even in areas with the highest

~ radiation levels (the turbine deck), no construction worker would
receive a dose greater than this, so personnel monitoring

12 4- 12
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equipment will not be necessary. However, periodic radiation
surveys'ill be made by the. health physics staff. Personnel
dosimetry devices will be located in areas where construction
personnel are w'orking to verify that no person will receive a
dose greater than 500 mRem/yr.

I 12.4.4.2 E~xosures Due to Airborne Radioactivitg

Doses to Adult Morkers resulting from atmospheric releases of
gaseous and particulate effluents were calculated based on an
occupancy factor of 2000 hours per year (40 hours per week, 50
weeks per year) . At the critical location 0.06 miles from the
vents in the ESE Direction doses of l6.6, 31.3 and 3.77 mRem/yr
were calculated for the total body and skin due to submersion and,
the thyroid due to inhalation, respectively. These doses were
calculated using the appropriate equations from Regulatory Guide
1.109 with slight modifications. In all cases the shielding
factor for residential structures was removed from the equations
and'all results were multiplied by 2000/8766 to'orrect for the
lower occupancy factor.

t
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TABLE 12.4-3 (Continued)

Routine (1)Maintenance
Routine

Surveillances
Periodic(1)
Testin

Room or Area
No.

Estimated
Dose
Rate

(mRem/hr)

Estimated
Annual

(5)Man-hours

Estimated
Annual

Man-rem

Estimated
Annual

Man-hours

Estimated
Annual

Man-rem

Estimated
Annual

Man-hours

Estimated
Annual

Man-rem

El 806'"
C-900, C-912
C-900A, C-912A
C-901 t(3)-911
Transit

2.5
2.5
0.25
0.56

5(2)
25 (2)

360 (2)

0.013
0.063
0.090

9
(2)

15(2)
33(2)

0.023
0.004
0.018

3(2)
14(2)

202

0.008
0.035
0.051

Totals 33,919 48 '60 1,267 0.940 3,865 9.569

All values are on a per-unit basis.(1)

(2)Entries referencing this note are for common facilities or equipment and the man-hours are shown as on"half
quantity for the room or area to reflect the per-unit basis of the table.

The "transit" entries account for the estimated time spent and dose received while walking the patrol areas(3)
surveillances. For elevations which entail exposures to multiple radiation levels, the estimated dose rate
weighted average of the dose rates encountered. All transit times are based on an assumed walking speed of
minute.

the estimated

during routine
is the distance
200 feet per

(4)From surveillances performed once per month.

(5) The estimates exposures in this table assume all man-hours are expended in the area in which they appear. Portions of these
man-hours may actually be spent at lower radiation levels within the area. Components may also be removed to a lower back-
ground area for maintenance.
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TABLE 12.4-4 (Continued)

Routine
Maintenance

Routine
Surveillances Periodical)Testin

Room or Area
No.

Estimated
Dose
Rate

(mRem/hr)

Estimated
Annual

(8)Man-hours

Estimated
Annual

Man-rem

Estimated
Annual

Man-hours

Estimated
Annual

Man-rem

Estimated
Annual

Man-hours

Estimated
Annual

Man-rem

El 719'"
412
401
401A
472
402
413
406
471
407
410
430
Transit( )

El 749) ]"

507, 510
514
514
516
513
512
517
515
519
500
502) 503
502, 503
501
504

0.25
0.25
2.5
2.5
0.25
0.25
0.25

15
0.25
0.. 25

13
1.64

0.25
16

2 5(6)
0.25
0.25
0.25
0.25
2.5

200
0.25

"(6)
28
28
28

84
3,648

600
95
70
10

360
100
420
120

720
576

45
731
524
166
390

68
404
264

91
58

0.021
0:912
1.500
0.238
0 '18
0.003
0.090
1.500
0.105
0.030

0.180
9.216

0.011
0.183
0.131
0.042
0.975

13.600
0.101
7.392

2.548
1.624

18
37
18

5

9

139

0.03

210
26

9

0.10

0.005
0.093
0.045

0.075

0.002

0.228

0.001

0.053
0.007
0.002

0.003

2
74

327
1
2
1

62
10
62
24

222

124
57

33
87

24
125

30
59

142
8

40
18

0.001
0 '19
0.818
0.003
0.001
0.001
0.016
0.150
0.016
0.006
2.886

0.031
0.912

0.008
0.022
0.006
0.031
0.075

11.800
0.036
0.224

1.120
0.504
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TABLE 12.4-5

EXPOSURE ESTIMATES FOR THE RADWASTE BUILDING

Routine (1)Maintenance
Routine

Surveillances Periodical)Testin

Room or Area
No.

Estimated
Dose
Rate

(mRem/hr)

Estimated
Annual

Man-hours

Estimated
Annual

Man-rem

Estimated
Annual

Man-hours

Estimated
Annual

Man-rem

Estimated
Annual

Man-hours

Estimated
Annual

Man-rem

El 646'"
R-38
R-2
R-36
R-3
R-4
R-5
R-9
R-6
R-7
R-8
R-50
R-50
R-10~
R-34
R-20
R-17,
R-14
R-13
R-15}
R-12
R-11
R-22
R-31,
R-30
R-29
R-29

R-21

R-18, R-19

R-16

R-32

15
2.5
2.5

13
2.5

20
2.5
2.5
2.5

20
20
2.5
0.25
7

3
42

3
13
42

2.5
4
Q. 25

300
100

10
2.5(4)

176'50

12
22

376
124
674

64
186

12
18

746
52

188
56

104
300

28
272

92
1,584

79
27

170

2.640
1.125
0.030
0.286
0.940
2.480
1.685
0.160
0.465
0.240
0.360

0.187
0.364
0.564
2.352
0.312
3.900
1.176
0.680
0.368
0.396

23.700
2.700
1.700

3

8
3

0 03(3)
18

3
5

5

0.12(3)

0.028

0.008

0.020
0.008

0.001
0.005
0.021
0.015

0.015

0.008

0.001

70

4
22

360
64
22
22

6

96
18
30

16
82
42
90
60
42
34

0. 175

0. 052
0.055

0.900
0.160
0.055
0.440

0.002

0.288
0.756
0.090

0.672
0.205
0.168
0.023

18.000
4.200
0.340

hs

(I )15
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TABLE 12.4-5 (Continued)

Routine
(1)Maintenance

Routine
Surveillances Periodical)Testin

Room or Area
No.

Estimated
Dose
Rate

(mRem/hr)

Estimated
Annual

(5)Man-hours

Estimated
Annual

Man-rem

Estimated
Annual

Man-hours

Estimated
Annual

Man-rem

Estimated
Annual

Man-hours

Estimated
Annual

Man-rem

R-60
R-28
R-35
R-27
R-26
R-25
R-24
R"37
Transit( )

El 660'"
R-105
R-106, R-107
R-106, R-107
R-.101
R"110
R"103
Transit( )

El 676'"
R-201, R-229
R-207
R-206
R-226
R-220
R-225, R-227

2.5
500

2.5
2.5
2.5
2.5
2.5
2.5
0.83

0.25

2.5
50
15
0.25
0.25

2.5
2.5'.25
0.25
0.25
4

510
40
12
12
90
34

2
70

52
102

32
42
36

276
142

1)650
420
972
114

1.275
20.000

0.030
0:030
0.225
0.085
0.005
0.175

0.013
3.060

1.600
0.630
0.009

0. 690
0.355
0.413
0.105
0.243
0.456

128

ll
p p9 (3)

22

18
5

0.106

0.003

0.001

0.006

0.005
0.001

36

40
18

4

78

24

11,680
16
48

18.000

0.010
0.540

0.200

0.020

0.060

2.920
0.004
0.012
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TABLE 12.4-5 (Continued)

Routine (1)Maintenance
Routine

Surveillances Periodical)Testin

Room or Area
No.

Estimated
Dose
Rate

(mRem/hr)

Estimated
Annual

Man-hours( )

Estimated
Annual

Man-rem

Estimated
Annual

Man-hours

Estimated
Annual

Man-rem

Estimated
Annual

Man-hours

Estimated
Annual

Man-rem

R-250
Off-gas Qeatment
Transit(2)

- (
Walk-up

El 691'"

4
(later)

0.25
0.25

280
(later)

1.120
(later) (later)

53
137

(later)
0.013
0.034

104
(later)

0.416
(later)

R-310> R-313
R-311, R-312
R-301
R-305
R-308
R-309
Transit

0.25
7
0.25
0.25
0.25
0.25
1.77

1,856
68
12
80
40

486

0.464
0.476
0.003
0.020
0.010
0.122

33

57

0.008

0.101

270 0.068

Totals 13,242 80.424 523 0.408 13,398 48.831

(1)The "transit" entries account for the estimated time spent and dose received while walking the patrol areas
surveillances. For elevations which entail exposures to multiple radiation levels, the estimated dose rate
weighted average of the dose rates encountered. All transit times are based on an assumed walking speed of
minute.

during routine
is the distance
200 feet per

(2)This entry accounts for the transit between access control and the radwaste building along turbine building EL 676'" before
and after each surveillance patrol.
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TABLE 12.4-6

ESTIMATED EXPOSURE FOR OPERATORS IN RESIDENCE
IN CONTROL ROOMS

Operator
Designation

Estimated
Assumed(1) Number(2) Manhours (3) Radiation Level
Location Per Shift Per Year (mRem/hr)

Estimated (2)
Annual Man-rem

Shift Supervisor MCR

Plant Control MCR

Nuclear Auxiliary RWCR

Asst. Shift Supv. MCR

8,760

8,760

26i280

8,760

0.25

0.25

0.25

0.25

2.2

2.2

6.6

2.2

TOTALS: 52,560 13.2

(1) MCR = Main Control Room
RWCR = Radwaste Control Room

(2) Assumed to be independent of the number of operating units

(3) Based on 8 man-hours per shift, 1095 shifts per year
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TABLE 12 4-7

SUMMARY OF ROUTINE OPERATIONS EXPOSURE ESTIMATE

Annual Estimated Man-rem

Routine Surveillances:

Turbine hldq/control structure
Reactor building
Radwaste buildinq

Single Unit

0 9
1 1

0 4
2.4

Two Units

1.8
2 2
0.4
4 4

Periodic Tests:

Turbine bldg/control structure
Reactor buildinq
Radwaste building

9.6
39. 1

48. 8
97 5

19 2
78. 2
48.8

146. 2

Control Boom Operations:

Nain Control room
Radwaste control room

11.0
2=2

13 2

11 0
2=2

13. 2

Total 113 1 163 8
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TABLE 12.4-9

SUMMARY OF IN-PLANT DIRECT RADIATION EXPOSURE ESTIMATES

Annual Estimated Man-rem
Cateraor r

Routine-Operations

Routine Maintenance

In-Service Inspection

Special Maintenance

Haste Processing

Refueling

Health Physics

TOTAL

Sinale Unit

113. 1

237. 7

27. 5

273. 1

37 0

19. 2

29. 3

736 9

Two Units

163 8

395 0

55 ~ 0

546. 2

74 0

38. 4

58. 6

1i331 0



TABLE 1~2a-10 continne~d

Page.2 of 2

Other Eguipneat
Areas

AA~ain enanee Sg~rve llance

Estimated Annual Man-Hours

Testina Total

Estimated
Thyroid Dose

Estimated
Tritium Dose

33
42i42A
43r 15lr 152

110
114~ 115, 116
117 12lrl230124

125
212~214~215

300
'530

531 i 532
C-10
C-11
C-130

C-900 AC-912
C-900A0C-912A

164
860

66
510

1 ~ 518
812
126

1 E166
28

20172
10

639
33
10

5
25

10
1
1
0
0
0
0
0
0

155
0

52

0
0

20

38
144

2
0

144
38
15

480
0

72
0

95
8
0
3

14

212
1 ~ 005

69
510

1,662
850
141

1,646
28

2i399
10

786
45
10

8
59

6 8-3
3\ 2 2
2e 2 3l.6-2
5 3-2
2e7 2

5-3
5 3-2
ge0-4
7e7 2
3. 2-4
2. 5-2l. 4-3
3 2-4
2. 6-4
1. 9-3

6 6-5
3. 2-4
2. 2-5
1. 6-4
5 2-4
2 6-4
4.4-6
5.2-4
8. 8-6

7 4-4
3 2-6
2.4-4
1 4-5
3. 2-6
2.4-6
1. 8-5

TURBINE BUILDIHG
TOTALS 18~998 471 2E766 ~22 ~ 235 2 7+0 2.6-2

(1) All values in the table are on a per-unit basis. Occupancy times for common
areas within the building are shovn as one-half the estimated value to agree
vith the per-unit basis of the table.

(2) Surveillance man-hours include transit time spent by operators valking'n the area.

(3) 5 8-1 = 5 BZ10

(4) Thyroid dose attributable only to inhalation of radioiodines.

(5) Uniform dose to the total body from uptake of tritium.

REV. 11, 7/79





TABLE 12.4-11 (Continued)

Estimated'Annual Man-Hours

Maintenance Surveillance T~estin Total

Page 2

Estimated Estimated(7) - (8)
Thyroid Dose Tritium Dose

206,206A
207
400
490
516
607

Other Equipment
Areas

15
15A

401
401A

403,471
411, 515, 710

480
506
511
514
620
621
700
702
703

704, 712
802, C-801

REACTOR BUILDING
TOTALS

17045
422
327
447
159

67

415
58

3,648
600
100
390

0
45
18

576
461
210

26
26
50

818(4)
0

17,530

29
0

80
92
10

0
0
0
0
1

12
7
0
0
9

130.
0

547

470
0

306
164

47
67

12
0

74
327

10
30

222
33

0
57

6
34

0
0
0

12
0

3,144

1,515
422
633
611
206
134

456
58

3,802
1,019

120
420
222

78
18

634
479
251

'6

26
59

960
0

21,221

4.5+1
1.3+1
1.9+1
1.8+1
6.2+0
4.0+0

2.9-1
3.7-2
2.4+0
6. 4-1
7.6-2
2.6-1
1.4-1
4.9-2
1.1-2
4.0-1
3.0-1
1.6-1
1.6-2
1.6-2
3.7-2
6.0-1
0.0+0

1.2+2 2.8-2

REV. ll, 7/79
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TABLE 12.4-12 (Continued)

(1) All values are on a per-plant basis.

(2) Surveillance man-hours include transit time spent by operators walking in
the area.

(3) 4.6-4 = 4.6x10

(4) Solid radwaste processing, container handling, and radwaste shipping
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TABLE 12 4-13

ESTIMATED EXPOSURE TO UNIT 2 CONSTRUCTION WORKERS

Personnel
Assumed
Location

Estimated.
Occupancy(~)
(Man-.hr)

Average Estimate/Dose Rate Exposure( )
(mRem/hr) (Man-rem)

Manual

Manual

Manual

Manual

Manual

Non-Man.

Non-Man.

Non-Man.

Non-Man.

Yard Area

Unit 2 Reactor
Bldg Below
Refueling Ploor

On Refueling
Ploor

Unit 2 Turbine
Bldg Below
Turbine Deck

On and Above
Turbine Deck

Field Office

Unit 2 Reactor
Bldg Below
Refueling Floor

On Refueling
Floor

Unit 2 Turbine
Bldg Below
Turbine Deck

154r 000

373r 000

41,400

182 000

20,000

486 ~ 000

54, 700

6r 080

54 700

0. 025

0. 010

0.24

0 010

0 32

0 020

0. 010

0. 24

0 010

3. 08

2 98

7. 95

1. 45

5. 17

7 77

0 44

17

0. 44

Non-Man. on Tunbine Deck 6 080 0 058 0. 28

TOTAL 1,378r 160 30 73

(>) For remainder of Unit 2 construction.
(2) Based on an assumed availability of 80 percent for

Unit l.
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12' ~ - HEALTH PHYSICS PROGRAN

12 5. 1 OR~ANIZATlON

12. 5. l. 1- In tro duction

The Health Physics program at-Susquehanna SES is developed and
imnlemented to evaluate and document plant radiological
conditions and assure that every reasonable effort is expended to
maintain personnel exposure's low as reasonably achievable
(ALARA). The Health Physics Organization is displayed on Figure
12. 5-1.

12. 5. 1. 2 Responsibilities

The Health Physics Supervisor is responsible to the
Sup rintendent of Plant. The Health Physics Supervisor is charged
with the responsibility of providing the Superintendent of Plant
with the information necessary to establish compliance with
regulations pertaining to radiation safety, uniform enforcement
of Station Health Physics reguirements, and chat every reasonable
effort to minimize personnel exposures has been made. Zn
addition, the Health Physics Supervisor is responsible for
assuring the staff who implement the Health Physics program is
trained and retrained in operational Health Physics principles
applicable to Susquehanna SES.

The Health Physics Engineer is removed from the line function of
day to day Health Physics activities to provide the latitude and
time to develop and implement a station ALARA program that is
responsive to plant status. The Health Physics Engineer's major
responsibility is to provide the Health Physics Supervisor the
information necessary to establish that every reasonable effort
has been made to minimize personnel exposures.

The Health Physics Specia'lists assure*implementation of the
Station Health Physics program by supervision of routine and
special survey and evaluation proqrams required by applicable
requlations and procedures. The Health Physics

Specialists'a]orresponsibility is to provide the Health Physics Supervisor
the information necessary to establish that survey and record
keepinq requirements are properly met and that plant activities
receive appropriate Health Physics attention.

12. 5-1
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The Health Physics Monitors implement the Health Physics Program
by performinq routine and special surveys and providing Health
Physics surveillance in accordance with Station Health Physics
Procedures.

12.5. 1.3 Authority

The Superintendent of Plant, ultimately responsible for all
station activities including radiation safety, receives direct
reports from the Health Physics Supervisor concerning the status
of the Health Physics program. To assure uniform enforcement of
Health Physics requirements, the Superintendent of Plant
deleqates his authority with respect to radiation safety to the
Health Physics Supervisor. The Health Physics Supervisor has the
authority to cease any work activity when, in his professional
judqment, worker safety is jeopardized, or unnecessary personnel
exposures are occurring.

The Health Physics Engineer has the independence and authority to
assure that jobs are accomplished with minimal exposures.
Independence from routine Health Physics activities allows the
objectivity necessary for selective review and recommendation of
work planning packages such as Radiation Work Permits (RWP), work
requests, and special maintenance procedures, in accordance with
station procedures. The Health Physics Supervisor delegates
authority to the Health Physics Engineer to cease any work
activity which is not being performed in accordance with As Low
As Reasonably Achievable (ALABA) procedures. The Health Physics
Enqineer has the authority to conduct informal training and/or
discussions with workers and supervisors regarding observed
practices and ALARA recommendations.

The Health,.Physics Specialist has the authority to assure that
jobs are conducted in accordance with Health Physics procedures
and RWP requirements. The Health Physics Supervisor delegates
the authority to the Health Physics Specialist to cease any workactivity which is not being performed in accordance with RWP
requirements.

Zn the absence of Health Physics Supervision, the authorities of
the above positions may be delegated in accordance with Station
Health Physics procedures to shift supervisors or assistant shift
supervisors who have successfully completed Level IV training as
described in Subsection 12.5.3.7. A member of Health Physics
Supervision, or an individual meeting the minimum experience and
qualification requirements of one or more of these positions,will be available for consultation reqardinq Health Physics and
ALARA concerns.

12. 5-2
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The Health Physics Honitors iaplement Health Physics and BBP
requirements under the direction of qualified supervision.

12.5. 1. 4~Ex eclence and nallflca l n

The Health Physics staff, responsible for the Health Physics
program at Susquehanna, will meet ninimun experience and
qualification requirements.

The Health Physics Supervisor will be an experienced professional
in applied radiation protection at nuclear power plants or
nuclear facilities dealing with radiation protection problems
similar to those at nuclear power stations; faniliar with the
design features of nuclear power stations that affect the
potential for exposures of persons to radiation; in possession of
technical competence to establish radiation protection programs
and supervisory capability to direct the work of professionals,
technicians and Journeyman required to implement such programs.

The Health Physics Supervisor will have a minimum of nine years
of experience in applied radiation protection which is to include
five years of professional experience. Pour years of the
experience requirement may be fulfilled by a bachelor's degree in
a science or engineering subject. Three years of the
professional experience will be in a nuclear power plant or
nuclear facility dealing with radiological problems similar to
those encountered in nuclear power stations. One year of
professional experience may be fulfilled by a master's degree and
two years may be fulfilled by a doctor's degree where course work
related to radiation protection is involved.

The Health Physics Engineer will have a minimum of five years of
experience in applied radiation protection in a nuclear power
plant or a nuclear facility dealing with radiological problems
similar to those encountered in nuclear power stations. Up to
,four years of the experience requirement may be fulfilled by
related technical training or academic training in a science or
engineering subject.

The Health Physics Specialist will have a minimum of four years
of experience in applied radiation protection to include two

REV. 1 8/78 12 5-3
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years of experience in a nuclear power plant or a nuclearfacility dealing with radiological probleas sinilar to those
encountered in nuclear power stations. A naximum of two years of
the experience requirement nay be fulfilled by related technical
traininq or acadenic training in a science or engineering
subject.

To at all tines assure adequate manpower for Health Physics
supervisory functions, the experience and qualification
requirenents of the Health Physics Engineer and Health Physics
Specialist positions may be reduced on a temporary basis. The
Superintendent of Plant will approve or disapprove such action
following review of the Health Physics Supervisor's
recommendations and justification.
The Health Physics Monitor Uill neet the qualification
requirements of Subsection 12.5.3.7.

12,5. /~1 Cog t~o~Stgugtu~egaci~ifies

The facilities, shown in Pigure 12. 5-2 ~ ar e located at t he
central access to the Controlled Zone, elevation 676 ~, for
efficiency of operation. Self-survey personnel monitoring
equipment, such as hand and foot, portal, or Geiger-Mueller (G-M)
type friskers, will be located at the exit from the central
access control area. Self-survey requirements will be
administratively imposed prior to exiting the Controlled Zone.

12,5,2,1.1 Health Phggic~s acilities

The Health Physics office and workroom are located along the
Central Corridor. Job planning and Radiation Work Permit
coordination. may be conducted through the pass-thru window of the
workroom. Portable radiation survey instrumentation as well as
air monitorinq and sampling equipment, self-reading dosimeters,
and miscellaneous Health Physics supplies will be stored in the
Health Physics Office and Workroom area. Health Physics
equipment used for routine counting of smears and air samples
such as end window G-M counters, alpha and beta scintillation
detectors, and/or gas flow proportional counters will be located
in the Health Physics Office to prevent cross contamination of
chemistry samples and minimize counting room background
variations. Health Physics samples requiring gamma isotopic

12. 5-4
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analysis and/or low level counting may be analyzed in the
Countinq Room. Health Physics use of the Counting Room will be
coordinated with the Chemistry Group. The Health Physics office
will be equipped with filing cabinets and bench tops for survey
record keeping and RWP preparation.

Decontamination facilities at the central access control area
consist of a main personnel decontamination area and auxiliary
decontamination area. Auxiliary toilets and locker room are also
provided. The personnel decontamination areas contain showers,
sinks, and decontamination agents. Decontamination area
ventilation is filtered through prefilter, High Efficiency
Particulate Air (H.E.P.A.), and charcoal filters prior to exhaust
throuqh the Turbine Building vent. Sinks and showers drain to
the chemical drain tanks for processing through the Liquid
Radioactive Waste System. G-H type friskers will be located at
these areas for personnel contamination monitoring.

Portable radiation survey instruments and self-reading dosimeters
will normally be calibrated in the instrument calibration room
using a calibration apparatus or appropriate neutron, beta and
qamma sources, traceable to the National Bureau of Standards
(N.B.S.) . Sources will be stored in locked source containers and
storaqe areas will be locked when not in use. Portable sources
used to calibrate the area, process, and effluent radiation
monitorinq system as well as small solid and liquid sources used
to calibrate the countinq room instruments may be stored here.
The calibration apparatus will utilize sources of varying
strenqth and energy and/or varying thicknesses of shielding to
provide a radiation field of known strength for use in
calibrating portable radiation survey instruments. Provisions
will be available for calibratinq instruments in reproducible
qeometries. An N.B.S. calibrated condenser R-meter will be used
to accurately measure radiation levels to determine source to
detector distances for desired instrument calibration radiation
levels. Record of calibration and repair for Portable radiation
detection instruments will be maintained on file. Instrument
calibration may be performed by a qualified vendor. Records of
such calibrations will be maintained.

The laundry room will be equipped with a washer and exhausted
dryer to launder contaminated protective clothing/equipment.
Pacilities include a transfer table and stainless steel sorting
table with exhaust hood. Protective clothinq, laundered on site,
will be selectively monitored for contamination, sorted and
stored in the Protective Clothing area or Laundry Storage Room.
Laundry detergents for protective clothing laundering, and other
appropriate supplies will be stored in this area. The laundry
table and dryer, exhaust is discharged to the 'Turbine Building
vent,. Liquid laundry effluent will be collected in the Laundry

12. 5-5
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Drain Tanks for sampling and analysis prior to processing through
the ~ Liquid Radioactive Waste System.

The first aid room will contain a medical service center and
toilet. Adequate supplies will be maintained to administer first
aid for injuries requiring immediate attention. An- inventory offirst aid supplies will be performed at a frequency specified in
station procedures to assure an adequate stock is maintained.
Individuals requiring first aid vill be checked by Health Physics
personnel 'for wound contamination prior to administering first
aid, when applicable.
The locker room contains approximately 100 lockers. Controlled
zone vorkers may change from street clothing into plant clothingin the locker room. Personnel scheduled to work on Radiation
work Permit jobs may also change into,clean protective clothing
in the locker room. Adjacent to the locker room is a toilet and
washroom, shover room and drying room.

Frequently occupied contaminated areas vill have local changefacilities with appropriate protective clothinq supplies to
minimize the spread of contamination from work areas.

Storage facilities vill be located in the Central. Access Control
Area for storage of anti-contamination equipment, respiratory
protective equipment, and miscellaneous Health Physics supplies.
The Emerqency Equipment and Laundry Storage Room vill be used for
storage of protective clothing and emergency equipment.

12,5,2,1,2 padiochemist~rPacili ties

Radiochemistry facilities consist of a sample room,
radiochemistry laborator y, and counting room.

The sample room is shielded with l'6" concrete valls and, contains
cabinets with worktops, sink, wall mounted storage cabinets and 'a
fume hood assembly exhausted through prefilter, H.E.P.A. and
charcoal filters to the Turbine Building vent.

The radiochemistry laboratory will be utilized for sample
preparation and contains filtered fume hoods with service air
connection, refrigerator, utility tables, sinks, cabinets, and
drawers. The concrete walls range in thickness from 1'o 3'2~t.
Pume hoods are exhausted throuqh prefilter, H.E.P A., and
charcoal filters to the'Turbine Building vent and the sinks drain
to the. Chemical Drain Tanks for processing 'through the Liquid
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Radioactive Maste S system. An emergency shower .is accessible from
both the radiochemistry and chemistry laboratories.

The Countinq Room is constructed with- 1'6» concrete walls to
provide a low background environment for analysis of
radiochemistry samples of station effluents and
Znstrumentatio

en s an process streams.
m ntation, such as a gas flow proportional counter,

liquid'nd

window G-M
scintillation counter, alpha and beta scintill ti a ors or crystals,
Sodium Iodide NaI s

' ing an or
and Germanium, Lithium drifted Ge (Li) d/

( ), systems will be utilized for counting and/or
analysis of radiochemistry samples.

12 5,2,1,3 Chemistry Laboratory

service a'he

chemistry laboratory contains an exhau t h daus oo assembly with
e air connection, drawers, worktop'inks and laborator

equipment necessary for performinq chemical anal
plant materials. Station chemistry procedures will

provide administrative control to assure that u d
conditions onl'

a, un er normal
on 'y non-radioactive materials are analyzed in the

Chemistry Laboratory.

The laboratory exhaust hood discharges to th T b'e ur ine Building
n an the sinks drain to the neutralization tank for

processinq through the Liquid Radioactive Maste System

dwaste Building Facilities12 5 2 2. ad

I

The Radwaste Building elevation 646', 676'nd 691'6» facilities
are located as shown on Fiqures 12.5-3 12.5.—
respectivel

.-4, and 12 5 5,

H. E. P. A. filtersy. Ventilation is filtered thr'ough pref lt
prior to exhaust to the Turbine =Building vent.

i er an

Tank for roces
Drains discharge to the Chemical Drain Tank and La

processing through the Liquid Radioactive Maste System.

12.5. 2.g. 1 Ra dwaste Building elevation 646'0«

The facilities consist of a solid waste pack
decontamination, and monitorin

pac aging,
ring area, personnel decontamination

aci ity and personnel decontamination facility adjacent to the
laundry drain sample tank.,

The solid waste packa ing' area contains an apparatus for remote
cappinq operations, water spray nozzles for container

12. 5-7



SSES-PSAR

decontamination, and a remote smearing device for monitoring
packaqe surface contamination.

The two (2) personnel decontamination facilities contain shovers,
sinks and appropriate decontamination agents.

1'2.5.2.2.2 Badvaate Building Elevation 676'0 ~

The facilities consist of an instrument repair shop, sample room,
repair area including a velding area, personnel decontamination
room, controlled zone shop including a washdown area, monitoring
and final decontamination area, and storage area.

The Instrument Repair Shop will be equipped vith an assortment of
tools and equipment necessary for work on contaminated
instruments.

The sample room provides a central location for sampling various
Radvaste Systems. Samples vill be analyzed by the Chemistry
qroup to determine the final disposition of the effluents being
processed.

'he

Repair Area will be used for maintenance and velding of
contaminated equipment. Appropriate tools and equipment,
including weldinq equipment, vill be stored in this area.

The personnel decontamination room will be equipped as those
described at the central access control area. .It is conveniently
located to facilitate the rapid removal of contamination from
personnel vorkinq in the instrument repair shops, samp'le room,repair area, or controlled zone shop.

1

4

The controlled zone shop vill, be equipped similar to the station
machine shop. Repair of contaminated components vill be
performed in this area.. The adjoining washdown area will be usedfor decontamination of components and equipment to be worked onin the controlled zone shop and is constructed with a 6«curbing.
The monitoring and final decontamination area will be used for
surveying and decontamination, if necessary, of radwaste
containers prior to storage.

A storaqe area is available on the 676'0" elevation for storage
of anti-contamination equipment, respiratory protective
equipment, and miscellaneous Health Physics supplies.

12. 5-8
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12. S. 2. 2. 3 = Iadwggte Bgjld~n]gevation 691~ 6u

The Health Physics facilities consist of a contaminated laundry
and storage area, clean laundry and storage area, personnel
decontamination area, Health Physics area, and janitor's closet.

The contaminated laundry area contains two (2) washers and two
(2) exhausted dryers, an exhaust hood and sink, miscellaneous
tables and carts, and a storage area for laundry detergents used
in protective clothing laundering, disinfecting agents for
cleaning of respiratory protective equipment, and other supplies.

One washer will be labeled and administratively controlled by
station procedure for use in cleaning of respiratory protective
equipment only. Contamination limits will be specified by
station procedure for the respiratory protective equipment
washer. A separate area within the laundry facilities will be
used for maintenance and repair of personnel respiratory
protective equipment. Equipment will be cleaned in the
desiqnated washer, dried, inspected and disinfected, wrapped in
plastic or paper baqs, and stored in the Emergency Equipment and
Laundry Storage Room, Radwaste Building Health Physics Area, or
other desiqnated area. The laundry effluent will be discharged
to the laundry waste storage tanks for sampling prior to
processing throuqh the liquid radioactive waste system.

The clean laundry area contains two (2) washers and two (2)
exhausted dryers, a sink, and miscellaneous tables and carts.
The facility will normally be used for laundering of station
clothinq not used as anti-contamination clothing. Laundry
drainage will be collected in the laundry drain tanks for
samplinq prior to processing through the Liquid Radioactive Maste-
System.

The personnel decontamination area will be equipped as those at
the central access control area.

The Health Physics area will serve as an office for Health
Physics personnel and storage area for Health Physics supplies
and equipment in support of Radwaste activities. Equipment and
instrumentation will include portable survey instruments, air
samplers, countinq equipment, respiratory protection equipment,
contamination control supplies and other related Health Physics
supplies.

12. 5-9
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12.5.~2 3=- Reactor Buildin acil ties

The Reactor Building elevation 719 '< facilities are located as
shown in Figure 12.5-6

Each unit has two (2) emergency personnel decontamination
stations and a vashdovn area.

The tvo (2) emergency personnel decontamination stations contain
shovers and sinks, a monitoring station vith frisker and
protective clothing, and appropriate decontamination agents.

The washdovn area vill be used for equipment decontamination
prior to maintenance and is constructed with a six (6) inch curb.

Ventilation from these areas is filtered through prefilter,
H.E P.A., and charcoal filters prior to exhaust through the
Reactor Building vent. Drains discharge to the Reactor Building
Sump, Chemical Drain Tank, and Laundry Drain Tank for processing
through the Liquid Radioactive Maste System.

The 729~ elevation of the Turbine Building contains a washdovn
area, with 6< curbing for turbine blading and component
decontamination prior to maintenance. Ventilation from this area
is filtered through prefilter, upstream H.E.P. A , charcoal, and
downstream H.E.P.A. filters prior to exhaust to the Turbine
Building vent. Drains discharge to the Turbine Building Chemical
Radvaste Sump for processing through the Liquid Radioactive Waste
S ystem.

12. 5~25 Guard House Buil~dng

The Guard House building serves primarily as the access control
to the restricted area of the plant. Personnel dosimetry will
normally be issued and stored at this area. A portal monitor
and/or G-M type frisker vill normally be maintained at this
location as the final monitoring area prior to leaving SSES

REV. 1 8/78
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12 5. 2. 6 Health Physics~Eu ament

12-5 g. 6.-1 Protective Clothing

Protective clothing will be worn in contaminated areas to prevent
personnel contamination and aid in controlling the spread of
surface contamination. Protective clothinq available at
Susquehanna SES will include: reusable coveralls and lab coats,
disposable coveralls and lab coats, plastic suits, surgeons caps,
cloth hoods, plastic hoods, splash shields, cotton glove liners,
cloth gloves, rubber gloves, disposable gloves, gauntlet gloves,
.rubber shoe covers, rubber boots, and disposable shoe

covers.'rotective

clothinq will be stored at the Protective Clothing
Area, Emerqency Equipment and Laundry Storage Room (Figure 12. 5-
2) ~ plant laundries (Figure 12.5-6), and selected local change
areas. After use, protective clothing will be laundered and
monitored, or surveyed, packaged and shipped to an off-site
vendor forl laundering, or discarded as radwaste.

12.5.2.6 2 Respiratory Protective Equipment

Respiratory protective equipment will be used to minimize the
intake of radioactive material when engineering controls are not
practicable. The Respiratory Protection Program is described in
Subsection 12. 5.3. 5.

Respiratory Protective, Equipment utilized at Susquehanna SES will
consist of National Institute of Occupational Safety and
Health/Nine Equipment Sa fety Administration,
(N.I.O.S.H./N. E.S. A.) approved air purifying respirators, self-
contained breathinq apparatus (pressure demand), pressure demand
air line respirators, constant flow air line respirators, and
constant flow air line hoods, welding masks and plastic suits. 'A

variety of respiratory devices will be available to assure properfit of the differing facial contours of, personnel requiring
respiratory protection. Sufficient quantities of respiratory
protective equipment will be avail'able to allow for the use,
decontamination, maintenance, and repair of equipment.

Respiratory Protective Equipment will be available at the
Emergency Equipment'and Laundry Storage Room (Figure 12.5-2), and
Radwaste Building Health Physics Area (Figure 12.5-3, 12.5-4 and
12.5-5). Respiratory Protective Equipment will be available for
emerqency use at the Emergency Control Center and Control Room.
N.I. O.S. H./N.E.S.A. approved emergency escape devices will be



SSES-FSAR

placed at locations where the potential exists for an unexpected
increase in radioactive or chemical airborne concentrations (such
as the water treatment building and radwaste system). Fifteen
(15) escape devices will also be located in the control room. If
applicable, respiratory protective face pieces will be wrapped inplastic bags and stored individually to prohibit plastic
deformation.

12. 5. 2. 6. 3 . Air Samplinq Egu~iment

Air sampling equipment will be available at the Health Physicsoffice (Central Access Control Area, Figure 12.5-2) and the
Health Physics Station (Radwaste Building, Figure 12.5-3).
Airborne activity levels will be determined by the use of
continuous airborne monitors (CAMS), high and low volume portableair samplers, and breathinq zone air samplers. Five (5) CAMs,five (5) high volume- air samplers, five (5) low volume air
samplers, and two (2) impactor attachments will be available for
use at Susquehanna SES.

The CAN(s) can be used to measure particulate and gaseousactivity. The air samplers can be used to measure particulate
and iodine activity using the appropriate filtering medium.Particulate activity and particle size distribution can be
determined usinq an impactor attachment. Volumes necessary forrepresentative samples will be specified in Station Health
Physics procedures. Filter media such as H.E.P.A. filters and
charcoal cartridqes will be stored at the Health Physics office
and Workroom Area.„

12.5.2.6.3. 1 Continuous Air Monitors

CANS will normally be used to sample selected areas of potentialairborne concentrations. CAll sampling rates will be checkedagainst.calibrated rotometers or wet test meters on a guarterlybasis and after pump replacement or, repair.. If CAM's are
equipped, with strip chart recorders or local readout, a base line
sampling proqram will be completed prior to Unit l fuel load toallow estimation of naturally occurring isotopes'ontribution toairborne background. CAN detector response to an appropriate
check source will be performed on a quarterly basis.
Manufacturer's recommended calibration or voltaqe plateau
procedures will be performed on a quarterly basis. ,Ifapplicable, operation of local alarms .will be verified on a

12.5-12
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quarterly basis.

12.5 2.6.3.g Portable l San lers

Shen possible, each portable air sampler will be monitored for
flow rate as above. Devices utilizing flow meters vill be
checked against calibrated rotometers or wet, test neters when
practicable. Hanufacturersl certification of flow rate vill be4tilized when physical flow measurements are not possible due to
equipment design.

12.5.2 6.3.3 B~reathin Zone San 'lers

Ten (10) battery powered breathing zone samplers vill beava.ilable for use in evaluating air concentrations that radiationworkers may encounter. Personnel breathing zone samplers will be
checked for flow rates as above if practicable. If designprevents physical flow measurement, manufacturer's certificationof rated flow or accuracy of flow meter vill be utilized.

12.5. 2.6. 3. 4 SanSlin~sedia

Particulate air concentrations will be sampled with H.E.P.A.
sampling media or impactor attachments. Manufacturer'scertification of collection efficiency vill be utilized incalculations of airborne concentrations.
Surveys for radioiodine concentrations vill normally utilize
charcoal in a reproducible geometry such as a cartridge. Ifstudies to determine various forms of radioiodine are required,
reproducible geometries of materials such as cadmium iodide, 4-
iodophenol, and silver zeolite may be used with charcoal in
various configurations. If charcoal impregnated filter paper isutilized 'in equipment such as breathing zone monitors,
manufacturers recommended sampling rates and times vill be
followed whenever practicable.

REV. 1 8/78 12 5-13
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Rater bubblers, dessicant columns, or cold traps will be
available for tritium air sampling, and gas sample containers
(such as Narinelli containers) will be available for special
qaseous air sampling.

12~5~/~6~4- Pegsongeg.]}o~s~t

The Personnel Dosimetry program is described in Subsection
12.5. 3.6. Self-reading dosimeters of five different ranges for
use at Susquehanna SES are as follows:

I—-M Et—
0-200 Low Dose Accumulating Mork 400

0-5 00 Intermediate Dose Accumulating 75
Rork

0-1000

0-50000

0-100,000

High Dose Accumulating Mork

Radiation Emergency Plan Use

Radiation Emergency Plan Use

50

25

25

A total of five (5) dosimeter chargers will be available at the
Central Access Control Area Health Physics Office and the
Radwaste Buildinq Health Physics Station. Self-Beading
Dosimeters will also be available at these locations. Dosimeters
will be tested for calibration response charging drift, and
leakage prior to initial use, and on a six month frequency
thereafter.
Xf vendor service is not utilized, approximately 1500 "

thermoluminescent dosimeters (TLD) will be available for use as
the dosimetry of record. TLD (s) vill be used for neutron, beta,
and qamma exposure and will normally be evaluated on site.
Approximately one hundred (100) extremity TLD devices will be
available for issue when authorized by Health Physics personnel.

Zf applicable, a TLD reader will be installed and calibrated in
accordance with vendor's instructions. Operation will be
conducted by qualified individuals in accordance with approved
station procedures. A performance testing program will be
implemented to assure the TLD reader is properly calibrated and
exposure information is accurate.
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Internally deposited radioactive material will be evaluated with
a whole body counter sufficiently sensitive to detect in the
thyroid, 1unqs, or whole body a fraction of the permissible
body/orqan burden for gamma emitting radionuclides of interest.
The who'le body counter will be calibrated on a quarterly basis
using phantoms and standard solutions of various radionuclides
such as Co-60, Ce-137, and Ba-133. The detectors will be used in
conjunction with a multi-channel analyzer and associated readout
to obtain a permanent record. A vendor, whole body counting
system on or off site may be used as an alternative or
supplement to a PPGL whole body counter.

Ten (10) battery powered personnel alarm dosimeters will be
available for use when an audio alarm at a preset accumulated
exposure or exposure rate may be advantageous. Personnel alarm
dosimeters will be checked for accuracy on a guarterly basis and
following any repair affecting calibration.

12.5.2.6.5 Miscellaneous ~E ~ui ment

The followinq miscellaneous Health Physics equipment will be
stored at various locations in the plant:
Contamination control supplies such as glove bags, contaminent
tents. absorbent vipers, absorbent paper, rags, step-off pads,
rope, plastic sheets, plastic bags, tape, contamination area
siqns, and protective clothinq. Appropriate supplies may be
assembled into kits and located throughout the plant to aid in
the control of a contaminated spill.
Temporary shielding, such as lead bricks, lead sheets, and lead
wool blankets, will be available to reduce radiation levels.
A trash compactor located on the 676'levation of the Radwaste
Buildinq as shown in Figure 12.5-4. This location will provide
adequate storage and access for loadinq at the rear truck access
door of the Radwaste Building. The compactor and room will be
vented through prefilter, H.E.P.A., and charcoal filters prior to
exhaust to the Turbine Building vent.

A fittinq apparatus for quantitative test fitting of individual
involved in the Respiratory Protection Program. The

apparatus'ill

be a sodium chloride (NaCl) aerosol qenerator with flame
photometer, or equivalent system, to measure airborne
concentrations. Irritant smoke and/or isoamyl acetate will also
be available to qualitatively test respirator fit.
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12. 5. 2. 7 Health Physics Instrumentation

Instruments for detecting and measurinq alpha, beta, gamma and
neutron radiation will consist of counting room, and portable
radiation survey/monitorinq instruments. All instruments will
be subjected to operational checks .and calibration to as ure the
accuracy of measurements of radioactivity and radiation levels.
Primary and reference standards (utilizinq, or prepared from,
standards of Sr-90, Am-24 1, Cs-137, Co-60, H-3, and others,
traceable to the National Bureau of Standards) will be used to
maintain required accuracies of measuremenc. Background and
efficiency checks of routinely used Health Physics counting
equipment will be performed daily and these instruments will be
recalibrated whenever their operation appears statistically to be
out of limits specified in Station procedures. Routine
calibrations will be performed on counting room instrumentation
and radiation survey/monitoring instruments on a quarterly basis
and after repairs affecting calibration. Efficiency curves for
multi-channel analyzer systems will be determined on a semiannual
basis usinq N. B.S. traceable sources for various reproducible
geometries. Sufficient quantities of instrumentation will be
available to allow for use,,calibration, maintenance, and repair.
The instrumentation described in these Subsections may be
replaced by equipment providing similar or improved capaoilities.

12.5.2 7. 1 Counting Room Instrumentation

Countinq Room instruments for radioactivity measurements will
include the foliowinq:

A 4096 channel analyzer, using a 3» x 3», 7/. resolution Na I
crystal. and a 5 Kev resolution (at 1 i1ev energy full width half
maximum peak) GE(Li) detector, for identification and measuremer>t
of qamma emitting radionuclides in samples of reactor primary
coolant, process streams, liquid and gaseous effluents, airborne
and surface contaminants.

One computer which can be interfaced with a pulse height
analyzer; equipped with a teletype machine for entering
instructions and printinq results, a tape deck for entering
programs and, storing data, and an X-Y plotter for making graphs.

A low backqround qas flow proportional counter used for gross
alpha and qross beta measurements of prepared samples.
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A liquid scintillation beta counter used for measurement of
tritium in reactor primary coolant, liguid and gaseous wastes,
and qross beta activity other than tritium.
A NaX well crystal with counter-sealer or pulse height analyzer
used for gamma analysis. of various radionuclides in samples of
reactor primary coolant, liquid and gaseous wastes, or prepared
samples.

One beta-gamma counter-sealer, thin end vindow (2 mg/sg.cm, 2-
inch diameter G-M) used for.gross beta-gamma measurements of
reactor primary coolant or prepared samples.

One alpha scintillator or semiconductor crystal used for gross
alpha measurements of reactor primary coolant and prepared
samples.

One beta scintillation counter-sealer used for gross beta
measurements of reactor primary coolant and prepared samples.

12,5,2,7,2 Health Physics office and Workroom Instrumentation

Health Physics instrumentation normally located in the Health
Physics Office and Workroom will include the following
instruments, or equivalent:

One (1) automatic and one (1) manual beta-gamma counter-sealer,
thin end window (2 mq/sq. cm), 2 inch diameter G-M, used for gross
beta-qamma measurements of removable contamination, air samples
and nasal svabs.

An alpha scintillation or semiconductor counter-sealer used for
evaluation of removable contamination, air'amples and nasal
swabs.

A low background qas flow proportional counter used for gross
alpha an d/or beta measur ement s of removable contamination, air
samples and nasal swabs.

Ten (10) G-M beta-gamma survey meters (most sensitive range 0-.2
mR/hr., maximum range 0-2 R/hr., with internal probe) used for
detection of radioactive contamination on surfaces and for lov
level exposure rate measurements.

Ten (10) ionization chamber beta-gamma survey meters 0-5 rem/hr.
(0-5 mrem/hr. most sensitive ranqe) used to cover the general
range of dose rate measurements necessary for radiation
protection evaluations.
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Five (5) wide range ionization chamber beta-gamma survey meters
(0-5 mR/hr. most sensitive range, maximum range 0-50 R/hr.) used
for exposure rate measurements.

Four (4) remote monitorinq (telescoping probe) G-H tube beta,
gamma survey meters, 0-1000 R/hr, 0-2 mR/hr most sensitive range
used for exposure rate measurements.

One (1) cadmium loaded polyethylene sphere, BF~ tube, neutron Rem
Counters.0-5 rem/hr (0-5 mrem/hr most sensitive range). The
instrument is used to measure the .dose equivalent rate due to
thermal. intermediate, and fast neutron fluxes.
Two (2) -alpha scintillation survey meters, 0-2."l cpm (0-2K cpm
most sensitive range) 30% efficiency used for measurement of
alpha surface contamination.

One (1) thermal and fast BF, tube, paraffin moderated, neutron
detectors, .("Lin-Loq" decades of 0-500,-500-5,000, 0-50,000 and
50,000-500,000 cpm which is equivalent to 0-10,000 n/sq.cm/sec.for 1 Nev neutrons) . Designed to detect thermal neutrons with
detector removed from moderator and fast neutrons 'with detector
inserted in moderator. An indication on the meter can be
correlated with a known neutron flux and a known energy to obtain
cpm/n/sq.cm — sec (flux) which in turn can be converted to
mrem/hr.

12.5.2.7.3 Health physics Radwaste Building Instr'umentation

Health Physics Instrumentation normally located at the Health
Phy ics Station in the Radwaste Building will include the
followinq:
One (1) thin window (2 mg/sq.cm) G-5 detector with counter-sealerfor qross beta-gamma measurements on smears and prepared samples.

i

Five(5) Ionization chamber beta-gamma survey meters 0-5
rem/hr.,'0-5

mrem/hr. most sensitive range) used for general survey work.

Two (2) G-N, beta-gamma survey meters (most sensitive range 0-.2
mR/hr., maximum range 0-2 R/hr., with internal probe) used for
detection of radioactive contamination on surfaces and for lowlevel exposure rate measurements.

One (1) remote monitoring (telescoping Prope): G-5 tube Beta,
Gamma survey meter 0-1000 R/hr., 0-2 mR/hr. most sensitive

range'sedfor exposure rate measurements.
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12. 5. 2 7. 4 Personnel Contamination lionito~rin Instrumentation

Personnel monitoring instruments consisting of 'riskers, portal
monitors and a hand and foot monitor described below, will be
used at the locations specified in Subsection 12.5. 2. 1:

Twenty-five (25) beta-gamma geiger count rat'e meters, 2mg/sq. cm
window, 0-50 F 000 cpm range, adjustable audio and/or visual
alarms. Gamma sensitivity for Co-60 is 3,500 cpm/mR/hr. Beta
sensitivit.y (l" diameter source, 2 pi):

Sr-90/Yr-90 (E max. 0.54-2. 2 Mev) = 45'5

C-14 (B max. 0.15 Nev) = 10%

Used to detect contamination on personnel, materials, protective
clothing, and equipment.

Two (2) portal monitors consisting of eight audio and/or visual
alarmed G-II detectors to provide head to foot beta-gamma
detection capability. Count rate alarm adjustable from 160-7000
cpm; counting time adjustable from 1 to 10 seconds.

One (1) audio and/or visual alarmed hand and foot monitor with
ports monitored by G-H detectors for the hands and feet and an
external probe for frisking the body.

Personnel contamination monitoring instrumentation will be
calibrated on a quarterly basis or following repair, in addition
to monthly source checks, to determine proper response and alarm
operability.

12 5.2.7.5 Niscellaneous Health physics Instrumentation

One (1) Condensor R-meter used to accurately measure radiation
levels consisting of one (1) low energy chamber (0.025R) and
three (3) high energy chambers (0.25R, 2. 58 and 25R), which have
been N.B.S. calibrated.
Other equipment used for Health Physics related functions will be
maintained and controlled in accordance with station procedures.
Such ewuipment may include:

One (1) pulse generator for calibraing pulse counting
instruments. One (1) wet test meter, one (l) calibrated flow
meter, one (l) velometer, and one (l) magnehelic pressure
differential gauge
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The location of the area, process, and effluent radiation
monitoring systems are described in Sections 11.5 and 12.3

12 5 3 PROCEDURES

The Health Physics Procedure Program, as described in thissection, vill be implemented by Susquehanna SES Health PhysicsTechnical, Operating, and As Lov As Reasonably Achievable (ALARA)
. procedures in accordance with Section 13.5

Physical and administrative controls vill be instituted to assure
the philosophy of maintaining personnel exposures as lov as
reasonably achievable (ALARA), as specified in Section 12. 1, is
implemented.

12.5 3. 1. 1 Physical Controls

12.5.3 1.1 1 Securi~t Check Point

The security check point at the fence line perimeter will be- acontinuously manned physical control. Assigned personnel
dosimetry devices and identification badges vill be stored atthis location when not in use. The security force will assurethat all personnel vho enter the station are issued appropriate
badges and dosimetry in accordance vith station procedures Arestricted area access list vill be maintained at the securityentrance. Any individual not on the access list must be
accompanied by a person who is authorized unescorted restricted
area access. The training, retraining and testing requirementsfor unescorted access are described in the Susquehanna SES
Security Plan.

12.5 3 1.1.2 Secur~it Doors

Although not primarily intended to control access to radiation
areas, the security interlocked door system will assure onlyspecifically trained and authorized individuals are able to opensecurity entrances to the reactor, turbine, radvaste and, diesel
generator buildings. Security entrances will be locked or
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provided with continual surveillance. Details of security access
control are contained in the Susquehanna SES Security Plan.

12 5 3 1 1 3 Posting and Lock~in

A third physical control will be the posting and locking, as
appropriate, of radiation and high radiation areas. Radiation
areas, as defined in 10CFR20 202 (b), will be posted in accordance
with 10CFB20.203(b). Plant areas that are routinely accessiblevill be surveyed in accordance with station procedures to
determine radiation levels. In addition to recording the results
of these surveys in accordance with 10CFR20.401 (b), the radiation
area signs will be updated by surveyors to reflect current
conditions. Every reasonable effort vill be erpended to erect
rope or other physical barriers to minimize inadvertent entry in
radiation areas.

High radiation areas, as defined in 10CFR20. 202 (b), will be
posted in accordance with 10CFR20. 203 (c) . These signs will be
routinely updated to reflect current conditions. Surveys of high
radiation areas will be performed and results recorded as above.
Each entrance to a high radiation area vill be equipped with
audible and/or visible alarms in accordance with
10CFR20 203 (c) (2) (ii) or controlled in accordance with
10CFR20.203 (c) (2) (i) or (iii).
Xn lieu of the above controls, high radiation areas in which the
intensity of radiation is greater than 100 mrem/hr. but less than
1000 mrem/hr may be barricaded and conspicuously posted as high
radiation areas and entries controlled by issuance of a Radiation
Work Permit. In addition, areas in which the intensity of
radiation is greater than 1000 mrem/hr.'ill be provided with
locked doors under the administrative control of the Shift
Supervisor. Controls utilized at entrances will at all times
permit egress from high radiation areas Any individual or group
of individuals permitted to enter such areas shall be provided
with or accompanied by one or more of the following:

A radiation monitoring device vhich continuously indicates the
rad iat ion dose ra te in the a rea.

A radiation monitoring device which continuously integrates the
radiation dose rate in the area and alarms vhen a present
integrated dose is received. Entry into such areas with this
monitoring device may be made after the dose rate levels in the
area have been established and personne1 have been made
knowledgeable of them.

An individual qualif ied in radiation protection procedures who is
equipped vith a radiation dose rate monitoring device. This
individual shall be responsible for providing positive control
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over the activities within the area and shall perform periodic
radiological surveillance at the frequency specified by Health
Physics Supervision on the Radiation work permit.

Entrances to radiation areas and high radiation areas will be
posted to reflect the requirement of a Radiation Work Permit
(RWP) in accordance with limits specified in station procedures.
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12.5 3 1 1. 4'urveillance

When appropriate, surveillance of work activities will be
provided to assure a positive control of „access and stay time in
radiation areas. Surveillance will be utiliz'ed when it is
necessary to assure accurate record of working time as an
assistance to the work group. In addition, it may be utilized
for tasks involvinq large numbers of workers to assure control at
the staqinq or entry point. Surveillance may also be provided
for tasks in areas where conditions are unstable to assure that
timely instructions to workers are issued.

1 2. 5 3. 1. 2. 1 Training-

As specified in Subsection 12.5.3.7 personnel allowed unescorted
restricted area access will receive Health Physics and related
traininq in accordance with 10CPR19. 12. During this training,
the individual responsibility of utilizing proper Health Physics
procedures in radiation areas will be emphasized. The methods
utilized at Susquehanna S ES to control access physically and
administratively will be reviewed. Supervisory or other
personnel responsible for the direction of workers may receive
additional Health Physics training that will include guidance on
work planning, controlling access, utilizing shielding and
distance, and minimizing stay time in radiation areas.

12,5,3,1. 2 g Radiation Work Permit

The Radiation Work Permit (RMP) system described in Subsection
12.5. 3.2 will be implemented to administratively control access
and stay time in radiation areas. Work in radiation
contamination or airborne levels greater than limits specified by
station procedure will,require the completion and approval of a
RWP. For personnel or groups who must routinely enter specific
areas as a necessary part of work duties, a Standing Radiation
Work Permit (SRMPj may be issued in accordance with station
procedures. Application for the SRMP will specify the need for
routine entry,. and expected occupancy per day, week or month.
The SRMP application will receive a survey, review and approval
process similar to that described in Subsection 12.5.3.2.
Approved SRMP's will specify access and record keeping
requirements as well as special instructions and maximum stay
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time. An approved SRMP will be considered in effect until
conditions warrant a change and will be subject to immediate
cancellation by the Health Physics Supervisor or designated
alternate. Each SBMP will be reviewed on a monthly basis by a
Health Physics representative.

12 5.3 1.2. 3 R~eorrinR Requirement

The individual responsibility to report, through proper chain of
command, any violation of Federal Regulations or Station
procedures will be emphasized during training sessions.
Violation involving potential exposure of personnel to radiation
or radioactive material will be reported through appropriate
channels to the Superintendent of Plant or designated alternate.
Appropriate action will be taken to prevent recurrence. Any
individual who violates station procedures will be subject to
disciplinary action.

12,5. 3. 1,2,4 Independent review

A member of Health Physics Supervision will periodically observe
activities in RMP areas to review the effectiveness of specified
precautions. Xn addition, a member of Health Physics supervision
may perform independent measurements of radiation levels to
assure that areas are properly posted to indicate accurate
readings. Durinq these surveys, the reviewer will assure that
every reasonable effort has been expended to minimize inadvertent
entry in radiation areas.

12.5. 3. 1. 2. 5 Procedure Review

Health Physics procedures related to control of access and stay
time in radiation areas will at all times be subject to review to
assure every reasonable administrative effort has been expended
to minimize personnel exposure. Recommended changes will be
evaluated and, if necessary, a proposed change will be forwarded
through appropriate review and approval channels. Approved
chanqes requiring retraininq will be forwarded to the Training
Supervisor for schedulinq and implementation. Health Physics
procedures will be reviewed annually.
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12. 5. 3. 2 Assuring that Occupational Radiation Exposure (ORF)Will Be As Low As Reasonaolg Achievable gALARA)

To effectively implement the corporate ALARA commitment as statedin Section 12. 1, a station ALARA proqram will be utilized to
assure that activities are performed with the lowest practicable
personnel exposure. PPGL considers it necessary to apply the
basic concepts of ALARA to internal and external exposure to
assure proper emphasis on both modes of potential exposure.
Procedures employed to implement the program described in this
section will be subject to review and revision to assure the
ALARA program is responsive to plant conditions

12. 5. 3.2. 1 ALARA Procedures Common to External and Internal
Exposure

12. 5. 3. 2. 1. 1 Trai.ning

Individuals allowed unescorted rest" icted area access will
receive Health Physics training as described in Subsection
12.5.3.7. The individual responsibility of assuring that
unnecessary exposure is to be avoided will be emphasized during
Health Physics Traininq sessions.

As appropriate, individuals involved in potentially high dose
accumulatinq jobs will receive pre- job training in exposure
reduction techniques and controls applicable 'to the specific job.

12. 5. 3. 2. 1. 2 Radiation Work Permit

Where radiation dose rates, =anticipated accumulated exposures,airborne concentrations, or contamination levels exceed limitsspecified by station procedures, a Radiation Work Permit (RWP)will be initiated, completed and approved prior to commencementof scheduled work. As a minimum, station procedures will specifythat scheduled work in Zone IV or higher (greater than 15
mRem/hr.) will require completion of a RWP.

~ t

Health Physics will evaluate the radiological conditions
associated with the work to be performed. Based upon evaluationof proposed work and surveys, Health Physics will specify theappropriate protective clothinq/devices, respiratory protective
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equipment, dosimetry, special samples, surveys, procedures,
precautions to be taken, and expiration date

The RWP will be evaluated to assure the work will be performed
from an ALARA approach. As appropriate, the evaluation will
include review of proposed special tools, remote handling
devices, access and communications needs, minimum manpower
requirements, and work which may be performed outside of the RMP

area to increase job efficiency and reduce personnel exposures.
Potential incidents such as fires, spills, and equipment failure
will be evaluated and proper response action discussed with
radiation workers, when applicable. For high dose accumulating
work, job preplanninq will include Nan-Rem estimates, comparison
with similar jobs, establishing exposure goals, and simulated dry
run, as appropriate, to increase job efficiency.

Radioloqical enqineerinq controls will be used, when applicable,
to minimize personnel exposures and prevent the spread of
contamination and/or inhalation/injestion of radioactive
material. Controls such as flushing of tanks and lines, use of
temporary shielding, use of proper ventilation and purging, and
properly filtered temporary exhaust will be considered. In
addition, other effective methods of reducinq man-rem exposures
and potential intake of radioactive material vill be considered.
When airborne concentrations cannot be reduced below station
.limits, the use, of respiratory protective devices will be
considered.

The RMP will be approved and signed by the Health Physics
Supervisor or desiqnated alternate prior to commencement of work.
RWP implementing process will be detailed in Station procedures.

A member of Health Physics supervision will selectively review
completed and returned RWP's. Selection, on a variety of bases,
of those RMP ~ s which should receive a post operation evaluation
will be made. Arranqements will be made, when necessary, to hold
a de-briefinq session with the responsible supervisor and/or
workers. De-briefinq and RMP review will be conducted when
unexpected airborne concentrations, hiqh ma n- rem exposures or
high individual exposures are encountered. De-briefing will
emphasize and analyze problems or difficulties encountered during
performance of work. Alternative work methods will be discussed
and if improvements are practicable, the responsible supervisor
will initiate the review, approval and implementation process.

12. 5-25



SSES- FS AR

12. 5 3. 2. 1. 3 Mork Scheduling

Use of the Radiation Mork Permit system described in the previoussection will establish a data base from which supervisory staffwill be able to efficiently schedule workers. Health Physicswill provide reports to supervisors that will indicate cur -ent
individual exposure status to assist in work scheduling and
assure individual exposures are minimized.

12,5.3 2.1.4 Reporting Reguirements

Activities performed under, an.approved==Radiation Mork. Permit must
be carried out in accordance with the provisions of the BMP.Violation of RMP requirements will be reported to Health

Physic'ndappropriate super, vision. RMP violations that cause or
threaten to cause unnecessary personnel exposure may result in—-
'sciplinary m ea sures.

12,5,3. 2. 1 5 Internal Program Reviews

In an effort to provide more efficient methods of control,
evaluation and reporting, a member of Health Physics supervisionwill conduct reviews of the RMP program and procedures utilized
to minimize personnel exposure. Results of internal reviews will
be reported to appropriate levels of station management and the
ALARA Review Committee. Zn addition, the Health Physics groupwill perform special reviews or studies requested by corporate
committees to assist management in assuring that all aspects of
the ALARA program are implemented.

12.5. 3 2. 1. 6 Exposure Goals

On ma jor dose accumulating job functions, total man-rem and/or
man-HPC-hours (man-hours x ratio of measured airborne
concentration to Maximum Permissible Concentration}, exposure
qoals may be established prior to commencement of scheduled work.
A qeneral qoal will be based on the lowest dose commitment
recorded on jobs of similar nature. A general goal of equaling
or bettering the lowest total worktime expended on jobs ofsimilar nature may be utilized when airborne concentrations or
dose rates are unpredictable or sub ject to variations. These
qeneral qoals may be modified if work tasks are «ot identical or
estimated if there is no available historical data. Significant
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The data. from analyses of these air samples vill be used
to assist in future job planning and demonstrate that exposures
to airborne material are as low as reasonably achievable. When
portable BZ samplers are not practicable, temporary air samplers
located close to the breathing zone of workers may be utilized.

12.5.3.2.3.5 Routine Air Sampling

Continuous air monitors will be placed in representative areas to
sample those locations where airborne concentrations may be.
qenerated. These samplers will be periodically checked to verify
proper function and assure that unexpected airborne
concentrations are detected at the earliest possible time. The
air samplinq program is described in Subsection 12.5.3.5.

12.5.3.2.3.6 Control of Absorption and I'ngestion

Mhen work is scheduled on equipment or systems that contained or
may contain radioactive liquids, every reasonable effort to
prevent skin contact vith radioactive solutions vill be expended.
Items such as plastic suits, rubber gloves and/or gauntlets, h'igh
rubber boots, face shields and hoods may be utilized as
appropriate to the task to be completed.

Inqestion of radioactive materials will be minimized by assuring
that adequate protective equipment is properly worn, removed,
stored, laundered and surveyed. These physical controls in
conjunction with administrative requirements and training in the
areas of self-survey, prohibition of eatinq and smoking in
contaminated areas and, decontamination techniques will assure
that potential inqestion of radioactive material is minimized.

12.5. 3. 2. 3. 7 Control of Area and Eguipment Contamination Levels

Contaminated areas and equipment vill be decontaminated to as lov
a level, as practicable. Special emphasis will be placed on
items that may be inadvertently touched by personnel and areas
sufficiently contaminated so as to pose the potential for an
airborne concentration. Supervisory staff will be responsible
fo" assurinq-,that work areas are maintained in a-neat and'-"orderly
manner. The housekeepinq practices employed vill facilitate
clean-up and decontamination efforts and thu's minimize personnel
stay time in radiation/contamination areas.
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12.5,3.2.3.8 Airborne Exposure Evaluation

Exposures to airborne radioactive material will be tabulated to
aid in work planning and demonstrate the effectiveness of theinternal ALARA program. Air sample results in terms of afraction or multiple of the maximum permissible concentration
(tlPC). for identified or unidentified isotopes multiplied by the
work times will permit a running tabulation of individual and
group HPC-hour exposures. Shen respiratory protection is
employed, appropriate reductions of intake will be based on
recommended protection factors. Subsection 12.5.3.5 describes
the respiratory protection program.

12,5,3,2,3,9 Administrative Limits

To minimize potential intake of radioactive material in excess of
Federal limits, station limits will be established. Airborne
exposure or intake in excess of these limits may require workrestriction, use of respiratory protection, or special in-vivo or
bioassay studies.

12.5,3,3 Radiation Surveys

The Health Physics program will utilize a comprehensive system ofradiation surveys to document plant radiological conditions andidentify sources of radiation that contribute to occupationalradiation exposure. The radiation survey program will be subjectto evaluation by Health Physics supervision to assure that
necessary data .is collected while exposures to surveyors are as
low as reasonably achievable.

12,5,3. 3,1 Radiation Sur vey Program Controls

12. S. 3. 3. 1. 1 Record Review

A member of Health Physics supervision will review radiation
survey records to assure that adequate readings are taken and
properly recorded. If a need for additional data is noted,
supervision will assure that such readings or supplemental
surveys are taken and recorded. In addition, supervision will
review data to assure 'that unwarranted readings that contribute
to time spent in radiation areas are not taken. If appropriate,
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deviations above established qoals will be investigated by Health
Physics and/or the responsible supervisor. Methods to improve
performance on future jobs will be investigated and implemented,if appropriate.

12. 5. 3. 2. 1. 7 Job Pre-planning

When applicable, tasks to be performed under the provisions of a
Radiation Work Permit will be pre-planned. The responsible
supervisor will assure that individuals selected to perform the
task are familiar with the appropriate procedures to be employed.
Supervision will also assure that, when applicable, a tool list
to include special. tools that will reduce exposures is completed
and reviewed. When practicable, the responsible supervisor will
observe dry-run procedure performance. .This training may be
observed by a Health Physics representative to make time study
records as an aid in estimation of exposure or worktime goals.
Special emphasis will be placed on job pre-planning for work in
hiqh radiation areas to maximize the use of temporary shielding
and distance and minimize the work time.

12 5,3,2 1 8 Worker's Recommendations

An informal mechanism of soliciting worker's recommendations for
improvement of job efficiency will be utilized to evaluate
alternative work methods. Supervisors will encourage workers to
present alternatives that will reduce work time in radiation
areas and airborne concentrations. Responsible supervisors may
consult with Health Physics during or following evaluation of a
recommended change to assure that individual and group exposures
will not be adversely affected. Changes in methods or equipment
that are anticipated to improve efficiency and reduce exposure
will be reviewed, approved and implemented in accordance with
station .procedures.

12 5,3,2,2 External ALARA

12,5,3,2 2. 1 Dosimeter Evaluations

Each RWP issued to permit work or entry in a radiation field will
require each worker to wear at least one pocket dosimeter. Time
and exposure record log sheets will be posted with the Radiation
Work Permit near the qeneral work location. The dosimeter log
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sheets will be reviewed and running. totals will be updated. Theresponsible individual will assure required data is properlyrecorded and will forward the final dosimeter log sheets and the
completed RWP to Health Physics, following work completion.

12,5.3.2.2.2 Cate orization of Exoosures

Exposures incurred on RIP tasks vill be categorized by type ofworker(s), work group, and gob function. To facilitate collationof data. scheduled work functions will be .coded and entered on
the Radiation Work Permit, when applicable. In addition, plant
system codes vill be developed for RWP use. Wheneverapplicable, the equipment component number will also be recorded
on the RWP This system vill allow an exposure history data baseto be collected by equipment, system, and work function, and thuspermit supervisors and Health Physics personnel .access todefinitive records when planninq RWP tasks.

12.5. 3.2. 2 3. Work Time Evaluation

Recording entry and exit times vill allow total man hours spent
on particular tasks to be tabulated. Under favorable conditions,
a comparison of exposure rate multiplied by man hours expended
and measured dosimeter individual or group totals may be made to
assure proper data entry and verify that no significant exposurerate changes occurred. The man hours expended will also be used
as a data base to assist supervisory staff in planning vork ofsimilar nature.

12.5. 3 2.2.0 Special Alarms and Instruments

The use of special alarms and instruments will be evaluated.
Alarmed timers may be used to warn workers they are approachingthe maximum allowable work time. Remote radiation monitors may
be installed in the general work area to allow readouts in loverradiation areas. Portable survey instruments may be placed inthe work area to allow workers to monitor changes in exposurerate. Radiation rate meters and integrating devices with audiblepre-set alarms may be used to varn workers of unexpectedradiation levels or dose accumulation.
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12. 5. 3. 2. 2. 5 Temporary Shielding

During the planning phase of RMP work, supervision will evaluate ~

the use of temporary shielding. Care will be taken to assure
that installation and removal of shielding'ill not cause larger
man-rem total'xposures than expected without its use. Every
reasonable effort will be made to utilize temporary shielding,
such as lead blankets, that can be guickly installed on initial"
entry and easily removed upon exit.

12.5. 3. 2 2.6 Special Tools and Apparatus

Every reasonable effort will be expended to assure special or
modified tools are available for specific tasks. Available tools
that will significantly reduce stay time in radiation areas and
maximize distance from radioactive sources will be included on
job procedure tool lists. Appropriate superviso"s will review
tasks to .identify procedures that may be improved by
modifications or replacement of tools and/or apparatus.

12.5.3.2.2.7 Non-RMP Mork Review

Health Physics personnel will review radiation surveys to
identify areas not normally meeting RMP criteria. These. areas
will be studied to locate those of the highest occupancy
frequency and/or duration of stay time. Health Physics may make
recommendations pertaining to shielding or occupancy limits.
These recommendations will be implemented whenever practicable to
assure that the exposures incurred in low dose rate areas are as
low as reasonably achievable.

12.5,3 2,2.8 Administrative Limits

Administrative limits will be implemented by station procedures
to maintain personnel exposures ALARA with respect to Federal
Limits. Station exposure limits may be exceeded only after
approval of the Health Physics Supervisor, or designated
alternate. Unapproved exposure exceeding station limits will be
investigated by Health Physics to identify causes and establish
methods to prevent recurrence.
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12. 5.3. 2. 3 Internal ALARA

12.5.3 2.3.1 engineering Controls

Minimizing airborne concentrations by utilizing practicable
enqineerinq or physical controls will assure that occupational
exposures are as low as reasonably achievable. Airborne
concentrations will be minimized by appropriate use of
containment techniques, temporary exhaust mechani'sms, and review
of air flow patterns and velocities. Control and evaluation of
airborne radioactivity is described in Subsection l2.5.3.5.

12. 5 3. 2. 3. 2 Respiratorv Protection

When enqineerinq controls are not practicable, the.use of
respiratory protection vill be evaluated. Respiratory protection
may be utilized to minimize the intake of radioactive material.=
The respiratory protection fitting and traininq program is
described in Subsection 12.5.3.5.

12.5. 3. 2 3. 3 Pre Work Air Surveys

When RMP requests indicate that vork is required in airborne
radioactive material concentrations, appropriate air samples will
be taken. These samples vill normally be of short-term, high
volume nature in order to obtain representative data in the
shortest period of time. Any area that is posted as an Airborne
Radioactivity Area will be sampled and analyzed prior to
commencement of scheduled work. 'Mhenever practicable, surveyorsvill utilize respiratory protection and/or remote air samplers to
minimize their exposures. When existing airborne radioactive
materials are not specifically identified, the MPC (Maximum
Permissible Concentration) for unidentified alpha and/or beta-
qamma materials will be used for scheduling, criteria for
respiratory protection, and calculations of anticipated MPC-hours
of exposure.

12.5. 3.2. 3 4 ~S ecial Air Sa~m ling

When applicable, air samples will be taken vith portable
breathinq zone (BZ) air samplers equipped vith appropriate filter
-media during work in actual or potential airborne radioactivity
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Health Physics supervision will assure that proper corrective
measures are taken.

12.5.3.3. 1. 2 Independent Reviews

To assure proper performance of job duties by surveyors, a member
of Health Physics supervision will perform independent reviews
which may include physical measurement of radiation levels in
areas previously surveyed. Review data will be compared with
survey records and posting of warning signs. The reviewer may
accompany surveyors to observe and verify proper survey
techniques. Deviations from approved Health Physics Procedures
or discrepancies in radiation measurements will be investigated
and results reported to the Health Physics Supervisor or
desiqnated alternate. Appropriate corrective measures will be
taken to prevent recurrence.

12 5.3.3. 1.3 Surveyor Dose Evaluation

Every reasonable effort will be expended to assure that
occupational radiation exposure to surveyors is maintained as low
as reasonably achievable consistent with providing sufficient
survey data required for minimizing total plant exposures.
Surveyors'adiation exposure will be tabulated in accordance
with the ALARA program described in Subsection 12.5.3.2. Health
Physics personnel will be issued appropriate dosimetry to be worn
during radiation survey work. Beqinninq and ending dosimeter
readings will be recorded. Individual exposures incurred during
the survey may be reviewed and compared with previous surveyor
exposures. This dosimeter data will be updated to reflect, group
man-rem exposures incurred during radiation survey work.
Analyses of exposures incurred during survey work will allow
investiqation and implementation of methods to control and
minimize radiation exposure of surveyor personnel.

12.5. 3. 3. 1. 4 'urvevor Work Rotation

Every reasonable effort will be made to assure that surveyor
exposure is evenly distributed by work assignment scheduling and
rotation of Health Physics personnel. This rotation will allow
comparison of surveyor performance, minimize individual
exposures, and assure maintenance of familiarity with all areas
of the p'lant.
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12. 5. 3. 3. 1. 5 Training

Traininq of radiation workers will aid in the reduction of man-
hours expended in radiation fields. All station 'personnel
requiring Level II Health Physics training as described in
Subsection 12. 5.3.7 will receive training in the types ofradiation and methods of detection, self-survey and radiationrate survey. This traininq will include high radiation area
survey techniques, data evaluation and special instrument
operation. Retraining of station personnel requiring Level IIHealth Physics training will include the areas of radiation
survey techniques and procedures.

7
Health Physics personnel will receive formal and on-the-jobtraininq in survey techniques prior to fuel load at Susquehanna
SES. Special emphasis will be directed toward assuring thatefficient high radiation area survey techniques are exercised byHealth Physics personnel. Impromptu training sessions will be
held as needed to assure state-of-the-art understanding or
improved performance in areas where reviews have indicated the
need for additional traininq.

h

Training sessions will emphasize, the importance of collecting
necessary data while exercising the factors of time, distance andshielding to minimize occupational exposures.

12. 5. 3 3. 2 Radiation Sur vev Program

12.5.3.3.2.1 Instrument Selection

Health Physics procedures will describe the instrument type(s) to
be utilized during radiation survey work. The surveyor will berequired to en ter instrument description (s) and identification
number (s) on survey forms. Prior to performinq a radiation
survey, the sur veyor will check the calibration status of theportable instrument(s) selected for use to assure not more thanthree months have elapsed since the last calibration. Theinstrument selected will be checked for battery strength, ifapplicable, and, in a reproducible geometry, at least one scale's
response to known check source (s) will be verified., Instruments
overdue for calibration will not be used for radiation survey
work. Personnel will be inst"ucted to report instrumentation
suspected to be malfunctioning. A properly checked replacementor equivalent survey instrument will be utilized.
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12.5 3.3. 2. 2 Routine Radiation Area Surveys

Each area on site found to produce a radiation dose rate such
that an individual could receive 5 mrem in any one hour or 100
mrem in any five consecutive days will be conspicuously posted as
a Radiation Area in accordance with 10CPR20.203. Every
reasonable effort will be made to minimize inadvertent entries in
such areas. The "Caution Radiation Area~~ signs posted at the
boundaries will be updated to reflect the date of the latest
survey. Mhene ver practicable, the signs will also reflect the
general and maximum radiation levels within the area and any
special conditions required for entry. Routine surveys of
radiation areas will normally be taken to assure that each area
is surveyed once per week. Areas subject to variations in
radiation levels or increased time of occupancy may be surveyed
on a more frequent basis, as appropriate. Mhen 'reactor
conditions are operationally stable, survey frequency in
radiation areas may be reduced to spot checks at the boundaries
to minimize Health Physics personnel exposures.

12. 5,3,3. 2. 3 High Radiat ion Area

Survives

Each area on site found to produce a radiation dose rate equal to
or greater than 100 mrem/hr. will be posted as a High Radiation
Area and access will be controlled in accordance with Subsection
12.5.3.1. Routine surveys within such areas will not normally be
performed, with conventional portable survey instruments. Every
reasonable effort will be made to utilize readings from the Area
Radiation Monitoring (ARM) System to identif y cnanges of
radiation levels. Analyses of maximum and general radiation
levels within high radiation areas will normally be performed
with remote probe survey instruments, long reach survey
instruments, retrievable TLD's or dosimeters. ilhen practicable,
findinqs from these surveys will be correlated to the appropriate
ARM readings and reactor operatinq conditions. Correlation
readings and/or perimeter readings will be taken to assure each
hiqh radiation area is surveyed once per week. In addition,
radiation surveys will be taken at the entrances to high
radiation areas on a frequency dependent upon occupancy in the
vicinity and variation in radiation levels. Signs will be
updated to reflect the latest readings. Xf surveys at entrances
or ARM readings show significant change, additional surveys may
be performed to update the readings within the area. In order to
minimize occupational exposure of surveyors, high radiation area
survey frequency may be reduced when operatinq conditions are
stable.
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12. 5. 3. 3. 2. 4 Non-Radiation Area Surveys

Areas in and around the Controlled Zone not considered potential
radiation areas will be selectively surveyed to establish that
every reasonable effort has been made to keep measurable
radiation levels as low as reasonably achievable. Portable
instrument surveys will be performed so as to assure a
representative number of non-radiation areas are surveyed once
per month. Areas subject to siqnificant change or variation "will
be surveyed on a more frequent basis as appropriate. Any area,
not previously noted, that is found to be a radiation area will
be promptly posted with a »Caution Radiation Area» sign and
reported to Health Physics supervision. ;Xf the radiation .dose
rate cannot, be eliminated, every reasonable effort will be made
to minimize the dose rate and inadvertent entry. The area will
be placed on the radiation area survey routine.
Aceas within Susquehanna SES security fence not covered by
portable instrument survey proqrams will be selectively monitored
by area TLD's to document inteqrated exposures. Area TLD's will
normally be changed and evaluated on a monthly basis.

RWP surveyors will wear self-reading dosimeters. The surveyorwill enter the exposure incurred on the RWP request to assure
this exposure cateqory is included in the RWP job function as
well as the system and/'or equipment exposure totals
A member of Health Physics supervision will screen incoming RMP
cequests to assure inclusion of special measurements or
considerations. Special instructions may be developed or
impromptu training performed to assure that necessary data is
collected in the minimum of time.

1 2~5. 3. 3. 2. 6 Syecial radiation Surveys

Special radiation surveys will be performed as reguested by
operatinq qroups, regulatory aqencies, or corporate committees.
These survey requests will be coordinated by Health Physics
supervision to assure the need for the survey justifies
occupational exposure of surveyors. A member of Health physics
supervision may draf t special instructions foc performance of tne
survey and/oc perform impromptu traininq sessions with surveyors.
Emphasis will be placed on assuring that necessary data is
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collected in the minimum of time. Individual and man-rem
exposure incurred durinq special surveys will be logged by job
fun"tion equipment'nd/or system.

12.5 3.3.2.7 Unit 2 Construction Surveys

Durinq the start-up/operation phase of Unit 1 and the
construction phase of Unit 2, routinely occupied areas in the
proximity of Unit 1 will be surveyed on a weekly basis with
portable instrumentation. Any area found to contain a dose rate
such that if an individual were continuously present he would
receive a dose in excess of 100 mrem in any seven consecutive
days due to the operation of Unit 1 will be reported to Health
Physics supervision. Special shielding, barricading or access
control may be employed to eliminate or minimize the potential
for personnel exposure. If such areas are identified, portable
instrument survey frequency may be increased depending on
potential for occupancy and degree of access control exercised.

In addition to portable instrument surveys a program of area TLD
monitors will be used to supplement and verify instrument
findinqs. These TLD's will be placed in representative locations
of routinely occupied areas near Unit 1 and will normally be
changed on a weekly basis. An investigation will be performedif, af ter natural background subtraction, administrative limits
have been exceeded. Health Physics supervision will assure that
areas monitored are representative of construction activities in
progress.

12. 5. 3.3. 2. 5 Radiatio a se~rve Recor de

Radiation surveys performed at Susquehanna SES will be documented
in accordance with approved station procedures. A member of
Health Physics supervision will review the record (s) completed by
surveyors to assure proper data entry. The reviewer will initial
and date the record and forward it for permanent filing.

12.5. 3 4 Contamination= Survey Procedures

v

A system of contamination evaluation will be utilized to minimize
the spread of radioactive material. Evaluation of personnel,
equipment and surface contamination will al'so be made to
demonstrate the efficiency of engineering and procedural
controls. Zn addition, the contamination survey programs will be
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evaluated to assure that surveyor exposures are as low as
reasonably achievable.

12.5.3.4.1 Pe~sonnel Contamination Surveys

Evaluation of exposures due to personnel contamination will be
conducted in accordance with Subsection 12.5.3.6.

12.5. 3.4. 1. 1 Frigker Sur v~e

0-H personnel friskers will be placed in strategic locations
within the controlled zone. Every effort will be made to locate
these instruments in as low a radiation background area as
possible in order to maximize sensitivity. Personnel will be
trained in the use of the instrument(s) and interpretation of the
readings.

In the event of frisker malfunction, personnel will be required
to notify Health Physics. Audible or visible alarms will be pre-
set at a suitable point above background to minimize spurious
alarms and maximize sensitivity. Limits will he conspicuously
posted for instruments without automatic alarms.

Personnel contamination causing frisker alarm will require
notification of Health Physics. Health Physics will take
appropriate actions to minimize further spread of contamination,
and direct appropriate decontamination of affected areas and
personnel.

1

Mhen personnel contamination is noted, a Health Physics
investigation appropriate to the incident will be performed. A
contamination incident found to have caused an intake of
radioactive material will be promptly reported to appropriate
supervision. When applicable, recommended methods to prevent
recurrence will be forwarded to-,the Superint'endent of Plant for
concurrence and implementation by his directive.

12.5-3.4 1.2- Nasal Swab

Nasal swabbing procedures will be implemented as requested by
Health Physics or when contamination exceeding station limits is
detected on facial areas to qualitatively determine if inhalation
of radioactive material occurred. Health Physics personnel will
evaluate the swab as soon as practicable Findings in excess of
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station limits will require nasal clearance, shower and scrub-
down, a whole body count and/or bioassay, and a docunented
investigation and evaluation.

If contamination is detected in or on the mouth, a shower and
scrubdown and a whole body count will be performed. Fecal and/or
urine collection may be initiated to more accurately determine
ingested amounts. All cases of ingestion will be investigated,
evaluated, documented and reported to appropriate supervision and
the Superintendent of Plant, and appropriate corrective measures
will be taken

To control inadvertent entry of radioactive material in wounds,
cuts or abrasions, individuals will be responsible for bringing
such matters to the attention of supervisors and/or Health .

Physics prior to work commencement. Supervisory personnel will
assure that reported skin breaks are brought to the attention of
the Health Physics group during job planning or RWP request.
Health Physics will be responsible for assuring that skin breaks
are properly protected prior to work commencement. Open wounds
that cannot be adequately sealed will be sufficient grounds to
restrict the worker from- contamination work.

Any in jury that may have caused contamination of a wound will
require the worker to immediately exit the work area and report

- the incident to Health Physics and appropriate supervision. The
wound will be flushed and surveyed with portable instrumentation.If contamination is detected in the wound, the Shift Supervisor
may initiate the Susquehanna SES Emergency Plan in accordance
with written Emergency Plan Implementing Procedures. If injury
is sufficient to prevent the worker from moving or exiting the
area, the Shift Supervisor will be immediately notified and the
Emergency Plan will be initiated, if appropriate. Appropriate
whole body counts and/or bioassays will be taken'following any
needed medical treatment.
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Movement of equipaent from a contamination zone will requirenotification of Health Physics personnel. Fixed and removable
contamination levels will be evaluated as appropriate and a
clearance for removal will be issued in accordance with station
procedures.

Routinely used tools may be permanently marked to indicate they
are contaminated and will normally be stored inside well marked-
contamination areas. Bepair or use outside contamination zoneswill require Health Physics approval. Permanently marked toolswill be surveyed by Health Physics personnel as necessary and atthe request of the appropriate supervisor. Contaminated itemsthat cannot practicably be decontaminated will be covered withplastic or other material and appropriately posted.

o a
Change-out procedures will require that individuals leaving acontamination zone perform surveys of personal items that may
have become contaminated during work. Items such as dosimeters,
TLD or badge holders, pens and pencils, will be scanned with a G-
M frisker. Contamination noted on such items will be reported to
Health Physics personnel. Additional surveys will be performed
and the items decontaminated or discarded as radioactive waste as
appropriate.

12.5,3,4.2.Q gr'otecgj ve~c1oth'ng su~vgS

Reusabl'e protective clothinq and shoe covers used in
contamination zones will be collected in recepticles at step-off
areas and sent for Laundering/decontamination. If clothing is
cleaned at Station laundry facilities it will be removed from
containers, sorted in an exhausted area of the laundry and
scanned with a G-I detector to locate highly contaminated items
that may require separate decontamination or disposal. Following
washing and drying, clothing will be re-surveyed to assure that
items are within station limits. Records of the range of survey
results before and after laundering will be maintained. Every
reasonable effort will be expended to assure that clothing is
maintained at as Low a contamination level as practicable.
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Protective clothing that is shipped off site for laundering will
be prepared for shipment and labeled in accordance'ith
applicable U. S. Department of Transportation (USDOT) regulations.
Items returned from vendors will be spot checked with survey
instruments to assure that residual contamination levels are less
than applicable station limits. Records of survey results will
be maintained for each shipment.

12.5.3~4. .4 Res irator Protectio Device S ve s

Respiratory protective masks will be checked for contamination
prior to cleaning and disinfection. Following decontamination
and cleaning, masks will be checked for removable and fixed
contamination levels prior to disinfection, storage and/or
reissue. Survey results will be recorded.

Bxterior surfaces of other protective devices, such as suppliedair hoods and suits, self contained breathing apparatus and
hoses, will be checked for contamination levels following job
completion. Items other than face pieces that will routinely be
reused in contamination zones may be bagged and labeled to
reflect the latest survey findings.

12.5.3.4 2.5 Fix~ed 5 u~ieeut Surve~s

Routinely accessible plant equipment that may become
inadvertently contaminated will be spot checked to assure items
are less than appropriate station limits. Fixed equipment of
this category found to exceed removable contamination limits will
be wiped down and resurveyed. If decontamination, efforts are not
successful or if the. item is prone to recurrent contamination it
will be posted as»Contaminated». An equipment contaminationlist will be tabulated to assure items in this category are
resurveyed. If an item is found not to be a recurrent
contamination problem it will be removed from the survey list.
A representative number of smears will be taken on items such as
door knobs and stair railings, to.assure that other controls
exercised are minimizing the spread of contamination.
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12.5.3 4 2.6 Surveys Involving Receipt/Shipment of Radioactive
Hater ial

The security staff will be instructed to notify the Health
Physics Supervisor or designated alternate upon arrival of
shipments in 'excess of <Type A< quantities at the site Shipping
containers will be monitored for radiation and/or contamination
in accordance with 10CFR20.205. Whenever practicable, the
container will be monitored prior to removal from the vehicle.If removable contamination or radiation levels are found to
exceed the limits of 10CPR20.205, the Superintendent of Plant or
designated alternate will notify the final delivering carrier and
the Nuclear Regulatory Commission (NRC) Inspection and
Enforcement Regional Office.
When applicable, Health Physics Supervision will assure that,prior to leaving the site, exclusive use transport vehicle
surface contamination and radiation levels are within.limitsspecified in 49CFR173.

Station procedures will specify special procedures and
precautions to be taken when opening packages containing licensedmaterial, including instructions pertaining to specific types of
shipments normally received at Susquehanna SES.

Radioactive material wi11 be shipped in accordance with USDOT and
NRC regulations. Station procedures will implement the
applicable regulations with regard to proper packaging and
labeling requirements. Appropriate removable contamination and
dose rate surveys will be taken, records completed, and shipments
labeled accordingly.
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12. 5~/.4.3 Surface Contamination Surveys

12 5.3 4.3.1 -Controlled Access Areas

A smear survey proqram will be developed and implemented to
assure that a representative number of routinely accessible
surface areas within the controlled zone are checked for
removable contamination. Special emphasis will be placed on
survey of the clean side of established contamination zone step-
off areas. Smears will'be analyzed on appropriate counting
equipment and records of results will be maintained in
disinteqrations per minute (dpm) per 100 sq.cm. If results
indicate removable contamination exceeds station limits, the area
will be posted as a contamination zone. The area will be
decontaminated and resurveyed as soon as practicable. 'Area
signs and barriers will be removed when surveys indicate that
removable contamination is below station limits.
In representative areas where gamma backqround permits, surveys
will be performed with portable detectors to establish the level
of fixed contamination on normally occupied controlled zone
surfaces. A fixed contamination survey will be performed prior
to any sandinq, chipping, welding, grinding and sawing, of
potentially contaminated Controlled Zone surfaces.

12~5,3,4.3,2 Non-Controlled Zone Areas

Occupied plant areas outside the controlled zone will be surveyed
to assure that a representative number of floor surfaces are
checked for removable contamination. The exit areas from the
controlled zone will receive special emphasis to minimize the
spread of contamination. Smear survey, analyses and record
keepinq techniques will be as described above. Non-controlled
zone areas found to have removable contamination levels exceeding
station limits will be decontaminated and resurveyed.

12.5. 3.4.3.3 Special Area Surveys

Lunch room facilities and vending machine areas'requented by
controlled zone workers will be checked for removable
contamination. Stoves, benches, table tops, and floor surfaces
will be representatively smeared to assure minimal contamination
in eatinq areas. Removable contamination in excess of non-
controlled zone limits will be reported to Health Physics or
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Shift Supervision and the area will be restricted from further
use until decontaminated. Special emphasis will be placed on
eatinq or cookinq surfaces to assure that these items are as far
below non-controlled zone limits as reasonably achievable.

Other specific areas will be checked for removable contamination
to demonstrate the effectiveness of the contamination controls
exercised within controlled zone areas. These areas include:

(1) Entrances to the control room and the Control Structure.

(2) The Guard House at, the site perimeter.

(3) General floor areas of shower and locker roomfacilities.
Floor surfaces in areas that offer a repeated potential for
contamination may be maintained as contamination zones to assure
positive contamination control. In addition to the routine check
outside step-o'ff areas, a general survey of contamination levels
inside the areas will be performed whenever practicable. Dose
rates within the areas, frequency of occupancy, past survey
results, and actual need for such surveys will be evaluated by
Health Physics supervision when selecting established
contamination zones to be surveyed. When area dose rates permit,
every reasonable effort will be expended to minimize
contamination levels.

12.5. 3.4.3. 4 Im~lementat ion~Review~and Reporting Practices

Contamination limits, general survey locations and survey
frequencies will be specified in station Health Physics
Procedures. Procedures will be sub ject to review by Health
Physics Supervision to assure contamination survey implementationis responsive to plant status.
A member of Health Physics supervision will review records of
contamination survey results to assure proper completion and
adequate survey. In the event of contamination in excess of
station limits, a member of Health Physics Supervision will be
responsible for assuring that corrective measures are implemented
and that further reports through appropriate channels areinitiated if required.
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12.5.3 5 Riche ae Radioact'ae 5 'al

Every reasonable effort will be expended to assure that material
released as airborne concentrations within the plant is
minimized. A sampling and analysis program will be utilized to
determine airborne concentrations in representative numbers of
routinely occupied areas. These routine measurements as well as
special surveys, respiratory protection procedures and
administrative procedures will be implemented to minimize
airborne contamination and the potential intake of radioactive
mate rial.

12. 5. 3. 5.1 Physical Controls

12. 5. 3.5. 1 1 Air Plow Patterns

A survey program for determining air flow patterns within the
controlled zone will be implemented prior to Unit l fuel load.
After Unit 1 fuel load these surveys will be periodically
performed to demonstrate that air flow patterns are toward areas
of higher actual, or expected, airborne concentrations. Affected
areas will be re-surveyed following ventilation modifications to
assure proper air movement. Appropriate measures will be takenif flow patterns are .found to be unacceptable.

12. 5.3 5. 1 2 Contamination Confinement

Contaminated items will be properly confined to prevent
inadvertent airborne contamination. Such items will be sealed in
appropriate material or stored in ventilated areas whenever
practicable. Qhen necessary, alternatives such as temporary
tents or enclosures, storage in rooms or areas where air movement
is away from occupied areas, or wetting of the item may be
utilized to minimize airborne concentrations. Contaminated trash
will be sealed in plastic prior to disposal whenever practicable.
Every reasonable effort will be made to assure that contaminated
trash recepticals are closed when not in use.
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12..5 3.5 1 3 Air Exhaust

Exhaust of areas or items where airborne concentrations may be
generated will be employed whenever practicable. Contaminated
laundry sorting areas, trash compactors, fume hoods, and sampling
stations are typical locations where air exhaust will be
utilized. Exhaust flow rates or face velocities on such
equipment will be verified periodically and after ventilation
modifications to assure proper function. Items that may contain
highly contaminated materials such as trash compactors or high
level fume hoods will be eguipped with a visual indicator or
alarm to warn individuals upon loss of exhaust flow. Portable
exhaust fans will be directly discharged to building exhaust.
whenever practicable. Shen discharge to building exhaust is not
practicable the portable exhaust fan will be filtered to minimize
airborne concentrations.

12.5.3 5.1.4 Post, in and T.ock n

Accessible areas containing airborne concentrations exceeding thelimits specified in 10CPB20.203 will be posted with a '~Caution-
Airborne Radioactivity Area" sign. Whenever practicable, access
points to such areas will be locked or barricaded to reduce the
risk of inadvertent entry.

12.5.3 5.2 Administrative Controls

12.5.3.5 2.1 Health Ph sics Bevies

All posted airborne radioactivity areas will be reviewed by a
member Health Physics supervision on a quarterly basis. methods
to reduce existing airborne concentrations will be forwarded
through appropriate channels for review, approval, and
implementation. During the review, Health Physics Supervision
will assure that every reasonable effort has been expended to
reduce the risk "of inadvertent entry in airborne radioactivity
areas.

12.5.3.5.2.2 Health Physics Investiciation

Mhen an occurrence produces unusually high airborne
concentrations in occupied areas, Health Physics Supervision will
assure that an investigation appropriate to the incident is
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completed. The first priority will be evaluation and follow-up
of personnel intake of radioactive material if applicable. The
second portion of investigation will emphasize determination of
the events leading to the release. Recommendations to prevent
recurrence will be forwarded through appropriate channels for
imple men tation.

12.5.3.5.2.3 RMP Procedures

Radiation Mork Permit procedures, as described in Subsection
12.5.3.2, will be a primary administrative control of exposure to
airborne radioactive material. Health Physics review prior to
approval will assure that every reasonable effort is expended to
minimize the production of, or reduce existing, airborne
concentrations before work commencement.

12.5.3.5.3 Air Samolina Eauipment

A description of the use, calibration methods and frequencies of
specific air sampling equipment utilized at Susquehanna SES is
contained in Subsection 12. 5.2.

12 5.3.5.4 Airborne Concentration S~am ling

12.5.$ .5.4. 1 Routine Sa~m ling

Routine samplinq in selected areas of potential airborne
concentrations will be accomplished with continuous air monitors
(CAM) or portable air monitors. CAM sampling media and detector
will be selected as appropriate to the intended use of the
device. CAM~s will be routinely checked for proper operation.
Abnormal readings or equipment malfunction will be reported
through appropriate channels for investigation and/or repair.
Alarms, if applicable, will=be checked for operability during
source check and calibration procedures. Fixed filter devices
will be chanqed on a frequency specified by Health Physics
procedures to assure optimum samplinq time, meaningful results,

'ndproper equipment operation.
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12.5.3.5.4 2. - Special Air Sa~mling

Records will be maintained to reflect the reason for the special
surveys, device(s) and samplinq" media used and final results. The
majority of special air samples will be taken as result of
Radiation Mork Permit requests and pertinent results will be
recorded thereon.

12. 5. 3.5 5 Ai'r Sample Evaluation

12.5. 3.5.5.1 Particulate Initial Evaluation

A data sheet will be completed to reflect sample location, date,starting flow rate, starting time, sampler and collection media
used, and collection efficiency. At completion of sampling, the
date, time, and endinq flow rate will be recorded. Air samplefilters will be counted as soon as practicable followingcollection. Results will be recorded on an analysis form toreflect counter used, ef ficiency, counting time, background count
rate ~ qross sample count rate, net sample count rate, and sampledisinteqrations per minute beta, and/or beta-gamma, and/or alpha.
Sample disinteqrations per minute divided by collection
efficiency of the media, the number of disintegrations per minute
per microcurie and the total volume of air sampled will yield theinitial estimate of airborne concentration.

Prior to Unit 1 fuel load an air sampling program will be
implemented to obtain a base line of information concerningnaturally occurring radioactive concentrations. This data will
enable development of an averaqe beta to alpha ratio of naturally
occurrinq airborne emitters. This "First Count Factor" may beutilized as an initial evaluation technique for low level
particulate air samples.

12.5.3 5.5.2 Subsequent Particulate Evaluations

Every effort will be made to initially evaluate air samples as
soon as practicable following collection. In instances where
time delay before analysis in conjunction with suspected shortlived isotopes is significant, repeated counts may be performedto obtain a decay curve. Extrapolation and subtraction
techniques may be used to determine initial amounts and halflives of component isotopes.
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When statistically possible, fixed filter samples may be gamma
scanned with a Nal or Ge(Li) detector to identify gamma emitting
isotopes. When this or other specific analyses are not
practicable, the NPC for unidentified beta-gamma emitters will be
used for exposure evaluation, and procedural controls.

Other evaluations that may be utilized are beta absorption
countinq, radiochemical separations and analysis, and liquid
scintillation countinq.

12.5. 3. 5. 5. 3 Gaseous Evaluations

Airborne radioiodine samples will normally 'be collected on
charcoal canister or ca"tridqes, and analyzed on a NaI or Ge(Li)
detector. Appropriate standard sources in reproducible
qeometries will be used to obtain efficiency curves for analysis
equipment. Photopeak areas, countinq efficiency and branching
ratios for the identified isotope will be utilized to calculate
the amount of deposit. Collection efficiency and total volume of
sampled air will be incorporated to calculate airborne
concentrations.

Airborne tritium samples will normally be collected in water
bubblcrs or dessicant columns. Collection and counting
efficiencies and total air volume will be verified and used to
calculate airborne concentrations.

Xf analyses of restricted area air for noble gase are reguired,
sample chambers may be analyzed with NaI or Ge(Li) detectors to
identify isotopes.

12,5.3,5.6 Res2iratorg Protection

The respiratory protection program will assure that personnel
intake of radioactive material is minimized. The respiratory
protection program will not be used in place of practicable
enqineerinq controls and prudent radiation safety practices.
Every reasonable effort will be expended to prevent potential,
and minimize existinq, airborne concentrations. When controls are
not practicable, or conditions unpredictaole, respiratory
protective devices may be utilized to minimize potential intake
of airborne radioactive material.

The Susquehanna SES Respiratory Protection Program will ensure
that the followinq minimum criteria are met: written standard
operatinq procedures; proper selection of equipment, based on the
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hazard; proper training and instruction of users; proper fitting,
use, cleaninq, storage, inspection, quality assurance, and
maintenance of equipment; appropriate surveillance of work area
conlitions, consideration of the degree of employee exposure to
stress; reqular inspection and evaluation to determine the
continued, program effectiveness; program responsibility vested in
one qualified individual and an adequate medical surveillance
program for respirator users.

12. 5. 3.5. 6.1 Training and Fitting

The training and fittinq program is described in Subsection
12. 5. 3. 7.

12.5. 3.5. 6. 2 Written Procedures

The Respirato" y Protection Program and program responsibilit'y
will be implemented by Health Physics procedures. Applicable
Health Physics Procedures will include as a minimum: description
of equipment; information 'regarding issuance, maintenance,
selection, use, and return of equipment; and training techniques.
Information regarding air samplinq and bioassay. programs will be
referenced.

12,5,3,5.6.3 Selection of Equipment

The need for respiratory protection will be determined by Health
Physics personnel after evaluation of appropriate engineering
'controls. Airborne concentrations will be determined by air
samplinq methods described in this section. The hazarD will be
evaluated and applicable respiratory protection prescribed in
accordance with the RMP evaluation, review, approval and
implementation process as described in Subsection 12.5.3.2.

12.5. 3 5 6.4 Issue and Use

For normal work situations, respirators will oe issued after
approval of a Radiation Work Permit. Individuals'. D. cards or
qualif ication list will be utilized to assu" e only the specific
models approved for the worker are issued. After issuance, the
worker will be responsible for p oper use and storage of t.he
device. Approved Health Physics procedures for use, storage and
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return of respirators will be reviewed during qualification
traininq sessions.

12. 5. 3 5. 6. 5 Contamination Survey~

Whenever practicable, respirators will be scanned with a G-lc
detector during final change-out procedures upon completion of
assigned work. Detectable radiation levels on inside surface of
the device will require notification of Health Physics. The
inside surfaces will then be monitored for removable
contamination and/or a nasal swab will be taken. Based upon
findings and suspected isotopes, further evaluations may be
required in accordance with Subsection 12. 5.3.6.

12.5.3.5.6.6 Cleaninq, Decontamination, Inspection, lfaintenance,
Disinfection and Storage

Station procedures will specify cleaning, decontamination,
survey, inspection, maintenance, disinfection and storage
"equirements. Respirators will normally be used no more than one
day (shift) prior to return for cleaning survey, inspection,
maintenance if needed, and disinfection. In no case will a
respirator be issued to another individual prior to cleaning
survey, inspection and disinfection. Respiratory face pieces
will be washed, dried, surveyed for removable and fixed
contamination levels, inspected, disinfected and stored in
accordance with approved Health Physics procedures. Inspection
of masks will emphasize defects at critical points, proper
function of attached fittings and valves, and proper shape of
face-piece. Simple maintenance and repair will be performed as
necessary..maintenance and repair of regulators will be
performed only by specially trained and qualified individual
flasks ready for reissue will be stored in plastic or paper bags
in caoinets or containers. Every effort will be made to assure
proper storaqe of masks to prevent deformation of face piece
parts.

12.5.,3.5. 6.7 Ouality Controls

Inspection and testinq of new equipment will be implemented by
writt n station procedures to detect instances of human error or
defective materials in the manufacture and assembly of the
devices. Procedures will specify the components of each device
to be inspected and the acceptance criteria when applicable.
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Respiratory protection devices will be routinely inspected and
tested after cleaninq and maintenance. The inspection will be
performed to detect any damage or defects caused by cleaning or
wear. Testing will'ormally consist of a positive or negative
pressure leak detection test or exposure to a challenge
atmosphere.

Zn accordance with station procedures periodic checks of items in
storaqe will be performed to ensure that the facepiece rubber is
not takinq a set, rubber parts are not hardening or
deterioratinq, sorbent canisters have not exceeded their shelf
life, and breathinq air or oxygen cylinders contain sufficient
pressure.

12. 5. 3. 5.6.8 Surveillance of Work Area Conditions

For work conditions involvinq respiratory protection, air
samplinq surveillance will provide an estimate of the potential
intake of airborne radioactive materials and resulting exposure
of the individual worker, indicate the continuing effectiveness
of existinq controls, and warn of the deterioration of control
equipment or operatinq procedures.

The periods of time respirators are worn continuously and tne
overall durations of use will be kept to a minimum by procedural
controls and work surveillance. Workers will be instructed of
provisions to leave areas where respirator use is required for.
relief in case of equipment malfunction, undue physical or
psychological distress, procedural or communication failure,
siqnificant deterioration of operational conditions, or any other
condition that might require such relief.

12.5.3.5.6.9 Evaluation of Program Effectiveness

Respirator failures, evidence of respirator leakage, and
equipment, problems encountered will be investigated by Health
Physics. Problems will be solicited from respirator users during
activities such as plant safety -meetings and training ses ions.
Propo ed changes to prevent recurrence or improve efficiency of
the proqram will be forwarded through appropriate channels for
review, approval and implementation.

Respiratory protection will be evaluazed by bioassay result-
correlated with air sampling results as described in Subsection
12.5.3.6. Evidence of a rise in exposure levels attributable to
inhalation will be investigated.
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12a5a3a5. 6. 10 Hedica}, Huyveiliance

Prior to participation in the Susquehanna SBS Respiratory
Protection Program, individuals will be evaluated by competent
medical personnel to ensure they are physically and mentally able
to wear respirators under anticipated workinq conditions.
Individuals involved in the respiratory protection program will
also be re-evaluated as part of their routine company physical
with respect to physiological and psychological factors affectingrespirator use.

Details of the medical surveillance program will be specified in
Station Health Physics Procedures.

12,5,3,5,7 Haddl~in of Ra~dio ctiye~ateyidl

12.5.3 5.7. 1 .Unsealed- Naterial

Radioactive material in liquid form will be stored in sealed or
vented/ exhausted containers whenever practicable. When
containers are opened to atmosphere and generation of airborne
concentrations is possible, they will be opened in fume hoods,
exhausted areas, or in locations where air movement is away from
workersd breathing zones. Whenever practicable, liquidradioactive material will be transported in unbreakable
containers or in a secondary container to collect material in
case of breakage.

Gaseous radioactive material will be similarly stored and opened.
Transport of gaseous samples will be done in sealed, qas tight
containers.

Solid articles that are sufficiently contaminated with
particulate and/or volatile material so as to pose a potential
airborne hazard will be handled and stored as described in
S ubsec tion 12. 5. 3. 5. 1. 2.

Protective clothing, respiratory protection, and special
precautions will be specified by Health Physics procedures and/or
Radiation Work Permit for handling unsealed material.
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~12 5 3.5e7 2 Sealed Materials

Sources will be. stored in appropriate shielded containers when
not in use. Containers and storage locations will be posted toreflect contents and radiation levels. Sources will be locked
inside containers or containers will be locked in a storagelocation when not in use. Shen sources produce a whole body or
contact radiation dose rate greater than limits established bystation procedure, a Radiation Mork Permit will be completed and
approved prior to use. Remote devices such as forceps, tongs or
manipulators will be used whenever practicable or required byRadiation Work Permit.

Licensed sealed sources will be monitored for leakage to assurethat storage or use is not causing the spread of contamination orairborne radioactive material. Mhen monitoring of the source
.capsule is not practicable, removable contamination surveys will
be performed at places on the container or source holder where
contamination might be expected to accumulate if the source were
leaking. rSamples will be analyzed on counting equipment
appropriate to the source material and records of results
maintained. F'requency, materials to be tested and record keeping
requirements of NRC license or Technical Specifications will be
implemented by Station Health Physics Procedures.= Sealed sources
found to be leaking will'be sealed from atmosphere whenever
practicable.and/or stored in ventilated areas until disposal orrepair.

12.5.3 6 Personnel Monitoring

12.5.3 6 1 External Personnel Nonitorin
Personnel monitoring devices will be used at Susquehanna SES to

-evaluate external occupational exposure to radiation sources.
Exposure information will be used for work function exposure
evaluation, job planning, reporting requirements, incident
analysis, and an indication of the effectiveness of ALARA
practices.

12. 5. 3. 6. 1. 1 Personnel Dosiu~etr Evaluation

Routinely used personnel dosimetry will include self-reading
dosimeters, ther moluminescent dosimeters (TLD), and/or film
badges. Individuals requiring personnel dosimetry will be

I
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instructed ih..the..purpose .@md gm,of the devices station
administrative'xposure j.initi~ and interpretation of self-.
reading'osimeter'eadiaga . appropriate dosiaetry devices mill
be issued in- accordance with .station procedures inplesenting
lOCPR20 202

Dosimetry will normally be worn on the front of the body between
the neck and .the waist in a clearly visible locatiom . Shen
appropriate, dosimetry crill be issued and rom on the
extremities,''osinetry any be wrapped in plastic to prevent the
contamination of personnel aonitoring devices uhen entering
contaminated areas.

As described in Subsection 12. 5.p.2, self-reading dosimeter
results will be used for specific d.ARK )oh exposure evaluation
as well as to.indicate current individual exposure status.
Dosimeters of appropriate ranges will be available for use during
work in radiation and high radiation areas Radiation workers
will be responsible for checking their dosimeter readings when
working in BQP areas The frequency of dosimeter checking will
depend upon the nature of the gob and whole body dose rates, and
will be discussed with the radiation workers during RQP pre-job
planning. Off-scale or malfunctioning dosineters will be
reported to Health Physics. Health Physics personnel will
evaluate the occurrence, issue a replacement dosimeter and test
the suspect dosimeter for response and leakage. Dosiseters will
be renoved from service if the calibration response, 24 hour
leakage, oz changing drift test results exceed acceptance
criteria specified in the Station Health „.Physics procedures.

Self-reading dosimeters will normally be used to monitor gamma
exposure only. They may be used to determine neutron dose
equivalent in a. mixed radiation field provided the neutron dose
equivalent rate and gamma exposure rate at the point of personnel
exposure are known fron separately sade determinations; the
neutron-.to-gamma ratio is essentially constant during the period
of personnel exposure; and the degree of response of the
dosimeter to the neutron flax density is known. Hethods of
evaluation of dosimeter readings to deternine neutron dose
equivalent will be specified in Station Health Physics
procedures. Shen neutron dose equivalent is determined from
self-reading dosimeters~ it will be added to the whole body gamma
dose equivalent.

TLD devices will nornally be used as the dosinetry of record.
Personnel TLD{s) will normally be evaluated on a monthly basis or
more frequently as determined by Health .Physics Supervision. The
data obtained from TLD~ s wi11 be evaluated to determine dose
equivalents. Gamma TLD chip readings indicate the dose
equivalent to be attributed to whole body Appropriate
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correction and quaM4ty.factors sill be applied to neutron chip
readings to determine the neutron Case equivalent. Neutron and
ganna doses sill .nornally be added together to yield the whole
body dose equivalent.. Appropriate correction factors sill be
appliel to the Beta TX.D chip readings to determine the beta dose.
The beta dose sill normally be added to the whole body dose
equivalent to determine t'e skin lose equivalent Shen
appropriate, the skin of whole body lose equivalent-sill be added
to the gamna dose equivalent, deternined by issued extremity
monitoring devices, to determine total,extremities'ose
equivalent. Por individuals sho lo not utilize extrenities
devices during a calendar quarter, the skin of whole holy dose
equivalent sill be assigned as extrenities4 lose equivalent.,
Zf film badges are used as the dosinetry of record, the servicewill be purchasel fran an outside vendor and evaluated by the
vendor on a monthly basis or as specified by Health Physics
Supervision., A program sill be implemented to verify filn badge
accuracy. Film badge results will be evaluated and categorized
according to whole body, skin of the shale body, anl extrenity
dose equivalent. Film badges may be used to determine neutron
dose equivalent when the effects of image fading, lossensitivity, and masking in high gamma fields are not critical
Personnel exposures sill be accumulated and evaluated against
applicable station anl federal limits by Health Physics
personnel.

12 5 3 6 1 d ini t e os e o ol

Administrative exposure limits will be established and
implemented by Health Physics procedures to assure the limits of
10CPR20. 101 are not exceedel and personnel occupational exposures
are maintained ALARA.

di adeotn
Designated supervisors will receive reports of their

employees'ccumulatelexposures for use in RHP 5ob planning and scheduling.
Updates of exposure totals sill be compiled fron self-reading
dosimeter readings. Unapproved exposures exceeding stationlimits will be reported to the Superintendent of Plant and
appropriate supervision, anl investigated by Health Physics to
identify causes and establish .methods to prevent recurrence.
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Occupational radiation exposure received during previous
emDloyment «ill be used i«preparation of individuals'orms
NRC-4, or equivalent. When an individual's occupational exposure
histo"y cannot be obtained, the values specified in
10CFB20.102 (c) (1) will be used. Records used in preparing Form
NRC-4, oc equivalent, vill be retained and preserved until the
NRC authorizes disposition.

Records of the radiation exposure of all individuals issued
personnel dosimetry in accordance with 10CFR20.202 will be
maintained on Form NRC-5, or equivalent. Exposuces will be
tabulated for periods not exceedinq one calendar quarter. A

separate record will be completed when it is necessary to enter
information for exposure to the extcemities or skin of tne whole
body. Records of radiation exposure received during employment
at Susquehanna SES vill be maintained indefinitely or until NRC

authorizes disposal.

Reports of exposure to radiation or radioactive matecials vill be
made to individuals as specified in, 10CFR19.13. When reports of
individual exposure to radiation or. radioactive material are made
to the NRC, the individual(s) concerned vill also be notified.
This notice will be forwarded to the individual(s) at a time no
later than the transmittal to the Commission and will comply with
10CPR19- 13-

A report of the individual's exposure to radiation or radioactive
material, incurred while employed or vorking at Susquehanna SES
will be furnished to the NRC in accordance with 10CFR20. 408 and
to the individual upon tecmination of employment or work
assignment at Susquehanna SES.

A pecsonnel monitorinq information report will be submitted, in
accordance vith lOCFR20.407, within the first quarter of each
calendar, year. As part of a routine annual operating report,
personnel exposure infocmation vill be submitted within the first
qua"ter of each calendar year. It will include a tabulation of
the number of station, utility, and other personrrel (including
con ractocs) receiving exposures greater than 100 mrem/yc. and
associated nran-rem exposure accordinq to vora and job functions.
It will also include for each outage or focced ceduction in power
of ovec 20 percent of desiqn power level, where the reductiorr
extends for greater than four hours, a repoct of radiation
exposure associated with the outage which accounts for mo" e than
10 percent of the allowable annual values.

In the event of an exposure in excess of 10CPR20.101 limits,
Health Physics Supe vision vill investigate the event and
document the description of the occurcence; conditions under
vhich the exposure occur:red; names of personnel involved and
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amount of exposure received; action taken at time of occurrence;
recommendations fo" corrective measures and means of
implementation to prevent a similar occurrence.

In the event of an unauthorized exposure in excess of station
administrative limits, f/ealth Physics Supervision will
investigate the event to determine the cause(s) . Recommendations
for corrective measures will be forwarded for revie~, approval,
and implementation in accordance with station procedures.

Reports of overexposures at Susquehanna SES will be submitted to
the MRC and the individual(s) involved. in accordance with
10CFR19. 13 and 10CFR20.405. Reports will also be forwarded to
app opriate committees for review and recommendation for follow-
up action

12. 5. 3. 6.2 Internal Radiation Exposure Assessment

Mhen enqineerinq controls are impracticable and airborne
concentrations exceed station limits, trained individuals will be
equipped with properly fitted respirators. Internal exposure
evaluation will be utilized to determine the effectiveness of the
Respiratory Protection Program and evaluate suspected intake of
radioactive material. The Respiratory Protection Program is
described in Subsection 12.5.3.5. Whole body counting and/or
bioassay techniques will be used to compare the quantity of
radioactive material present in the body to that quantity which
would result from inhalation for 40 hours per week for 13 weeks
at uniform airborne concentrations specified in Appendix. D,
Table 1, Column 1, 10CFR20.

12.5.3.6.2 1 Bioassay Nethods

Mhole body counting will be used to qualitatively and
quantitatively identif y radionuclides deposited in the body which
emit penetrating radiations. Dependinq upon the physical
construction and geometry of the whole body counter, sensitivity
of the detector (s), and biological factors, concentrations of
radionuclides may be detected in the whole body, thyroid, lung,
or wounds. The whole body counter will be set up and calibrated
and/or utilized in accordance with Subsection 12.5.2.

Urine analysis may be conducted to identify the presence of pure
alpha or beta emitters in extracellular body fluids. Under
favorable circumstances, with a full 24-hour sample and further
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analyses, the amount of radionuclides may be qualitatively and
quantitatively determined. Results may be utilized to
substantiate in vivo analyses findings.
F'ecal analysis will normally be used to evaluate intake of non-
transportable (i.e. insoluble) material and provide evidence of
the clearance of such material from the lungs. When it is
suspected that a nontransportable radionuclide has been inhaled,
the total amount excreted in feces during the succeeding few days
may be used to estimate the amount initially deposited in the
lunqs. Standard lung models recommended by International
Commission on Radiological Protection (ICRP) may then be used to
evaluate the amount inhaled.

Dose commitment for internal deposits may be estimated by
calculatinq the amount of airborne radioactive material inhaled,
based on airborne radioactive material measurements, exposure
times, standard lung models and breathinq rates.

12.5. 3. 6. 2. 2 Administrative Controls

Records, approved station procedures, program reviews, and
investiqation will assure proper administrative control over the
internal personnel monitorinq program. Reviews of the internal
personnel monitoring program and investigations of individual
cases of suspected or known intakes will be performed and
documented by Health physics Supervision and reported to
appropriate committees.

12.5. 3.6.2.3 Criteria for-Participation or Selection

Selection of personnel and frequency of routine whole body
countinq and bioassay analyses will be implemented by Health
physics procedures.

The follovinq is a quideline for pa-ticipation in special ~hole
body countinq and/or bioassay analyses:

(1) personnel evaluated by means of a nasal swab as having
contamination in the nasal passaqes in excess of i>mits
specified in Health Physics Procedures.

(2) Personnel suspected to nave inqested a detectable level
of radioactive material, or absorbed a detectable level
of radioactive material throuqh a wound or break in the
skin.
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(3) Personnel physically present without respiratory
protection, or those experiencinq respirator failure, in
a concentration resultinq in greater than 40 MPC-Hours
exposure in any seven consecutive days may be counted.
An evaluation will be performed in accordance with
10CFR20.103 and whole body, lung, or thyroid counting
will be performed if calculations show potential deposit
of greater than the Minimum Detectable Activity {N. D.A.)
of the counter for long lived isotopes.

The followinq is a guideline for selection of personnel for
special, non-routine urine analysis:

(1) When there is suspicion of an intake of a beta or alpha
emitter only.

(2) In conjunction with non-routine fecal analysis.

In addition to the above criteria, personnel may be required to
submit urine samples to evaluate clearance rates of radioactive
material identified by special or routine whole body counts, or
as directed by Health Physics Supervision.

Fecal samplinq and analysis will normally be done on a non-
routine oasis as designated by Health Physics Supervision. Fecal
analysis may be done as a follow up on whole body or lung counts.

12.5.3 6.2.4 Evaluation and Reporting

Identifiable deposits will be evaluated against the criteria of
10CFR20. 103 assuminq conservative condition. and time frames with
resoect to the time of intake. 'Reports will be generated when
internal deposits indicate qreater than 40 MPC-Hours exposure in
any seven consecutive days. The reports will be reviewed by
appropriate supervision and maintained on file subject to NRC
inspection. Reports of overexposure will be completed and
submitted to the HRC when it is determined a quantity greater
than specified in 10CFR20- 103 has been inhaled.

Whole body dose commitment resulting from inz,ernal deposits
exceedinq station limits will be calculated and included on the
individual's Form NRC-5 or equivalent.

Specific organ countinq may be performed if appropriate. Organ
content may be assiqned using whole body measurements and ICRP-2
recommended fractions and clearance times, when organ counting is
not possible. Dose commitment to blood forming organs, gonads,
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whole body or eyes resulting from deposits in other organs may be
calculated using Medical Internal Radiation Dose Committee. {MIRD)
equations. Whole body dose commitment resulting from internal
deposits exceeding station limits will be calculated and included
on the individual's Form NRC-5.

12.5 3.7 Health: Physics Training Pr~orams

Health Physics Traininq Programs will assure that personnel, who
have unescorted access to the restricted area, possess an
adequate understanding of radiation protection to maintain
occupational radiation exposures as low as reasonably achievable.
Special training/retraining will be administered upon
recommendation of the Superintendent of Plant or Health Physics
Supervisor. Record keepinq and training scheduling will be
performed by the Traininq Supervisor or designated alternate.

12. 5. 3. 7. 1 Proara m Controls

12.5. 3.7. 1.1 Management Review

Management will formally review Health Physics Training Programs
once every three (3) years. Consideration will be given to
workers'uqqestions and instructors'omments. Management will
evaluate the proqram's influence on maintaining radiation
exposures as low as reasonably achievable. The review will be
documented and comments/changes will be recorded and incorporated
into the traininq proqram when applicable.

12 5.3.7. 1.2 Health Physics Training Program Review

Health Physics Training Programs will be reviewed by Health
Physics Supervision and pertinent committees to assure
implementation of ALARA philosophy. Recommendations for
improvements to traininq programs will be forwarded through
appropriate channels for review, approval, and implementation.

12. 5. 3. 7. 1. 3 Access Cont rol

An access control list will be compiled and maintained. The list
will specify personnel qualified for unescorted access to the
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Restricted Area -by having met the requiiements of Level I Health
Physics Traininq and appropriate plans and procedures. A listing
specifyiri'q individuals'etraining da'tes will be maintained. A
copy -of .the access list will be maintained at the security guard
house.

During appropriate training sessions, individuals whose job
duties do not require entry in radiation, cont'amination, or RMP
areas will be informed of the reasons they are denied access to
such areas.

i

12.5.3.7. 1.4 Retraining/Replacement Training
L

To assure individual prof iciency in Radiation Protection
practices, retestinq will be performed on a yearly basis.
Retraining will be performed every two (2) years or as
recommended by the Superintendent of Plant. Scheduling, records,
and test results will be maintained by the Training Supervisor or
designated alternate. Individuals changing job classification
will receive training of the level required by thei new job
classification.
Traininq/retraining will be administered, under the direction of
the Traininq Supervisor or designated alternate, to candidates
for Nuclear Regulatory Commission (MRC) operating licenses and
those holdinq NRC licenses " The Training Supervisor or
desiqnated alternate may request the Health Physics Supervisor to
provide instruction on selected Health Physics topics.

12 5.3.7 2 Training Programs

12.5.3.7.2.1 Level I Training

All persons all'owed unescorted access to the restricted areawill~ as a minimum, receive Level I Health Physics training. To
be qualified in Level I Health Physics an individual will
demonstrate proficiency in the following areas as evidenced by
passinq a written examinati.'on:

Requirements of 10CPR19. 12

Radiation/Contamination (examples and. control)
ALARA (Corporate commitments, meaninq and individual

responsibility)

12. 5-62



SSES- PS A R

Personnel Nonitorinq and Self-Survey Requirements

Radiological Control Signs and Posting Requirements

Radiation Exposure Control and Limits

Radiation Emergency Plan and Applicable Procedures

Prenatal Radiation Exposure

12,5,3,7,2. 2 Level II Traini.ng

Level IZ Health Physics Traininq will normally be administered to
individuals who have successfully completed Level I and require
access to Radiation Work Permit Areas. The need for such
traininq will be evaluated and scheduled by the Training
Supervisor, or designated alternate. Level II training will be
administered to provide radiation workers with an adequate
knowledge to ef fectively cope with job'ituations while
maintaininq radiation exposures as low as reasonably achievable.
The individual will demonstrate proficiency in the following
areas as evidenced by passinq a written examination:

ALARA (applicable procedures)

Contamination Control and Self-Survey Requirements

Pundamentals of Radioactivity

Radiation Dose Units and Biological Effects

Radiation and High Radiation Area Survey Techniques

Principles of Radiation Safety (Time, Distance and Shielding)

Radiation Work Permits (RWP)

Use of protective clothing/devices

12.5.3.7.2.3 Level III Training

Level III traininq will emphasize special applications of ALARA
practices and will normally be directed at supervisors of
radiation workers. ALARA traininq in the planning of radiation
work permit jobs will include man-rem reviewing techniques,
methods for reducing personnel,, exposures, and other areas
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recommended by the ALABA Review Committee and Health Physics
supervision. In addition, effective methods of improving work
efficiency, such as mock-up situations, dry-runs, and maintenance
oriented photographs for job planning will be discussed.

12.5.3.7.2 4 ~ Leve1 IV Traini~n

Level IV training will emphasize ALARA and Health Physics aspects
of the RNP review process discussed in Subsection 12.5.3.2. The
traininq will be directed at gualifying members of Shif t
Supervision for RMP review and approval authority in the absence
of Health Physics Supervision.

I If

12.5.3.7..2.5 Respiratory Protection Training Program

Individuals and their supervisors requiring access-to'areas where
respiratory protection will be utilized will complete the
Respiratory Protection Traininq Program. The instructor will be
a qualified individual with a thorough knowledge and considerable
experience reqardinq the application and use of respiratory
protecti ve equipment and the hazards associated with radioactive
airborne con ta minants.

Traininq will include lectures, 'demonstrations, discussions of
pertinent station procedures, and actual wearing of respirators
to become familiar with the various devices utilized at
Susquehanna SES. The program will include as a minimum:
discussion of the airborne contaminants against which the wearer
is to be protected, includinq their physical properties, NPC's,
physiological action, toxicity, and means of detection;
discussion of the construction, operating principles, and
limitations of 'the respirator" and the reasons the respirator is
the proper type for the particular purpose; discussion of the
reasons for usinq the respirators 'and an explanation of why more
positive control is not immediately feasible, including
recoqnition that every reasonable effort is being made to reduce
or eliminate the need for respirators; instruction in procedures
for ensurinq that the respirator is in proper working condition;
instruction in fitting the respirator properly and checking
adequacy of fit; instruction in the proper use and maintenance of
the respirator; discussion of the application of various
cartridqes and canisters available for air-purifying respirators;
instruction in emergency action-to be taken in the event of
malfunction of the respiratory 'protective devices; review of
radiation and contamination hazards,'ncludinq the use of other
protective equi'pment that may be used with respirators; classroom
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and field traininq to recognize and cope with emergency
situations; and other special training as needed for 'special use.

Individuals will be required to .don the device(s) that may be
used. perform appropriate pressure tests for leak detection, and
be exposed to a challenge atmosphere. If a quantitative test
device is available, it will be utilized to quantitatively
measure and record leakage. If leakage exceeds the devices rated
protection factor and retests confirm this, the individual will
not be approved'o use the 'device. If quantitative testing is
not practicable or, unavailable, qualitative tests such as
irritant smoke or isoamyl acetate may be used as a challenge
atmosphere. Detection of odor will be considered a fitting
failure. After successful completion of training and fitting
programs, appropriate records will be maintained to assure
individuals are issued only the approved type and model of
protective device(s). These records will reflect expiration
date'". Individuals will receive retraining and reconfirmation of
respirator fit on an annual basis. Related records will be
maintained by the Traininq Supervisor or designated alternate.

12.S.3.7.2.6 Health Physics Monitor Initial Traini~n Program

A Health Physics Traininq Program will be administered to
applicants for the position of Health Physics Monitor under the
direction of the Health Physics Supervisor or designated
alternate. The content of instruction will depend upon the
experience and qualifications of the applicant with course
content outlined in approved station procedures. Applicants with
Health Physics experience may be waived from participation in
part or all of the initial monitor training program. All
.applicants must demonstrate their proficiency by successfully
completinq the Monitor Qualification Examination.

The initial traininq program will cover a period of approximately
one (l) year for the applicant lackinq Health Physics experience.
The formal training may include instruction by outside
consultants, and participation at operating reactor facilities in
addition to on the job training, in-house instruction and
examinations. The following is an outline of the Initial Monitor
Traininq Program:

Introduction to Health Physics, (General topics:
Mathematical computations, Basic Atomic and Nuclear Physics,
Radiation and Radioactive Decay, Isotope production and
disposal, Reactor Pundamentals).
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Health Physics Course (General topics: Radiation and
Contamination Surveys and Control, Posting Requirements,
ALARA Applications, Respiratory Protection, Protective
Clothinq, Health Physics Procedures, Decontamination of
Personnel and Equipment., Air Monitor Operation and Results
Interpretation, Health Physics Record Keeping, Appropriate
Station Plans and Procedures, Applicable Regulations and
Limits. Radiological Emergency Monitoring Program, Radiation
Work Permits (RWP), Health Physics Job Coverage, Personnel
Monitorinq)

BWR Health Physics (General Topics: -'BWR Systems, BWR
Outage/Refueling, BWR Operational Health'hysics)
Review and Mon'itor Qualifying Examination

Health Physics Supervision will review the applicant's
proficiency as displayed during the training programs,
examinations and the monitor qualification examination. The
successful candidate will be assigned the responsibilities of
Health Physics Monitor.

12.5.3.7.3.7 Health Physics Monitor Retraining Program

All Health Physics Monitors will receive a retraining review on
an annual basis. The purpose of the review will be to strengthen
the monitor's understanding of Health Physics applications and
state of the art'Health Physics technology. Review will consist
of formal and/or informal training sessions that will include
topics similar to those-described in the Health Physics course
above. One metho'd'f evaluating the monitor's competence in
several areas may''be the'resentation of a 'hypothetical work
situation problem 'requirinq demonstration of 'Health Physics
knowledqe in a loqical progression.

Areas not covered by the problem solvinq process will be
evaluated by means of written and/or oral examinations. Records
of traininq sessions and examinations, will be forwarded to the
Traininq Supervisor. An 'evaluation will be performed to identify
areas where supplementary retraining may be necessary. Informal
sessions will be held with the monitor by a member of Health
Physics Supervision to discuss areas of individual concern and
additional retraining needs.

F

'4

Health Physics Monitors will be subject to all or any portion of
the retraining process when deemed necessary by the Health
Physics Supervisor or designated alternate based on job
performance. Monitors 'may also request additional training in
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areas of individual interest. A member of Health Physics
Supervision will evaluate such requests and, if appropriate,
administer specialized informal training to suit .individual
needs. Zn this case, the monitor's performance will not be
subject to formal, documented evaluation.
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15 0 ACCIDENT ANALYSES

In this chapter the effects of anticipated process disturbances
and postulated component failures are examined to determine their
consequences and to evaluate the capability built into the plant
to control or'accommodate such failures and events.

The scope of the situations analyzed includes anticipated
{expected) operational occurrences (e.g., loss of electrical
load), abnormal (unexpected) transients that induce system
operations condition disturbances,,postulated accidents of low
probability (e q., the sudden loss of integrity of a major
component), and finally hypothetical events of extremely low
probability (e.g., an anticipated transient without the operation
of the entire control rod drive system).

15 0 1 ANALYTICAL OBJECTIVE

The spectrum of postulated initiating events is divided into
categories based upon the type of disturbance and the expected
frequency of the initiatinq occurrence; the limiting events in
each combination of category and frequency are quantitatively
analyzed. The plant safety analysis evaluates the ability of the
plant to operate within regulatory guidelines, without undue risk
to the public health and safety.

15 0 2 ANALYTICAL CATEGORIES

Transient and accident events contained in this report are
discussed in individual categories as required by Reference 15.0-
1. The results of the events are summarized in Table 15 0-1
Each event is assiqned to one of the following applicable
categories:

l Decrease in Core Coolant Tem erature:

Reactor vessel water (moderator) temperature reduction
results in an increase in core reactivity. This could lead.
to fuel-cladding damage.

2 Increase in Reactor Pressure:

Nuclear system pressure increases threaten to rupture the
reactor coolant pressure boundary (BCPB). Increasing
pressure also collapses the voids in the core-moderator
thereby increasing core reactivity and power level which
threaten fuel cladding due to overheating

15 0-1
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3. Decrease in Reactor Core Coolant Flow Rate:

A reduction in the core coolant flow rate threatens to
overheat the cladding as the coolant becomes unable to
adequately remove the heat generated by the fuel.

4. Reactiv~it and Pover Distribution Anomalies:

Transient events included in this category are those which
cause rapid increases in power which are due to increased
core flow disturbance events. Increased core flow reduces
the void content of the moderator increasing core reactivity
and power le ve1.

Increasing coolant inventory could result in excessive
moisture carryover to the main turbine, feedwater turbines,-
etc.

6. Decrease in Reactor Coolant la~venter

Reductions in coolant inventory could threaten the fuel as
the coolant becomes less able to remove the heat generated in
the core.

7. radioactive Release from a Subs stem or Component:

Loss of integrity of a radioactive containment component is
postulated.

8- ~Antici ated Transients Rithout Scram:

Zn order to determine the capability of plant design to
accommodate an extremely low probability event, a multi-
system maloperation plus multi-single active component
failures {SACF) situation is postulated.

15 0 3 EVENT EVALDATION

15-0.3.1 Identification of Causes and Pre uency Classification

Situations and causes which lead to the initiating event analyzed
are described within the categories designated above. The
frequency of occurrence of each event is summarized based upon
currently available operating plant history for the transient
event. Events for which inconclusive data exists are discussed
separately within each event section

15. 0-2
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Each initiating event within the major groups is assigned to one
of the following frequency qroups:-

l. Incidents of moderate frequency — these are incidents that
may occur durinq a calendar year to once per 20 years for a
particular plant. This event is referred to as an
"anticipated (expected) operational transient."

2. Infrequent incidents — these are incidents that may occur
during the life of the particular plant {spanning once in 20
years to once in 100 years). This event is referred to as an
«abnormal (unexpected) operational transient."

3. Limiting faults — these are occurrences that are not expected
to occur but are postulated because their consequences may
result in the release of significant amounts of radioactive
material. This event is referred to as a "design basis
(postulated) accident. «

4. Normal operation — operations of high frequency are not
discussed here but are examined along with (1), (2), and (3)
in the nuclear systems operational analyses in Appendix 15A.

15.0.3.1.1 Unacceptable Results for Incidents of Moderate Frequency
nntici ated dx ected 0 erational Transients

The following are considered to be unacceptable safety results
for incidents of moderate frequency (anticipated operational
transients):

1. A release of radioactive material to the environs that
exceeds the limits of 10CFR20.

2. Reactor operation induced fuel cladding failure.
3. Nuclear system stresses in excess of that allowed for the

transient classification by applicable industry codes.

4. Containment stresses in excess of that allowed for the
transient classification by applicable industry codes.

15.0.3. 1.2 Unacceptable Results for Infrequent Incidents {Abnormal
~Une~xected 0 erational Transients

The following are considered to be unacceptable safety results
for infrequent incidents (abnormal operational transients);

15 0-3
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1. Release of radioactivity which results in dose consequences
that exceed a small fraction of 10CPR100.

2. Fuel damage that would preclude resumption of normal
operation'fter a normal restart.

b

3. Generation of a condition that results in consequential loss
of function of the reactor coolant system.

4. Generation of a condition that results in a consequential
loss of function of a necessary containment barrier.

15.0. 3. 1. 3 Unacceptable Resul ts,fo r Limiting Faults (Design Basis

The following are considered to be unacceptable safety results
for limitinq .faults (design basis accidents):

1. Radioactive material release which results in dose
consequences that exceed the guideline values of 10CFR100.

2. Failure of fuel cladding which would cause changes in core
qeometry such that core cooling would be inhibited.

3. Huclear system stresses in excess of those allowed for the
accident classification by applicable industry codes.

4 Containment stresses in excess of- those allowed for the
accident classification by applicable industry codes when
containment is reguired.

5. Radiation exposure to plant operations personnel in the main
control room in excess of 5 Rem whole body, 30 Rem
inhalation, and 75 Rem skin.

15.0.3 2 S~enence of Events and ~ns~tems 0 enations

Each transient or accident is discussed and evaluated in terms
of:
l. A step-by-step sequence of events from initiation to final

stabilized condition.
2 e

3 e

The extent to which normally operating plant instrumentation
and controls are assumed to function.
The extent to which plant and reactor Protection systems are
required. to function.
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4. The credit taken for the functioning of normally operating
plant systems.

5. The operation of engineered safety systems that is required.

6. The effect of a single failure or an operator error on the
event.

15.0.3.2.1 Sin le Failures or 0 erator Errors

15.0.3.2.1.1 General

This paragraph discusses a very important concept pertaining to
the application of single failures and operator errors to
analyses of the postulated events. Single active component
failure (SACF) criteria have been required and successfully
applied on past NRC approved docket applications to design basis
accident categories ~onl . Reference 15.0-1 infers that a "single
failures and Operator errors" requirement should be applied to
transient events (both high, moderate, and low probability
occurrences) as well as accident (very low probability)
situations.

Transient evaluations have been judged against a criteria of one
single equipment failure "or" one single operator error as the
initiating event with no additional single failure assumptions to
the protective sequences although a great ma)ority of these
protective sequences utilized safety systems which can
accommodate SACF aspects. Even under these postulated events,
the plant damage allowances or limits were very much the same as
those for normal operation.

1) an equipment failure or an
operator error, and

Reference 15.0-1 suggests that the transient and accident
scenarios should now include "and" (multi-failure)'event
sequences. The format request follows:

For initiatin occurrence

For sin le e ui ment failure
or o erator error anal si.s

2) another equipment failure or
failures and/or another
operator error or

errors'his

is considered a new requirement and the impact will need to
be completely evaluated. While this is under consideration GE

has evaluated and presented the transi.ents and accidents in this
chapter in the above new requirement manner.

Rev. 26, 9/81
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Event categorization relative to transient and accident analysis
is discussed here. If the evaluation is done per the new multi-
failure methods, the event frequency categories should be
modified.

The original categorization of events was based on frequency of
the initiating event alone and thus the allowance or limit was
accordingly established based on that high frequency level. With
the introduction of additional assumptions and conditions
(initial event and SCF and/or SOE), the total event would not
fall into a lower frequency/probability category. Thus, less
restrictive limits or allowances should be applied in the
analysis of transients and accidents. This needs to be
considered and evaluated.

GE has evaluated and presented the transients and accidents in
this chapter by the more restrictive old allowances and limits of
the event categorization presently in effect.

Most events postulated for consideration are already the results
of single equipment failures or single operator errors that have
been postulated during any normal or planned mode of plant
operations. The types of operational single failures and
operators errors considered as initiating events and subsequent
protective sequence challenges are identified in the following
paragraphs:

15.0.3.2.1.2 Initiatin Event Anal sis

1. The undesired opening or closing of any single valve (a
check valve is not assumed to close against normal flow)

or

2. The undesired starting or stopping of any single component

or

3. The malfunction or maloperation of any single control device

or

4. Any single electrical component failure

or

5. Any single operator error.

Rev. 26, 9/81 15.0-6
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Operator error is defined as an active deviation from ~itten
operating procedures or nuclear plant standard operating
practices. A single operator error is the set of actions that is
a direct consequence of a single erroneous decision. The sot .of
actions is limited as follows:

1. Those actions that could be performed by one person.

2. Those actions that would have constituted a correct
procedure had the initial decision been correct.

3. Those actions that are subsequent to the initial operator
error and have an effect on the designed operation of the
plant, but are not necessarily directly related to the
operator error.

Examples of single operator errors are as follows:

l. An increase in power above the established flow control
power limits by control rod withdrawal in the specified
sequences.

2. The selection and complete withdrawal of a single control-.
rod out of sequence.

3. An incorrect calibration of an average power range monitor.

4. Manual isolation of the main steam lines as a result of
operator misinterpretation of an alarm or indication.

15.0.3.2.1.3 Single Active Component Failure or Single Operator
Failure Anal sis

1. The undesired action or maloperation of a single active
component

or

2, Any single operator error where operator errors are defiped
as in Subsection 15.0.3.2.1.2.

15.0.3.3 Core and S stem Performance

15.0.3.3.1 Introduction

Section 4.4 describes the various fuel failure mechanisms.
Avoidance of unacceptable safety limits 1 and 2 (Subsection

Rev. 26, 9/81 15. 0-7
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4.4.1.4) for incidents of moderate frequency is verified
statistically with consideration given to date, calculation,
manufacturing, and operating uncertainties. An acceptable
criterion was determined to be that 99.9% of the fuel rods in the
core would not be expected to experience boiling transition (see
Reference 15.0-2). This criterion is met by demonstrating that
transients do not result in a minimum critical power ratio (MCPR)
less than 1.06. The reactor steady state CPR operating limit is
derived by determining the decrease in MCPR for the most limiting
event. All other event result in smaller MCPR decreases and are
not reviewed in depth in this chapter. The MCPR during
significant abnormal events is calculated using a transient core
heat transfer analysis computer program. The computer program is
based on a multinode, single channel thermal hydraulic model
which requires simultaneous solution of the partial differential
equations for the conservation of mass, energy, and momentum in
the bundle, and which accounts for axial variation in power
generation. The primary inputs to the model include a physical
description of the bundle, and channel inlet flow and enthalpy,
pressure and power generation as functions of time.

A detailed description of the analytical model may be found in
Appendix C of Reference 15.0-2. Determination of the steady-
state operating limit is accomplished as follows:

1. The change in critical power ratio (QCPR) which would
result in the safety limit CPR (1.06) being reached, is
calculated for each event. These values are shown in Table
15.0-1.

2. The<CPR value is then added to the safety limit CPR value
(1.06) to result in the event based MCPR except for events
whoseACPR is calculated using ODYN.

3. For events whose LCPR is determined by ODYN (all rapid
pressurzation events) the event based MCPR is determined in
conjunction with correction factors, theACPR and the safety
limit CPR. These correction factors are explained'n detail
in Section 3/4.2.3 of the Technical Specifications.

These results are given in Table 15.0-5 and Figure 15.0-3 for the
limiting transients.

The operating limit MCPR is the maximum value of the event MCPRs
calculated from the transient analysis. The maximum calculated
transient MCPR is depicted by the solid line in Figure 15.0-3.
Maintaining the CPR operating limit at or above this operating
limit assures that the safety limit CPR of 1.06 is never
violated.

For situations in which fuel damage is sustained, the event of
damage is determined by correlating fuel energy content, cladding
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temperature, fuel rod internal pressure, and cladding mechanical
characteristics.

These correlations are substantiated by fuel rod failure tests
and are discussed in Section 4.4 and Section 6.3.

15.0.3.3.2 Input Parameters and Initial Conditions for Analyzed
Events

In general the events analyzed within this section have values
for input parameters and initial conditions as specified in Table
15.0-2. Analyses which assume data inputs different than these
values are designated accordingly in the appropriate event
discussion.

15 .0.3.3.3 Initial Power/Flow 0 eratin Constraints

The analysis basis for most of the transient safety analyses is
the thermal power at rated core flow (100%) corresponding to 105%
Nuclear Boiler Rated steam flow. This operating point is the
apex of a bounded operating power/flow map which, in response to
any classified abnormal operational transients, will yield the
minimum pressure and thermal margins of any operating point
within the bounded map . Referring to Figure 15.0-1, the apex of
the bounded power/flow map is point A, the upper bound is the
design flow control line (105%, rod line A-D'), the lower bound
is the zero power line H'-J', the right bound is the rated pump
speed line A-H', and the left bound is either the minimum pump
speed line D-J or the natural circulation line D'-J'.

The power/flow map, A-D'-J'-H-A, represents the acceptable
operational constraints for abnormal operational transient
evaluations.

Any other constraint which may truncate the bounded power/flow
map must be observed, such as the recirculation valve and pump
cavitation regions, the licensed power limit and other
restrictions based on pressure and thermal margin criteria. For
instance, if the licensed power is 100% nuclear power rated
(NBR), the power/flow map is truncated by the line B-C and
reactor operation must be confined within the boundary B-C-D'-J'-
J-L-K-B. If the maximum operating power level has to be limited,
such as point F, to satisfy pressure margin criteria, the upper
constraint on power/flow is correspondingly reduced to the rod
line, such as line F G', which intersects the power/flow
coordinate of the new operating basis. In this case, the
operating bounds would be F-G'-J'-J'-J-L-K-F. Operation would
not be allowed at any point along line F-H, removed from point F,
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at the derated power but at reduced flow. If, however, operating
limitations are imposed by GETAB derived from transient data with
an operating basis at point A, the power/flow boundary for 100%

NBR licensed power would be B-C-D'-O'-J-L-K-B. This power/flow
boundary would be truncated by the MCPR operating limit for which
there is no direct correlation to a line on the power/flow
boundary and within the constraints imposed by GETAB. If
operation is restricted to point F by the MCPR operating limit,
operation at point M would be allowed provided the MCPR limit is
not violated.

Consequently, the upper operating power/flow limit of a reactor
is predicated on the operating basis of the analysis and the
corresponding constant rod pattern line. This boundary may be
truncated by the licensed power and the GETAB operating limit.

Certain localized events are evaluated at other than the above
mentioned conditions. These conditions are discussed pertinent
to the appropriate event.

15.0.3.3.4 Results

The results of analytical evaluations are provided for each
event. In addition critical parameters are shown in Table 15.0-
1. From the data in Table 15.0-1 an evaluation of the limiting
event for that particular category and parameter can be made. In
Table 15.0-1A a summary of applicable accidents is provided.
This table compares the GE calculated amount of failed fuel to
that used in worst case Radiological Calculations.

15.0.3.5 Barrier Performance

This section primarily evaluates the performance of the Reactor
Coolant Pressure Boundary (RCPB) and the Containment System
during transients and accidents.

During transients that occur with no release of coolant to the
containment only RCPB performance is considered. If release to
the containment occurs as in the case of limiting faults, then
challenges to the containment are evaluated as well.

Containment integrity is maintained so long as internal pressures
remain below the maximum allowable values. The design internal
pressures are as follows:

Drywell (primary containment) 53 psig

Suppression Chamber (primary
containment 53 psig
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Secondary Containment 7 in. H20

Damage to any of the radioactive material barriers as a result of
accident-initiated fluid impingement and get forces is considered
in the other portions of the FSAR where the mechanical design
features of systems and components are described. Design basis
accidents are used in determining the sizing and strength
requirements of the essential nuclear system components. A
comparison of the accidents considered in this section with those
used in the mechanical design of equipment reveals either that
the applicable accidents are the same or that the accident in
this section results in less severe stresses than those assumed
for mechanical design.

15.0.3.6 Radiolo ical Conse uences

In this chapter, the consequences of radioactiveity released
during the three types of events: a) incidents of moderate
frequency (anticipated operational transients), (b) infrequent
incidents (abnormal operational transients), and c) limiting
faults (design basis accidents) are considered. For all events
whose consequences are limiting a detailed quantitative
evaluation is presented. For non-limiting events a qualitative
evaluation is presented or results are referenced from a more
limiting or enveloping case or event.

For limiting faults (design basis accidents) two quantitative
analyses are considered:

1. The first is based on conservative assumptions considered to
be acceptable to the NRC for the purposes of bounding the
event and determining the adequacy of the plant design to
meet 10 CFR Part 100 guidelines. This analyses is referred
to as the "design basis analysis."

2. The second is based on realistic assumptions considered to
reflect expected radiological consequences. This analysis
is referred to as the "realistic analysis."

Results for both are shown to be within NRC guidelines.

Atmos heric Dis ersion Parameters

Short-term site-specific X/Q's were calculated as described in
Section 2.3. For the conservative case, the 5 percent
probability level X/Q's were used in the dose calculations. The
resultant offsite doses are conservative. For the realistic
case, 50 percent probability level X/Q's were used. The 5 and 50
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percent level X/Q's are given in Tables 15.0-3 and 15.0-4,
respectively.

15.0.4 Nuclear Safet 0 erational Anal sis NS A Relationshi

Appendix 15A is a comprehensive system-level, qualitative FMEA,
relative to all the events considered, the protective sequences
utilized to accommodate the events and their effects, and the
systems involved in the protective actions.

Interdependency of analysis and cross-referral of protective
actions is an integral part of this chapter and the appendix.

Contained in Appendix 15A is a summary table which classifies
events by frequency only (i.e., not just within a given category
such as Decrease in Core Coolant Temperature).

15.0.5 REFERENCES

15.0-1 United States Nuclear Regulatory Commission Regulation
Guide 1.70 Revision 2 (Preliminary), September 1975,
"Standard Format and Content of Safety Analysis Report
for Nuclear Power Plants, Light Water Reactor Edition."

15.0-2 "General Electric BWR Thermal Analysis Basis (GETAB):
Data, Correlation, and Design Application," November
1973, (NEDO-10959 and NEDE-10958).
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TABLE 15.0-1 (cont'd) Page 2 of 3

Subsection
I.D.

Figure
i n ~Dascxi zion

Maximum
Neutron
Flux

NBR

Maximum
Dome
Pressure~d

Maximum
Vessel
Pressure
~at

Maximum
Steam
Line

Pressure
~at

Maximum
Core

Average
Surface

Heat
Flux

Z of
Initial

Duration-
of Blowdown

sec

Duration of
Blowdown

No. of
Valves
1st

Frequency Blow-
~tata t a dmm

15.2.5

15.2.6

15. 2. 6

15.2. 7

15.2.8

15.2. 9

15 '

15.2-6 Loss of Condenser Vacuum

15.2-7 Loss of Auxiliary Power
Transformer

167.5 1140

104.5 1145

15.2-9 Loss of All Feedwater Plow

Peedwater Piping Break

Pailure of RHR Shutdown
Cooling

DECREASE IN REACTOR
COOLANT SYSTEM FLOW RATE

103.8 1094

See 15.6.6

See Text

15.2-8 Loss of All Grid Connections 107.2 1140

1165 1131

1160 1140

1161. 1130

1105 1094

101.3

100.1

100.1

100.1

<0.09

~ 0(1)

~p p(1)

~p p(1)

16

16

13

20

16

17

15.3.1 15.3-1 Trip of One Recirculation
Pump Motor

103.6 1015 1053 998 100.0 '40.0

15.3.1

15.3. 2

15.3.3

15.3.4

15.3-2

15.3-3

Trip of Both Recirculation
Pump Motors

Recirculation Flow Control
Failure Decreasing Flow

Seizure of One Recirculation
Pump

Recirc.Pump Shaft Break

103.5 1113

See 15.3.1

103.2 1126

See 15.3.3

1127 1109 100.1 ~0.0

1137 1120 100.4 ~0.0

a 10

c 13

28

15.4 REACTIVITY AND POWER
DISTRIBUTION ANOMALIES

15.4.1.1 RWE — Refueling See Text
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TABLE 15.0-1 (cont'd) Page 3 of 3

Subsection
I.D.

Figure
I.D. ~Dee ti ti

Maximum
Neutron
Flux

NBR

Maximum
Dome
Pressure
~ed

Maximum
Maximum Steam
Vessel Line
Pressure Pressure
~et ~ei

Maximum
Core

Average
Surface

Heat
Flux

Z of
Initial

Duration-
of Blowdown

sec

Duration of
Blowdown

No. of
Valves
1st

Frequency Blow-
~tete et * deell

15.4.1.2

15.4.2

15.4.3

15.4.4

RWE —Startup

RWE - At Power

See Text

See Text

15.4-6 Startup of Idle Recirculation 323.4 973
Loop

988 967

Control Rod Misoperation See Subsections 15.4.1 and 15.4.2

134.9 (3)

15.4.5 15.4-7 Recirculation Flow Control 264.6 982
Failure - Increasing Flow

1008 973 130.3 (3)

15.4.7

15.5

Misplaced Bundle Accident

INCREASED IN REACTOR
COOLANT INVENTORY

See Text

15.5.1 15.5-1 Inadvertent HPCI Pump Start 118.2 1023 1061 1004 11.4 0.11

15.5.3 BWR Transients See appropriate Events in Sections 15.1 and 15.2

* a - incidents of moderate frequency
b - infrequent incidents
c - limiting faults

** ACPR based on an initial CPR which yields an MCPR 1.06
(1) estimated values
(2) ODYN results without ad5ustment factors
(3) These events are initiated from low power levels - MCPR > 1.06
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Table 15. 0-2 (Continued)

18. Core Average Rated Void*+
Fraction,

19. Scram Reac tivity, $Dk
Analysis Data

20. Control Rod Drive Speed,
Position versus time

21. Jet Pump Ratio, N

22. Safety/Relief Valve Capacity, 5 NUB
ni 109 1 psig
manufacturer
Quantity Installed

23. Relief Function Delay, seconds

24. Belief Function Response, seconds

25. Set Points for Sa fety/Reli ef. Valves, psig

26. Number of Valve Groupings Simulated

27. Fligh Flux Trip, A HBR
Analysis set point (120 x 1.044),
7o NBR

28. 1iigh P ressure Scram Set Poin t, psig

29. Vessel Level Trips, Inche.. Above (+), Below (-)
Separator Skirt Boi.tom
Level 8 — (LR), inches
Level 4 — (L4), inches
Level 3 — (L3), inches
Level 2 — (L2), inches

.30 APRH Yhermal Trip
Set Pcint, X NBB

31. Recirculation Pump Trip Delay,
Seconds

32. Becircula+ ion Pump Trip Inertia
for Analysis, seconds*

40 ~ 74

Figure 15.0-2

Figure 15.0-2

1. 84

99. 0
CROSBY
16

0 ~ 4

0. 15

1110, 1120,
1130, 1140, 1150

125. 3

1071

+54
+30
+12. 5
-38

125. 0

0. 175

4 5

+The inertia time constant is defined by the expression:
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Table 15. 0-2 (Continued)

2+J n0
gT

where t, = inertia time constant (Sec).
J = pump motor inertia (1b-ft~)
no= rated pump speed (rps)
g = gravitational constant (ft/sec~)
T = pump shaft torque (lb-ft)

0
'4

Parameters used in REDY only. ODYL values are calculated within
the code for eguilibrium cycle conditions.
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15..2 INCREASE IN REACTOR PRESSURE

15 2. 1 PRESSURE REGULATOR FAILURE — CLOSED

15.2.1.1 Identification of Causes and frequency
Classification

15.2.1.1.1 Identification of Causes

Two identical pressure regulators are provided to maintain
primary system pressure control. They independently sense
pressure gust upstream of the main turbine stop valves and
compare it to two separate set points to create proportional
error siqnals that produce each regulator output. The output of
both regulators feeds in a high gate value. The regulator with
the hiqhest output controls the main turbine control valves. The
lowest pressure set point gives the largest pressure error and
thereby largest regulator output. The backup regulator is set 5
psi hiqher giving a sliqhtly smaller error and a slightly smaller
effective output of the controller.
It is assumed for .purposes of this transient analysis that a
sinqle failure occurs which erroneously causes the controlling
regulator to close the main turbine control valves and thereby
increases reactor pressure. If this occurs, the backup regulator
is ready to take control.

15.2.1.1.2 Ftegnency Classification

This event is treated as a moderate frequency event.

15.2.1.2 1 Sequence of Events

Postulating a failure of the primary or controlling pressure
regulator in the closed mode as discussed in Subsection
15.2.1.1.1 will cause the valves to close momentarily. The
pressure will increase, because the reactor is still qenerating
the initial steam flow. The backup regulator will reopen the
valves and re-establish steady-state operation above the initial
pressure equal to the set point difference of 5 psi.

1" 2-1
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15.2.1.2.1.1 Identification of 0 erator Actions

The operator will verify that the backup regulator assumes proper
control. However, this action is not required as discussed below
in Subsection 15. 2. 1 2. 3.

15.2.1.2 2 ~S stem~s 0 eration

Normal plant instrumentation and.'ontrol is assumed to function.
This event requires no protection system or safeguard systems
operation.

15.2.1.2.3 The Effect of Sin le failures and ~perator Errors

The nature of the first assumed failure produces a slight
pressure increase in the reactor until the backup regulator gains
control. If we fail the backup regulator at this time (the
second assumed failure), the control valves would start to close,
raising the reactor pressure to the point where a flux or
pressure scram trip would be initiated to shut down the reactor.
This event is less severe than the turbine trip where stop valve
closure occurs (Subsection 15.2.3).

15.2.1 3 Core and ~S stem Performance

The disturbance is mild, similar, to a pressure set point change
and no significant reductions in fuel thermal margins occur.
This transient is much less severe than the generator and turbine
trip transients described in Subsections 15.2.2 and 15.2.3.

15.2.1.3.1 mathematical Nodel

Only qualitative evaluation is provided.

15.2.1.3 2 Z~n ut Parameters and Initial Conditions

Only qualitative evaluation is provided.

15. 2-2
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15.2.1.3.3 Results

Response of the reactor during this regulator failure is such
that pressure at the turbine inlet increases quickly, less than 2
seconds or so, due to the sharp closinq action of the turbine
control valves which reopen when the backup regulator gains
control. This pressure disturbance in the vessel is not expected
to exceed flux or pressure scram trip set points.

15. 2.1.3 4 Consideration of Uncertainties

All systems utilized for protection in this event were assumed to
have the poorest allowable response (e.g., relief set points,
scram stroke time, and work characteristics) . Plant behavior is,
therefore, expected to reduce the actual severity of the
transient.

15.2.1.4 Barrier Perf~o mance

As noted above, the consequences of this event do not result in
any temperature or pressure transient in excess of the criteria
for which the fuel, pr'essure vessel or containment are designed;
therefore, these barriers maintain their integrity and function
as designed.

15.2.1.5 Radiological Consequences

Since this event does not result in any additional fuel failures
or any release of primary coolant to either the secondary
containment or to the environment, there are no radiological
consequences associated with this event.

15. 2-3
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15.2.2 Generator Load Rejection

15.2.2.1 Identification of Causes and Frequency
Classification

15 2.2.1.1 Identification of Causes

Fast closure of the turbine control valves (TCV) is initiated
whenever electrical grid disturbances occ»r which res»lt in
significant loss of electrical load on the generator. The
turbine control valves are required to close as rapidly as
possible to pzevent excessive overspeed of the turbine-generato"
(T-G) rotor. Closure of the main turbine control valves will
cause a sudden reduction in steam flow which re. ults in an
increase in system pressure and rea'ctor shutdown.

15.2. 2.1.2 Freauenc~ Classification

15. 2. 2.1. 2 .1 Genorator Load Rejection With or without Bypass

This event is categorized as an incident of moderate frequency.

$ 5 2.2.2 Seruence of Events «nd System Ape"at.ion

15.2.2.2.1 Sequence of Fvents

15 2.2.2.1.1 Generator Load Rejection — Tu". bine Control Valve
Fa t Closure

A loss of generator elertzical load from hig'h power condit'ons
produces the .,equence of events listed in Table 15.2-1.

15. 2. 2.2.1..2 Generator Load Rejection with Fail»re of Bgl>ass

A loss of generator electrical load at high power with bypassfail»re prod»res the sequence of events listed in Table 15.2-2.

Rev. 26, 9/81 15. 2-4
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15 2 2.2.1.3 1dentification of Operator Actions

{1) Verify proper bypass valve performance.

{2) Observe that the feedwater/level controls have
maintained the reactor water level at a satisfactory
value.

(3) Observe that the pressure regula'.or is controlling
re actor pressure a t thedesi red value.

(4) Record peak power and pressure.

(5) Verify relief valve operation.

15.2.2 2.2 System Operation

15.2 2.2.2.1 4enerator Load Rejection with Bypass

In order to properly simulate the expected secguence of ev. nts,
the analysis of this event assumes normal functioning of plan+
instrumentation and controls, plant p otection and reactor
protection systems.

Turbine control valve (TCV) fast closure initiates a scram trip
signal for power levels greater than,30K MB ra ted. In addition,
recirculation pump trip is initiated. Both of these t.rip signals
satisfy single failure criterion and credit is taken for these
protection features.

The pressure relief system which operate the relief valves
independently when system pre. sure exceeds relief valve
instrumentation set points is assumed to function normally during
the t.ime period analyzed.

All plant cont.rol systems maintain normal operation unle. ~

specifically designated to the contrary.

15.2.2.2.2.2 Generator Load Begection with Failure of Bypas.,

Same as Sub..ection 15. 2. 2. 2. 2.1 except that failure of +he main
turbine bypass valves is assumed for +he entire transient.

Rev. 26, 9/81 15. 2-5
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15.2.2.2.3 The Fffect of Single Failures and Operator Errors

Nitigation of pressure increase is accomplished by the reactor
protection system functions. Turbine control valve trip scram
and BPT are designed to satisfy the single failure criterion. An
evaluation of the most limiting single failure (i.e., failure of
the bypass system) was considered in this event. Details of
single failure analysis can be found in Appendix 15A.

15.2.2.3 Core and System Performance

15.2.2.3.1 Nathematical Nodel

The computer model described in Subsection 15.1.2.3.1 was used to
simulate this event.

15. 2. 2. 3. 2 Input Parameters and Initial Condit ions

These analyses have been performed, unless otherwise noted, with
the plant conditions tabulated in Table 15.0-2.

The turbine electrohydraulic control system (HHC) power J'load
imbalance device detects load rejection before a measurable speed
change takes place.

The closure characteristics of the turbine control valves are
assumed such that the valves operate in the full arc (FA) mode
and have a full stroke closure time, f'rom fully open to fully
closed of 0. 15 seconds.

Auxiliary
generatorfreque ncy
supplies n
analysis,
the main q
overspeed
(BPT)

power would normally be independent of any turbine-
ov..rspeed effects and continuously supplied at rated
since automatic fast transfer to auxiliary power
orma lly occurs. For t he pur po .es of wc rst case
the recirculation pumps are assumed to remain tied t.o
enerator and thus increase in speed with the T-G
until tripped by the Becirc»lation Pump Trip system

The reactor is opera+ inq in the manual flow-control mode when
load rejection occurs. Hesults do not significantly differ if
the plant had been operating in the automatic flow-control mode.

The bypass valve opening characteris ics are simulated using the
specified delay together with the specified opening
characteristic required for bypass sy..tern operation.

Rev. 26, 9/81 15. 2- 6
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Although the closure of main steam isolation valves as caused by
low water level trip (L2) is included in the simulation, the
flows from initiation of RCXC and HPCI core cooling sys+em
functions are not included. Xf these events occur, they will
follow sometime after the primary concerns of fuel margin and
overpressure effects have passed and are expected to result in
effects less severe than those already experienced by the reactor
system.

15. 2. 2.3. 3 Results

15. 2. 2. 3. 3.1 Generator Load Regect ion with Bypass

Pigure 15. 2-1 shows the results of the generator trip from rated
power. Peak neutron flux rises 282% of the rated value.

The average surface heat flux peaks at 110i» of its initial value
and MCPR Ross not significantly decrease below its initial value.

15.2. 2.3. 3.2 Generator Load Rejection with Failure of Bypass

Figure 15. 2-2 shows that, for the case of Bypass failure, peak
neutron flux reaches about 466% of rated, average surface heat
flux reache. 1187» of its initial value.

15.2.2.3.4 Consideration of Hncertainties

The full stroke closure rate of the turbine control valve of 0. 15
seconds is con,ervative. Typically, the actual closure rate is
more like 0.2 seconds. Clear]y the le ss time it takes to close,
the more severe the pressurization effect.
All systems utilized for protection in this event were assumed to
have the poorest allowable response {e.g., relief set points,
scram stroke time and work charac+eristics) . Plant behavior is,
therefore, expected to reduce the actual severity of t.he
transient.

Rev. 26, 9/81 15. 2-7



SSES-FSAR

15.2.2.4 Harrier Performance

15.2. 2.4.1 Generator Load Regection

Peak pressure remains within normal safety range and no threat to
the barrier exists.

15.2 2.4.2'enerator Load Regection with Failure of Bypass

Peak pressure at the va1ves reaches 1189 psig. The peak nuclear
system pressure reaches 1218 psig at the bottom of the vessel,
well below the nuclear barrier transient pressure limit of 1375
pslgo

15. 2. 2. 5 Radiological Consequences

While the consequence of this event does not, result in fuel
failures, it does result in the discha"ge of no mal coolant
activity to the suppression poo1 via SRV operation. Since this
activity is contained in the primary containment, there vill be
no exposure to operating personnel. Since this event does not
result in an uncontrolled relea e to the environment, the plant
operator can choo.,e to leave the activity bottled up in the
containment or discharge it to the environment under cont oiled
release conditions If purging of the containment is chosen, the
release will have to be in accordance with estab1ished technical
specifications; therefore, this event, at the worst, would only
result in a small increase in the yearly integrated expos»re
level.

15 2 3 TORBIH E TRIP

15 2.3.1 Identification of Cause. and Freq»ency
Classi fication

15. 2. 3.1.1 Identif ication of Causes

A variety of turbine or nuclear system malfunctions will initiate
a turbine trip. Some examples are moisture separator and heater
drain tank high levels, large vibration, operator lock out, loss
of control fluid pressure, low conden=er vacuum and reactor high
wat er level.
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15.2.3 1.2 Frequency Classification

15.2.3.1.2.1 Turbine Trip

This transien+ is categorized as an incident of moderate
frequency. In defining the frequency of this event., turbine
trips which occur as a byproduct of ot.her transients such as loss
of condenser vacuum or reactor high level trip events are not
included. However, spurious low vacu»m or high level trip
signals which cause an unnecessary turbine trip are included in
defining the freq»ency. In order to get an accurate eventby-
event frequency breakdown, this type of division of initiating
causes is required.

15.2. 3.2 Sequence of Events and Systems Operation

15 2.3.2.1 Seg»ence of Fvents

15. 2. 3. 2 1.1 Turbine Trip

Turbine trip at. high power produces the sequence of events listed
in Table 15.2-3.

.15. 2.3.2.1.2 Turbine Trip with Failure of the Bypass

Turbine trip at high power with bypass failure produces the
sequence of events listed in Tab3e 15.'2-4.

15 2.3.2.1.3 Identification of Operator Ac+ions

The operator must:

(1) Verify auto transfer of buses supplied by generato" to
incoming power; if automatic transfer does not occur,
manual tran fer must he made.

(2) monitor and maintain reactor wate" level at required
level.

(3) Check t.»rbine for proper operation of all auxiliaries
during coastdown.
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(4) Depending on conditions, initiate normal operating
procedures for cool-down, or maintain pressure for
restart purposes.

(5) Put the mode switch in the startup position before the
reactor pressure decays +o ( 850 psig.

{6) Secure the RCZC operation if auto initiation occurred
due to low water level.

(7) Nonitor control rod drive positions and insert both the
IRNs and SRNs.

(8) Investigate the cause of the trip, make repairs as
necessary, and complete the scram report.

(9) Cool down the reactor per standard procedure if. a
restart is not intended.

15 2.3.2.2 Systems Operation

15.2.3.2.2.1 Turbine Trip

All plant control systems maintain normal operation unless
specifical ly designated to the contrary.
Turbine stop valve closure initiates a reactor scram trip via
posit.ion signals to the protection system. Credit is taken for
successful. operation of the reactor protection system.

Turbine stop valve closure initiates recirculation pump trip
(BPT) thereby terminating the jet pump drive flow.

The pressure relief system which operates the relief valves
independently when system pressure exceeds relief valve
instrumentation set points is assumed to functicn normally during
the time period analyzed.

15 2.3.2.2.2 Turbine Trip with Failure of the Bg2ass

Same as Subsection 15.2.3.2.2.1 except that failure of the main
turbine bypass system is assumed for the entire transient time
period analyzed.
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15.2.3.2.2.3 Turbine Trip at Low Power with Failure of the
Bypass

Same as Subsection 15.2.3.2.2.1 except that failure of the main
turbine bypass system is assumed.

It should be noted that below 30% NB rated power level, a main
stop valve scram trip inhibit signal derived from the first stage
pressure of the turbine is activated. This is done to eliminate
the stop valve cram trip signal f rom scramming the reactor
provided t.he bypass system functions properly. In other words,
the bypass would be sufficient at this low power to accommodate a
turbine trip without the neressity of shutting down the reactor.
All other protection sy tern functions remain functional as before
and credit is taken for those protection system trips.

15.2.3.2.3 The Fffect of Single Failures and Operator Errors

15.2.3.2.3 1 Turbine Trips at Powe" Level" Greater Than 30K NBR

Hitigation of pressure increase is accomplished by the reactor
protection system functions. Hain stop va1ve closure scram trip
and RPT are designed to satisfy single failure criterion.

15 2 3. 2. 3.2 Turbine Trips at Power Level Le -s Than 30K VBR

Same as Subsection 15.2.3.2.3.1 except. RPT and stop valve closure
scram trip is normally inoperative. Sinre protec,.ion is still
provided by high flux, high pressure, etc., these will also
rontinue to funrtion and scram the. rearto" should a single
failure occur.

15.2.3.3 Core and System Performance

15.2. 3.3.1 liat.homatical Model

The computer model described in Suhsection 15.1.1. 3.1 was used to
simulate t he turbine trip with bypass event, and one in
Subsection 15.1.2.3.1 was used for the turbine trip with Failure
of bypass event.
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15.2.3. 3.2 Input Parameters and Init.ial Conditions

These analyses have .been performed, unless otherwise noted, with
plant conditions tabulated in Table 15.0-2.

Turbine st,op valves full stroke closure time is 0.1 second.

A reactor scram is initiated by position switches on
valves when the va1ves are less than 90% open. This
scram trip signal is automatically bypassed when the
below 307 NB rated power level..

the stop
stop valve
reactor is

Reduction in core recirculation flow i'nitiated hy position
switches on the main stop valve.„ which actuate trip circuitry
which trips the recirculation pumps.

15 2 3.3.3 Results

15.2 3.3 3.1 Turbine TriIi

A turbine trip with the bypass system operating normally is
simulated a+ 105K NB rated steam flow conditions in Figure 15. 2-
3.

Neutron flux increases rapidly herause of the void reduction
caused hy the pressure increase. However, the flux increase is
limit~ d to 167% of rated by the stop valve, cram and the BPT
system- Peak fuel surface heat flux does not exceed 101% of it..;initial value.

15. 2. 3. 3. 3 2 Turbine Trig) with Failure of Bypass

A turbine trip with failure of the bypass sy.tern is simulated at
105% NB "a ted steam flow conditions in Figu"e 15.2-4.

Peak neutron flux reaches 447'4 of its rated value, and the peak
surface heat flux reaches 116% of its initial value.

15. 2. 3. 3. 3. 3 Turbine Trip with Bypass Valve Failure,
Tow Pn wer

This transient is less -evere than a similar one at. high power.
Below 30'7 of rated power, the turbine stop valve closure and
turbine control valve closure scrams are automatically bypa sed.
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At these lower power levels, turbine first stage pressure is used
to initiate the scram logic bypass. The scram which terminates
the transient is initiated by high vessel pressure. The bypass
valves are assumed to fail; therefore, system pressure will
increase until the pressure relief. set points are reached. At
this time, because of the relatively low power of this transient
event, relatively few relief valves will open to limit reactor
pressure. Peak pressures are not expected to greatly exceed tho
pressure relief valve set points and vill be significantly below
the RCPB transient limit of 1.375 psig. Peak surface heat flux
and peak fuel center temperature remain at relatively low values
and MCPR is expected to remain well above the GETAB safety limit.

15 2. 3 3.4 Considerations of Uncertaintiesa

Uncertainties in these analy es involve protection system
settings, system capacities, and system response characteristics.
In all cases, the most conservative values are used in the
analyses. For example:

(1) Slowest allowable control rod scram motion is assumed.

(2) Scram worth shape for all-rod-out con.litions is
assumed.

(3) Minimum specified valve capacities are utilized for
over — pressure protection.

(4) Set points of the safety/relief valves include errors
(high) f.or all valves.

15. 2. 3.4 Barrier Performance

15.2.3.4.1 Turbine Trip

Peak pressure in the bottom of the ve=sel roaches 1167 psL9,
which is below the ASMF; code limit of 1375 psig for the reactor
cooling pressure boundary. Vessel Rome Dressure does not exceeR
1143 psig. The severity of turbine trips from lover initial
power levels decreases to the point where a scram can be avoided
iX auxiliary power is available from an external source and the
power level is within the bypass capability.
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15. 2 3. 4.2 Turbine Trip with Failure of the Bypass

The safetygrelief valves are open and close sequentially as the
stored energy is dissipated and the pressure falls below the set
points of: the valves. Peak nuclear system pressure reaches 1215
psig at the vessel bottom, therefore, the overpressure transient
is clearly below the reactor coolant pressure boundary transient
pressure limit of 1375 psig. Peak dome pre sure does not exceed
1185 psig.

15.2. 3.4.2.1 Turbine Trip with Failure of Bypass at Low
Power

Qualitative disrussion is provided in Subsection 15.2. 3. 3. 3. 3.
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15. 2 3 5 Radiological Consequences

While the consequence of this event does not,result in fuel
failure it does result in the discharge of normal coolant
activity to the suppression pool via SRV operation. Since this
activity is contained in the primary containment, there will be
no exposure to operating personnel. Since this event does not
result in an uncontrolled release to the environment, the plant
operator can choose to leave the activity bottled up in the
containment or discharqe it to the environment under controlled
release condition. If purging of the containment is chosen, the
release vill have to be in accordance with established technical
specifications; therefore this event, at the worst, would only
result in a small increase in the yearly integrated exposure
level.

15 2 4 MSIV CLOSURES

15.2.4.1 Identification of Causes and Frequency
Classif ication

15.2.4.1.1 Identification of Causes

Various steam line and nuclear system malfunctions, or operator
actions, can initiate main steam isolation valve (MSIV) closure.
Examples are low steamline pressure, high steamline flow, high
steamline radiation, low water level or manual action.

15.2.4.1 2.1 Closure of All gain Steam Isolation Valves

This event is categorized, as an incident of moderate frequency.
To define the frequency cf this event as an initiating event and
not the byproduct of another transient, only the following
contribute to the frequency: manual action (purposely or
inadvertent); spurious signals such as low pressure, low reactor
water level, low condenser vacuum, etc.; and finally, equipment
malfunctions such as faulty valves or operating mechanisms. A

closure of one MSXV may cause an immediate closure of all the
other NSIVs dependinq on reactor conditions. If this occurs, it
is also included in this category. During the main steam
isolation valve closure, position switches on the valves provide
a reactor scram if the valves in three or more main steam lines
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are less than 90% open (except for interlocks which permit proper
plant startup.). Protection system logic, however, permits the
test closure of one valve without initiating scram from the
position switches.

15.2.4.1.2.2 Closure of ~O e Main Steam Isolation Valve

This event is categorized as an incident of moderate frequency.
One MSIV may be cl'osed at a time for testing purposes; this is
done manually. Operator error or equipment malfunction may cause
a sinqle NSIV to be closed inadvertently. If reactor power is
greater than about 80% when this occurs, a high flux or high
steam line flow scram may result, (if all NSIVs close as a result
of the sinqle closure, the event is considered as a closure ofall MSI Vs) .

15.2,4,2 S~euencg of Events and Systems Operation

15. 2. 4 2.1 SecC uence o f Events

Table 15.2-5 lists the sequence of events for Pigure 15.2-5.

15.2.4.2.1.1 Identidicat~io of 0~craton Actions

The following is the sequence of operator actions expected during
the course of the event assuming no restart of the reactor. The
operator should

(1) Observe that all rods have inserted.

(2) Observe that the relief valves have opened for reactor
pressure control.

(3) Check that RCIC auto starts on the impending low reactor
water level condition.

(4) Switch the feedwater controller to the manual position.
(5) Initiate operation of the BHR system in the steam

condensinq mode only.

(6) When the reactor vessel level has recovered to a
satisfactory level, s~itch BCIC controller to manual and
secure when level 'is under control.
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{7) Shen the reactor has cooled sufficiently for RHR
operation, put it into service per procedure.

(8) Before resetting the HSIV isolation, deternine the cause
of valve closure.

(9) Observe turbine coastdown and break vacuum before the
loss of sealing steam. Check T-G auxiliaries for proper
operation.

(10) Not reset and open HSIVs unless conditions warrant and.
be sure the pressure regulator set point is above vessel
pressure.

(11) Survey maintenance requirements and complete the scram
report.

15 2 a 2.2~nsten 0 aration

~15 ~4.:L2.1 Closure of All Ha n Steam Isolaticn Valves

HSIV closures initiate a reactor scram trip via position signals
to the protection system Credit is taken for successful
operation of the protection system.

The pressure relief system which initiates opening of the relief
valves when system pressure exceeds relief valve instrumentation
set points is assumed to function normally during the time period
ana lyzed.

All plant control systems maintain normal operation unless
specifically designated to the contrary

A closure of a single HSIV at any given time will not initiate a
reactor scram. This is because the valve position scram trip
logic is designed to accommodate single valve operation and
testability during normal reactor operation at limited power
levels. Credit's taken for the operation of the pressure and'lux signals to initiate a reactor scran.

All plant control systems maintain, normal operation unless
specifically designated to the contrary.
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Mitigation of pressure increase is accomplished by initiation of
the reactor scram via HSIV position switches and the protection
system. Relief valves also operate to limit system pressure.
All of these aspects are designed to single failure criterion and
additional single failures would not alter the results of this
analysis Closure of one NSIV plus a single active component
failure {the second 5SIV) results in a situation no worse than
the analysis of the four'closed NSIVs.

Pailure of a single relief valve to open is not expected to have
any'ignificant effect. Such a failure is expected to result in
less than a .20 psi increase in the maximum vessel pressure rise.
The peak pressure will still remain considerably below 1375 psig.
The design basis and performance of the pressure relief system is
discussed in Chapter 5

15.2 4 3 Core and S stem Performance

15.2.4 3.1 Mathematical Hodel

The computer model described in Subsection 15.1.1.3.1 was used to
simulate these transient events.

15 2.4 3 2 Input patametegs and Initial Conditions

These analyses have been performed, unless otherwise noted with
plant conditions tabulated in Table 15.0-2.

The main steam isolation valves close in 3 to 5 seconds. The
worst case, the 3-second closure time, is assumed in this
analysis.

Position switches on the valves initiate a reactor scram when the
valves are less than 90% open. Closure of these valves inhibits
steam flow to the feedwater turbines terminating feedwater flow.

Valve closure indirectly causes a trip of the main turbine and
generator.

Because of the loss of feedwater flow water level within the
vessel decreases sufficiently to initiate trip of the
recirculation pump and initiate the .HPCI and RCIC systems.
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Figur'es 15.2-5 shows the changes in important nuclear syst'm
variables for the simultaneous isolation of all main steamlines
while the reactor is operating at 105% of NB rated stean flow.
Peak neutron flux reaches 164% of rated after approximately 2.4
seconds. At this time, the nonlinear valve closure becones a
strong effect and the conservative scram characteristic
assumption has not yet allowed credit for the full shutdown of
the reactor.

15 ~2 4.3~3~2- Closure of Oge- gain Steam Isolation Valve

Only one isolation valve is permitted to be closed at a time for
testing purposes to prevent scram. Normal test procedure
reguires an initial power reduction to approximately 80 to 90% of
design conditions id order to avoid high flux scram, high
pressure scram, or full isolation from high steam flow in the
"live» lines. Mith a 3-second closure of one main steam

- isolation valve during 105$ rated power conditions, the steam
flow disturbance raises vessel pressure and reactor pow'er enough
to initiate a high neutron flux scram. This transient is
considerably milder than the full power case. No quantitative
analysis is furnished for this event. However, no significant
change in thermal margins is experienced and no fuel damage
occurs'. Peak pressure remains below SRV set points.

inadvertent closure of one or all of the isolation valves while
the reactor is shut down (such as operating state C, as defined
in Appendix 15A) will produce no significant transient Closures
during plant heatup (operating state D) will be less severe than
the maximum power cases (maximum stored and decay heat) discussed
in Subsection 15.2.4.3.3.1.

],5.2.4 3 4 Cogsj,depgtjogg gf~cegta~ties

Uncertainties in these analyses involve protection system
settings. system capacities, and system response characteristics.
Xn all cases, the most conservative values are used in the
analyses. For examples:

0.
(1) Slowest allowable control rod scram motion is assumed.

(2) Scram worth shape for all-rod-out conditions is assumed.
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(3) Hinimum specified valve capacities are utilized for
over-pressure protection.

(4) Set points of the safety/relief valves are assumed to be
1% higher than the valve's nominal set point

15~4~4 Bgpr~eg pe~o~m~nce

15.2.4.4 1 Closure of All Hain Steam Isolation Valves

The nuclear system relief valves begin to open at approximately
2.7 seconds after the start of isolation. The SRVs close
sequentially as the stored heat is dissipated but continue to
discharge the decay heat intermittently. Peak pressure at the
vessel bottom reaches 1187 psig, clearly below the pressure
limits of the reactor coolant pressure boundary. Peak pressure
in the main steamline is 1146 psig.

$5 2.4~4.2 Closure of-Oge Hain Steam Isolation Vygve

If closure of the valve occurs at an unacceptably high operating
power level, a flux or, pressure scram sill result; therefore, no
significant effect is imposed on the RCPB. The main turbine
bypass system will continue to regulate system pressure via the
other three "live" steamlines.

15,2~4~5 - Rydiol~icgl Consequences

While the consequence of this event does not result in fuelfailure it does result in the discharge of normal coolant
activity to the suppression pool via SRV operation. Since this
activi:ty is contained in the primary containment, there will be
no exposure to operating personnel'. Since this event does not
result in an uncontrolled release to the environment, the plant
operator can choose to leave the activity bottled up in the
containment or discharge it to the environment under controlled
release condition. , If purging of the containment is chosen, the
release will have,to be in accordance with established technical
specifications; therefore this event, at the worst, would only
result in a small increase in the yearly integrated exposure
level.
The activity released to the suppression chamber can be contained
for some period of time. It is, therefore, assumed that the
activity airborne above the suppression pool vill be released
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under controlled conditions.. The operator can choose to release
the activity after decay has" reduced the amount of activity to
levels where the offsite dose consequence is minimal. Por
example, consider the case when the activity fs released through
the containment purge at an -assumed. time of 4 hours after the
blowdown is complete'8 hours after the transient begins).

The containment airborne activity is discharged via the SGTS,
which has a filter efficiency of 99 percent, for the iodine
activity. For this example, the airborne activities above the
suppression pool and the activity released to the environs are
listed in Tables 15.2-6 and 15. 2-7 respectively

The offsite radiological doses are presented in Table 15.2-8.

Rev. 16, 7/80 15 2-20a



SSES-FSAR

(THIS PAGE INTENTIONALLYLEFT BLANK)

Rev. 16, 7/80 15.2-20b



SSES-FSAR

15 2.5 LOSS OP CONDENSER VACUUM

15.2.5.1 'Identification of Causes and Frequency
Classification

15.2.5.1 1 Identification of Causes

Various system malfunctions which can cause a loss of condenser
vacuum due to some sinqle equipment failure are designated in
Table 15.2-9.

15.2.5.1.2 Frequency Classification

This event is categorized as an incident of moderate frequency.

15.2.5.2 S~euence of Even~tand Systems Operation

15. 2 5.2. 1 Sequence o f Events

Table 15.2-10 lists the sequence of events for Fiqure 15.2-6.

15.2 5.2 1.1 Ideritification of Operator Actions

The operator must:

(1) Verify auto transfer of buses supplied ty generator to
incominq power — if automatic transfer does not occur,
manual transfer must be made.

(2) Monitor and maintain reactor water 1evel at required
level.

(3) Check turbine for proper operation of all auxiliaries
durinq coastdown.

(4) Dependinq on conditions, initiate normal operating
procedures for cooldown, or maintain pressure for
restart purposes.

(5) Put the mode switch in the "STARTUP" position before the
reactor pressure decays to ( 850 psiq.
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(6) Secure the RCIC operation if auto initiation occurred
due to low water level.

{7) Monitor control rod drive positions and insert both the
IRMs and SRMs.

(8) Investigate the cause of the trip, make repairs as
necessary, and complete the scram report.

{9) Cool down the reactor per standard procedure if a
restart is not intended.

15. 2,5.2.2 System~so eration

In establishinq the expected sequence of events and simulating
the plant performance, it was assumed that normal functioning
occurred in the plant instrumentation and controls, plant
protection and reactor protection systems. Tripping functions
incurred by sensing main turbine condenser vacuum pressure are
designated in Table 15.2-11.

15.2.~5. ,3 The Effect of.-Single Failures and Operator Errors

This event does not lead to a general increase in, reactor power
level. Mitigation of power increase is accomplished by the
protection system initiation of scram. Failure of the integrity
of the condenser unit itself is considered to be an accident
situation and is described in Subsection 15.7.1.

Single failures will not effect the vacuum monitoring and turbine
trip devices which are redundant. The protective sequences of
the anticipated operational transient are shown to be single
failure proof. See Appendix 15A for details.

15.2 5.3 Core anB 525tem Performance

15.2.5 3.1 Mathematical Model

The computer model described in Subsection 15.1.1.3.1 was used to
simulate this transient event.
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This analysis stas performed with plant conditions tabulated in
Table 15.0-2 unless otherwise noted. Turbine stop valves full
stroke closure time is 0.1 second.

A reactor scram is initiated by position switches on the stop
valves when the valves are. less than 90% open. This stop valve
scram trip signal is automatically bypassed when the reactor is
below 30% NB rated power level.
The analysis presented here is a hypothetical case with a
conservative .8 inches Hg per second vacuum decay rate. Thus,
the bypass system is available for several seconds since the
bypass is signaled to close at a vacuum level of about 10 inches
Hg less than the stop valve closure.

Under this hypothetical 8 inches Hg per second vacuum decay
Icondition, the turbine bypass valve and main steam isclation

valve closure would follow main turbine and feedwater turbinetrips about 12 seconds after they initiate the transient. Thistransient, therefore, is similar to a normal turbine trip with
bypass. The effect of main steam isolation valve closure tendsto be minimal since the closure of main turbine stop valves and
subsequently the bypass valves have already shut off the main
steam line flow. - Pigur'e 15 2-6 shows the transient expected forthis event. It is assumed that. the plant is initially operatingat 105% of Nuclear Boiler rated steam flow conditions. Peak
neutron flux reaches 168% of NB rated power while average fuel
surface heat flux reaches 105% of rated value. Safety/relief
valves open to limit the pressure rise, then sequentially reclose
as the stored energy is dissipated.

g5 2 5.3.4 Considerations of Uncertainties

The reduction or loss of vacuum in the main turhine condenserwill sequentially trip the main and feedwater turbines and close
the main steamline isolation valves and bypass valves. Mhile
these are the major events occurring, other resultant actionswill include scram (from stop valve closure) and bypass opening
with the main'turbine trip. Because the protective actions areactuated'at various levels of condenser vacuum, the severity of
the resulting transient is directly dependent upon the rate at
which the vacuum pressure is lost. " Normal loss of vacuum due to
loss of cooling water pumps oz steam'et air ejector problem
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'roducesa very slow. rate of loss of vacuun (minutes, not
seconds). See Table 15.2-9. Xf corrective actions by the reactor
operators are not successful, then sinultaneous trips of the main
and feedwater turbines, and ultimately conplete isolation by
closing the bypass valves {opened with the main turbine trip) and
the HSIVs, will occur

A faster rate of loss of the condenser vacuum would reduce the
anticipatory action of the, scram and the overall effectiveness of
the bypass valves since they would be closed more quickly.
Other uncertainties in these analyses involve protection system

~ settings, system capacities, and system response characteristics.
In all cases, the most conservative values are used in the
analyses. For example:

{1) Slowest allowable control rod scram motion is assumed

{2) Scram worth shape for all-rod-out cond,itions is assumed

{3) Minimum specified valve capacities are utilized for
overpressure protection.

(4) Set points of the safety/relief valves are assumed to be
at the upper limit of Technical Specifications for all
valves.

15.2.5.4 Barrier Performance

Peak nuclear system pressure is 1165 psig at the vessel bottom.
Clearly, the overpressure transient is below the reactor coolant
pressure boundary transient pressure limit of 1375 psig. Vessel
dome pressure does not exceed 1140 psig. A comparison of these
values to those for Turbine Trip with Bypass Failure, at high
power shows the similarities between these two transients. The
prime differences are the loss of feedwater and main steamline
isolation, and the resulting low water level trips.

Mhile the consequence of this event does not result in fuel
failure it does result in the discharge of normal coolant
activity to the suppression pool via SRV operation. Since this
activity is contained in the primary containment, there will be
no exposure to operating personnel. Since this event does not
result in an uncontrolled release to the environment, the plant
operator can choose to leave the activity bottled up in the
containment or discharge .it to the. environment under controlled
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release conditions. If purginq of the containment is chosen, the
release will have to be in accordance with established technical
specifications; therefore this event, at the worst, would only
result in a small increase in the yearly integrated exposure
level.

15 2.6 LOSS OF AC POWER

15.2.6.1 Identification of Causes and Frequency
Classification

15.2.6.1.1 Identification of Causes

15.2.6.1.1 1 Loss of Auxilia~r Power Transformer

Causes for interruption or loss of the auxiliary power
transformer power can arise from normal operation or
malfunctioning of transformer protection circuitry. These can
include hiqh transformer oil temperature, reverse or high current
operation as well as operator error which trips the transformer
breakers.

15.2.6.1.1.2 Loss of All Grid Connections

Loss of all grid connections can result from major shifts in
electrical loads, loss of loads, lightning, storms, wind, etc.,

'hichcontribute to electrical grid instabilities. These
instabilities will cause equipment damage if unchecked.
Protective relay schemes automatically disc'onnect electrical
sources and loads to mitigate damage and regain electrical grid
stability.

15.2.6.1 2 Fr~euen~c Classification

15.2 6.1. 2.1 Loss of Auxiliar~power Transf ormer

This transient disturbance is categorized as an incident of
moderate frequency.
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15.2.6 1.2.2 Loss of All Grid Connections

This transient disturbance is categorized as an incident of
moderate frequency.

15.2.6.2 ~Se uence of Events an6 S stem~s 0 eration

15.2.6 2.1 S~euence of Events

15 2.6~2.1.1 Loss of nuxiliarE povev Transformer

Table 15.2-12 lists the sequence of events for Figure 15.2-7.

15.2.6 2.1.2 Loss of All Grid Connections

Table 15.2-13 lists the sequence of events for Figure 15.2-8.

15.2.6,2.1.3 Identification of~0 erator Actions

The operator should maintain the reactor water level by use of
the RCIC or HPCI system, control reactor pressure by use of the
relief valves and steam condensinq mode of the BHR and verify
that the turbine d-c oil pump is operating satisfactorily to
prevent turbine bearing damage. Also, he should verify proper
switching and loading of the emergency diesel generators.

The following is the sequence of operator actions expected during
the course of the events when no immediate restart is assumed.
Thc operator should:

(1) Pollowinq the scram, verify all rods in.
(2) Check that diesel generators start and carry the vital

loads.

(3). Check that relays on the reactor protection system (BPS)
drop out.

(4) Check that both RCIC and HPCI start when reactor vessel
level drops to the initiation point after the relief
opens.

(5) Break vacuum before the loss of sealing steam cccurs.
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(6) Check T-G auxiliaries during coastdown.

(8)

Shen both, the reactor pressure and level aze under
control secure both HPCI and RCIC as necessary.

F

Continue cooldown per the noraal procedure

{9) Complete the scram report and survey the maintenance
requirements.

K$2S'

This event, unless otherwise stated, assumes and takes credit for
normal functioning of plant instrumentation and controls, plant
protection and reactoz protection systems.

The reactor is subjected to a complex sequence of events when the
plant loses all auxiliary power. Estimates of the responses of
the various reactor systems (assuming loss of the auxiliary
transformer) provide the following simulation sequence:

{2)

The recirculation pumps are tripped at a reference time,
t=O, with normal coastdown times.

At approximately 2 seconds, independent HSIV closure and
scram are initiated due to loss of power to HSIV logic
and actuator solenoids.

{3) At approximately 4 seconds, feedwater pump trips areinitiated.
Operation of the HPCI and RCIC system functions aze not simulated

. in this analysis. Their operation occurs at some time beyond the
primary concerns of fuel thermal margin and ovezpressure effects
of this analysis.

~15..6 2.2.2 Lo~sof illGrin connections

Same as Subsection 15.2.6 2.2 1 with the following additional
concern.

The loss'of all grid connections is another feasible, although
improbable way to lose all auxiliary power. This event would
add a generator load rejection to the above sequence at time,
t=O The load rejection .immediately'orces the turbine control
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valves closed, causes a scram and initiates recirculation pumptrip (RPT) (already tripped at reference time t=0)

hlL-~ link asC—
I,oss of the auxiliary power transformer in general leads to areduction in power level due to rapid pump coastdown withpressurization effects due to turbine trip occurring after thereactor scram has occurred. Additional failures of the other
systems assumed to protect the reactor would not result in aneffect different from those reported. Pailures of the protection
systems have been considered and satisfy single failure criteria
and as such no change in analyzed consequences is expected. See
Appendix 15A for details on single failure analysis.

~5~6 3 1

The computer model described in Subsection 15.1.1.3.1 was used tosimulate this .event.

Operation of the RCIC or HPCI systems is not included in thesimulation of this transient, since startup of these pumps doesnot permit flow in the time period of this simulation.
I'5-2

6 3 2 ~ln nt Parameters and Initial Conditions

These analyses have been performed, unless otherwise noted, withplant conditions tabulated in Table 15 0-2 and under the assumed
systems constraints described in Subsection 15.2.6.2. 2.

15 2. 6 3.2 2 Loss of All Grid Connections

Same as Subsection 15.2.6.3.2.1
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15. 2. 6. 3. 3 Results

15.2.6.3.3.l Loss of Auxiliary Power Transformer

Figure 15. 2-7 shows graphically the simulated transient. Theinitial portion of the transient is similar to the loss-of-
feedwater transient. At 2 seconds MSIV' start to close and the
reactor is scrammed. The'eedwater turbines trip off at about 4
seconds.

The RllRS, in the shutdown cooling mode, xs initiated to
dissipate'he

heat. Sensed level drops to the RCIC and HPCI initiation set
point at approximately 32 sec after loss of auxiliary power.

There is no significant inc"ease in tuel temperature or decrea e
in the operating MCPR value, fuel thermal margins. are not
threatened and the de"xgn basis is satistied.

lb.2.6.9.3.2 Loss of All Grid Connections

Loss of all grid connections is a more general form of loss of
auxiliary power. It essentially takes on the characteristic
response of the standard full load reject j.on discussed in
Subsection 15.2. 2. Figure 15. 2-8 shows graphically the simulated
event. ~ Peak neutron flux reaches 107k of NB rated power while
fuel„surface heat flux peaks at 100% of initial value. There is
no significant increase in fuel temperature.

lb. 2. 6.3.4 Consideration of Uncertainties

The most conservative characteristics of protection features are
assumed. Any actual deviations, in plant performance are expected
to make the results of this event less severe.

Operation of the RCIC or HPCI systems is not included in the
simulation of the first 50 seconds of this transient. Startup of
these pumps occurs in the latter part of this time period but
these systems have no significant effect on the results of this
t ran sic n t.
Following main steam lane isolation and RHR initiation the
reactor pressure is expected to increase until the safety/relief
valve set point (s) (5) are reached. At this time the valves
operate in a cyclic manner to discharge the decay heat to the
suppress 1.on pool
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L5. 2. 6. u Barrier Performance

Clb. 2. 6. Q. 1 Loss ot Au xxlxarg Power Transformer

The consequences of thi" event do not result in any significant
. temperature or pressure transient in excess of the criteria for
which the fuel, pressure vessel or containment are designed;
therefore, these barriers. maintain their integrity and function
as desiqned.

.15.2.6.0.2 Loss ot All Grid Connections

Safety/relief valves open in the pressure relief mode of

I

operation as the pressure 'increases beyond their set points. The
pressure in the dome is limited to a maximum value of 1100 psig,
well below the vessel pressure limit of 1375 psig.

1 b. 2. 6. 5 Radiological Consequences

While the consequence of this event does not resul. in fuel
failure, xt does result in the discharge of normal coolant
activity to the suppression pool via SRV operation. Since this
activity as contained in the primary containment, there will be
no exposure to operating personnel. Since this event does not
result in an uncontrolled release to the environment, the plant
operator can choose to leave the activity bottled up in the
contaxnm~nt or discharge it to the environment under controlled
release conditions. Tf purginq of the containment is chosen, the
relents~ will have to be in accordance with established technical
speci.fications; therefore, this event, at the worst, would only
result in a small increase in the yearly integrated exposure
levo l.
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15 2 7 LOSS OF FEEDMATZR FLOM

15.2 7.1 Identification of Causes and Frequency
Classification

15.2.7.1.1 Identification of Causes

A loss of feedwater flow could occur from pump failures,
feedwater controller failures, operator errors, or reactor system
variables such as high vessel water leve1 (LB) trip signal.

15.2.7.1.2 Freguenc~Classification

This transient disturbance is categorized as an incident of
moderate frequency.

15.2.7 2 Sequence of Events and ~S gtems ~O ~e ation

15.2,7.2.1 Seguence of Events

Table 15.2-14 lists the sequence of events for Figure 3.5.2-9.

15.2.7.2 1.1 Identification of Operator Actions

The operator should verify NSIV closure, and ensure RCIC and HPCI
actuation so that water inventory is maintained in the reactor
vessel. Initiate the steam condensing mode of the RHR system to
complement the RCIC system. Nonitor reactor water level and
pressure control, and T-G auxiliaries during shutdown.

The following is the sequence of operator actions expected during
the course of the event when no immediate restart is assumed.
The operator should:

(1) Verify all rods in, following the scram.
S

(2) Verify HPCI and RCIC initiation.
(3) Verify NSIV closure.

(4) Verify that the relief valves open on reactor high
pressure.
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(5) Verify that the recirculation pumps trip on reactor low-
low level.
Secure HPCI when reactor level and pressure are under
control. —

,

Continue operation of the RCIC until decay heat
diminishes to a point where the BHR system can be put
into service.

Monitor the turbine coast'down, break vacuum as
necessary.

Complete the scram report arid survey the maintenance
requirements.

15. 2.7. 2 2 Systems ~Oegation

Loss of feedwater flow results in a proportional reduction of
vessel inventory causing the vessel water level to drop. Thefirst corrective action is the low level (L3) scram trip
actuation. Reactor protection system responds within 1 second
after this trip to scram the reactor. The low level (L3) scramtrip function meets single failure criterion.
Containment isolation, when it occurs, would also initiate a main
steam line isolation valve position scram trip signal as part of
the normal isolation event. The reactor, however, is already
scrammed and shut down by this time.

Credit is taken for operation of the safety relief valve (low set
point) to remove decay heat since the bypass becomes ineffective
due to main steam line isolation.

g5. 2.7.2 3 ~T~~Egeg~og ~Si gle g~i~lg~en~dyerator Errors

The nature of this event, as explained above, results in a
lowering of vessel water level. Key corrective efforts to shut
down the reactor are automatic and designed to satisfy single
failure criterion; therefore, any additional failure in these
shutdown methods would not aggravate or change the simulated
transient. See Appendix 15A for details.
The potential exists for a single relief valve failing to close
once it is opened. This would result in a complete
depressurization of the reactor. This is discussed in Subsection
15.1.4. Either the HPCI or RCIC system is capable of maintaining
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adequate core coverage and will provide long-term inventory
control.

$~5.7.3 Co e aus 53steR ~Re ~fous uce

The computer model described in Subsection 15.1.l 3 1 was used to
simulate this event..

15 2.~73 g In ut Parameters and'~ntial Conditions

These analyses have been performed, unless otherwise noted, with
plant conditions tabulated in Table 15.0-2.

1~5- .7-~3. Results

The results of this transient simulation are shown in Pigure
15.2-9 Peedwater flow terminates at approximately 5 seconds.
Subcooling decreases causing a reduction in core power level and
pressure. As power level is lowered, the turbine steam flow
starts to drop off because the pressure regulator is attemptingto maintain pressure for the first 8 seconds or so. Hater level
continues to drop until the vessel level (L3) scram trip set
point is reached whereupon the reactor is shut down. Hain, steamline isolation occurs at 13 seconds due to vessel water droppingto the T.2 trip. Also at this time the recirculation system is
tripped and HPCI and BCIC operation is initiated. MCPR remains
considerably above the safety limit since increases in heat flux
are not experienced.

152 73 4 Considerations of Uncertainties

End-of-cycle scram characteristics are assumed.

This transient is most severe from high power conditions, because'he rate of level decrease is greatest and the amount of stored
and decay heat to be dissipated are highest.
Operation of the RCIC or HPCI systems is not included in the
simulation of the first 50 seconds of this transient since
startup of these pumps occurs in the latter part of this time
period and therefore these systems, have no significant effects on
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the results of this transient except perhaps as discussed in
Subsection 15.2.7.2.3.

$ 5 7 o ance

Peak pressure in the bottom of the vessel reaches 1105 psig,
which is below the ASHB Code limit of 1375 psig for the RCPB.
Vessel dome pressure does not exceed 1094 psig. The consequencesof this event do not result in any temperature or pressuretransient in excess of the criteria for which the fuel, pressure
vessel or containment are designed; therefore, these barriers
maintain their integrity and function as designed.

t 9"

While the consequence of this event does not result in fuelfailure, it does result in the discharge of normal coolantactivity to the suppression pool via'SRV operation Since thisactivity is contained in the primary containment, there will .be
no exposure to operating personnel. .Since this event does notresult in an uncontrolled release to the environment, the plant
operator can choose to leave the activity bottled up in the
containment or discharge it to the environaent under controlled
release conditions. If purging of the containment is chosen the
release will have to be in accordance with established technical
specifications; therefore this event, at the worst, would onlyresult in a small increase in the yearly''integrated exposurelevel.

(Refer to Subsection 15.6.6)

15 2 ~9AILURg OF RRR~NUNDONN COOLING

Normally, in evaluating component failure considerations
associated with the RHRS — Shutdown Cooling mode operation,active pumps or instrumentation (all of which are redundant for
safety system portions of the RHRS aspects) would be assumed to

* be the likely 'failed equipment. For purposes of worst caseanalysis,'he single recirculation loop suction valve to the
redundant RHRS loops is assumed to fail. This failure would, of
course, still leave two complete RHRS loops. for LPCI, suppression
pool, and containment cooling minus the normal RHRS — Shutdown
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Cooling loop connection. Although the suction valve could be
manually manipulated open, it is assuned failed indefinitely. Ifit is now assumed that the SACP criteria is applied, the plant
operator has one complete RHRS loop available with'he further
selective worst case assumption that the other RHRS loop is lost.
Recent analytical evaluations of this event have requiredadditional worst case assumptiops. These included:

(1) loss of all offsite ac power

(2) utilization of safety shutdown equipment only

(3) operator involvement no earlier than 10 minutes after
coincident assumptions.

These accident-type assumptions would change the initial incident
(malfunction of RHRS suction valve) from a moderate frequencyincident to a classification in the design basis accident status.
However, the event is evaluated as a moderate frequency event
with its subsequent limits.

15.2.9.1 Identification=of Causes and Frequency
Classification

15.2.9.1.1 Identification of Causes

The plant is operating at 105% NBR rated steam flow when a long-
term loss of offsite power occurs, causing multiple safety-relief
valve actuation (see Subsection 15.2.6) and subsequent heatup of
the suppression pool. Reactor vessel depressurization isinitiated to bring the reactor pressure to approximately 100
psig. Concurrent with the loss of offsite power, an additional
(divisional) single failure occurs which prevents the operator
from establishing the normal shutdown cooling path through the
RHR shutdown cooling lines. He then establishes a shutdown
cooling path for the vessel through the ADS valves.

15.2. 9.1.2 Pregue~nc Classification

This event is evaluated as a moderate frequency event. However,
for the following reasons it could be considered an infrequent
incident:

(1) No RHR valves have failed in the shutdown cooling mode
in BMR total operating experience.
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(2) The set of conditions evaluated is for multiple failure
as described above and is only postulated {not expected)
to occur.

The sequence of events 'for this event is shown in Table 15.2-15.

15. 2. 9.2.1.1 Identification of 0 erato Actions

For the early part of the transient, the operator actions are
identical to those described in Subsection 15. 2.6 resulting in an
isolation. The operator then. proceeds to do the following:

(1) qt approximately 10, minutes'into the transient, initiate
RPV shutdown depressurization at ~1004F/hr by manual
actuation of the safety/relief valves:

(2) at approximately 15.minutes into the transient, initiate
suppression pool cooling (again for purposes of this
analysis, »worst case," it is assumed that only one RHR
heat exchanger is available);

(3) when the reactor pressure vessel is depressurized to
approximately 100 psig., opens the RHR shutdown cooling
system isolation valves. However, it is assumed that'
failure occurs and the operator cannot open one of the
isolation valves on the RHR suction line and the normal
RHR shutdown cooling path is not established;

(4) selectively opens safety/relief valves (ADS) to complete
blowdown and floods the vessel up through the
safety/relief valves thereby establishing a closed
cooling path as described in the notes for Figure 15.2-
11.

15.2.9.2.2 System 0 eration

Plant instrumentation and control is assumed to be functioning
normally except as noted. In this evaluation credit is taken for
the plant and reactor protection systems and/or the ESF utilized.
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15.2.9.2.3 The Effect of Sin le Failures and 0 erator Errors

The worst case single failure (Loss of Division Power) has
already been analyzed in this event. Therefore, no single
failure or operator error can make the consequences of this event
any worse. See Appendix 15A for further discussion.

15.2.9.3 Core and S stem Performance

15.2.9.3.1 Methods Assum tions and Conditions

An event that can directly cause reactor vessel water temperature
increase is one in which the energy removal rate is less than the
decay heat rate. The applicable event is loss of RHR shutdown
cooling. This event can occur only during the low pressure
portion of a normal reactor shutdown and cooldown, when the RHR
system is operating in the shutdown cooling mode. During this
time MCPR remains high and nucleate boiling heat transfer is not
exceeded at any time. Therefore, the core thermal safety margin
remains essentially unchanged. The 10-minute time period assumed
for operator action is an estimate of how long it would take the
operator to initiate the necessary actions; it is not a time by
which he must initiate action.

15.2.9.3.2 Results

For most single failures that could result in loss of shutdown
cooling, no unique safety actions are required. In these cases,
shutdown cooling is simply re-established using other, normal
shutdown cooling equipment. In cases where both of the RHRS
shutdown cooling suction valves cannot be opened, alternate paths
are available to accomplish the shutdown cooling function (Figure
15.2-10). An evaluation has been performed assuming the worst
single failure that could disable the RHRS shutdown cooling
valves.

This evaluation demonstrates the capability to safely transfer
fission product decay heat and other residual heat from the
reactor core at a rate such that specified acceptable fuel design
limits and the design conditions of the reactor coolant pressure
boundary are not exceeded. The evaluation assures that, for
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onsite electric power system operation (assuming offsite power is
not available) and for offsite electric power system operation
(assuming onsite power is not available), the safety function can
be accomplished, assuming a worst-case single failure.

The alternate cooldown path chosen to accomplish the shutdown
cooling function utilizes the RHR and ADS or normal relief valve
systems (see Reference 15.2-1 and Figure 15.2-11).

The alternate shutdown systems are capable of performing the
function of transferring heat from the reactor to the environment
using only safety grade systems. Even if it is additionally
postulated that all of the ADS or relief valve discharge piping
also fails, the shutdown cooling function would eventually be
accomplished as the cooling water would run directly out of the
ADS or safety/relief valves, flooding into the drywell.

The systems have suitable redundancy in components such that, for
onsite electrical power operation (assuming offsite power is not.
available) and for offsite electrical power operation (assuming
onsite power is also not available), the systems'afety function
can be accomplished assuming an additional single failure. The
systems can be fully operated from the main control room.

The design evaluation is divided into two phases: (1) full power
operation to approximately 100 psig vessel pressure, and (2)
approximately 100 psig vessel pressure to cold shutdown (14.7
psia, 200~F) conditions.

15.2.9.3.2.1 Full Power to A roximatel 100 si

Independent of the event that initiated plant shutdown (whetherit be a normal plant shutdown or a forced plant shutdown), the
reactor is normally brought to approximately 100 psig using
either the main condenser or, in the case where the main
condenser is unavailable, the RCIC/HPCI systems, together with
the nuclear boiler pressure relief system.

For evaluation purposes, however, it is assumed that plant
shutdown is initiated by transient event 15.2.6, which results in
relief valve actuation and subsequent suppression pool heatup.
For this postulated condition, the reactor is shut down and the
reactor vessel pressure and temperature are reduced to and
maintained at saturated conditions at approximately 100 psig.
The reactor vessel is depressurized by manually opening selected
safety/relief valves. Reactor vessel makeup water is
automatically provided
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via the RCIC/HPCI systems. While in this condition, the RHR
system (suppression pool cooling mode) is used to maintain the
suppression pool temperature within shutdown limits.

These systems are designed to routinely perform their functions
for both normal and forced plant shutdown. Since the RCIC, HPCI
and RHR systems are divisionally separated, no single failure,
together with the loss of offsite power, is capable of preventing
reaching the 100 psig level.

15.2.9.3.2.2 A roximatel 100 si to Cold Shutdown

The following assumptions are used for the analyses of the
procedures for attaining cold shutdown from a pressure of
approximately 100 psig:

(1) the vessel is at 100 psig and saturated conditions;

(2) a worst-case single failure is assumed to occur (i.e.,
loss of a division of emergency power); and

(3) there is no offsite power available.

In the event that the RHR shutdown suet>.on lz.ne is not available
because of single failure, the first action to be taken will be

'orpersonnel to gain access and effect repairs. For example, if
a single electrical failure caused a suction valve to fail in the
closed position, a hand wheel is provided on the valve to allow
manual operation. If for some reason the normal shutdown cooling
suction line cannot be repaired, the capabilities described below
will satisfy the normal shutdown cooling requirements and thus
fully comply with GDC 34.

The RHR shutdown cooling line valves are in two divisions
(Division 1 = the outboard valve, and Division 2 = the inboard
valve) to satisfy containment isolation criteria. For evaluation
purposes, the worst-case failure is assumed to be the loss of a
division of emergency power, since this also prevents actuation
of one shutdown cooling line valve. Engineered safety feature
equipment available for accomplishing the shutdown cooling
function includes (for the selected path):

ADS (DC Division 1 and DC Division 2)

RHR Loop A (Division 1)

RHR I,oop B (Division 2)

HPCI (DC Division 2)
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RCIC (DC Division 1)

Core Spray A (Division 1)

Core Spray B (Division 2)

For failures of Division 1 or 2, the following systems are
assumed functional:

(1) Division 1 Fails, Division 2 Functional:

RHR Pumps A 6 C
CS Loop A

RCIC

Functional S stems
HPCI
ADS
RHR Loop B
CS Loop B
RHR Pumps B 6 D

(2) Division 2 Fails, Division 1 Functional:
Failed Systems
RHR Pumps B C D

CS Loop B
HPCI

Functicnal~sstems
CS Loop A

RCIC
RHR Loop A
ADS
RHR Pumps A. C C

Assuming the single failure is the failure of Division 2, the
safety function. is accomplished by establishing one of the
cooling loops described in Activity'C2 of Figure 15.2-11. If the
assumed single failure is Division 1, the safety function is
accomplished by establishing one of the cooling loops described
as Activity Cl of Figure 15. 2- 11.

Using the above assumptions and following the depressurization
transient shown in Figure 15.2-12, the suppression pool
temperature is shown in Figure 15.2-13.

15.2.9.4 Barrier Performance

As noted above, the consequences of this event do not result in
any temperature or pressure transient in excess of the criteria
for which the fuel, pressure vessel, or containment are designed.
Release of coolant to the containment occurs via SRV actuation.
Release of radiation to the environment is described below.
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Mhile this event does not result in fuel failure, it does result
in the discharge of normal coolant activity to the suppression
pool via SBV operation. Since this activity is contained in the
primary containment, there will be no exposures to'perating
personnel. Since this event does not result in an uncontrolled
release to the environment, the plant - operator can choose to
leave the activity bottled up in the containment or discharge it
to the environment under controlled release conditions. Xf
purging of the containment is chosen, the release will.have to be
in accordance with established, technical specifications;
therefore, this event, at the worst, would only result in a small
increase in the. yearly integrated exposure level.

1 5. 2. 10 REPEREN CES

15. 2-1 Letter — R. S.. Boyd to I. P. Stuart; dated November 12/
1975, Subject: Requirements Delineated for BHBS-
Shutdown Cooling System —Single Failure Analysis.

15. 2-2 Pukushima, T. Y, »Hex 01 User Hanual», NEDE-23014, July
1976.

15. 2-3 'rutschy, P.G., et al, "Behavior of Xodine in Reactor
Mater During Plant Shutdown and Startup".

15. 2-4 Nquyen, D., »Realistic Accident Analysis for General
Electric Boiling Mater Reactor — The BELAP Code and
User's Guide," NEDO-21142, to be issued tDecember 1977).
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TABLE 15.2-10

gj. l~e- gee Event

-0. 0 (est)

0. 0 {est)

Initiate simulated loss of condenser vacuum
at 2 inches of Hg per second.

Low condenser vacuum main turbine trip
actuated.

0. 0 (est) Low condenser vacuum feedwater trip
actuated.

0. Ol (est)

0. Ol (est)

.1 (est)

Hain turbine trip initiates reactor scram.

Hain turbine trip initiates recirculation
pump trip (RPT)
Turbine stop valve closes

1.7

2. 2

Group 1 relief valves set points actuated.

Group 2 relief valves set points actuated.

Group 3 relief valves set points actuated.

2 4 Group 4 relief valves set points actuated.

2 6 Group 5 relief valves set points actuated.

12. 1 Low condenser vacuum initiates main steam
line isolation valve closure.

12 1 Low condenser vacuum initiates bypass valve
closure.

21. 5

23 5

53 (est)

Group 1 relief valves close.

L2 Vessel level "set. point isolation.
HPCI/RCIC system flow enters vessel {not
included in simulation) .

90+ Belief valves cycle as required on pressure.
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15 4 - EACTZVITY AH OH DXS X U OQ @SOHO BS

*~1
15 4~~1 Consol Bod~enoval E ro Du n e uelin

15 4.1 1.1 Identification of Causes and Prequency

The event considered here is inadvertent criticality due to the
complete withdrawal or removal of the most reactive rod during
refueling. The probability of the initial causes alone is
considered low enough to warrant its being categorized as an
infrequent incident, since there is no postulated set of
circumstances which results in an inadvertent BUE while in the
REFUEL mode

15.4.1 1 2 Eeduence of Events and EXstem~so eration

~15 4 l 1~2 1 Initial Control Rod Removal

During refueling operations safety system interlocks provide
assurance that inadvertant criticality does not occur because a
control rod has been removed or is withdrawn in coincidence with
another control rod.

15 4.l~l.. 2 Fuel Eoveuent Bitt Control od Eemoved

Fuel movement and other core alterations with control rods
removed will be controlled by section 3/4.9 of the Technical
Specif ications. These requirements along with the associated
refueling interlocks sufficiently minimize the possibility of
loading fuel into a cell containing no control rod, moving the
refuelin g pla tform over the core and withdrawing additional
control rods when there is uncontrolled fuel in the core.
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1~50 ~ln2n3- ~ Cont o od enon 1 n tto t n el enonnl

Pinally, the design of the control rod, incorporating thevelocity limiter, does not physically permit the upward removalof the control rod without the simultaneous or prior removal ofthe four adjacent fuel bundles. This precludes any hazardouscondition.

15 4.1.1~2.4 Identification of 0 e ato Actions

No operator actions are required to preclude this event since theplant design as discussed above prevents its occurrence.

Xf any one of the operations involved in initial failure or erroris followed by any other SEF or SOE, the necessary safety actions
are taken [e.g., rod block or scram) automatically prior to limitviolation. Be'fer to Appendix 15h for details.

15 4~/ 1.3 Cope and System Performances

Since the probability of inadvertent criticality during refuelingis precluded, the core and system performances were not analyzed
However, it is well known that withdrawal of the highest worthcontrol rod during refueling results in a positive reactivityinsertion but not enough to cause criticality. This is verifiedexperimentally by performing shutdown margin checks. (See
Subsection 4.3.2 for a description of the methods and results ofthe shutdown margin analysis.) Additional reactivity insertionis precluded by interlocks. (See Subsection 7.6.la.l) As aresult,. no radioactive material is ever released from the fuel,
making it unnecessary to assess any radiological consequences
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No mathematical models are involved in this event. The need for
input parameters or initial conditions is not reguired as there
are no results to report. Consideration of uncertainties is not"
appropriate.

15. 4. 1.1. 4 Barrier Performance

An evaluation of the barrier performance was not made for this
event since it is a highly localized event and does not result in
any change in the core pressure or temperature.

15.4.1.1.5 Baaiol~oical Consequences

An evaluation of the radiological consequences was not made for
this event since no radioactive material is released from the
fue1.

15.4.1.2 Continuous Rod Mithdrawal During Reactor Startug

15.4.1.2.1 Identification of Causes and Frequency
Classification

The probability of initial causes or errors of this event alone
is considered low enough to warrant its heing categorized as an
infrequent incident. The probability of further development of
this event is extremely low because it is contingent upon the
simultaneous failure of two redundant systems, the RSCS and the
RMN systems, concurrent with a high worth rod, out-of-sequence
rod selection contrary to procedures, plus operator ignorance of
continuous alarm annunciations prior to safety system actuation.

15.4.1.2.2 S~euence of Events and Systems Operation

g5 4. l. 2.2.1 S~euence of Events

Control rod withdrawal errors are not considered credible in the
startup and low power ranqes. The RSCS and RMN prevent the
operato from selectinq and withdrawing an out-of-sequence
control rod.

Continuous control rod withdrawal errors during reactor startup
are precluded hy the RSCS. The RSCS prevents the withdrawal of
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an out-of-sequence control rod in the 100% to 75% control rod
density range and limits rod movement to the banked position mode
of rod withdrawal from the 75% rod density to the preset powerlevel. Since only in-sequence control rods can be withdrawn in
the 100% to 75$ control rod density and control rods are
withdrawn in the banked position mode from the 75% control rod
density point to the preset power level, there is no basis, for
the continuous control rod withdrawal error in the startup and
low power range. The low power range is defined as zero power to
the RSCS low power setpoint, i.e., 20% of rated core power. For
RWE above low power setpoint see Subsection 15.4.2. The, hanked
positicn mode of the RSCS is described in Reference 15.4-2.

15 4 1.2.2 2 Identification~of 0 crater Actions

Ho operator actions are required to preclude this event since the
plant design as discussed above prevents its occurrence.

15.4.1 2.2m3 Effects of Single Failure and aerator Errors

If any one of the operations involved the initial failure orerror and is followed by another SEF or SOE, the necessary safetyactions are taken {e.g', rod blocks) prior to any limitviolation. Refer to Appendix 15A for details.

15.4 1 2 3 Core and~s stem Performance

The performance of the RSCS and RMM prevent erroneous selection
and withdrawal of an out-of-sequence control rod. The core and
system performance is not affected by such an operator error.
No mathematical models are involved in this event The need for
input parameters or initial conditions is not reguired as there
are no results to report. Consideration of uncertainties is not
appropriate.

15.4.1.2 4 Barrier Performance

An evaluation of the barrier performance was not made for this
event since there is no postulated set of circumstances for whichthis error could occur.
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15.4.1.2.5 RadioloRical ConseRuences

An evaluation of the radioloqical consequences is not required
for this event since no radioactive material is released from the
fuel.

15.4.2 Rod With~dalai Rrror — at Power

15.4.2.1 Identification of Causes and Frequency
Classif ications

15.4.2.1 1 Identification of Causes

While operatinq in the power range in a normal mode of operation
the reactcr operator makes a procedural error and withdraws the
maximum worth control rod until the Rod Block monitor (RBN)
System inhibits further withdrawal.

15 4.2 1 2 Pr~euenc Classification

The probability of this event is considered low enough to warrant
its beinq cateqorized as an infrequent incident. However,
because of the lack of sufficient frequency data base, this
transient disturbance is analyzed as an incident of moderate
frequency until the frequency of this event can be further
evaluated and justified.

15.4.2.2 Sequence of Events and Systems ~0 eration

15.4.2.2.1 Seauence of Events

The sequence of events for this transient, as calculated with
conservative assumptions, is presented in Table 15.4-1. No
operator actions are required durinq this event. However,
operator actions expected to occur are shown in the above
referenced table.
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15.4 2.2.2 ~S ates O~erations .

The focal point of this event is, localized to a small portion of
the core. Therefore, although reactor control and
instrumentation is assumed to function normally, credit is taken
only for RBM system. A discussion of the event follows below.

While operating in the power range in a normal mode (except as
noted in Subsection 15.4.2.3. 2) of operation, the reactor
operator makes a procedural error and withdraws the maximum worthcontrol rod until the RBM system inhibits further withdrawal.
Under most normal operating conditions no operator action i
required since the transient which would occur would be verymild. Should the peak linear power design limits be exceeded,
the nearest local power range monitor (LPRM) would detect this
phenomenon and sound an alarm. The operator must acknowledgethis alarm and take appropriate action to rectify the situation.
If the rod withdrawal error is severe enough, the rod block

'onitor(REM) system would sound alarms, at which time the
operator would acknowledge the alarm and take corrective action.
Even for extremely severe conditions (i.e., for highly abnormalcontrol rod patterns, operating conditions, and assuming that the
operator iqnores all alarms and warninqs and continues to
withdraw the control rod), the RBM system will block further
withdrawal of the control rod before the fuel reaches the pointof boilinq transition or the 1% plastic strain limit imposed on
the clad.

15.4-2.2.3 Effect of Sincnle pailure ana OEerator Errors

The effect of operator errors has been discussed above. It was
shown that operator errors (which initiated this transient)
cannot impact the consequences of this event due to the RBM
system. The RBM system is designed to be single failure proof,therefore termination of this transient is assured. See Appendix
15A for details.
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15.4. 2.3 Core and System Per formance

15.4.2.3.1 Mathematical Madel

For this transient the reactivity insertion rate is very slow;
therefore, it is adequate to assume that the core has sufficient
time to equilibriate (i e., that both the neutron flux and heat
flux are in phase) . Making use of the above assumptions this
transient is calculated using a steadystate three-dimensional
coupled nuclear-thermal-hydraulics computer program. The program
is described in detail in Reference 4. 3-2 of Section 4.3. All
spatial effects are included in the calculation.

The primary output from this code, in addition to the basic
nuclear parameters, is: the variation of the linear heat
generator rate {LHGR); the variation of the minimum critical
power ratio {MCPR); the total reactor power; and the variation of
the in-core instruments during the transient. A detector
response code used the instrument responses to predict the Rod
Block Monitor action under the specified condition for the Rod
Withdrawal Error.

The analytical methods and assumptions which are used in
evaluating the consequences of this accident are considered to
provide a realistic, yet conservative assessment of the
consequences.

15.4.2.3.2 Input Parameters and initial Conditions

The number of possible RME transients is extremely larqe due to
the number of control rods and the wide range of exposures and
power levels. In order to encompass all of the possible RMEs
which could conceivably occur, a limiting analysis is defined
such that a conservative assessment of the consequences is
provided.

The conservative assumptions are:

(1) The assumed error is a continuous withdrawal of the
maximum worth rod at its maximum drive speed.

(2) The core is assumed to be operating at rated conditions.

(3) The reactor is presumed to be in its most reactive state
and devoid of all xenon. This insures that the amount
of excess reactivity which must'e controlled by the
movable control rods is maximum.
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(4) Furthermore, it is assumed that the operator has fully
inserted the maximum worth rod prior to its removal and
selected. the remaininq control rod pattern in such a way
as to approach thermal limits in the fuel bundles in the
vicinity of the zod to be withdrawn. (See Figure 15.4-
1) . It should be emphasized that this control rod
confiquration would be highly-abnormal and could only be
achieved by deliberate operator action or by numerous
operator errors.

(5) The operator is assumed to ignore all warnings during
the transient.

(6) Of the four LPRM strings nearest to the control rod
being withdrawn, the two highest reading LPRMs during
the transient are assumed to have failed.

(7) One of the two instrument channels is assumed to be
bypassed and out-of-service. The A and C LPRM chambers
input to one channel while the B and D chambers input to
the other. The channel with the greatest respcnse is
assumed to be bypassed.

The conservative assumptions indicated above provides a high
degree of assurance that the transient as analyzed bounds all RWE
which could possibly occur. Table 15.4-2 presents the other
parameters used in the analysis of this event.

15 4,2,3,2.1 R EM System Operation

The RBM system minimizes the ccnsequences of a RME by blocking
the motion of the control rod before the safety limits are
exceeded.

The RBM has three trip levels (rod withdrawal permissive
removed) . The trip levels may be adjusted and are nominally 84
of reactor power apart The highest trip level is set so that
the safety limit is not exceeded. The lower two trip levels are
intended to provide a warninq to the operator. Settings are
107%, 99% and 91% of initial, steady-state, operating power at
100% flow. The trip levels are automatically varied with reactor
coolant flow to protect against fuel damage at lower flows. The
variation is set to assure that no fuel damage will occur at any
indicated coolant flow. The operator may encounter any number
(up to three) of trip points depending on the starting power of a
given control rod withdrawal. The lower two points may be passed
up (reset) by manual operation of a push button. The reset
permissive is actuated (and indicated by a light) when the 8MB
reaches 2'A power less than the trip point. The operator should
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then assess his local power and either reset or select a new rod.
The hiqhest (power) trip point may not be reset.

15.4.2.3.3 Results

The consequences of this transient are relatively mild, and
neither localized nor gross occurrence of boiling transition or
violation of 1% plastic strain limit on the cladding occur. The
variation in the MCPR and MLHGR, as a function of withdrawal of
the hiqhest worth rod, is presented in Figures 15.4-2 and 15.4-3,
respectively. The bundles presented in Figures 15.4-2 and 15.4-3
represent the envelope of the MCPR and the MLHGR for each two-
foot interval during the transient. Variation in the total
reactor power is also shown in these figures. Alth'ough these
fiqures show the change in thermal limits from the fully inserted
to the fully withdrawn position, the control rod is automatically
blocked at 5.0 feet, even under the worst set of assumptions.
The variation in the signal response of the two independent
channels is shown in Figures 15.4-4 and 15.4-5. With a setpoint
of 106% the rod is shown to block at 5.0 feet resulting in a
MCPR of 0.183 and MLHGR of 14.84 kw/ft.

15.4.2.3.4 Considerations of Uncertainties

The conservative assumptions which assure that this event has
been conservatively analyzed have been previously discussed in
Subsection 15.4.2.3.2

15.4.2.4 B~a rier Performance

An evaluation of the barrier performance was not made for this
event since this is a localized event with very little change in
the qross core chhracteristics. Typically, an increase in total
core power is less than 5$ and the changes in pressure are
negliqible.

15 4.2.5 Radiological Consequences

An evaluation of the radiological consequences is not required
for this event since no radioactive material is released from the
fue 1.
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15.4 3 Control Rod Naloperation (System Malfunction oz
Operator Error/

This event is covered with evaluation cited in Subsections 15.4.1
and 15.4.2

15.4.4 Abnormal Starts of Idle Recirculation Pung

15.4.4.1 Identification of Causes and FrequencyClassification

15.4 4.1.1 Identification of Causes

This action results directly from the operators manual action toinitiate pump operation. It assumes that the remaining loop is
already operatinq.

15.4 4 1.1.1 Norma/ Restart of Recirculation Pu~m at Power

This transient is cateqorized as an incident of moderate
frequency.

15.4.4 1.1.2 Abnormal Startug of Idle Recirculation Pu~m

This transient is cateqorized as an incident of moderate
frequency.

15.4.4.2 Sequence of Events and ~Sstems Operation

1S.4 4.2.1 Sequence of Events

Table 15.4-3 lists the sequence of events for Figure 15.4-6.

15. 4. 4.2.1. 1 Oge ra tor Actions

The normal sequence of operator actions expected in staztinq theidle loop is as follows. The operator should:
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(1) Adjust rod pattern as necessary for new power level
following idle loop start.

(2) Determine that the idle recirculation pump suction
valve is open, the discharge block valves are closed,
and the coupler in the idle loop is in the starting
position, if not, place them in this configuration.

(3) Readjust flow of the running loop downward to less than
half of rated flow.

{4) Determine that the temperature difference between the
two loops is no more than 50oP apart.

(5) Start the idle loop pump and adjust flow to match the
adjacent loop flow. Monitor reactor power.

(6) Open discharge valve by jogging manual or auto
circuitry.

{7) Readjust power, as necessary, to satisfy plant
reguirements per standard procedure.

Note: The time to do above work is approximately 1/2
hour.

15.4 4.2 2 ~S ste~a Ogeration

This event assumes and takes credit for normal functioning of
plant instrumentation and controls', plant protection and reactor
protection systems. In particular, credit is taken for high flux
scram to-terminate the transient. No BSF action occurs as a
result of the 'transient..

15.4 4.2.3 The Effect of single ~pailn es and ogerator Errors

This transient leads to a guick rise in reactor power level.
Corrective action first occurs in the high flux trip and being

'artof the reactor protection system, it is designed to singlefailure criteria. Therefore shutdown is assured. Operator
errors are not of concern here, in view of the fact that automatic
shutdown events'follow so guickly after the postulated failure.
See Appendix 15A for details.
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15 4 4.3 Co e ~n~se~>egfo~aynce

1~54 4~~/ ~thes~~c;Q~odel

The nonlinear dynamic model described briefly in Subsection
15.1.1.3 1 is used to simulate this event

15 4. 4. 3. 2 I~nut parameters and ?nit ial Cond~i jons

This analysis has been performed unless otherwise noted with
plant conditions tabulated in Table 15.0-2.

One recirculation l,oop is idle and filled with cold water
(lOO~P). Normal procedure when starting an idle loop with one
pump already running requires heating the idle recirculation loop
to within 50oP of core inlet temperature prior to loop startup

~ The active recirculation loop is operating with about 50% of
normal rated diffuser flow going across the active jet pumps.

The core is receiving 38% of its normal rated flow The
remainder of the coolant flows in the reverse direction through
the inactive )et pumps.

Reactor power is 55% of NBR power conditions.'ormal proce'dures
require startup of'n idle loop at a lower power.

The idle recirculation pump suction valve is open, but .the pump
discharge valve is closed.

The idle pump fluid coupler is at a setting which approximates
50% generator speed demand.

15.4 4 3.3 Jesuits

The transient response to the incorrect startup of a cold, idle
recirculation loop is, shown in Pigure 15.4-6. Shortly after the
pump begins to move, a surge in flow from the standard get punp
diffusers causes the core inlet flow to rise sharply.

A short-duration neutron flux peak reaches the flow referenced
'PRY flux set point at 10 seconds and reactor sera@ is initiated.

The neutron flux peaks at 323% of NB rated. Surface heat flux

!

follows the slower response of the fuel and peaks at 135$ of NB
of initial value. Nuclear system pressures do not increase
significantly
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above initial. The water level does not reach the high set
point.

15 4.4 3 4 Conside~a5iog of Uncertainties

This particular transient is analyzed for an initial power level
that is much higher than that expected for the actual event. The
much slower thermal response of the fuel mitigates the effects of
the rather sharp neutron flux spike and even in this high range
of power no threat to thermal limits is possible.

15.4 4.4 .Barrier Performance

Ho evaluation of barrier performance is required for this event
since no significant pressure increases are'ncurred during this
transient- See Pigure 15.4-6.

15 4. 4~5ad iolo~ica~conse5uences

An evaluation of the radiological conseguences is not requiredfor this event since no radioactive material is released from thefuel. Figure 15 4.4-1 Abnormal Startup of Idle Recirculation
Loop Pump
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~ 15.4.5 Recirculation Flow Control Failure with Increasing
= Flow

15.4.5.1 Identification of Causes and Frequency
Classif cat on

15.4.5 1 1 I entif cat'on of Causes

Failure of the master flow controller can cause a speed increase
for both recirculation pumps. However, both <ndividual speed
controllers have error limiters so that this case is less severe
than the failure (maximum demand) of one of the 8/G set speed
controllers. A rapid swing of the coupler is simulated at its
maximum rate of 25'5/sec.

15.4.5.1.2 F e~uen C ass fic t on

This transient disturbance is classified as an incident of
moderate frequency.

15.4 5 2

15.~4.5. ~1 se uence of Events

Table 15.4-4 lists the sequence of events for Figure 15.4-7.

15.4 5 2.1.1 Identification of ~0 equator Actions

Initial action by the operator will include:

{1) Transfers flow control to manual and reduces flow to
minimum.

{2) Identify cause of failure
Reactor pressure will be controlled as required, depending on
whether a restart or cooldown is planned. In general, the
corrective action would be to hold reactor pressure and condenser
vacuum for restart after the malfunctioning flow controller has
been repaired. The following is the sequence of operator actions
expected durinq the course of the event, assuming restart The
operator should
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(2)

observe that all rods are in.
Check the reactor water level and maintain above low
level {L2) trip to prevent NSXVs from isolating.

. (3) Switch the reactor mode switch to the "startup"
position.

(4) Continue to maintain vacuum and turbine seals.

{5) Transfer the recirculation flow contzcller to the
manual position and reduce set point to zero.

(6) Survey maintenance requirements and complete the scram
report.

(7) Monitor the turbine coastdown and auxiliary systems.

Establish a restart of the reactor pez the normal
procedure.

NOTE: Time required from first trouble alarm to
restart would be approximately 1 hour.

15.4-5.2.2 5~ate~as 0 eratioa

The. analysis of this transient assumes and takes credit for
normal functioning of plant instrumentation and controls, and thereactor protection system. Operation of engineered safeguards is
not expected.

15.4.5 g 3 The Effec~to Single F~alures and 0 eratoz Errors

This transient leads to a guick rise in reactor power level.
Corrective action first occurs in the high flux trip and being
part of the reactor protection system it is designed to singlefailure criteria. Therefore, shutdown is assured. (See Appendix
15A for details.) Operator. errors are not of concern here in
view of the fact that automatic shutdown events follow so quicklyafter the postulated failure.
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g5 4. 5 3 Co~e and S ste Performance

The nonlinear dynamic model described briefly in Subsection
15.1.1.3.1 is used to simulate this event.

15 4.5.3 2 Input Paraneters and Initial Conditions

This analysis has been performed, unless otherwise noted, with
plant conditions tabulated in Table 15.0-2. For this event the
most severe transient results when initial conditions are
established for operation at the low end of the rated flowcontrol rod line. Specifically, this is 65K NB rated power and
50% core flow.
Maximum change in speed control occurs with failure of one of the
motorgenerator set speed controllers. A rapid swing of the
coupler is simulated at its maximum rate of 25% per second.

15 4.5 3 3 Results

Figure 15.4-7 shows the results of the transi'ent. The changes innuclear system pressure are not significant with regard to
overpressure. Pressure decreases over most of the transient
The rapid increase in core coolant flow causes an increase in
neutron flux, which initiates a reactor APRIL high flux scram.

The peak neutron flux rise reaches 2|35% of NBR flux, and the
accompanying transient fuel surface heat flux reaches 130% of

!

initial. The NCPR remains above the safety limit of 1 06, andfuel center temperature increases only 407OF. Reactor pressureis discussed in Subsection 15 4.5.4. Therefore the design basisis satisfied.

15 4 5 3 4 Consigegatiogs of Uncertainties

Some uncertainties in void reactivity characteristics, scram time
and worth are expected to be more optimistic and will therefore
lead to reducing the actual severity over that which is simulated
herein.
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15.4 5 4 Barrier Performance

This transient results in a very slight increase in reactor
vessel pressure as shown in Figure 15.4-7 and therefore
represents no threat to the BCPB.

An evaluation of the radiological consequences is not reguired
for this event since no radioactive material is released from the
fuel.

15.4.6 chemical and Volume Control ~S stem malfunction

Not applicable to BQRs.

15~4. 7 Mi~slaced Bundle Accident

15.4.7.1 Identification of Causes and Frequency
Classification

15.4.7.1 1 Identification of Causes

The event discussed in this section is the improper loading of a
fuel bundle and subsequent operation of the core. Three errors
must occur for this event to take place in the initial core
loading. First, a bundle must be misloaded into a wrong position
in the core. Second, the bundle which was supposed to be loaded
where the mislocation occurred would have to be overlooked and
also put in an incorrect location. Third, the misplaced bundles
would have to be overlooked during the core verification
performed following initial core loading.

15.4.7 1.2 Frequency of Occurrence

This event occurs when a fuel .bundle is loaded into the. wrong
location in the core. It is assumed the bundle is misplaced to
the worst possible location, and the plant is operated with the
mislocated bundle. This event is categorized as an infrequent
incident based on the followinq data.
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Expected Frequency: .004 events/operating cycle

The above number is based upon past experience. The only
misloadinq events that have occurred in'he past were in reload
cores where only two erzors aze necessary. Therefore, the
freguency of occurrence for initial cores is even lower since
three errors must occur-concurrently.

15 4.7 2 S~euence of Events and Systems Operation

The postulated sequence of events for the misplaced bundle
accident (NBA) is presented in Table 15.4-5.

Fuel loading errors, undetected by in-core instrumentation
followinq fueling operations, may result in undetected reductions
in thermal margins during power operations. No detection is
assumed, and therefore, no corrective operator action or
automatic protection system functioning occurs

15~4.7 2.1 Effeet of Sin le Failure and Operator Errors

This analysis already represents the worst case (i.e., operation
of a misplaced bundle with three SEF or SOE) and there are no
further operator errors which can make the event results any
worse. It is felt that this section is not applicable to this
event. Refer to Appendix 15A for further details.

15.4 7.3 Core and ~S stem Performance

15. 4~7 3.1 Mathematical Model

A three-dimensional BMR simulator model is used to calculate the
core performance resultinq from this event. This model is
described in detail in Reference 4.3-2 of Section 4 3.

15.4.7~ g I~nut Parameters and Initial Conditions

The initial core consists of bundles with average enrichments
that are high, medium, or low with correspondingly different
qadolinia-concentrations. The fuel bundle, loading error with the
most severe consequences occurs at BOC when a low-enriched bundle
(which should be loaded at the periphery) is interchanged with a
high-enriched bundle located adjacent to a LPRM and predicted to
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have the highest LHGR and/or lowest CPR in the core. After the
loading error is made and has gone undetected, it is assumed for
purposes of conservatism that the operator uses a control pattern
which places the limiting bundle in the Sour bundle array
containing the misplaced bundle on design thermal limits, as
recorded by LPRM

As a result of loading the low-enriched bundle in an improper
location, the reading of the adjacent LPRM decreases.
Consequently, because there are no instruments in the 3 mirror
images of this four-bundle-array, the operator believes these
arrays are operating at the same power as the instrumented one,
when in fact they are not (since no loading error occurred in
these quadrants). As a result of placing the instrumented array
on limits, the 3 mirror-image arrays exceed the design limit. By
replacing the high-enriched bundle with the greatest power
peaking by the low-enriched bundle, it is assured that the
difference in power peaking between the instrumented and the non-
instrumented arrays is maximum, or rather, that the MCPR and
MLHGR is the upper bound for this error.
Other input parameters assumed are given in Table 15.4-6 and
Pigure 15 4-8.

15 4.7.3 3 Results

Results of analyzing the worst fuel bundle loading error are
reported in Table 15.4-7. As can be seen, MCPR remains well
above the point where boiling, transition would be expected to
occur, and the MLHGR does not exceed the 1$ plastic strain limit
for the clad. Therefore, no fuel damage occurs as a result of
this event.

15 4.7 3 4 Considerations of Uncertainties

In order to assure the conservatism of this analysis, major input
parameters are taken as a worst case, i.e., the bundle is placed,
in location with the highest LHGR and/or the lowest CPR in the
core and the bundle is operating on design thermal limits. This
assures that the 1 CPR and the 8 LHGR are the upper bounds for
the error.
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15.4.7.4 Barrier Performance

An evaluation of the barrier performance was not made for this
event since it is a very mild and highly localized event. No
perceptable change in the core pressure would be observed.

15.4.7 5 radiological Consequences

An evaluation of the radiological consequences is not required
for this event since no radioactive material is released from the
fue1.

15.4.8 ~S ectrum of Rod Exsection Assemblies

Not applicable to EWRs.

The BWR has precluded this event by incorporating into its design
mechanical eguipment which restricts any movement of the control
rod drive system assemblies. The control rod drive housing
support assemblies are described in Chapter 4.

15. 4. 9 Control Rod Drop Accide~nt CREA

15.4.9.1 Identification of Causes and Frequency
Classif ication

15.4.9.1 1 Identification of Causes

The control rod drop accident is the result of a postulated event
in which a high worth control rod is inserted out-of-sequence
into the core. Subsequently, it becomes decoupled from its drive
mechanism. The mechanism is withdrawn but the decoupled control
rod is assumed to be stuck in place. At a later optimum moment,
the control rod suddenly falls free and drops out of the core.
This results in the removal of large negative reactivity from the
core and results in a localized power excursion.

A more detailed discussion is qiven in Reference 15.4-1.
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15.4.9.1.2 p~te uencf of Classification

The CRDA is categorized as a limiting fault because it is not
expected to occur during 'the lifetime of the plant; but, if
postulated to occur, it has consequences that include the
potential for the release of radioactive material from the fuel.

15.4.9.2 S~e uence of Events and System Operation

15.4.9.2.~1Se uence of Events

Before the control rod drop accident (CRDA) is possible, the
sequence of events presented in Table 15.4-8 must occur. No
operator actions are required to terminate this transient.

15.4.9.2.2 Svstems Operation

The unlikely set of circumstances, referenced above, makes
possible the rapid removal of a control rod. The dropping of the
zod results in high reactivity in a small region of the core.
Por large, loosely coupled cores, this would result in a highly
peaked pcver distribution and subsequent operation of shutdown
mechanisms. Siqnificant shifts in the spatial power generation
would occur during the course of the excursion.

The Rod Sequence Control System (RSCS) limits the vorth of any
control rod which could be dropped by regulating the withdrawal
sequence. This system prevents the movement of an out-of-
sequence rod in the 100 to 75% rod density range, and from the
75A rod density point to the preset power level the RSCS vill
only allow banked position mode rod withdrawals or insertions.
This system is described in Reference 15.4-2 for a typical BMR.

The RSCS is assumed to operate throughout the event. The RHN
would provide the same protection as the RSCS if the RSCS was not
functicninq and the RMH vas.

The termination of this excursion is accomplished by automatic
safety features of inherent shutdown mechanisms. Therefore, no
operator action during the excursion is required. Although other
normal plant instrumentation and controls are assumed tc
function, no credit for their operation is taken in the analysis
of this event.
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15 4 9.2.3 Effect of si~nle failures and Operator Errors

Systems mitigating the consequences of this event are RSCS (or
RWM) and APRM scram. The RSCS and RWM are designed as a
redundant system network and therefore together provide single
failure protection. The APRM scram system is designed to single
failure criteria. Therefore, termination of this transient
within the limiting results discussed below is assured.

No operator error (in addition to the one that initiates this
event) can result in a more limiting case since the reactor
protection system will automatically terminate the transient.
See Appendix 15A for further discussion.

15.4.9.3 Core and System Performance

15.4.9 3.1 Mathematical Model

The analytical methods, assumptions and conditions for evaluating
the excursion aspects of the ccntrol rod drop accident are
described in detail in References 15.4-1, 15.4-3, and 15 4-4.
They are considered to provide a realistic yet conservative
assessment of the associated consequences. The data presented in
Reference 15.4-2 shows that the RSCS Banked Position mode reduces
the control rod worths to the degree that the detailed analyses
presented in References 15.4-1, 15.4-3, and 15.4-4 or the
bounding analyses presented in Reference 15.4-5 are not
necessary. Compliance checks are instead made to verify that the
maximum rod worth does not exceed 1% h k. If this criteria is
not met, then the bounding analysis is performed. The rod worths
are determined using the BWR Simulator Model described in
Reference 4.3-2 of section 4.3. Detailed evaluations, if
necessary, are made using the methods described in References
15. 4-1 t o 15. 4-3.

15.4. 9. 3. 2 I~nut Parameters and Initial Conditions

The core at the time of rod drop accident is assumed to be at the
point in cycle which results in the highest control rod worth, to
contain no xenon, to be in a hotstartup condition, and to have
the control rods in sequence A at 50% rod density (groups 1-4
withdrawn) . Removing xenon, which competes well for neutron
absorpticns, increases the fractional absorptions, or worth, of
the control rods. The 50% control rod density («black and white«
rod pattern), which nominally occurs at the hot-startup
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condition, ensures that withdrawal on the next rod results in the
maximum increment of reactivity.
Since the maximum incremental rod worth is maintained at very low
values, the postulated CRDA cannot result in peak enthalpies in
excess of 280 calories per gram for any plant condition. The
data presented in Subsection 15.4.9.3. 3, show the maximum control
rod worth. Other input parameters and initial conditions are
given in Table 15.4-9.

15.4.9 3 3 Results

The radiological evaluations are based on the assumed failure of
770 fuel rods. The number of rods which exceed the damage
threshold is less than 770 for all plant operating conditions or
core exposure provided the peak enthalpy is less than the 280
cal/qm desiqn limit.
The results of the compliance-check calculation, as shown in the
Table 15.4-10, indicate that the maximum incremental rod worth is
well below the worth required to cause a CRDA which would result
in 280 cal/gm peak fuel enthalpy (see Reference 15.4-1) . The
conclusion is that the 280 cal/gm design limit is not exceeded
and the assumed failure of 770 pins for the radiological
evaluation is conservative.

15.4.9.4 Barri~e Performance

An evaluation of the barrier performance was not made for this
accident since this is a highly localized event with no
significant chanqe in the gross core temperature or pressure.

~5. 4. 9.5 Radiological Copse uences

Two separate radiological analyses are provided for this
accident:

The first is based on conservative assumptions
considered to be acceptable to the NRC for the purpose
of determining adequacy of the plant design to meet
lOCFR100 quidelines. This analysis is referred to as
the "Desiqn Basis Analysis".

(2) The second analysis is based on assumptions considered
to provide a realistic conservative estimate of
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radiological consequences. This analysis is referred to
as the "Realistic Analysis."

A schematic of the leakage path is shown in Figure 15.4-9.

Specific parametric valves used for the design basis and the
realistic analyses are presented in Table 15. 4- 16.

15. 4. 9.5'.1 Des~in Basis Ana~lsis

The desiqn basis analysis is based on the NRC's Standard Review
Plan l5.4.9 (Reference ]5.4-6). The specific models, assumptions
and the program used for computer evaluation are described in
Reference 15.4-7.

It is assumed that 10 percent of the halogens and 10 percent of
the noble gases contained in rods that experience cladding damage
aze released from the fuel. Prom the rods that exceed 280 cal/g,
50 percent of the halogens and 100 percent of the noble gases are
released. Of those fission products released from the fuel, 90
percent of the halogens and 0 percent of the noble gases are
absorbed by the reactor water. ,The remaining activity is
released to the condenser prior to isolation valve closure.

Assuming a partition factor of 10 in the condensez for iodines,
the activity airborne in the ccndenser is presented in Table
15.4-11.

The fission product activity released to the environment is
dependent upon the activity airborne in the condenser, the
condenser leak rate, and the turbine building leak rate. For the
purpose of this analysis it is assumed that the condenser leak
rate is 1 percent per day and the turbine building leak rate is
infinite. Based on the airborne activity presented in the
previous subsections and the above leakage rates, the noble gas
and iodine releases to the environment are presented in Table
15. 4-12.

15.4.9.5.2 Realistic Analysis

The realistic analysis is based on a realistic but still
conservative assessment of this accident. The specif ic models,
assumptions and the program used for computer evaluation are
described in Reference 15.4-8.

The following assumptions are used in calculating fissicn product
activity release from the fuel:
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a) The reactor has been operating at design power for 1000
days until 30 minutes prior to the accident. When
translated into actual plant operation, this assumption
means that the reactor was shut down from design power,
taken critical, and brought to the initial temperature
conditions within 30 minutes of the departure from
desiqn power. The 30 minute time represents a
conservative estimate of the shortest period in which
the required plant changes could be accomplished and
defines the decay time to be applied to the fission
product inventory calculations.

b) An average of 1.8 percent of the noble gas activity and
0.32 percent of the haloqen activity in a failed fuel
rod is assumed to be released. These percentages are
consistent with actual measurements made during
defective fuel experiments (Reference 15.4-9) .

c) The fraction of solid fission product activity available
for release of the fuel is negligible.
The fissicn products produced during the nuclear
excursion are neglected.

The following assumptions are used in calculating the amount of
fission product activity transported from the reactor vessel to
the main condenser:

a) The recirculation flow rate is 25 percent of rated, and
the steam flow to the condenser is 5 percent of rated.
The 25 percent recirculation flow and 5 percent steam
flow are the maximum flow rates compatible with the
maximum fuel damage. The 5 percent steam flow rate is
greater than that which would be in effect at the
reactor power level assumed in the initial conditions
for the accident. This assumption is conservative
because it results in the transport of more fission
products throuqh the steamlines than would be expected.
Because of the relatively long fuel-to-coolant heat
transfer time constant, steam flow is not significantly
affected by the increased core heat generation within
the time required for the main steamline isolation
valves to achieve full closure.

b) The main steamline isolation valves are assumed to
receive an automatic closure signal 0.5 second after
detection of high radiation in the main steamlines and
to be fully closed at 5 seconds from the receipt of the
closure signal. The automatic closure signal originates
from the main steamline radiation monitors. The total
time required to isolate the main steamlines (5.5
seconds) combined with the assumptions, dictates the
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total amount of fission product activity transported to
the condenser before the steamlines are isolated.

c) All of the noble gas activity is assumed to be released
to the steam space of the reactor vessel.

d) The mass ratio of the halogen concentration in steam to
that of the water is assumed to be 2 percent.

e) Fission product platecut is neglected in the reactor
vessel, main steam lines, turbine, and condenser.

Of those fission products released from the fuel and transferred
to the condenser, it is assumed that 100 percent of the noble
gases are airborne in the condenser. The iodine activity
airborne in the condenser is a function of the partition factor,
volume of air, and volume of water. A partition factor of 100 is
assumed in condenser for iodine activity. By using the above
conditions, the activity airborne in the condenser is presented
in Table 15. 4-13.

The following assumptions and conditions are used to evaluate the
activity released to the environment:

a)

b)

The leak rate out of the condenser is 0.5 percent per
day of the combined condenser and turbine free volume.

The activity released from the condenser becomes
airborne in the turbine building. The turbine building
ventilation rate is seven air changes per day.

c) No filtration or plateout of iodines occurs in the
building prior to release to the atmosphere.

Based cn the above assumptions, the -fission product release to
the environment is presented in Table 15.4-14.

The offsite individual exposures for the conservative and the
realistic cases were presented in Table 15.4-15 for comparison.
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QUESTION 211. 112:

Since the reclassification of the generator and turbine trip
without bypass transients has not been accepted by the staff and
is still under generic review, reanalyze the above events for
determination of the operating limit HCPR in which the results
would not violate the safety limit MCPR of 1.06. Also, it is our
position that the limiting transient be reanalyzed with the ODYN
code~

RESPONSE

The review of the ODYN~ code has yet to be completed by the
staff. Currently, the staff revie~ has not concluded review of
the adequacy of the margin inherent in the proposed ODYN
1icensing basis. Additionally, it appears further review may be
necessary in the area of input parameters. In light of the
incomplete nature of the review it is not prudent to reanalyze
with the ODYN code at this time.

In a similar manner,
zeclassified events
determine the effect
time, since the ODYN
Staff has indicated R

following ODYN approv
complete approval of
basis is established.

it would not be prudent to reanalyze the
ith the current REDY licensing basis to
of these events on operating limits at this
model is in t'e final review stages and the
EDY based limits would not be accepted
al. Reanalyses should be deferred until
ODYN is available and the ODYN licensing

l

Jt should be noted that, although the generic review of
reclassification has not been complete, that it remains the
proposed licensing basis for this application. Any evaluations
of the effect on these events on operating limits would be for
information for the staff to judge the magnitude of the change in
margin due to reclassif ication.

NED0-24154, Volume 1, 2, NEDE24154-P Volume 3,
nQualification of the One-Dimensional Coze Transient, Model
for Boiling Hater Reactors", dated October 1978. Submitted
to NRC Attn.: O.D. Parr 12/15y78, Lettez from J. F. Quirk.

Rev. 12, 9/79 211. 112-1
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QUESTION 211.180:

The narrative on page 15.4-13 discussing the "abnormal startup of an idle
recirculation pump" transient states, "The water level does not reach either
the high or low level set points.." Table 15.4.3. indicates a low level trip
occurs 22.0 seconds after pump start. Figure 15.4-6 indicates a low level
trip occurs approximately 23.5 seconds after pump start. Further:

a) Table 15.4-6 indicates a low level alarm 10.5 seconds after pump
start while Figure 15.4-6 indicates this alarm occurs about 11.5
seconds after the pump starts.

b) Table 15.4-6 indicates vessel level beginning to stabilize 50.0
seconds after the pump starts. Figure 15.4-6 shows no such
indication.

Resolve these discrepancies.

RESPONSE:

The sequence in Table 15.4-3 starts out with a scram at 10 seconds
following the improper pump start. Figure 15.4-6 confirms this. At 23.5
seconds (rather than 22) level falls to L3 which also issues a redundant
scram signal to a system which has already scrammed. It is the intent of
Table 15.4-3 has been modified.

Table 15.4-4 indicates L4 near 11 seconds. This is verified by
Figure 15.4-6.

b) Table 15.4-4 indicates that vessel level is beginning to stabilize
at 50 seconds, This appears to be correct. Actually, level
recovered from L3 at about 41 seconds and from 30 to 40 seconds
level is changing at the rate of 2.5 in/sec. From 50 to 60 seconds
level rate is definitely flattening out under normal feedwater
level control.

Rev. 22 4/81 211.180-1
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QUESTION 2~11 61

GE calculations performed for decrease in reactor coolant
temperature (Section 15.1) and for reactor pressure increase
(Section 15.2) events using the proposed ODYN licensing basis
model (NEDO-24154) have shown that in some cases a more limiting
CPR is predicted than by the current REDY licensing bases model
(NEDO-10802) . Based on a letter to Glen C. Sherwodd dated
1/23/80 from Richard P. Denise, the staff's ODYN licensing
position is that GE can proceed with ODYN analysis of transients
described in Chapter 15 of licensing application Safety Analysis
Reports. Provide an ODYN analysis of the applicable events
listed in Tables 2-1 and 2-2 of NEDO-24154-P.

RESPONSE

The final resolution of details for the applicati.on fo ODYN
calculations in the transient licensing process has not yet been
achieved. Generic efforts are underway to determine
implementation. Reanalysis (utilizing ODYN) for key
pressurization events will necessarily follow the generic
resolution. No major change in transient margins is anticipated,
as indicated by preliminary, generic analyses.

Rev. 16, 7/80 211 261-1



TABLE 423.28-1

SYSTEM VALVE NO. PREOP. NO.
INST. AIR OR PRI.
CONT. INST. GAS

Fire Protection XV-12248,49
XV-02248
XV-02215

P13 Inst. Air

RBCCW HV-11315 P14 Inst. Air

RB HVAC HD17534A,B,C,D,E,F,H All*-
HD17502A,B; HD17514Aj B, All*
HD17564A, B; HD17524A, B All
HD17576A,B; HD17586A,B All*
HD17508A,B Both+
HD17651, BDID17603A,B
BDID 17604A,B; BDID 17605A,B
BDID 17606A,B; BDID 17609A,B
BDID 17652A,B; BDID 17653A,B
BDID 17659A,B; BDID 17667A,B
BDID 17668A,B; BDID 17669A,B
BDID 17670A,B; BDID 176IA,B
BDID 17674A,B; BDID 17675A,B

.P34. 1 Inst. Air

Rev. 27, 10/81 Page 2 of 5



TABLE 423.28-1

SYSTEM VALVE NO. PREOP. NO.
INST. AIR OR PRI.
CONT. INST. GAS

RWCU

Liquid Radwaste

Containment
Recirculation

HV-14506A,B; 14507A,B
HV-14508A,B; 14510A,B
HV-14511A,B; 14512A,B
HV-14513A,B; 14514A,B
HV-14566A,B; 14522
HV-14523, 14528, 14516
HV-14518, 14519, 14520
HV-14521, G33-1F033

HV-16108Al, HV-16116Al
HV-16108A2, HV-16116A2 Both*

HV-17521,23,24,22,25 All*
HV-15704,05,14 All*
HV-15703,13

P61.1

P69.1

P73.1

Inst. Air

Inst. Air

Inst. Air

Rev. 27, 10/81 Page 3 of 5





TABLE 423.28-1

SYSTEM VALVE NO. PREOP. NO.
INST. AIR OR PRI.
CONT. INST. GAS

Control Structure
HVAC

Feedwater

HDM-07802A,B Both*
HDM-07833A,B; HDM-07824A2,B2
HDM-07824 A4,B4; HDM-07881A,B
HDM-07872A,B; HDM-07873A,B All*
TV-07813A,B
TV-08602A,B

10604A,B,C 10640, 10641
14107A,B 10650
10606A,B,C 10604A,B,C
10663A1,A2,Bl,B2,Cl,C2
10664A,B,C

P30. 1

P30.2

P45.1,2

Inst. Air

Inst. Air

Rev. 27, 10/81 Page 5 of 5
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ESTIMATED (I) (2) (3)
TURBINE SHINE DOSE RATES

tub)(b
CtsNITe'OINT DESCRIPTION

I GENERAL YARD AREA
2 GENERAL YARDAREA
3 GENERAL YARD AREA
4 GENERAL YARD AREA
5 GENERAL YARDAREA
6 GENERAL YARD AREA
7 TOP OF COOLING TOWER
8 FIELD OFFICE
9 NORTH SITE BOUNDARY

10 WEST SITE BOUNDARY
11 SOUTH SITE BOUNDARY
12 VISITORS'ENTER

REM/YR
6 7.2(4)
1.0.1
28.2
432
132
1.2 I
5.7 I
88.2
3.7G
354
583
288

J((N(4 NY(4

(i+0

7~ it@%

~ QI

I
~ SI

74)S sU)P

ll) POINTS 1 THROUGH 8 ARE BASED
ON CONTINOUOS OCCUPANCY
(8760 HOURS PER YEAR),AND A
100 PER CENT PLANT CAPACITY
FACTOR WITH UNIT 1 ONLY IN
OPERATION.

(2) POINTS 9 THROUGH 11 ARE BASED
ON CONTINUOUS OCCUPANCY
(8760 HOURS PER YEAR),AND AN
80 PER CENT PLANT CAPACITY
FACI'OR Wl'TH BOTH UNITS IN
OPERATION.

(3) POINT 12 IS BASED ON 8 HOURS
PER YEAR OCCUPANCY. AND A
100 PER CENT PLANT CAPACITY
FACTOR WITH BOTH UNITS IN
OPERATION.
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SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2

FINALSAFETY ANALYSISREPORT

ESTIMATED TURBINE
SHINE DOSE RATES

FIGURE 12.4-1




