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1.1 INTRODUCTION

Point Beach Nuclear Plant (PBNP) ig located in east central Wisconsin on the
west shore of Lake Michigan. Both PBNP Units 1 and 2 are pressurized light
water moderated and cooled reactors designed by Westinghouse Electric
Corporation. Each unit is licensed to generate 1518.5 MW reactor power. Unit
1 achieved commercial operation in December 1970, and Unit 2 achieved
commercial operation in Octocber 1972.

The Diese! UGenerator Addition Project (DGAP) involves the addition of two
safety related emergency diesel generators (EDGs} at PBNP. Emergency power at
PBNP is normally supplied through multiple ties from offsite power sources;
however, two EDGs are currently installed in case of a loss of offsite power
(LOCP) . Each EDC is designed such that one EDG can supply sufficient power to
safely control an accident in one unit and to safely shutdown the other unit,
in the event of a2 LOOP. The new EDGs are capable of powering the same design
leads as the existing EDGs, as well as being able to provide additional
redundancy for the existing EDGs (See figures 1-1 and 1-2 for site layout). A
10 CFR 50.59 safety evaluation has been completed. This change to PBNP is not
deemed to anvolve an unreviewed safety guestion because the probability of
occurrence or the conseguences of an accident or malfunction of eguipment
important to salety evaluated in the safety analysis report ig not increased,
the possibility for an accident or malfunction of a different type than any
evaluated previgusly in the safety analysis report is not created, and the
margin of pafety as defined in the basis for any technical specification is
not reduced.

This report i1s being submitted to the Nuclear Regulatory Commission (NRC) to
support the Staff review of this project. A separate submittal containing the
Safety Evaluation, proposed Technical Specification changes, and the
Significant Hazards Analysis will be docketed under separate correspondence.

1.2 CONTENTS OF DESIGN REPORT
This DGAP design report provides the following:

a. Background information and descriptions of the existing PBNP emergerncy
power system.

b. Information regarding the nuclear industry codes and standards utilized
in the DGAP design process.

¢. Information regarding hardware additions associated with the DGAP,
including a new seismic Category I reinforced concrete Diesel Generator
Building (DGB), two additional 2,848 KW safety related EDGs, two 35,000
gallon (approximate) EDG fuel oil storage tanks, additional EDG
electrical distribution eguipment and auxiliary eguipment associated
with the installation of the new EDGs.

d. Information regarding modifications to the existing emergency electrical
distribution system.

e. Information regarding the implementation schedule for the DGAP,
including a discussion of the interim emergency power system
configurations that will be utilized during the installation process.

f. Information regarding the testing and subseguent operation of the new
emergency diesel generators and the modified emergency power system.

PBNF . WFF 1 September 21, 1993
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This report contairs the following sections:

i.3

a,

Section 1.0 provides an introduction and background for the DGAP.

Section 2.0 provides a discussion of industry codes, standards and other
criteria utilized in the desiyn process.

Section 3.0 provides an overview of the existing emergency power
distribution system and an overview of the upgraded emergency power
distribution system which includes two additional diesel generators, G032
and G04, and upgraded 4160 v and 480 v electrical safeguards
distribution systems.

Section 4.0 discusses the design and installution of the G03 and G04
safety related emergency diesel generators.

Section 5.0 discusses the design and installation of the new G03/G04
building and support systems.

Section 6.0 discusses the upgrade of the electrical safeguards interface
of the new emergency diesel generators to the electrical safeguards
distribution system.

Section 7.0 discusses the implementation plan for the addition of the
emergency diesel generators and the electrical system upgrade. This
includes interim configurations of the emergency power gystein that will
be utilized during the DGAP installation process and plans to move the
security fence so that it encloses the new diesel generator building.

DIESEL PROJECT PROGRAM OBJECTIVE AND GOALS

Wiscongin Electric (WE) has decided to install two additional safety-related
EDGs at PBNP to erhance the two Units safety and reliability. The addition of
the EDGe will allow the following primary cbjective to be met: ‘

The addivional EDGs will enable the removal of any one diesel from
service vithout entering a Technical Specification Limiting Condition
ior Operation (LCO). PBNP currently has a seven day Technical
Specification Limiting Condition for Operation (LCO) if one of the two
EDGs is “aken out of service for some reason This LCO reguires both
unite at PBNP to be shutdown if the EDG has not been returned to gervice
within seven days If two additional EDGs are installed, one or two a
EDGs could be removed from service without being in an LCO. This
enhancement would preclude a dual unit cutage that would currently be
required if a diesel is taken out of service for more than seven days.

The following secondary objectives will alsc be met:

The additional EDGs will provide a larger margin between the accident
condition loading requirements and the generating capacity of the EDGs.
The 2000 hour design rating of the existing EDGe is 2850 kw and the 200
hour rating is 2963 kw, while the current initial (ie. first 1/Zhour)
accident loads on GOl and G02 are 2786 kw and 2909 kw, respectively.

The loads decrease to 2584 kw for either diesel after the first 1/2 hour
has passed. Installing two additional EDGe will increase the likelihood
that more than cne diesel would be operable after the onset of an
accident 1f more than one diesel is operable after the onset of an
accident, some loads could be transferred to the extra EDG(s), thus
eliminating the small margin between the diesel loading and the 200 hour
rating.
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b. The additional EDGs will provide excess emergency power generating
capacity; which will result in the ability to provide power to some non-
essential loads during accident conditions.

e. The ndd;tzonal RDG. v111 enhunc‘ uafuty at Pﬁﬂp The results of the

- ’ 53 2] >
1nd1cnted that nddztzonal RDGu would reduce the lakollhood of a core
melt accident that could result from the failure of offsite power.

d. The new EDGs could be utilized as a qualified alternate ac power source
instead of (or in addition teo) the existing combustion gas turbine
generator to address Staticn Blackout .

1.4 ELECTRICAL SAFEGUARDS MODIFICATIONS

The electrical safeguards modification includes the addition of two EDGs (GO3
and GO4) manufactured by General Motors Corporation, Electro-Motive Division.
The EDGs will be radiator cooled and will be housed in a new Diesel Generator
Building (DGEB). The support systems required for the EDGs include fuel oil
systems, starting air systems and ventilation systems. The associated control
panels, auxiliary eguipment, electrical distribution eguipment, EDG day tanks,
starting air and fuel cil storage and transfer components as well as the
diesel engine radiators are also housed in the DGB.

1.5 DEFINITIONS

Class 1

Those structures and compenents including instruments and control whose
failure might cause or increase the severity of a loss-of-cooclant accident or
result in an uncontrolled release of excessive amounts of radioactivity.
Also, those structures and components vital to safe shutdown and isolation of
the reactor., Class I structures and components are designed to withstand all
loadinge including SSE and OBE seismic loads without loss of function.

Clasg 11

Those structures and components which are important to reactor operation but
not essential to safe shutdown and igclation of the reactor and whose failure
could not result in the release of substantial amounts of radicactivity.

Clasg 111

Those gtructures and components which are not related to reactor operation or
contairment and include all structures and components not included in Class I
and Class II. Class II1 Structures and systems are typically designed in
accordance with The Uniform Building Code.

Seismic 11 Over I:
All non-safety related systems and components and their supporting systems are

designed tc ensure that the SSE does not cause their structural failure in a
manner that will result in damage to safetry related systems or components.

PERP WFF
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2.0 DESIGN STANDARDS

2.1 NUCLEAR INDUSTRY CODES & STANDARDS

Where applicable, industry codes and standards used in the original design of
PENP have been utilized in the design of the DGAP., We believe that it is
important to maintain a uniform design basis for each system, and that future
modifications would be complicated if different portions of the same system
were designed to different codes and standards. Conseguently, because this
preject will result in significant modifications to numerous plant systems,
original codes and standards have been utilized, where appropriate, to ensure
congsistency in system design.

Appendix A, "Industry Codes and Standards Compliance Matrix," lists applicable
industry codes and standards that were used in this project. Original codes
and standards were reviewed against current codes and standards toc ensure that
safety is not impacted by utilizing original codes and standards. Where
appropriate, original codes and standards have been supplemented by
requirements in current codes and standards. The results of this review are
detailed in Appendix-A.

2.2 GENERAL DESIGN CRITERIA

PBNP was originally designed utilizing criteria listed in the Atomic
Industrial Forum (AIF) letter, "Comments of Forum Committee on Reactor Safety
on AECs Proposed Construction Permit Criteria," dated October 2, 1967.
Applicable criteria from this letter have been utilized in the DGAP design.
Additionally, applicable criteria inm 10 CFR 50, Appendix A, "General Design
Criteria for Nuclear Power Plants," have also been utilized in the design of
the DGAP. These two sets of design criteria are cross referenced and
discussed in Appendix-B, "General Design Criteria Compliance Matrix."

2.3 NRC STANDARD REVIEW FLANS

Applicable sections of NUREG- (800, "Standard Review Plan for the Review of
Safety Analysis Reports for Nuclesr Fower Plants, LWR Edition," have been
reviewed to determine the DGAPs Aesign conformance with the guidance contained
therein. The applicable sections of NUREG-0800 are discussed in Appendix C,
*Standard Review Plan Compliance Matrix,"”

2.4 RECULATORY GUIDES
Applicable NRC Regulatory Guides have been reviewed to determine the DGAPs

conformance with the guidance contained therein. Applicable Regulatory Guides
are discussed in Appendix-D, "Regulatory Guide Compliance Matrix. "

PBNP WPF 8 September 21, 1983
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2.5 NUREG/CR 0660, "Enhancement of On-Site EDG Reliability"

The recommendations provided in NUREG/CR-0650 are addressed in the design.
The specific approaches are discussed in the responses to the associated
Standard Review Plans (e.g. SRP 9.5.8, Emergency Diesel Engine Combustion Air
Intake and Exhaust Systems) .

2.6 BUILDING CODES

2.6.1 Wisconsin Administrative Code

2.6.2 Uniform Building Code

2.7 QUALITY ASSURANCE

2.7.1 Design

All safety-related design and construction activities performed for the PBNP
diesel project by WE and its suppliers will be performed in accordance with
the Quality Assurance Program that meets the requirements of 10 CFR 50,
Appeissix T anZd the guidelines provided in ANSI N18.7-1976, except as
specifically noted in Table 1.8-1 of the PBNP FSAR.

2.7.2 Procurement

Safety-related items and services will be procured from vendors with approved
10 CFR 50, Appendix B Quality Assurance Programs or dedicated in accordance
with WE Quality Assurance Program. Commercial Grade Items (CGI) being
dedicated will require that a Technical Evaluation (TE) be prepared, reviewed
by WE Procurement Engineering, and approved by the WE Site Quality Assurance
Group. The TE will identify the necessary critical characteristics and
acceptance method(s) necessary tc provide reasonable assurance the item being
received is the item specified. Items being considered for dedication by WE
include embedded unistrut, rebar, concrete, and the radiator fan motors.
Additional items may be considered as they are identified during the project.

2.7.3 Installation

All safety-related installaticn activities will be controlled in accordance
with 10CFRS50 Appendix B Quality Assurance Program. Non-safety-related
activities, including augmented guality, will be controlled with a Quality
Program commensurate with the activities importance to safety or based on the
activities potential impact on plant operations.

Installation activities will be controlled in accordance with a contractors
approved Quality Assurance Program; however, when deemed necessary by
Wisconsin Electric, activities will be controlled in accordance with the
applicable requirements of the Wisconsin Electric Quality Assurance Program.
This determination will be made based upon the activities impact or potential
impact on plant operations. Satisfactory control of installation activities
will be verified by freguent monitoring, specific scope surveillance, and
program audits.

PENP . WPF 9 September 21, 1993
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2.0
3.1
3.2.32

The existing PBNP EDGs, G01 and G02, and the safeguards electrical
distribution system provide emergency power in the event of loss of offsite
power in order to bring both units to a safe (hot) shutdown condition. This
is achieved using automatic control logic. Each EDG, as a backup to the
preferred offsite AC power supply, is capable of automa® 1ally starting and
supplying the power requirements of one complete set of ‘.igineered safeguarde
features for cne unit while providing sufficient power tu allow the second
unit to be placed in a safe shutdown condition. A Safety Injection (8I)
signal in either unit willi also initiate an automatic start of the diesels.

The existing design predates the physical and electrical separation
requirements of IEEE 384. For example, the redundant trains of 4160 V
switchgear in the safeguards electrical distribution system are located in the
same room with no physical barrier between the two.

See Figure 3-1 for the one-line electrical diagram of the existing Safeguards
AC electrical distribution system.

EDGs GO01 and GU2 consist of two General Motors Corporation, Electro-Motive
Division units each rated at 2850 kw contiouocus (2000 hour basis), 0.8 power
factor, 900 ¥pm, 4160 V, 3-phase, and 60 Hertz. Additional ratings are 2963
kw for 200 hours, 3000 kw for 4 hours and 3053 kw for a 30-minute period. The
worst case plant loads placed on an EDG during a design basis accident
(reguiring safety injection of one unit and hot shutdown of the other in
conjunction with loss of power to both units plus a failure of one EDG) result
in approximately 2907 kw for the automatically and manually-connected load:s
for the first half hour (which is less than the 200 hour rating). The loading
then decreases to approximately 2600 kw for the duration of the accident
{(which is less than the 2000 hour rating). Table 3-A depicts the presently
evaluated EDG G01 and G02 lcads for the above scenario.

Bach EDG is started by either one of two pairs of air motors. Each EDG has
its own independent starting air system, including two banks of three air
storage tanks and two compresscor systenms powered from separate Train A and
Train B 480 V safeguards electrical distribution system motor control centers.
By manually changing the pulley belt, one air compressor in each unit may be
powered by its own independent auxiliary diesel engine. Each bank of air
receivers has sufficient storage to crank the EDG five separate times for the
normal cranking duration. Each EDG is capable of being started and readied to
accept load in 10 seconds. The starting air system is redundant for each EDG.

Air is admitted from the starting air receivers at a working pressure of 200
psig to the EDG starting system through a two-way solenoid valve. A selector
switch determines which solencid valve and, in turn, which bank of air start
motors will be activated first. When the signal o start the EDG is
initiated, a motor-driven fuel pump will start, and the preselected sclencid
valve will be energized to open. Once the starter motor pinions are engaged,
the starter motors will ¢rank the engine.

PEINP . WPF 10 September 21, 1993
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Cranking continues until either the engine starts or until a predetermined
time period of 2 seconds has elapsed. At this time, shouid the enyg'ne fail to
start, the start failure alarm will come on, followed by a start attempt by
both banks of start motors. If the engine again fails to start, after §
seconds, a startup attempt will be made by only the opposite bank of motors.
Although sufficient air storage is provided to permit at least 5 starts before
the tanks are esxhausted, only 3 automatic start attempts will be made on an
initiated start signal. If all three attempts are unsuccessful, both circuits
will lock cut. Operater action is reguired for additional start attempts.

The control voltage for the EDG starting system is supplied by the DC System
and is backed up by a manually switched 125 V DC power supply from an
alternate station battery.

Tc ensure a rapid start, each EDG is equipped with an immersion heater which
furnishes heat to the engine cocling water when the engine is shut down,
Coolant heated by the immersion heater circulates through the lube oil cooler
by thermosyphon action to warm the lube o0il. The warmed oil is circulated
through the engine and turbocharger by the lube o0il circulating pumps and is
returned tc the engine oil sump,

Automatic starting of each EDG (801 and G02) is initiated by undervoltage on

either of the two 4160 V buses (1-A0S or 2-A05 for G001 and 1-AD6 or 2-A06 for
G02) to which the EDG is associated. Automatic starting is alsc initiated by
a safety injection (S8I) signal.

3.1.2 safeguards Electrical System

Figure 3-1 shows the existing safeguards electrical configuration. For an
explanation of the existing system and its operation refer to section 6.0

3.1.3 23 [ELe

Sufficient fuel is stored in & storage tank located in the base of each EDG
and an additional day tank for each EDG to permit a minimum of five hours
operation at full leocad. An underground emergency fuel oil storage tank on
gite has a capacity of 12,000 gallons. This capacity provides sufficient fuel
to allew cne EDG to operate continuously at full load for an additional 48
hours Transfer of fuel from the emergency tank to automatically maintain
level in the EDG day tanks is accomplished by two motor-driven pumps. An
additional supply of diesel cil i1s maintained on site in two 60,000 gallon
bulk oil storage tanks used to supply the gas turbine and heating boilers.
This oil can be transferred via gravity feed to the 12,000 gallon underground
emergency fuel oil storage tank, With one 60,000 gallon tank and all the
other ranks at minimum allowable levels, the oil capacity is sufficient for a
total of approximately 128 hours of operation for the two diesels

3.1.4 piepel Generator Ventilation

The ventilation system for the existing diesel generator yooms and switchgear
rooms will not be affected by the addition of the two new EDGs except for the
power supplies to the fans GO2 diesel room. These power supplies will be
reconnected to make them A train supplies.

FBNP . WPF il September 21, 1993
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3.2 UPGRADED SAFEGUARDS AUXILIARY POWER SYSTEM

The upgraded safeguardsn auxiliary power system will include the addition of
two new BEDGs, G032 and G04, with all required support systems and safeguards
auxiliary power system conponents. The suppert systems will include fuel oil,
starting #ir and ventilation. The safeguards auxiliary power system
component 3 will include 4160 V switchgear buses, 480 V motor control centers,
125 V DC distribution panels, 120 v AC distribution panels, transformers and
cabling.

Additionally, new fuel oil storage and transfer compconents which will be part
of the new fuel oil system, will be added to support all four emergency diesel
generators. These will include new EDG fuel oil storage tanks, fuel oil
transfer pumps and a fuel oil fill tank.

See Figure 3-2 for the one-line electrical diagram of the modified Safeguards
AC Electrical Distribution System.

3.2.1 G023 and GO4 Diesel Cenerators and Auxiliary Systems

The new EDGs will consist of two General Motors Corporation, Electro-Motive
Division units, each rated at 2848 kw continuous (2000 hour basis) 0.8 power .
factcr, 900 vpm, 6900 V, 3-phase, and 60 Hertz. The 6900 V rating is with the |
generator windings wye connected. The reguired 4160 V rating will be obtained
by connecting the windings in a delta configuration. Additional ratings are
2951 kW for 200 hours and 2987 kw for 4 hours.

The EDGe will be radiator cooled and will be independent of the existing plant
cooling water system,

A new diesel generator building (DGB) will house the new EDGs (G03/G04), with
the associated control panels, auxiliary equipment, electrical distribution
equipment, EDG day tanks, starting air components, fuel o1l storage and
transfer components and the diesel engine radiators.

Each EDG 18 started by either one of two banks of air motors. Each bank
consists of a pair of air motors, air start valves, air line lubricator, high
flow air regulator, and air receivers that hold sufficient air for a minimum
of S start attempts. The air receivers for each bank are fed from two common
compressors, the normal supply compressor is electric driven and tiie backup
compreseor is driven by its own diesel engine. The two air banks are isolated
from the air supply with check valves thus making them completely independent.

Bir is admitted from the air receivers at a working pressure of 240 psig,
through a high flow regulator that supplies air at 200 psig tec the EDG air
start valves, When the gignal to start the engine is initiated, a motor
driven fuel pump and a governor booster pump will start, and an air solenoid
valve in each start bank will energize to open. The air sclencid valve allows
pilot air pressure to engage the air motor drive pinions. Once the air motor
pinions are engaged, the pilot air pressure causes a high flow air start valve
to open admitting air to the air motors which crank the engine. The engine
will crank until the engine reaches 100 rpm.

flywheel within .7 seconds, the air start system will depressurize for .7
seconds then attempt another start. Should the air motors crank the engine
above 100 rpm without the engine starting the motors will deenergize and a
second start attempt will be initiated when the diesel speed drops below S0
rpm, this will continue until either the engine starts or the air in the
receivers is exhausted,

The control voltage for the EDG starting system is supplied by the DC system
and is backed up by a manually switched 125 V DC power supply from an
alternate station battery.

|
Should the air start motor pinions of both air tanks fail to engage the
1
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To ensure a rapid start, each EDG i1s equipped with an immersion heater which
furnishes heat to the engine cooling water when the engine is shutdown.
Coolant heated by the immersicon heater circulates through the lube oil cocler
by thermogyphon action to warm the lube oil. The warmed ©0il is circulated
through the engine and turbocharger by the lube 0il circulating pumps and is
returned to the engine oil sump.

3.2.2 gsafequards Electrical System

As a part of the project to upgrade the safeguards electrical distribution
system, existing EDG G02, presently providing emergency backup power to the
Train B engineered safety features of both units, will be reassigned as the
Cnit 2 Train A normal 2mergency power source and as the Unit 1 Train A
alternate emergency power source. EDG GOl will be assigned as the Unit 1
Train A normal emergency power source and the Unit 2 Train A alternate
emergency power source.

The feeds to existing Train B 4160 V buses 1-A06 and 2-A06 from 4160V buses 1-
AD4 and 2-AC4, respectively, will be rercuted to new Train B 1-A06 and 2-A06
bus2s located in the DGB. The existing 1-A06 and 2-A0§ buses will become
extensions of Train A buses 1-A05 and 2-A0S, respectively. EDG G03 will be
assigned as the Unit 1 Train B normal emergency power source and the Unit 2
Train B alternate emergency power source. EDG G04 will be assigned as the
Unit 2 Train B normal emergency power source and the Unit 1 Train B alternate
emergency power source.

The feeds from the existing 1-A06 and 2-A06 buses to the asgociated Station
Service Transformers (SST) and SI pumps will be replaced with new feeds from
the new 1-A06 and 2-A06 buses in the DGB.

Relocaticn of the Train B 4160 V buses to the DGB and making the existing
Train B buses extensions of the Train A buses resolves the existing separation
discrepancy between the Train A and B 4160 V buses described in Section 3.1.

3.2.3 Fuel Qil System

The new fuel oil storage and transfer components will consist of two 35,000
gallon (approximate) EDG fuel 01l storage tanks encased in concrete below the
ground floor level of the DGB, transfer pumps located in the DGBE and an above
grade fuel oil fill tank. One storage tank will provide a minimum of five
days supply of fuel to G01/G02 (Note that the maximum fuel consumption occurs
with both engines operating at partial locad). The other storage tank will
provide a minimum of five days supply of fuel to G03/G04 assuming both engines
are operating at partial lcad. To assure a seven day supply in either one of
the storage tanks, provisions will be made to allow manually cross-tying the
storage tanks. Diesel engine fuel o0il transported to the site will be cff-
loaded initially to a fill tank. The fuel oil in the fill tank will be tested
to engure compliance with the diesel engine fuel oil specifications. After
compliance is verified, the fuel o0il in the fill tank will be gravity fed to
the storage tanks.

3.2.4 QDiesel Generator Ventilation

The diesel generator building ventilation system is described in section
4.3.7.
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Table 3-A, Page 1 of 2
FSAR
TABLE 8.2-1

EMERGEL .Y DIESEL GENERATOR LOADING
FOLLOWING LOSS OF COOLANT ACCIDENT

Injection Phase

: ' Rating e Load (kW)
Accident Unit and Common Load-y {Each) Gol* GL1# GO2* G024
1 Safety Injection Pump 700 HP 560 560 560 560

1 i Residual Heat Removal Pump 200 HP 141 141 141 141
3 Service VWater Pumps 300 HP 718 718 718 718
2 Containment Fans 150 HP 249 249 248 249
1 Auxiliary Feedwater Pump 250 HP 207 207 207 207
1 Containment Spray Pump 200 HP 166 166 166 166
1 Component Cooling Pump 250 H® 207 207 207 207
1 Charging Pump 100 HP 83 83 83 91
1 Emergency Lighting Xfmr 30 KVA 27 27 27 27
2 Diesel Room Fans 20 HP 24 24 24 24
1 XY06 Instrument Bus Xfmr 20 KVA 27 a7 27 27
1 Battery Room Fan 12 HP 4 Bl 4 4
3 Boric Acid Heat Trace Xfmzr 112 KVA 112 112
1 Station Service Xfmr Losses 22 10 14 23

Subtotal 2435 2423 2539 255G
Non-Accident Unit Loads (Hot Shutdown)
1 Component Cooling Pump 250 HP 207 207 207 207
1 Charging Pump 100 HP 83 83 91 83
1 Containment Accident Fan 150 HP 45 45 45 45
1 Station Service Xfmr Losses 3 10 11 5
Total 2773 2768 2893 2896

» - n it Load 1
1 Component Cooling Pump 250 HP 207 207 207 207
1 Residual Heat Removal Pump 200 HP 141 141 141 141
1 Station Service Xfmr Losses 3 10 10 5

Total 2786 2781 2897 2909
* Unit 1 Accident
# Unit 2 Accident

The above injection phase loading will last for about 1/2 hour.

June 1991
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FSAR

TABLE 8.2-2

Rev. 0

Table 3-A, Page 2 of 2

EMERGENCY DIESEL GENERATOR LOADING
FOLLOWIRG LOS8 OF COOLANT ACCIDENT

Recirculation #hase

Rating
Agcident Unit and Common Loads — (Eagh)
1 Bafety Injection Pump 700 HP
1 FResidual Heat Removal Pump 200 HP
3 Service Water Pumps 300 HP
2 Containment Fans 150 HP
1 Component Cooling Pump 250 HP
1 Emergency Lighting Xfmr 30 KVA
2 Diesel Room Fans 20 HP
1 XY06 Instrument Bus Xfmx 30 KVA
1 Battery Room Fan 12 HP
1 Battery Charger 76 KVA
1 Battery Charger 112 KVA
1 Fuel 0il Transfer Pump 2 HP
1 Security Battery Charger 51 KVA
1 Instrument Air Compressor 100 HP
1 BStation Service Xfmr Losees
Subtotal

Non:Accident Unit Loads (Hot Shutdown)

1 Component Cocling Pump 250
1 Charging Pump 100
1 Containment Accident Fan 150
1 Station Service Xfmr Losses

Total
Non-Accident Unit Loads (Cold Shutdown)
1 Component Cooling Pump 250
1 Residual Heat Removal Pump 200
1 8tation Service Xfmr Losses

Total
w Unit 1 Accident
8 Unit 2 Accident

The above recirculation phase loading is conei“cred continuous with respect to

emergency generator loading.

PENP WPF i

HP
HP
HP

HP

560
141
718
249
207
27
24
27

S4
75

36
15

2232

207
83
45

2873

207

GOl# GO2* GO2%

560 560
141 141
718 718
249 249
207 207
27 27
24 24
27 27
4 4
54 54
75 7%
2 2
36 36
23 93
¥ 8

2224 2225 2231

207 207
83 91
45 45
10 10

2569 2578 2571

207 207
141 141
10 10

207
141

2582 2583 2584

June 1%91

S:ptember 21,

1993
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4.1 SAFETY DESIGN CLASSIFICATION

4.1.1 Diesel Engine Auxiliary Systems

All interconnecting piping between equipment necessary for the operation of

the diesel generator will be safety related.

All other piping and components

that are not necessary for diesel generator operability, such as drain, vent
and fill lines will be classified as non-safety related.

The safety design classification for piping and equipment in each diesel

engine auxiliary system is as follows:

System/Components

Safety Classification

Cocling Water System (both HT: High

Temperature Cooling Circuit and LT:

Low Temperature Cooling Circuits)

*Radiator

Radiator Fans

*Expansion Tank

Reservoir/Storage Tank and

Piping

Transfer Pump

Interconnecting Piping

(Including Equipment Vent Lines)

g Exp. Tank Fill, Overflow, Vent
Beyond First Isolation and Drain
Lines Valve.

anow

o

Safety Related
Safety Related
Safety Related
Non-Safety Related

Non-Safety Related
Safety Related

Non-Safety Related

Fuel Oil System
a. Day Tank
b. Interconnecting Piping

Safety Related
Safety Related

Starting Air System
Compresscr Unit
Wet Air Receiver
Air Dryer
Starting Air Receiver
Interconnecting Piping
1. Receiver to Engine
2. Compressor to Dryer
3. Dryer to Receiver (refer to
P&ID for break point)
f. Vent & Drain Lines Beyond First
Isclation Valve For Air
Receiver,

TOonNnow

Non-Safety Related
Non-Safety Related
Non-Safety Related
Safety Related

Safety Related
Non-Safety Related
Non-Safety Related

Non-Safety Related

Lube 011 System

. Iube 0il Cooler
Lube Cil Circ. Pump
AC Lube 0il Socakback Pump
Engine/Aux. Interconnecting
Piping
2. Lube Oil Tank Fill Line

anow

Safety Related
Non-Safety Related
Non-Safety Related
Safety Related

Nor-Safety Related

Combustion Air and Exhaust System
a. Intake Air Filter
b. Intake Air Silencer
¢. Exhaust Bilencer
d Interconnecting Piping

Safety Related
Safety Related
Safety Pelated
Safety Related

PENP WPF 19
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4.1.2 Electric Powsy Digtyibution and Controls

The electrical power distribution and controls system necessary for operation
of safety related equipment including diesel generator units and engine room

ventilation ig Class 1E.

Rev. 0

Diesel generator power is required in the event of a loss of offsite power,
and is required to be available when an (SI) actuation signal is initiated.

The safety design classification for the electrical power distribution,
instrumentation, and controls is as follows:

System/Components

Safety Classification

Monitoring
raceways)

Electric Power Distribution & Controls

Safety Related Equipment
(including cables and raceways)

k. Power and Control Circuits for
Alarms, Indication and

a. 4160 Volt Switchgear Safety Related
b. 4160V-4B0V Transformers Safety Related
¢c. 480V MCC's 1-B30 and 2-B30 Safety Related
d. 480V MCC's 1-B40 and 2-B40~* Safety Related
€. 125 VDC Distribution Panels Safety Related
£. 480V-120V Instrument Safety Related
Transformers
g. 120V Instrument Panels Safety Related
h. 480V-120V Lighting Transformers Non-Safety Related
i, 120V Lighting Panels Non-Safety Related
j. Emergency Lighting Units Non-Safety Related
k. Grounding & Lightning Protection | Non-Safety Related
1. Power and Control Circuite for Safety Related

{including cables and

Non-Safety Related

* MCC’'s 1-B40 and 2-B40 have two sections,
non-safety related section.

safety related section.

PBNP . WPF

See section & for further details.
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a safety related section and a
The non-safety related section is fed from the

September 21,
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4.1.4 Diesel Generator Room Ventilation Systems

The diesel generator room normal mode ventilation equipment is provided for
human comfort only.

The safety design classification for diesel generator room ventilation systems
is ap follows:

System/Components Safety Classification
Diesel Generator Rm Ventilation Systems

a, Emergency Mode Exhaust Fans Safety Related

b. Emergency Mode Louvers Safety Related

¢. Emergency Mode Controls Safety Related

d. Fuel 0il Transfer Pump Room Safety Related

Heaters
e. All Components of Ventilation Non-Safety Related

System Other Than Those listed.

¥
‘-

| &
o
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4.2 SEISMIC DESIGN CLASSIFICATION

The OBE and SSE Seismic Response Spectra for the DGB will be used for those
systems, equipment and components designated as seismic roquiting seismic
design and qualification. Systems, equipment and components designated as
safety related will be designed and qualified as Seismic Class I. stems,
equipment and components not designated as safety related but whose failure
may affect safety-related equipment, will be designed and qualified as Seismic
Class I or Class II.

All other systems, equipment and components not designated as safety related
will be designed and qualified in accordance with Class II1 requirements.

4.2.1 Diegel Engine Auxiliary Systems

The seismic design classification for piping and eguipment in each diesel
engine auxiliary system is as follows:

System/Components Seismic Classification
Cooling Water System (Both HT: High
Temperature Cocling Circuit and LT:
Low Temperature Cooling Circuits)
a. Radiator Class I
b. Radiator Fans Class I
c. Expansion Tank Class 1
d. Reservoir/Storage Tank and Class 11
Piping
e. Transfer Pump Class II
f. Interconnecting Piping Class I
(Including Eguipment Vent Lines)
g. Exp. Tank Fill, Overflow, Vent Class I
Beyond First lsolation and Drain
Lines Valve.
Fuel 01l System
a. Day Tank Class I
b. Interconnecting Piping Class I
Starting Air System
a. Compressor Unit Class II
b. Wet Air Receiver Class 11
¢. Air Dryer Class 11
d, Starting Air Receiver Class I
e. Interconnecting Pipin
1 Receiver to Engine Class 1
2., Compressor to Dryer Class 11
3. Dryer to Receiver (refer Class II
tc P&ID for break point)
f. Vent & Drain Lines Beyond First Class II
Isclation Valve For Air
Receiver
lube 01l System
a, Lube 0il Cooler Class 1
b. Lube 0il Circ. Pump Class I1I
¢. AC Lube 0il Scakback Pump Class I
d. Engine/Aux. Interconnecting Class I
Piping
@. Lube Oil Tank Fill Line Class 1I
Combustion Air and Exhaust System
a. Intake Air Filter Class 1
b. Intake Air Silencer Class I
¢. Exhaust Silencer Class 1
d. Interconnecting Piping Class 1

PBNP . WPF 23 September 21, 1993
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4.2.2 Electric Power Distribution and Controls

Satety related electrical power distribution system components will be
gqualified in accordance with the seismic requirements for Class 1E Equipment.

Instruments, controls and associated sensing lines required for the ration
of the diesel engine auxiliaries and engine room ventilation system will be
alified in accordance with seismic requirements for Class 1E e?uxpmcnt.
ge instruments, controls and sensing lines that are required for alarming,
indication and monitoring will not be gualified to Class 1E requirements.

The seismic design cliassification for the electrical power distribution,
instrumentation, and controls is as follows:

| System/Components Seismic Clasgification |
Electric Power Distribution & Controls

a. 4160 Veolt Switchgear Ciass I

b. 4160V-480V Transformers Class I

. 480V MCC’'s 1-B30 and 2-B30 Class I

d. 480V MCC’'s 1-B40 and 2-B40* Class I

. 125 VDC Distribution Panels Clase I

£f. 480V-120V Instrument Clzss 1
Transformers

g. 120V Instrument Panels Class 1

h. 4B0V-120V Lighting Transformers Class 11

i. 120V Lighting Panels Class II

3. Emergency Lighting Units Class II

k. Grounding & Lightning Protection | Class Il

1. Power and Contrel Circuits for Class I |
Safety Related Equipment

k. Power and Control Circuits for Class II
Alarms, Indication and
Monitoring

4.2.3 Fuel Oil Storage and Transfer System

The electrical power supply equipment, including pump contrcls and
instrumentation associated with the storage tanks and transfer pumps will be
Class 1E equipment, The storage tank level instrumentation for indication and
alarm will not be Class 1E Equipment. The day tank level control switches to
initiate automatic or manual operation of the transfer pumps will be gualified
in accordance with seismic requirements for Class 1E equipment.

The fuel cil fill tank is not part of the safety related storage tank pressure
boundary and therefore the power sugplg equipment, controls, instrumentation
and circuits/raceway associated with the receiving tank are not Class 1E
egquipment .

All sensing lines for tank level and transfer pump instrumentation will

maintain the integrity of the pressure boundary for conditions stipulated in
Seismic Clase I criteria.

PENP . WPF 24 September 21, 1993
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The seismic design classification for the Fuel 0il Storage and Transfer System

is as follows:

Rev. 0

Located within Class IIl

Structures

System/Component Seismic Classification
Tanks
a. Fuel 0il Storage Tanks Class I
b. Fill Tank Class I1I
P B
__?;_T_E.‘.ﬂ_!.w' Class 1
Fuel 0il Piping
a. Fuel Oil Transfer Pipin? System Class I
(except vent and drain lines)
b. Storage Tank Vent Lines Class I
¢. Storage Tank Drain Lines Class I
d. Fuel Oil System Emergency Fill Class I
Connections
e. Fill Tank Piping Class IIl
Instrumentation/Control
a. Class 1lE Pump Controls Class I
b. Class 1E Day Tank Level Switches Class 1
for Automatic Fuel Transfer
¢. Fill Tank Instrumentation Class III
d. Storage Tank Level Class I1I
Instrumentation for Indication
and Alarm
e. Sensing Lines For Day Tank Level Class I
and Transfer Pump
Instrumentation
f. Instrumentation Lines After
First Isclation Valve
1. Within Class I or Class II Class II
Structures
2. Within Class III Structures Class III
g. All other Instrumentation Class 1II
Located within Class I or Class
IT1 Structures
h. All other Instrumentation Class 1II

4.2.4 Diesel Generator Room Ventilation System

The seismic desi?n classification for diesel generator room ventilation

systems 18 as follows:
System/Components Seismic Classification
Diesel Generator Rm Ventilation System
a. Emergency Mode Exhaust Fans Class I
b. Emergency Mode Louvers Classe I
c. Emergency Mode Controls Class I
d. Fuel 0il Transfer Pump Room Class 1
Heaters
¢. All Components of Ventilation Class 11
System Other Than Those listed.
PENP.WPF 25 September 21,
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4.3.1.3 Generator Refurbishment

The generators have had the foilowing work performed on them since the
purchase by Wisconsin Electric:

Modifications of the bearings to replace a fiberglass insulation
sleeve. This modification was recommended by and installed per
the regquirements of the original manufacturer.

Complete rewind of one of the stators due to low meager readings
in 4 of the 8 poles.

Retest per IEEE 384 section 6.1.2.

4.3.1.4 Diesel Generator Control Panel Refurbishment

The control panels have had the following work performed on them since
purchase by Wisconsin Electric:

a.

Reconnection of the generator output from 6900v wye connection to
4160v delta connection.

Replacement of all gauges, Potential Transformers and Current
transformers to support the change to 4160v.

Installation of generator protective relays.
Installation of new governor controls.

Modification to engine and generator controls to meet the
Wisconsin Electric human factors control requirements.

All work has been designed, gualified and installed by the original panel
manufacturer,

PBNP . WPF
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4.3.2 Diesel Engine Cooling System

4.3.2.1 Glyvol Cooling System Design

Bach engine will be provided with an independent closed glycol cooling system.
The system cools the engine jacket, cylinder block, the aftercocler and the
lube ©0il heat exchanger (cooler). The system will be provided with two
engine-driven circulating pumps, an expansion tank, a water-to-air heat
exchanger (radiator), a drain tank, and a three-way thermostatic valve.

In addition, the cooling system will be provided with a preheating circuit to
facilitate gquick startup of the diesel engine. The preheating circuit will
consist of an electric immersion heater. The heater will be thermostatically
controlled to maintain the water temperature in the lube o©il cooler between
125°F and 155°F. Heat is transferred (thermosyphon) to the lube oil system
through the lube o0il heat exchanger (cooler) utilizing a lubricating oil AC
electric circulation pump which circulates cil from the engine sump through
the cooler and back to the sump (Reference Section 4.3.5).

During normal engine operation, the coclant temperature will be maintained at
design temperature by a 3-way thermostatic valve which will either direct flow
to, or bypass the radiator to maintain an engine coclant discharge temperature
of 185°F.

The cooling system coolant expansion tank, which will be located on the second
floor of the DGB, will maintain the required pump NPSH for the system
circulating pumps. The cooling system flow to the pumps will be pressurized
thue protecting the pumps from cavitation. The expansion tank will be
adequately sized to provide for thermal expansion of the cooling water and
provide makeup for minor system leaks at the pump shaft seal.,, valve stems,
and other associated components. The 9%90-gallon expansion tank will provide an
air vent for the venting of the glycol cooling system piping and components to

remove air pockets which otherwise would be entrained in the system, resulting

in poor heat transfer conditions in the radiator.

The radiator will be sized to remcve the total glycol cooling system heat locad
given the worst design outdoor temperature of 95°F. It will utilize forced
air in lieu of induced air cooling. Two fans will be turned on when the EDG
receives a start signal regardless of the outside environmental conditions.
Thermostatic controls will be utilized for a third redundant fan. Only two
fans are required under worst case design heat loading conditicns.
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A glycol drain/overflow/fill tank will be provided for each EDG to collect
overflow from the expansion tank, allow for drainage of the engine and store
water to be used in filling the glycol cooling system. A fill line will be
provided so that treated water can be added to the drain tank to replace any
system losses. A manual AC electric pump will be provided to assist in
transferring water from the drain tank to the engine. The capacity of the
drain tank will be sufficient to allow draining the glycol cooling system
minus the radiator and associated piping.

The glycol cooling system will utilize high quality makeup water from the
existing plant demineralized water system. This is necessary to prevent
formation of scale and to maintain a uniform heat transfer rate in the engine
jackets., The cooling water will be treated with ethylene glycol mixed to a
ratio of 50-50% by volume and a rust inhibiter.

4.3.2.2 Glyceol Cooling System Installation

The installation requirements for the glyccl cooling system will mount the
radiators on the second floor of the DGB and provide interconnecting piping
with instrumentation between the engine outlet nozzle and the radiator, from
the radiator discharge to the lube o0il cooler and from the expansion tank to
the radiator discharge piping upstream cf the jacket water pump sucticn. All
other process piping is skid mounted.

All vent connections from the engine glycol cocling system piping, the lube
©il cooler and the radiator will be routed to the expansion tank. The engine
drain connection and the expansion tank overflow connection will be routed to
the drain tank.

Figures 4-1 and 4-2 depict the glycol cooling systems for EDGs G003 and G04.

4.3.3 Diesel Fuel 0il System

4.3.2.1 Diesel Fuel 0il System Design

Each engine fuel o1l system will consist of the fuel oil storage and transfer
components (reference Section 4.4.2), a day tank, a 100% capacity engine-
driven fuel pump, a 100% capacity backup DC motor-driven fuel pump, a duplex-
type engine mounted filter, injector inlet filters, injectors, return fuel
filters and a relief valve. The fuel pumps will take a suction from the day
tank aad deliver the fuel to the engine mounted filter. It then will pass
through the filter elements to the fuel manifold supply line and injector
inlet filter at each cylinder fuel injector. A small portion of the fuel
supplied to each injector will be pumped into the cylinder, at a very high
pressure, through the needle valve and spray tip of the injector. The
quantity of fuel injected will depend upon the rotative position of the
plunger as set by the injector rack and governor. The excess fuel not used by
the injector, will flow through the injector, serving to lubricate and cool
the working parts.

The unused fuel will leave each injector through a return fuel filter. This
filter will protect the injector in the event of a backward flow of fuel into
the injector from the return fuel line., From the return fuel filter in the
injector, the excess fuel will pass through the fuel return line in the
manifold to the relief valve inlet of the "return fuel" sight glass on the
engine mounted fuel filter. This valve will restrict the return fuel,
maintaining a back pressure on the injectors. The fuel will continue into the
"return fuel” sight glass, filling the glass, down through the standpipe under
the glass and through the return line back to the day tank.
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The starting air system components will be mounted separately. Either air
compresscr, together with the air dryer, will be capable of recharging the air
receivers from minimum to normal engine standby pressures in approximately 30
minutes.

The air dryer will be of the heatless/desiccant type containing two towers
that are connected in parallel. Both towers will be filled with a molecular
sieve desiccant product where one tower is alternately in the drying phase
while the other tower is regenerating. The dryer will provide dry starting
air at a dew point of -40°F when the system is pressurized.

The starting air receivers will have the capacity to crank the EDG for a
minimum of five gtart attempts from a ¢old start condition without recharging.
All four receivers will normally provide air simultaneously to start the EDG;
however, only one set of two receivers is necessary to meet the required
acceleration to start loading the generator within 10 seconds or less (refer
to section 2.2.1 for starting sequence) .

Provigions will be made to automatically blow down any accumulated moisture in
the wet air receiver located downstream of the compressor unit, and the pre-
filter provided with the air dryer. The air receivers and pipe low points
will be provided with drain connections to allow periodic manual draining of
meisture content during startup and normal operation. Relief valves will be
provided to protect the air receivers from overpressure.

4.3.4.2 Diesel Starting Air System Installation

The installation requirements for the starting air system will include
providing interconnecting piping for the following:

a. From each air receiver outlet connection to the air strainer and
starting air solenoid located on the engine skid.

b. From the compressors outlet connections to the dryer compconents.

&. From the dryer outlet to the air receivers.

Figures 4-5 and 4-6 depict the starting air systems for the G03 and G04 EDGs,
respectively.

4.3.5 Diesel Lube Oil System

4.3.5.1 Diesel Lube 0il System Design

Each EDG engine will be equipped with a lube o©il sump. During coperation, oil

will be drawn from the sump through a strainer by a scavenging oil pump which
will pump the oil through a main lube oil filter (with internal relief bypass
valve), to the lube 0il cooler and then discharge into the main lube oil

strainer section. Excess flow entering the strainer from the scavenging pump
will flow over a dam in the strainer back into the engine sump.
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Thermal insulation will be provided for the exhaust piping including silencer
and expansinon joints.

Figures 4-7 and 4-8 depict the air intake and exhaust system for EDGs G03 and
G04, respectively.

4.3.7 Diesel Generator Room Ventilation System

4.3.7.1 Diesel Generator Room Ventilation System Design

4.3.7.1.1 EDG Standby

Each diesesl generator room will have an exhaust fan that will run continuously
during engine standby to (1) remove component and solar heat loads during the

cooling season to maintain room temperatures below 105°F and (2) prevent fuel

oil fume buildup.

Each fuel oil transfer pump room will have an exhaust fan to prevent fuel oil
fume buildup.

Each diesel room and fuel o0il transfer pump room will be provided with
electric unit heaters to maintain a minimum temperature of S50°F during the
heating season.

4.3.7.1.2 EDG Operating Modes

Each diesel room will have two thermostatically controlled exhaust fans (once-
through cooling) that will operate to maintain the rooms below 120°F during
engine operation, A smaller fan will initiate operation at 90°F with a larger
fan coming on at 100°F. This sequencing, i.e., use of a small and large fan,
will be done to avoid a large temperature drop in the room should the engine
operate during periods of severe cold outside. Heating will not be required
during engine operation due tc the amount of heat lost tc the room from the
engine itself. Air will be admitted to the room via gravity dampers protected
by constantly open chevrons. The chevron design will serve as a missile
shield and allow rocm depressurization during a tornado to avoid large
differential loads on the structure.
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The fuel oil transfer pump and day tank rocms do not require ventilation fans
under these conditions as the room temperature will not exceed the eguipment
gqualification temperature (105°F). Safety related heaters are provided to
agssure the fuel oil is maintained above its cloud temperature.

4.3.7.2 Environmental Design

The diesel room heating and ventilation system will be sized based un an
outdoor ambient temperature range cf 95°F and (-)15°F. This range, which is
consistent with the original PBNP ventilation desgign basis, exceeds the 99%
summer and winter temperatures recorded by the American Society of Heating,
Refrigeration and Air-Conditioning Engineers, Inc. (ASHRAE) .

4.1.8 Piping Regquirements and Materials

All interconnecting piping will be asg a minimum ANSI 150 lbs. pressure class.
All miscellaneous piping such as drains and vents will be rated for 150 lbs.
or greater.

All piping joints and connections will be welded. Where required, flanges or
screwed connections will be utilized at pump suctions, 4discharge connections,
valves and flexible connections,

All piping material will be carbon steel, except the following:

Piping Systems Material
a. Starting Air System Unloading Stainless Steel 304
Line
b. Fuel Oil Day Tank Overflow Lines | Stainless Steel 304

All tanks, except for the Starting Air Receivers, will be designed to
atmospheric conditions. Tank material will be carbon steel.

The fuel oil day tank discharge nozzle connections will be bottom mounted.
They will be extended inside the tank such that the accumulated residual
sediment from the tank bottom will not be disturbed and carried into the
engine cylinders.

The EDG and supporting systems will be arranged to provide sufficient space to
allow for inspection, maintenance and testing per ASME Section XI.

Maintenance envelope space reguirements will be in accordance with vendor's
recommendations as a minimum.
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4.3.% Electrical Power Distribution and Switchgear
4.3.9.1 Safeguards Electrical Distribution System Design

The safeguards electrical distribution system will provide power to the EDG
G03/6G04 auxiliaries and distribute power to the engineered safeguards
features., The modified portion of the safeguards electrical distribution
system will consist of Class 1E 4160 V AC switchgear, 480 V AC motor centrol
centers, distribution panel boards and transformers (as required), and all
interconnecting cable and raceway. The modified portion of the safeguards
electrical distribution system will serve those safety-related building
systems that are essential tc EDG operation such as the diesel room and
switchgear room exhaust fans. It will also provide power to non-Class 1E
loads in the building such as the mechanical room air cooled condenser, diesel
room heater and the mechanical room air handling unit.

The modified portions of the safeguards electrical distribution system and its
components will be designed to have sufficient capacity to serve all lnads
identified at present, plus 15% spare capacity in terms of both load current
and spare hardware for future lcads. Separation between the safeguards
trains, between voltage classes and between fire zones will be provided in
accordance with the requirements of IEEE 384-1992 and 10 CFR S0 Appendix R.
Refer to Section &€ for Separation Requirements.

Electrical interlocks or administrative contrels will be utilized to prevent
inadvertent paralleling of power sources in all cases where alternate feeds
are provided.

4.3.10 Diesel Generator Controls, Indication and Alarmg

4,3.10.1 Diesel Generator Controls, Indicatiocn and Alarms Design

Each EDG will be provided with a vertical contrel panel with the following
five cubicles:

1. The C.T. and P.T. cubicle contains the current and potential
transformers required to measure the generator output for voltage
regulaticn, relaying, and metering.

2. The Transformer-Reactor cubicle will be used to house the transformers
(EPT'8) and reactors necessary for the generator to be self exciting.

;[ The Voltage Regulator-Exciter cubicle will contain the necessary
protective relaying in addition to the eguipment regquired to regulate
the output of the EDG.

4. The Metering Cubicle will contain the following:

a) indicators that display EDG voltage, amperes, kwatts, kvars and
frequency as well as normal bus and alternate bus voltage,

b} EDG stator temperature indication,

¢) local control switches for the EDG, normal bus and alternate bus
circuit breakers,

d) Local/Remote control transfer switches for the circuit breaker and
EDG controls,

&) the instrumentation reguired to synchronize the EDG with both the
normal and alternate buses,

f) the governor control circuitry and,

g) current transformers necessary for governor control, voltage
regulation, relaying and metering. Generator neutral connections
will be in the rear of this section necessary for the delta
connection.
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5. The Engine Control cubicle will contain an annunciator panel and the
controls necessary to start and stop the EDG and control speed.

All AC power required will be provided by 480 v Motor Control Centers (MCC’'s)
and/or 120 v ac distribution panels. Regquired Class 1E 125 V DC power will be
provided from existing plant 125 V DC systems via new DC distribution panels.

%+.3.10.2 Trips and Interlocks

All protective trips other than engine overspeed, 2/3 low lube oil pressure
and generator differential overcurrent will be bypassed upon receipt of an
automatic emergency start signal in response to a safety injection signal or
safeguards bus undervoltage and will be annunciated in the Main Control Room.

Protective trips will be provided to avtomatically shut down the diesel engine

and/or trip the EDG output breaker, and protect the EDG from possible damage |
or degradation during routine testing. Protective trips will be in accordance

with vendor recommendations and will consist of the following:

Overspeed (Shutdown the EDG)

Differential Overcurrent (Shutdown the EDG)

2/3 Low Engine Lube Oil Pressure {Shutdown the EDG)

High Jacket Water Temperature (Shutdown the EDG)

Reverse Power (Trip the EDG output breaker)

Loss Of Generator Excitation {Trip the EDG output oreaker) _
Veltage Restrained Time Over Current (Trip the EDG output breaker) |
Over Power (Alarm only) :
Ground Fault (Alarm only)

An annunciator panel will be provided on the engine control cubicle as well as

on the EDG skid to alarm abnormal operating conditions and all trip functions.

Redundant alarms will alsc be provided in the main control room for

appropriate conditions. If an alarm is received on either the skid mounted

annunciate. or the Engine Contrel cubicle annunciator, a common alarm will be

received in the Main Control Room as well as on the Engine Contrel cubicle or .
skid mounted annunciator, respectively.
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4.3.11 Diesel Geperator Operating Description

4.3.11.1 Local vs. Remote Operation

when the lLocal/Remote Control switches, located on the front door of the G03
and GO4 Emergency Diesel Generator Control Panel Metering Cubicle, are in the
remote position, control of the GO3 and G04 EDGs will b2 transferred to the
Main Control Room. Emergency start, manual start and stop, voltage adjust,
speed control, output breaker control and synchronizing are among the controls
that will be available in the Main Control Room.

When the Local/Remote Control switches are in the local peosition, control of
the G03 and G04 EDCs will be from the DGB location only. All control signals
from the Main Control Room will be isclated.  All controls available in the
Main Control Room will be available locally as well as maintenance functions
control.

4.3.11.2 Operating Modes

The coperating mode of each EDC will be determined by the positiocns of the
following switches:

Description Location
Maintenance Switch (Maintained) EDG Control Panel (Local)
Positicns: Auto
Electri¢c Governor
Hydraulic Governar
Local /Remote Switch (Maintained) EDG Control Panel (Local)
Positiona: Local
Femote
Mode Selector Switch (Maintained) Main Caontrol Rm (Remote)
Positions: Local
Auto
Exercise
EDG Control Switch (Spring Return Main Control Rm (Remote)
te Auto)
Posityions: Stop
Auto
Start

The follcwing is a brief description of the three cperating modes that will be
available for starting the EDG's:

1. Fast Start - The Fast Start mode will cause the EDG to obtain rated
speed and voltage within ten (10) eseconds from the receipt of the
initiation signal. When the diesel is fast started (as a result of an
emergency start/run signal), the high jacket water temperature trip is
defeated along with the loss of excitation, reverse power; and
overcurrent generator output breaker trips. The position of the local
and remote switches can result in three different fast start scenarios.

a. Automatic Initiatiop - Fast start will be initiated by bus

underveltage or a (81) signal when the local/remote switch is in
the "remote" or "local" position. Automatic initiation will be
bypassed and this condition annunciated in the main control room
if the mode selector switch is placed in the “loral” position
while the lotal/remote switch (s in the “"remote" pcsition, or the
maintenance switch ig removed from the "auto" posgition.
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b. ng;l_u‘nn‘%_zniggggggn ~ The capability will be provided to
initiate a fast start by depressing the "start" pushbutton on the
BEDG contrel panel when the local/remote switch is in the “local"
poesition.

c. Remote Mapnual Initiation - The capability will be provided to
initiate a fast start by placing the EDG control switch in the
main contrel room in the "start" position while the local/remote
switch on the EDG control panel is in the “"remote" position and
the mode selector switch in the main control room is in the "auto"
position.

- The idie start mode will cause the EDG to start and only
obtain a speed of approximately 400-450 RPM. The generator field is
also prevented from flashing. If an emergency start {auto fast start)
signal is initiated while the EDG is idling, the diesel will
automatically accelerate to obtain rated speed and generator output
voltage. The position of the local and remote switches can result in
twe different idle start scenarios.

a. Local Idle Start ~ The capability will be provided to initiate an
Idle Start by depressing the idle start pushbutton on the EDG
control panel when the local/remcte switch is in the “"local®
position. When the idle release pushbutton is depressed, the
engine will accelerate to rated speed, the generator field will
avtomatically flash, and the generator may be manually
synchronized to either its normal or alternate safeguards bus.

b. Remote JTdle Start - The capability will be provided to initiate an
idle start by placing the mode selector switch in the main centrol
room in the “"exercise" positicn and placing the EDG control switch
in the main control room in the “start" pesition when the
local/remote switch is in the "remote" position. When the Idle
release pushbutton ig depressed, the engine will accelerate to
rated speed, the generator field will automatically flash, and the
generator may be manually synchronized to either its normal or
alternate safeguards bus.

Maintenance Start - The Maintenance start mode is used for manually
starting the engine for maintenance purposes. All operations necessary
for starting, fleld flashing, synchronizing, and loading the EDG will
require to be performed manually. When the maintenance switch is not in
the "auto" position, all auto start signals are blocked and the
condition will be annunciated with a “Not in Auto" alarm.

a. Electric Governor Start - With the mode selector switch placed in
any position, the local/remote switch placed in the “local®
position, and the maintenance switch placed in the "electric
governor"” position, the EDC can be fast started or idle started as
described above.

b, Remote Logal Start, Maintenance Position - With the mode selector
switch placed in the any position, the local/remote switch placed
in the "local" position, and the maintenance switch placed in the
“hydraulic governor" pogition, the diesel can be started at any
speed between the hydraulic governor upper and lower limits.

¢. Diesel Generator Isolation - With the mode selector switch placed
in tne "local" position, the local/remote switch placed in the
“remcte” positicn, and the maintenance switch placed in the "auto®
position, the diesel can not be started. This capability is
provided to prevent manual or automatic start.
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4.3.11.3 Shutdown

Three shutdown modes will be provided, each of which automatically trip the
generator output breakers. The following is a descripticn of each:

a. Normal Shutdown -~ The capability will be provided to initiate a
normal shutdown by placing the EDG control switch in the main
control room in the “stop" position while the local/remote switch
is in the remote position or by depressing the “"normal stop"
pushbutton on the engine contrel cabinet while the local/remote
switch is in the "local" position. This shutdown results in a ten
minute cooldown run at idle speed before the engine is shutdown.
1f an auto fast start signal is received during cooldown, the
normal shutdown is defeated and the diesel will enter the
automatic fast start mode of cperation as described above. Any
automatic fast start signal will have to be cleared before the EDG
can enter a normal shutdown.

b. m 0 h wn - The capability will be provided to initiate
an emergency shutdown by depressing the “emergency stop"
pushbutton on the engine control cabinet. This feature will be
available independent of the position of the local/remote switch.
The emergency shutdown will alsc be activated by a 2 cut of 3 low
lube cil pressure, a generator differential, or overspeed during
emergency coperation. During an exercise run, the emergency
shutdown will also be activated by high cooling water temperature.

0

Overspeed Trip - This type of shutdown results in an immediate
shutdown of the EDG. The overspeed trip results in the injectors
being mechanically held .in the no fuel pesition using mechanical
components independent nf thcese used to control the injectors
during a normal or emergency sghutdown.

4.3.12 Cathedic Protection

The addition ©f the twec new EDGes and associated auxiliary systems reguires
installation of additional underground piping and tubing for the
transportation of fuel oi1l, water and air. Even though cathodic protection
systems can provide an effective means for corrosion contrel, there are other
corrosion retardation technigues available which provide the reguired level of
protection.

An analysis of the DGAF underground piping systems materials indicates that
the required level of protection can be provided utilizing alternate corrosion
retardation technigues. Specific installation and testing requirements as
well as epoxy-cwoal tar coating on carbon steel pipe; three different types of
stainless steel alloys; copper pipe for certain applications, and cast iron
pipe with pelyethylene wrappings will be used for corrosion contrel. 1t has
been determined that the added underground piping for the DGAP will have no
harmful effects ¢n the existing PBNP cathodic protection systems when the
above described corrosion controls are utilized,
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4.4 FUEL OIL STORAGE SYSTEM

4.4.1 Exasting Fuel Oil Storage System

The existing fuel oil system that supports existing EDGs G01 and G02 consists
of two 60,000 gallon bulk ©il storage tanks, a 12,000 gallon emergency fuel
tank, two fuel oil transfer pumps and two day tanks (one per diesel).

Fuel oil is gravity fed to the emergency fuel tank from the bulk oil storage
tanks via a level control valve.

Fuel is transferred from the emergency fuel tank to both day tanks via the
fuel oil transfer pumps. Level control on each day tank starts both transfer
pumps and opens an isolation valve on the day tank experiencing low level.
When high level is achieved, level controls shut the isolation valve to the
day tank and trip the fuel oil transfer pumps.

Under the worst case accident condition, the bulk storage tanks are considerad
lost resulting in approximately two to three days of fuel available to EDGs
G01 and GO02.

The addition of the new fuel o1l storage system (reference Section 4.4.2) will
relegate this system to a backup role. Fuel oil will be supplied to EDGs
G01/G02, under all design basis conditions, from the new system. The
existing/old system will be isolated from the new system with dual valve
isolation.
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4.4.2 Uparaded Fuel Oil Storage System

4.4.2.1 System Description

The upgraded fuel oil system, which includes new fuel oil storage and transfer
components, will provide long term storage of fuel for new EDGs G03 and GO04
and existing EDGe G01 and G02. The fuel storage components of the upgraded
EDG fuel oil system will consist of two safot¥ related EDG fuel oil storage
tanke and one non-safety related fuel oil fill tank. The transfer components
will include transfer pumps, piping, instrumentation, and contrcocls necessary
for supplying fuel to the EDGs for seven days of continuous operation at rated
load (1.e.; 2848 KW with cone of the two EDGs supplied from each operable
storage tank), without being replenished. The two storage tanks will be
encased in concrete under the new diesel generator building. This
configuration will provide protection to the tanks from tornado generated
missiles and flood. It will also provide a 3-hour fire protection barrier
between the tanks and the new EDGs and avoid the possibility of oil fume
accumulation below the DGB.

A fuel oil fill tank will be provided to receive and hold fuel oil from
delivery trucks for testing prior to placing oil in the fuel cil storage
tanks. The fill tank will be located outdours and mounted on a diked concrete
pad northwest of the DGB. The storage tanks will be filled by means of
gravity flow from the cutdoor fill tank. The storage tank to be filled will
be selected by manual valve operation.

Each storage tank will be dedicated to the two train associated EDGs. Two
100% capacity transfer pumps (sized for at least 6 times the engine fuel
consumption rate at 2848 KW) will be connect=d to each storage tank with one
pump supplying one of the four day tanks. The two day tanks of the same train
are capable of being tied together which will allow cne pump to feed two EDG
Day Tanks. This provides system flexibility to ensure operability of all EDGs
under all potential single active failures of the Fuel 0il Storage System.

4.4.2.2 Tank Capacity

4.4.2.2.1 Diesel Generatcr Fuel 0il Storage Tanks

Each EDG pair (G01/G02 and G03/G04) will be provided with onsite fuel oil
storage that will have the capacity to allow operation of either EDG for seven
days at maximum rated locad or both EDGs at partial load for over five days.
Manual cross-tie of the fuel oil storage tanks will extend the available fuel
to seven days for any of the two diesels operating at full load. The
conservative calculation method given in ANSI $9.51-1989 (Revision of ANSI
N195-1976) will be used to determine the size of fuel oil storage reguirements
for each EDG.

In addition to level instrumentation, the level of each Puel 0il Storage Tank
will be able to be verified with a stick gauge which will be accessible
through a nozzle in the transfer pump room.

4.4.2.2.2 Fuel 0il Fill Tank

The £ill tank will be designed to receive and hold fuel oil until it has
passed all required testing for use. The tank will have a usable capacity of
15,000 gallons which is equivalent to two regular fuel oil truck shipments of
7,500 gallons each.
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4.4.2.3 Fuel 0i1 Transfer Pump Reguirements

There will be four transfer pumps, one for each EDG. All pumps will be
identical and have sufficient head and capacity to transfer oil to the
asgociated day tank at a rate of at least six times the maximum race of fuel
consumption. The pump will start when the day tank reaches the designated low
ligquid level which will be chosen at a level with approximately one hours
worth of fuel left in the day tank. Additionally, the G03/G04 and G01/G02 day
tanks will be provided with the capability to be cross-tied to allow one
transfer pump to supply two day tanks. Note that the cross-tied day tanks
will be installed at the same elevation to allow one set of instruments to
monitor level in both tanks.

4.4.2.4 Process Piping

The fuel o1l transfer piping will be capable of transferring oil at design
temperature and pressure from the storage tanks to each day tank. The return
lines from the GO03 and (04 day tanks will be sized to handle continuous
overflow by aravity to the storage tanks.

Sampling points will be provided at the fill tank as required by ASTM D4057 to
aspure the guality of the fuel prior to transfer tc the storage tanks.

4.4.2.5 Electrical Power Supply and Controls

The safeguards electrical distribution system will supply 480V, 3-phase, 60
hertz power, with adequate capacity to supply the fuel oil transfer pumps
drive motors. Safeguards Class 1E 120 V AC and 125 V DC power will be
provided for all associated safety related day tank and transfer pump control
and instrumentation circuitry. Non-Class 1lE power will be provided for all
indication and alarm circuitry.

Controls for the fuel tank transfer operation will be automatic, with
provisions for manual override.

The stoiane tanks will be provided with high and low level alarms to be
annunciated locally with a common alarm in the main control room. The storage
tanks will be provided with level indication that will be displayed locally.
On-off cperation of the transfer pumps will be initiated automatically by
level switches in the day tanks or manually by a control switch. The
operating status will be monitored and alarmed.
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The fill tank will be provided with a locally mounted level indicator and
locally annunciated high and low level alarms with strobe light and speaker.

The temperature inside the storage tanks will be above the fuel oil <¢loud
point temperature siace the vault is located below grade and is primarily
below the frost 1iie under a heated structure; therefore, heat tracing will
not be reguired.

4.4.2.¢ Ope-ation

Fuel oil shipments, received by truck delivery, will be held in the fill tank
and tested for specification conformance. After specifications are verified
by test, the fuel il will be transferred to the storage tanks.

The fuel o0il in each storage tank will periodically be tested for water
content, sediment and viscosity. Algae growth in the storage tank will be
inhibited by an additive furnished in the fuel oil.

4.4.3 Design Requirements
4.4.3.1 Tank Design

4.4.3.1.1 EDG Fuel 0il Storage Tank

The fuel o1l storage tanks will be horizontal, cylindrical tanks made of
materials compatible with the stored diesel fuel oil. Galvanized material
will not be used. The tanks will be shop fabricated, will meet the
requirements of NFPA 30, and will be designed and fabricated in accordance
with the requirements of API 650, The fuel o0il storage tanks will be encased
in concrete.

4.4 3.1.2 Fuel 011 Fill Tank

The fuel oi1l fill tank will be a horizontal, steel cylindrical, shop-
fabricated atmospheric tank desgigned and fabricated to the requirements of
ASME VIII. The tank will be installed cutdoors on a Non-Seismic Category I
concrete pad with vertical concrete walls (diked). The dike is sized to
contain the tank volumetric contents, should a leak or rupture occur, plus an
additional volume equivalent to 10% of the tank contents. The tank will be
located such that the outside tank surface is separated from any adjacent
structure by at least 10 feet per NFPA 30.

4.4.3.1.3 General

All tank fill and cutlet connectiore will be designed to avoid creating
turbulence that may stir ug the sediment accumulated at the bottom of the
tank. All three tanks will be provided with a drain connection tc remove
gediment or water from the tank bottom.

Each storage tank will be provided with liguid level indication (analog loop)
to be locally monitored.

The fill tank fill connection pxgin% will be configured to avoid an
uncontrolled spill by locating the fill connection inside the dike.

Fill inlet connecticns and vent outlet connections will be protected from

floo? conditions and will be positioned above the maximum probable flood
evel .
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4.4.3.2 EDG Fuel 0il Storage Tank Enclosures

The storage tanks will be installed in two Seismic Category I reinforced
concrete enclosures and encased in concrete. The enclosures will be located
below grade level under the G03 and GO4 EDG Diesel Rooms. The enclosures, in
conjunction with the concrete encasement, will provide the required 3-hour
rated fire protection barrier for enclosed fuel supply tanks, and in addition,
will withstand the effects of tornado generated missiles, site floocd, and
buoyancy force considerations.

Leak-proof hatches will be provided on top of the enclosures for tank intermal
inspection access and to allow removal of tank internal strainers and baffles
and other appurtenances. Level instrumentation will be top mounted.

The tanks will be lined with High Density Polyethylene (HPDE) for containin
leakage of the tank contents. The lining will be piped toc a sump, which will
be monitored for leakage. Level instruments will provided to alert
operations to the presence of liguid in the sump.

4.4.3.3 Fuel 011 Transfer Pump Design

The transfer pumps will be of the rotary gositive displacement type. The pump
casing will be constructed of carbon steel or other materials that are
compatible with diesel fuel o0il. The transfer pumps will be located in the
G01/G02 Transfer Pump Room located adjacent to the G03 diesel room and in the
G03/G04 Transfer Pump Room located adjacent to the G04 diesel room. Elevation
will ensure the available net positive suction head (NPSH) will conservatively
envelop the required NPSH. The transfer pumps will be separated from the
adja~ nt components/rooms by a 3-hour rated fire barrier.

4.4.3.4 Piping System

All piping, fittings, strainers, valves, and associated components and
supports connectlng the storage tanks, transfer pumps, day tanks, and the
emergency truck fill station will be designed and fabricated to the
requirements of ANSI B31.1, 198% with enhanced requirements.

All piping and isclation valves protecting the safet¥-related pressure
boundary will be located within the Category I diesel generator building where
it is protected from tornado missiles and site flood conditions. Pipe
supports will be designed to the reguirements of ANSI B31.1, 1989 . Pipe
support structural steel welas will be per AWS Code D.1.1.

All piping and components associated with the fill tank and connected beyond
the safety-related piping pressure boundary isclation valves will be designed
to the regquirements of ANSI B31.1 and designated as non-safety related.

Sample stations will be provided in the transfer piping to the Day Tank, at
the Day Tanks and also cn the fill tank. All stations are located inside the
Day Tank rooms or at the f£ill tank to allow convenient fuel test sample
retrieval for the regquired chemical testing of stored fuel.

All fuel oil piping will be located inside concrete structures, over HDPE
lined concrete slabs or buried underground in HUPE lined trenches with leak
detection. Containment curbs as required (dikes) and sumps will be provided
to collect all potential fuel leakage or spills to prevent ground
contamination.

The transfer pumps and 211 fuel o0il piping (except underground piping) will be
designed to allow for inspection, maintenance and testing. Pump and valve
maintenance envelope space reguirements will be in accor ce with
manufacturer’'s recommendations. Flanges are remmitted where required for
maintenance (e.g. pump connections) .

Piping material will be of carbon steel hav.na a minimum ANSI pressure-
temperature rating of 1%J lbs.

Either storage tank will be able to receive fuel from the other storage tank

while the first storage tank is feeding its associated day tanks utilizing
manual comnect.ons not normally in place to aveid train cross tie concerns.

PENP . WPF 44 September 21, 19533



Rev. 0

PENP DIESEL PROJECT DESIGN SUBMITTAL

4.4.3.5 Electrical and Controls

Electrical power distribution will be accomplished by means of a 480 V AC, 3-
phase, 3-wire, ungrounded system.

Overcurrent protection will be provided by means of fuses or mclded case
thermal-magnetic circuit breakers. Proper coordination of all overcurrent

protection devices will be provided down to and including local panelboard(s).

Separation between redundant trains as well as that reguired between 1E and
non-1E circuits will be provided (except as noted otherwise) in accordance
with IEEE 384-1992, and 10 CFR 50, Appendix R. Refer to Section 6 for
Separation Reguirements.

All controls and instrumentation will be electric and/or electronic and will
be designed to rate within their desi basis environment. The fill tank
level indicator located outside will be designed for -30°F to 120°F.

Transfer gump control switches, pressure indicotors, storage tank level and
day tank level indicators will be located in tle transfer pump rooms.

The following conditions will be monitored and alarmed in the EDG control
panel with a common trouble alarm in the main control room:

a High and low storage tank levels.
b. High and low day tank levels.
4.4.3.6 Mechanical Design and Fabrication Codes

The design fabrication code for piping and equipment for the fuel oil storage
components is ildentified in Appendix A, Design Codes.
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5.0 NEW DIESEL GENERATOR BUILDING

The new Diesel Generator Building (DGB) will house two EMD diesel generators
(GO3 and G04), with associated control panels, auxiliary sguipment, electrical
distribution equipment, fuel oil and lube o©il tanks, and diesel engine
radiators.

The DGB will be a two-story Seismic Class I reinforced concrete structure,
designed to withstand design basis load combinations. The DGB will be located
approximately 30’ north of the existing security fence and has approximate
dimensions of 71 ft. x 110 ft. x 42 ft. high. Figures 5-1 through 5-9 depict
the layout of the G03/G04 building.

5.1 SAFETY DESIGN CLASSIFICATION
The safety design classifications for the DGB systems are as tollows:

5.1.13 Structures

The safety design classifications for the diesel generator structures are as
follows:

Building/Structure Seismic Classification
G03/G04 Diesel Generator Building Safety Related
Stairway Enclesure Non-Safety Related
Receiving Tank Structure Non-Safety Related

$.1.2 Building Support Systems

Fire detection equipment and components will be classified as Fire Protection
Related.

Fire suppression system equipment and components will be classified as Fire
Protection Related.

Security controel system components will be classified as Security Related.

PENP WPF 54 September 21, 1993
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The seismic design classification for the electrical/mechanical /HVAC building
support systems is as follows:

System/Components Safety Classification
Electrical Support Systems
a. Lighting, Communication and Non-Safety Related
Normal Power Distribution
b. Class 1E Safeguards Power Safety Related

Distribution System Components
Serving HVAC

¢. Fire Detection Equipment and Non-Safety Related
Components Within Class I and
Class Il Structures

d. Fire Detection Equipment and Nen-Safety Related
Components Within Class I1II
Structures

&. Security Contrcl System Non-Safety Related
Components

Mechanical Support Systems

a. Plumbing, Service Air and Fire Non-S8afety Related
Suppression

b. Fire Suppression System Non-Safety Related
Compenents and Equipment

¢. All other piping within Class I Non-Safety Related

or Class il Structures Unless
Noted Otherwise

HVAC Support Systems

a. Components of the Fuel 0il Day Non-Safety Related
Tank Rooms Exhaust System
b Non Emergency HVAL Components Non-Safety Related

for the G03/G04 Electrical
Equipment Rooms

¢. Contrels for all Non Emergency Non-Safety related
HVAC Equipment and Components

d. Instrumentation for Indication Non-BSafety Related
and Alarm of All HVAC

e. Class 1E Ventilation fans, Safety Related

modulating dampers, control
switches., temperature sensors,
transmitters and contrellers for
Emergency Ventilation

PBNP . WPF 5% September 21, 1993
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$.2 SEISMIC DESIGN CLASSIFICATION

The seismic design classifications for the DGB systems are as follows:

5.2.1 Structures

The seismic design classifications for the diesel generator structures are as
follows:

Buildings/Structures Seismic Classification
G03/G04 Diesel Generator Building Class I

Stairway Enclosure Class 11T

Fill Tank Structure Class 111

$.2.2

Electrical, mechanical and HVAC systems and components designated as safety
related will be designed and qualified as Seismic Class I. All systems,
components and supporting systems not designated as safety related will be
designed as Seismic Class I or Class Il to ensure that an SSE would not cause
any structural failure resulting in damage to safety related systems or
components.

Safeguards power distribution system egquipment and components will be
qualified in accordance with the requirements of Class 1E equipment. Fire
Detection eguipment and components will be classified as Fire Protection
Related. Security control aystem components will be classified as Security
Related.

Fire suppression system eguipment and components will be classified as Fire
Protection Related.

Normal exhaust system components for the fuel oil day tank rooms and ncrmal
HVAC for the electrical eguipment rooms will not be qualified as Class 1E type
egquipment. All components including ventilation fans, modulating dampers,
control switches, temperature sensors, transmitters, controllers, etc.
required for operation of the emergency ventilation system (fans, dampers,
etc.) in the DGB will be gualified in accordance with seismic requirements for
Class 1E egquipment. Instrumentation that is required for alarming, indication
and monitoring will not be qualified to Class 1E reguirements.
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The seismic design classifications for the electrical/mechanical /HVAC building

support systems are as follows:

Rev. 0

| System/Component
Electrical Support Systems
a.

b.

e.

Lighting, Communication and
Normal Power Distribution
Class 1E Safeguards Power
Distribution System Components
Serving HVAC

Fire Detection Equipment and
Compeonents Within Class I and
Class II Structures

Fire Detection Equi nt and
Components Within Class IIIX
Structures

Security Control System
Components

Class

Class

Class

Class

Class

| seismic classificesi

II

11T

II

Mechanical Support Systems

Plumbing, Service Air and Fire
Suppression

Fire Suppression System
Components and Eguipment

All other piging within Class I
or Class II Structures Unless
Noted Otherwise

Class
Class

Class

I3
11
I1

a

b.

HVAC Support Systems

Non-Safety Related (NSR)
Ccmﬁonents of the Fuel 0il Day
Tank Rooms Exhaust System

NSR HVAC Components for the
G03/G04 Electrical Equipment
Rooms

Controls for all NSR HVAC
Equipment and Components
Instrumentation for Indication
and Alarm of All HVAC

Class 1E Ventilation fans,
modulating dampers, control
switches, temperature Sensors,
transmitters and controllers for
Emergency Ventilation

Class

Class

Class
Class

Class

I3

II

i1
II
I
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5.3 BUILDING STRUCTURE DESIGN

5.3.1 Design Loads
The feollowing loads have been considered in the design:

Dead loads (Including liquid lateral pressure loads)

Live loads (Including crane loads and earth pressure loads)
Flood loads and uplift due to buoyant forces

Construction loads

Snow/rain loads

Wind loads

Tornado loads

- Earthguake loads

- Temperature loads

- Pipe reaction loads

TR B T T

All structures, mechanical and electrical equipment, and their respective
agpur‘enances will be supported in accordance with their seismic design
clagsification. Class I structures and components are designed to withstand
all loadings including SSE and OBE seismic loads without loss of function,
Class 1I structures are designed allowing a limited amount of plastic yielding
during accident and seismic conditions. Class III Structures and systems are
designed in accordance with The Uniform Building Code (UBC).

Supports for non-safety related items located in Seismic Class I or Class I1I
structures will be designed in accordance with Seismic Class Il requirements
such that they do not fail under seismic conditions and endanger the operation
of any adjacent safety related items.

All major loads to be encountered or to be postulated are listed below. All
the loads listed, however, are not necessarily &pglicabla to all the
structures and their elements. Loads and the applicable locad combinations for
which each structure has tc be designed will depend on the conditions to which
that particular structure is subjected.

5.3.1.1 Dead Loads

Dead lpads include the weight of framing, roofs, floors, walls, partitions,
glntforms and all permanent equipment. The vertical and lateral pressure of
iquid will alsoc be treated as dead lcad, as indicated in ACI 318 Codes.

Floors shall be checked for the actual equipment loads. For permanentl
attached small equig:ent, piping conduits and cable trays, an additional 50
psf dead load will added where appropriate.

5.3.1.2 Live Loads

Live loads include flocr area loads, equipment handling loads, and all other
loads other than those specified. The floor area live load will be omitted
from areas occupied by eguipment whose weight is specifically included in dead
load., Live load will not be omitted under equipment where access is provided
(for example, elevated tank on legs). In no case will the live loads be less
than those specified in the minimum design live load table stated below.

Earth pressure will be in accordance with the requirements of the UBC. 1In
load combinations, earth pressgure lcads will be treated as live load in
accordance with ACI 318 Code.

Crane loads will be treated ag live load in accordance with regquirements
indicated in AISC Codes.

PBNP . WPF 58 September 21, 1993
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Minimum Design Live Loads

The following minimum design live loads will be used in the design of the
diesel generator building and structures.

Buildings/Structures Minimum Live Loads
1. Roof loads
-  Lower roof 200 psf
- Upper roof 65 psf
2. Stairs and walkways 100 psf
3. Railings 25 plf or 200 lbs.

ied in any
direction at top of

railing
4. Platforms and gratings 100 psf
S . Ground Floor 250 psf
6. All other floors 200 psf

5.3.1.2 Flood Loads and Uplift Due to Buoyant Forces
Flood Loads

All of the Diesel Generator Building including all foundations and buried
tanks are above the probable maximum flood elevation.

Uplift Due to Buoyant Forces

Uplift forces which are created by the displacement of groundwater the
structure will be accounted for in the design of the structure. In load
combinations, loads due to water gressure from groundwater will be treated as
a dead load. For structural and buoyancy calculations, the high groundwater
table will be as follows:

a. Normal ground water El. 19/
b. Low ground water Bl. 1%
¢. Design flood (Lake Surge) E1. B.42’
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Elevations are based on plant elevation 0.00 which is e?ual to 581.5 feet USC
& G8; 580.6 feet USC & GS8 (Milwaukee Datum); and 580.2 feet IGLD.

§.3.1.4 Construction Loads

Structures and components will be designed considering all applicable
construction loads.

5.3.1.% Snow/Rain Loads

The following snow and rain loads on the horizontal projected area of exposed
structures and components will be used in design:

a. Snow load 30 psf
b. Rain load 65 psf

§.3.1.6 Wind Load

The wind lcads for Class I structures will be determined from the fastest mile
wind for a 100 year recurrence which is 108 mph for PBNP.

The wind loads for Class IJ structures will be determined from the fastest
mile wind for a 50 year recurrence which is 100 mph PBNP.

The wind loads for Class II1I structures will be determined in accordance with
Uniform Building Code (UBRC).

Wind pressure, shape factors, gust factors and variation of winds with height
for Class I and Class II structures shall be determined in accordance with the
procedures given in the American Society of Civil Engineers, (ASCE) Paper No.
3269 "Wind Forces On Structures” (Ref. 10), Transactions of the American
Society of Civil Engineers, Vol. 126, Part II (1961) or in accordance with the
requirements in ANSI/ASCE 7-88 Minimum Design Loads for Building and Other
Structures", whichever is most conservative.

$.3.1.7 Tornado Loads

Class 1 structures will be analyzed for tornadc loading (not coincident with
earthguake) on the following basis:

a. Differential pressure drop between the inside and the outside of
structures of 3.0 psi positive pressure. The rate of pressure drop will
be 1.0 pei/sec.

b. A lateral force caused by a funnel of wind having a peripheral
tan?entxal velocity of 300 h and a forward grog:ens of 60 mph. The
appiicable portions of ASCE Paper No. 3269 will used, particularly
for shape factors. The provisions for gust factors and variation of
wind velocity with height do not apply

PHENP . WPF &0 September 21, 1993
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¢. Tornado driven missiles eguivalent to an airborne 4 inch by 12 inch by
12 foot piank traveling end on at 300 mph (440 fps) or a 4000 1lb ;
automobile flying through the air at S0 mph (74 fps). Except for local :
crushing at the missile impact area, the allowable stresses to resist :
the effects of tornados shall be 90% of yield of reinforcing steel and
85% of the ultimate strength of concrete. Where elasto-plastic behavier
of steel barriers is relied upon, a maximum ductility ratio of 20 is
used.

Class I structures, systems and eguipment located within Class I structures -
like the diesel generator building, safety related manholes, etc. need not be .
degigned for the effects of tornados as they are protected building ]
structures which will be designed tc withstand the effects of tornados. For
information concerning the design of Dampers, Doors, and Barriers for Tornado
generated loads, See Section 5.3.1.8 and SRP 3.5.2 of Appendix-B.

§.3.1.8 Earthquake Loads
The seismic design of the DGB will be as follows:

a., Seismic Class I structure earthguake loading is derived from an _
operating basis earthquake (OBE) at the site having a horizontal ground
acceleration of 0.06 g. In addition, loading from a safe shutdown
earthquake (SSE) having a horizontal ground acceleration of 0.12 g is
used to ensure no less of function. The vertical component of ground
acceleration will be 2/3 of the magnitude of the horizontal component
of ground acceleration for both the design (OBE) and maximum
hypothetical (SSE) earthguakes.

b. Seismic Class II structure sarthquake loading will be 60% of the loads
determined using the 0.06 g design (OBE) earthqguake.

¢. EBarthguake loading for Class III structures will be in accordance with
Uniform Building Code requirements. This code specifies the location of
the plant site to be in a Zone 0 earthquake area. However, Zone 1
earthquake loads will be conservatively used in the design of Class III
structures.

Seigmic forces resulting from design (OBE) or hypochetical (SSE) will be
applied simultaneously in the vertical and any horizontal direction and the
resulting stresses will be combined directly.

5.3.1.9 Temperature Loads ;

Temperature loads used in design will be those resulting from thermal effects
during normal operating or shutdown conditions, based on the most critical
transient or steady state condition.

$.3.1.10 Pipe Reaction Loads

Pipe reaction loads used in design will be those Pipe reactions resulting from
normal operating or shutdown conditions, based on the mosgt critical transient
or steady state condition. Pipe reaction loads may include loads from "Normal
Conditions, " "Upset Conditions,"” "Emergency Conditions, " and "Faulted
Conditions" as applicable.

PBNP . WPF €1 September 21, 1993
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$.3.2 Structural Design Bagis

§.3.2.1 General Design Criteria
The general design of the DGB will be as follows:

a. All steel structures will be designed by the elastic working stress
method.

b. All reinforced concrete structures will be designed using the Ultimate
Strength Design (USD) method,

¢. Frost ranges from 5 to 6 feet below grade. Exterior footings and
structures will be designed with a minimum € feet depth. Water lines
will be designed with a minimum of 6 feet of cover.

d. Rainfall (approximate)

1. Average annual 28"
2. Maximum Annual 45"
3 Maximum 24 Hours $.17"

e. Snow fall averages approximately 45" per year. The maximum 24 hour
snowfall is 15".

f. Temperature extremes range from +110 degrees Fahrenheit to -30 degrees
Fahrenheit.

g. Wind

1, Fastest wind with 50 year recurrence is 100 mph
2. Fastest wind with 100 year recurrence is 108 mph

h. Groundwater table rises in a westerly direction from the elevation of
Lake Michigan and lies generally S to 13 feet below the existing ground
surface.

1. General Soil Conditions

Rich organic top soil at elevation 25’ to 307

Glacial till to elevation 10/

Lake deposits elevation +«10’' to -30'

Glacial till and glacial outwash elevation -30' to elevation -75°
Rock (fractured dolomite) below elevation -75°

Ut o b e

5.3.2.2 BSeismic Design Criteria

The seismic design of the DGE will be perfcormed utilizing the response
spectrum method of analysie to determine the building responses. The seismic
design of the equipment located within the building will be performed using
the time history method of dynamic analysis.

5.3.2.2.1 Building Response

The response of the DGB due to seismic will be obtained using the response
spectrum method. In this method, a mathematical model representing the
building is developed and a modal analysie is performed to calculate the
natural frequencies and mode shapes of the model. A ground response spectrum
(A plot of acceleration vs frequency for an earthguake) is applied as a load
to the model and the modal responses are calculated. The responses of the
building (deflecticns, moments, shears, etc.) are then obtained by combining
the modal responses.

PBNP . WPF €2 September 21, 1993
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The mathematic model of the DGB will consist of several stick elements
representing the shear walls with nodes at each floor level. Each of these
nodes will be connected by rigid link, representing the rigid diaphragm action
of the floor slab. The foundation slab will be treated as a rigid member for
in-plane and out-of-plane motions. Lumped mass location will be chosen at
appropriate locaticons in the building (floors, attachment points of heavy
pieces of eguipment) to represent the structure mass. FProperties including
moments of inertia, cross-sectional areas, effective shear areas, etc. will be
determined considering the dimensions of concrete walls between floors. These
properties in turn will be used te calculate the stiffness characteristice of
the individual stick elements between nodes. In order to incorporate the
effect of the actual floor slab stiffness on the vertical response spectra,
vertical spring mass systems will be attached, at the center of mass of each
floor to represent the vertical flexibility of the slab at that elevatioca.

The slab mass along with the eguipment locads will represent the mass of the
spring-mass system. The soil-structure interaction will be accounted for in
the seismic analyses through the use of soil springs representing the six
degrees of freedom (three translations and three rotations) of the rigid
foundation mat.

The mathematical model will be input inteo the STARDYNE computer program, and
the mode shapes and natural frequency will be determined. Then the modal
accelerations, veloccities and displacements are determined using the modal
frequency and the appropriate input ground response spectra corresponding to
the soil-structure mcdal damping. The modal responses then combined on the
basis of absolute values to obtain the structural response.

The percentage of critical damping values for the OBE and SSE levels used will
be as follows:

Earthguake OBE SSE
Type of Condition and Structure ¥ of Critical Damping
Welded Steel Plate Assemblies 1% 2%
Welded Steel Framed Structures 2% 2%
Bolted Steel Framed Structures 2.5% 5%
Interior Concrete Equip. Supports 2% 2%
Reinforced Concrete Structures on Soil 5% 7.5%
Vital Piping Systems 2% 5%
So0il Damping 5% 5%

The input horizontal and vertical spectra for the seismic design oi the DGB
will be based on the PBNP FSAR for a maximum ground acceleration (zero period
acceleration) of 0.06g for the Operating Basis Earthguake (OBE) and 0.12g for
the Safe Shutdown Earthquake (SSE) .
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5.3.2.2.2 Floor Response Spectra

Response spectra curves for the analysis of equipment for the DGB will be
obtained using time history method. In this method, the earthquake “ime
history will be applied vs the load to the base of the structural model and
floor time histories for \he three directions of motion (two horizontal and
cne vertical) will be determined. Thesc floor time histories will be applied
to a single-degree-of-freedom oscillator to determine the response spectra at
each floor.

5.3.2.3 Tornado Design Criteria

The description of the tornade desiy: criteria ie included in subsection
ey B ey P

5.3.2.4 Flood Protection Design Criteria

The description of the flood protection design criteria is included in
subsection 5.3.1.3,

$.3.3 Construction Matevials

The principal construction materials for safety related structures are
concrete, reinforcing steel and structural steel.
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£.3.3.1 Concrete
Concrete design compressive strength will be as follows:
a. All structures 4000 psi
b. Mud mat and concrete fill 2500 psi
5.3.3.2 Reinforcing Steel
Reinforcing steel will be deformed billet steel, conforming to ASTM

Designation A-615, Grade 60.

§.3.3.3 Structural Steel

Structural steel will conform to ASTM designation A-36.

5.3.4 Load and Load Combipnationg

Rev. 0

The following lecade will be used in the design and analysis of the G03/G04

Diesel Generator 3uilding.

5.3.4.1 Normal Loads

Normal loads, which are those loads encountered during normal plant operation

and shutdown are as follows:

a. D - Dead lcads and their related internal moments and forces,

including any permanent equipment loads.

b. L - Live loads or their related internal moments and forces, includin§

any movable egquipment loads and other loads which vary with

intensity and occurrence.

e. T, - Thermal effects and loads during normal coperating or shutdown
conditions
d. R - Pipe reactions during normal operating or shutdown conditions,

based on the most critical transient or steady state condition.

5.3.4.2 Severe Environmental Loads

Severe envircnmental loads include the fellowing:

E - Loads generated by the operating basis earthguake.
b, W -+ Loads generated by the design wind specified for the plant.
PENP . WPF €5 September 21, 1993
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§.3.4.3 Extreme Environmental Loads
Extreme environmental loads include the following:

a. E' - Loads generated by the safe shutdown earthquake.

b. W - LlLoads generated hy the design tornado specified for the plant.
Tornado lcads include loads due to the tornado wind pressure,
tornado-created differential pressure, and tc tornado-generated
missiles.

$.3.4.4 Load Combinations For Safety Related Structures
5.3.4.4.1 Safety Related Concrete Structures

Load combinations for safety related concrete gtructures using the ultimate
strength design method, will be in accordance with the following:

a. Load combinationg for normal/service loads conditions:
L
L+ 1.87 =%
L+ 1.7W

Where thermal stresses due to T, and R, are present, the following
comi-inations will also be considered:

(4) (0.75) (1.4 D+ 1.7L+1.7T, + 1.7 R)
(5) (0,75) (1.4 D +# 1.7 L + 1.B7E % 1.7T, +# 1.7 R)
(6) (0.75) (1.4 D +#+ 1.7 L # 1.7 W # 1.7T. + 1.7 R)

In addition, the following combinations will be considered:

(7) 1.2 D + 1.87 E

{8) 1.2 D+ 1.7W

b. For factored load conditions which represent extreme environmental,
abnormal, abnormal/severe environmental, and abnormal /extreme

environmental conditions, the following load combinations will be

considered:
(8) D+ L+T + R + E'
(10) D + L + T + R + ¥

Combination (10) and the corresponding structural acceptance criteria of
Section 5.3.6 will be satisfied first without the tornado missile load
in (10) .

Where any load reduces the effects of other loads, the corresponding
coefficient for that load will be taken as 0.9 if it can be demonstrated
that the load is always present Or occurs simultaneously with other
loads. Otherwise the coefficient for that load will be taken as a zero.
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Where tie structural effects of differential settlement, creep, or
shrinkage significant, they are be included with the dead load, D, as
applicable.

5.3.4.4.2 8Safety Related Steel Interior Structures

Load combinations for safety related steel interior structures using elastic
working stress methods will be in accordance with the following:

a. Load combinationg for normal/service load conditions:
{1) D+ L
(2) D+ L + E
{(3) D+ L + W

If thermal stresses due to T, and R are present, the following
combinationg will also be considered:

{4) D+ L+ T, + R
(S) D+ L4+T +R +E
(6) D+ L+ T . + R + W
b. For factored load conditions the fcllowing load combinations will be
congidered:
(7) D+ L+ T, + R + E'
(8) D+ L+ T + R + ¥

In the above factored load combinations, thermal loads can be neglecied
when it can be shown that they are sec ndary and self-limiting in nature
and where the material is ductile.

Combination (8) and the corresponding structural acceptance criteria of
Section 5.3.6 will first be satisfied without the tornadoc missile load
in (B).

Where any load reduces the effects of other loads, the corresponding
coefficient for that load will be taken as 0.9, if it can be
demonstrated that the load is always present or occurs simultaneocusly
with other loads. Otherwise, the coefficient for that lcad will be
taken as zero.

Where the structural effect of differential settlement may be
significant, it shall be included with the dead load, D.
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Structural Acceptance Criteria

.1 Safety Related Structures

For each of the loading combinations delineated in subsection 5.3.4.4 of this
criteria, the following defines the allowable limits which constitute the
structural acceptance criteria:

a.

5.3.8

Congrete Load Combinationg Limit
All Load Combinations U

Where U is the section strength reguired to resist design loads based on
the strength design methods described in ACI 318 Code.

] : bi d Limi
Load Combinations (1), (2), (3) g
Load Combinations {4), (5), (6) s
Load Combinations (7), (8) 1.58

Where S is the reguired section strength based on elastic design methods
and the allowable stresses defined in Part 1 of the AISC “"Specification
For The Design, Fabrication, and Erection of Structural Steel For
Buildings" except that the 1/3 increase in allowable stresses for steel
due to seismic or wind loadings is not permitted.

.2 Non-Safety Related Structures

For each of the loading combinations delineated in subsection 5.3.4.5 of this
criteria, the following defines the allowable limits which constitute the
structural acceptance criteria:

Concrete Load Combinations Limit
All Load Combinations 18]

where U is the section strength required to resiet design loads based on
the strength design methods described in ACI 318 Code.

: ) { Combi . yE
All Load Combinations s

Where § is the reqguired section strength based on elastic design methods
and the allowable stresses defined in Part 1 of the AISC "Specification
For The Design, Fabrication, and Erection of Structural Steel For
Buildings".
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5.4 BUILDING ELECTRICAL DESIGN

5.4.1 Lighting

$.4.1.1 System Functions

Lighting for the DGB will be provided by the normal liglting system and the
emergency lighting system. A description of the functicn of these systems
follow.

$.4.1.1.1 Normal Lighting System Function

This system will provide general and local illumination for operating and
maintenance activities.

5.4.1.1.2 Emergency Lighting System Function

This lighting will provide protection for perscnnel and allow continued safe
plant operation in the event of normal lighting failure. It will consist of
fixed self-contained battery pack lighting.

Fixed self-contained lighting with individual 8-hour minimum battery power
supplies will be provided in areas that must be manned for safe shutdown (in
the event of a fire) and in access and egress routes to these areas.

$.4.1.2 System Design

5.4.1.2.1 General System

The type of fixture and foot candle requirements for the various areas of the
DGB will be as required by NFPA 70 and in accordance with the guidelines of
the Illuminating Engineering Society 'IES) Handbook 1984 reference volume and
1987 application volume.

Conduit for the lighting systems wil' be run embedded and exposed, and will be
grounded (PVC conduit will not be griunded) .

All lighting fixtures are to be pendant or surface mounted.
Lighting wire insulation will be type THW/THWN, rated at 90°C.

Separate neutrals will be run with each phase of branch circuits. Full-size
neutrals will be used for feeder and branch circuits.

The combined voltage drop of both feeder and branch circuits will not exceed
5%,

$.4.1.2.2 Normal Lighting System
Normal Lighting fixtures will be 120 V fluorescent.

Fixtures will be switched from the lighting panelboard, using molded case
circuit breakers rated for switching duty.

The normal lighting panels will be 208/120 V, 3-phase, 4-wire fed from the
non-safety related (non-Class 1E) portion of the EDG Motor Control Centers
(MCC) in the DGB. Approximately half of the normal lighting in a 3iven room
will be powered from the Unit associated panelboard with the remaining
fixtures powered from the opposite Unit. This will provide minimum acceptable
lighting levels in all areas in the event of loss of power to either panel.
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5.4.1.2.3 Emergency Lighting and Exit Signs System

Emergency lighting will be incandescent and provided with self-contained 8- :
hour rated battery packs. The 120 v ac power to the units will come from the 1
Unit asscciated panelboard for which the lighting unit covers. Therefore, the @
emergency lighting units will be monitoring the Unit associated powexr opusses.
Common areas are covered by either one or both units.

Exit lights will be incandescent and provided with self-contained 8-hour rated
battery packs.

5.4.2 Power Distvibution and Loads .

5.4.2.1 System Function

The safeguards electrical distribution system will provide electrical energy :
to all building loads, both Class 1E and non-Class 1E. A 480 V MCC will be p
provided for each EDG. The two MCCs will utilize a split bus to segregate f
Class 1E and non-Class 1E loads. A breaker connecting the two bus sections |
will open on receipt of a safety injection signal and/or undervoltage on the

Class 1E 4160 V switchgear, isolating the non-Class 1E loads.

5.4.2.2 System Design :

Electrical power distribution will be accomplished by means of two 480 V AC, :
3-phase, 3-wire, ungrounded delta systems (cne for each EDG). Transformaticns
from this service to 120 and 208 V AC will be provided by transformers mounted
in the EDG MCCs. :

Electrical supply eguipment will have the capacity to supply the power
requirements of all identified and anticipated loads plus a minimum of 15% .
spare capacity.

All power distribution components will be rated for 600 V AC and be suitable
for application in a typical industrial environment. NEMA Class 1 enclosures
will be provided as a minimum,

Wiring to non-Class 1E loads will be physically separated from wiring to Class 1
1E loads. |

Non-Class 1E circuites for communication, fire detection and security systems

will be routed in totally enclosed dedicated raceways; therefore, cable for |
these systems need not comply with IEEE 383. The remaining non-Class 1E

circuits will use fire resistant cable which have passed the fire tests

contained in IEEE 383.

Overcurrent protection will be provided by means of molded-case thermal-
magnetic circuit breakers. Proper coordination of all covercurrent protection
devices will be provided down to, and including, the local panelboard(s).

Convenience receptacles will be flush mounted 120 V AC, duplex with no covers. :
Alternate receptacles are powered from Unit 1 and Unit 2 diesel backed power. :

Power receptacles (minimum cf § powered by each EDG MCC) will be surface
mounted, 480 V, 3-phase, 3 wire with ground.

5.4.3 Grounding and Lightning Protection

Load egquipment, power supplies, raceways (except for PVC), and enclosures will
be electrically interconnected and form a continuous path to Station ground.

Lightning protection will be provided for the DGB.
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5.4.4 Communications

5.4.4.1 System Function
This system will provide dependable, convenient and rapid communication
between all plant areas vital to the operation and maintenance of the plant
and the protection of personnel. The existing Gaitronics Page/Public Address
System will be extended to the new DGB.
5.4.4.2 System Design
The communications system will consist of:

a. Telephone system installed by an independent telephone contractor.

b. Page/Public Address System (Gaitronics).

¢, The capability for future expansion of the plant radio system into the
DGB will be provided.
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5.4.5 Fire Detection/Alarm Uystem

5.4.5.1 System Function

This system will detect a fire in the DGB and alarm locally and in the Main
Control Room. Fire detection devices appropriate for the type of fire
anticipated in each area will provide early warning of fire conditions. Water
flow switches will identify sprinkler system operation. All initiating
devices will alarm on the local fire detection and graphic annunciator panels
located under the stairway outside the mechanical rcom (outside the DGB on the
west side) .

The local fire alarm panel will connect to the site fire alarm system. The
smoke, heat and flow detectors will be combined into six zones for
transmission of alarm and graphic signals to tne main contrel room and site
graphic annunciator panel.

5.4.5.2 System Design

The local fire alarm system will be designed according to the applicable
sections of NFPA 72. It will be a non-coded, hard-wired, 24 VDC automatic
fire detection and alarm system with Style B (Class B) electrical supervision.
Alarm indicating devices will be Style Y electrically supervised. The system
will be UL listed for fire protective signaling service.

The safeguards electrical distribution system will provide normal AC power to
the local panel {(a non-Class 1E load). A battery and battery charger in the
local panel provides backup power for at least 24 hours after loss of normal
AC power.

A local graphic annunciator panel with LED lights will show the status of all
initiating devices (fire detection and water flow) and trouble conditions on
the local system.

The local fire alarm system will produce a distinct and unique audible fire
alarm in the DGB and audible and visual alarms and annunciation in the Main
control room. The site graphic annunciator in the main control room will
display DGB fire and trcuble alarms. This graphic annunciator will identify
the fire detection zones and sprinkler systems in alarm and show the general
location of the fire in the building. The plant fire brigade will respond to
the local annunciator panel at the DGB to identify the specific device in
alarm.

Rate compensation thermal detectors will be used in the diesel generator
rooms. Remaining areas of the building will use photoelectric smoke detectors
to provide early warning of fire conditions. Fire detectors will be UL listed
and located according to the applicable sections of NFPA 72E.
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5.4.6 Security
Security for the DGB will be provided by the following systems.

$.4.6.1 Building Security System

The building security system will provide protection from unauthorized access
into tha DGB building. The security system will have the capability to
monitor, alarm and store data pertinent to personnel access/egress into the
building. This system will function during normal plant ration and during
loss of off-site power, but is not required to operate following a design
basis accident or a safe shutdown earthquake.

The building security system will consist of card readers, electric door
strikes, position switches, security lighting and cables to interface with the
exigting plant security system. Normal entrance/exit doors will be monitored
and controlled by the plant security computer. Operation of emergency exit
doors will be monitored and alarmed.

$5.4.6.2 Security Laghting System

Exterior yard and perimeter lighting will be provided similar to the existing
lighting design. The external lighting system will satisfy the plant security
illumination regquirements cf the WE Security Plan.

$.4.6.3 Security Fence System

A fence will be provided around the north, east and west sides of the yard
that will include the DGB, the 15,000 gallon fuel oil fill tank. The south
side of the yard will open up into the existing protected area security fence
adjacent to the north service building (the existing security fence and
intrusion detection system will be removed on the south side of the yard' .

The perimeter will be monitored by an intrusion detection system which will be
compatible with the existing plant security and computer systems.

5.4.6.4 Camera System

Cameras and camera towers will be provided similar to the existing cameras and
will be compatible with the existing plant security and computer system.
5.4.6.5 Interim Security During Construction

During construction some work will be performed adjacent to the security

ferice. Additional security measures (e.g., additional security guards) will
be implemented as required.

5.4.7 Radiation Monitoring

Radiation monitors are not being installed in the DGB since the entire area is
classified as a mild environment.

PENP WPF 75 September 21, 1953




PBENP DIESEL PROJECT DESIGN SUsMITTAL

5.5 BUILDING/MECHANICAL/HVAC DESIGN

5.5.1 Fire Protection System Function

$.5.1.1 System Function

The fire protection system, in conjunction with the fire detection system
{reference Section 5.4.5) will provide the means to allow the site to fight a
fire in the DGB, limit the fire to one area or zone and, minimize the loss of
property due to fire.

5.5.1.2 System Design

Automatic and manual fire protection capability will be provided for the DGB.
Automatic wet-pipe sprinkler systems will be installed in some areas to
provide protection from major fire hazards in the building. Other areas will
be protected with manual hose stations and hand-held extinguishers. Thermal
fire detection will be installed in the diesel engine rooms. Photo-electric
smoke detection will be provided throughout most of the remaining building
areas to provide early warning in the event of fire conditions, Fire
detection and water flow alarmeg will alarm locally and in the Control Room.
Fire hydrants will be installed around the outside of the building for
exterior fire fighting capability.

The DGE will be provided with fire protection in each area of the facility as
follows:

Building/Area Fire Protection System

G03 and G04 Engine Rooms Wet Sprinklers (.30 gpm £t%) &
hose coverage

Fuel 01l Transfer Pump and Wet Sprinklers (.30 gpm ft*) &

Day Tank Room hose coverage

C02 Fuesl Cil Day Tank Kcom Wet Sprinklers (.30 gpm £t7) &
hose coverage

Mechanical Room wet Sprinklers (.30 gpm ft°) &
hose coverage

Switchgear Rooms Hose coverage

Egquipment Rooms Hose coverage

{(Second Story)

Fan Rooms (Second Story) Hose coverage
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£.5.1.3 Fire Protection Water Supply System

The automatic and manual fire protection l!lt.m piping will be s lied from a
new, 10 inch diameter, underground fire main looped around the . The new
fire main will be connected tc the existing, 10 inch diameter, dedicated, site
fire protection distribution piging network. Two redundant, 8" diameter feed
mains will lugply the buildin ire 8 ression systems from the new
digtribution loop. Two fire drants will be supplied from separate lateral
fire mains for exterior protection.

The new fire main distribution system 1 and redundant building feed mains
will be provided with indicating type isolation valves to allow as much
flexibility for service as possible, without impairing building fire
puppression systems.

5.5.1.4 Wet Pipe Sprinkler Systems

The north and south sides of the DGB will be provided with independent

ggtinkler systems controlled by separate, indicating type, isclation valves.
is is intended to provide the maximum sprinkler coverage for the building in

the event that one system is taken out of service for maintenance or repair.

Each sprinkler will be a hxdxaulically calculated, wet-pipe sprinkler system.
These will be provided with separate water flow switches that will alarm
locally and in the Control Room when there is water flow in the system.

5.1.5.%5 Manual Hose Stations

1-1/2 inch, manual hose stations, with 100 feet of fire hose and adjustable,
n?‘BhOCk, fog nozzles, will be provided to protect all areas on each
elevation,

Sprinkler systems and hose stations will be provided with separate indicating
type isolation valves that will allow sach to be isolated independently.

5.5.1.6 Portable Fire Extinguishers

Portable fire extinguishers will be prrwided to protect all areas of the DGB.
The type and capacity of each extingu’shexr will selected on the basis of
the specific hazard in each room.

5.5.2 Plumbing/Drains

5.5.2.1 8System Function

The DGB will be provided with floor drains to route all normal drains to the
site drainage ngstem and potentially oily/contaminated waste spills to sumps
adjacent to each Diesel Room. The sumps will be sized to contain the maximum
guantity of cily waste sgills corresponding to the capacity of the single
largest system and will sized to accommodate a eimultaneous discharge of
fire water including 500 gpm from a fire hose for 10 minutes per NFPA-850 and
30 minutes of sprinkler water flow. Sump pumps will be used for transfer of
0il spills or water collected in the sumps.
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5.5.2.2 System Design

Drain piping will be designed to meet the American Water Works Association
{AWWA) and other appropriate building codes and industrial standards,
congistent with existing plant systems. Roof drain piping and drain piping
from the second flocr of the diesel generator areas not subject to oily or
chemical dischargee will discharge to the site drainage system. All other
general area drain piping will run to the DGB sumps adjacent to each diesel
room.

The building sumps are located adjacent to the Diesel Rooms. All drain piping
from areas associated with G03 are routed to the sump adjacent to the GO03
diesel room. Conversely, the same is done for the G04 areas. This avoids
communication between the G03 and G04 diesel rooms.

A sump pump will be used to transfer fluids from the sumps for controlled
disposal. The sumps will be provided with indicators to monitor the liquid
level in the sump.

Fire protection water released because of system actuation or use of a fire
hose will be drained to the building sumps.

5.5.3 Heating Ventilation, and Air Conditioning (HVAC)

5.5.3.1 System Function
The DGB HVAC System will provide heating, air conditioning and ventilatiun and
will provide for removal of solar and component heus. loads to maintain the
housed components within their gqualification and operating limits during all
plant conditions. It will also provide sufficient air flow to prevent build-
up of fuel oil fumes.
The DGB HVAC System will be comprised of the following subsystems:

a. Diesel Rocoms Exhaust Systems for Engine Operation

b. Diesel Rooms Exhaust Systems for Engine Standby

c. Switchgear Rooms and Mechanical Room Heating, Cocling, and Ventilation
System for Normal Operation (Offsite Power Available and no SI)

d. GO03 and G04 Switchgear Rooms Emergency Exhaust Systems

e. G033 Fuel 01l Day Tank Room Exhaust System

£f. G04 Fuel 0il Transfer Pump and Day Tank Room Exhaust System

g. ©G01/G02 Fuel 0il Transfer Pumps Room Exhaust System
The HVAC system controls will consist of temperature sensor switches and
controllers to control air flows and electric heaters in order to maintain
required temperatures in the building.
The diesel room exhaust fans (except the fans which operate in standby), the
gwitchgear rooms/mechanical room air handling unit and the switchgear rooms
emergency exhaust fans will be operated by temperature sensors which will turn
the components on and off.
The exhaust fans in the day tank and fuel oil transfer pumps room plus the

diesel room exhaust fans operating in standby will run continuously to
maintain fume levels below the minimum allowable levels.
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§.5.3.2 System Design

The HVAC system capacities will be based on an outdoor ambient temperature
range of 9%°F and -15°F. This is beyond the 99% occurrence range from ASHRAE.
The HVAC steady state heat lcad calculations do not take credit for passive
heat sinks (concrete walls and floors) and thermal lag. Therefore, the HVAC
degig.. conditions are conservative, and brief upper temperature excursions for
a few hours will not significantly affect eguipment operability.

5.5.3.2.1 Fuel Cil Transfer Pumps and Day Tank Rooms

The fuel 01l transfer pumps and day tank rooms each will have an exhaust fan
to maintain a minimum continucus air flow of 1 cfm per square foot of floor
area in order to prevent possible build-up of a flammable atmosphere during
standby conditions. Electric unit heaters are provided to maintain a minimum
temperature of 50°F under all normal and emergency conditions. Because of
minimal heat load, fans will not be reguired to maintain a maximum temperature
of 105°F.

5.5.3.2.2 Diesel Rooms

Each diesel room will have a standby exhaust fan which will maintain a minimum
continuous air flow of 1 cfm per square foot of floor area in order to prevent
pessible buildup of a flammable atmosphere and a maximum diesel room
temperature of 105°F during EDG standby. Unit heaters will maintain a minimum
temperature of S50°F during EDG standby.

Each diesel rocom will have two thermostatically controlled safety related
exhaust fans to maintain the diesel room belcow 120°F during EDG operation.

The fans will be set to come on at staggered temperatures to minimize step
load additicons to the EDG and to minimize the possibility of large temperature
drops in the yoom if the exhaust fans come on in c¢old weather conditions.

5.5.3.2.3 Switchgear Poome and Mechanical Room

During EDG standby conditions, i.e., coffsite power available, the temperature
will be maintained between 65°F and 85°F in both the GO03 and G04 switchgear
rooms and the mechanical room by a common air handling unit and associated
supply ductwork. This will maintain a reascnable working environment and
minimize the introduction of outside air thereby reducing the amount of dirt
introduced into the electrical areas.

Should the air handling unit fail or the site experience a loss of offsite
power or SI, an emergency exhaust fan will be provided in each switchgear room
to maintain the room temperature below 105°F.

The emergency exhaust fans will be thermostatically controlled to come on at
90°F. They will receive supply air from openings into the second floor
radiatcr rooms.

5.5.3.2.4 BSecond Floor Areas

The second floor areas will consist of the Fan Rooms which house the diesel
room, day tank room and transfer pump room exhaust fans and the egquipment
rooms which house the radiator and combustion air intake components. Because
of the eguipment housed in these areas, nc ventilation systems will be
required
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$.5.3.2.5 Emergency Exhaust Fan Design

All diesel room and switchgear room safety related exhaust fansg (the transfer
pumps and day tank rooms do not require safety related ventilation) will be
vane axial type, belt driven by TEFC motors. Each switchgear room will have
one 100% capacity fan while each diesel room will have a 30% and a 70%
capacity fan. This ratio ig to protect the diesel room from very cold
temperatures should the EDG be running during cold weather.

5.5.3.2.6 HVAC Capacities

Capacities of individual system ventilation fans and all other components will
be indicated on design drawings or specifications.

£.5.3.2.7 HVAC Electrical Eguipment

All spafety related electrical equipment for the DGB HVAC systems will be
powered from safeguards electrical distributicn system Class 1E buses. Non-
safety-related electrically driven HVAC eguipment will be powered from the
non-Class 1E portion of the safeguards electrical distribution system.
5.5.3.2.8 HVAC Missile Protecticn

All components of each ventilation system will be protected from tornado
generated missiles including the building ventilation intakes and exhausts.
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5.5.3.2.9 Fire Protection

Fire dampers with a 3-hour fire rating will be provided in all openings
penetrating 3-hour fire rated walls/floors/ceilings. No connection will exist
between the HVAC system and the fire alarm system. An HVAC smoke controcl
system will not be provided; howaver, the exhaust fans are available for this
function. Operator action will be required to shutdown the HVAC system or
start the exhaust fans for smoke removal when necessary during a fire.

5.5.3.2.10 HVAC Intake and Exhaust Elevation

The intake and exhaust openings fcr the DGB ventilation system will be located
at an elevation higher than the maximum probable flood level.

Intake openings will be located at an elevation sufficiently away from and
below the EDG exhaust to prevent exhaust gas recirculation intake.

5.5.4 gSration Air Feguirements

Station air for maintenance needs will be provided for the new DGB, serving
non-safety related functions only. The supply of air will be from a
connection to the Unit 2 station air system located in the North Service
Building. This air system normally operates at 95 psig. Suitable maintenance
hose stations will be provided where required in the DGB.

5.5.5 Potable Water
Potable water for an eyewash station will be provided in the mechanical room
{non-safety related function). The potable water will be obtained from a tap

into the site potable water system insgide the north service building.
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High voltage station auxiliary transformer 2-X03 provides power to low voltage
station auxiliary transformer 2-X04 which in turn provides power to Unit 2
4160V buses 2-A03 and 2-A04 through two separate windings. Buses 2-A03 and 2-
A04 in turn provide power to the Unit 2 4160V safeguards buses, 2-A05 and 2-
ADE, respectively.

€.1.2.2 Standby Bmergency Source

Two EDGs G01 and G0O2, commo:: to both units, are connected to the engineered
safeguards features buses of both units toc supply emergency shutdown power in
the event of loss of power from low voltage station auxiliary transformer 1-
X04 or 2-X04. The standby emergency onsite source for Train A buses 1-A05 and
2-A05 is EDG GUO1. Similarly, the standby emergency onsite source for Train B
buses 1-A06 and 2-A06 is EDG GO2.

Each existing EDG (G0l or GO2) is capable of supplying power, in the event of
a loss of off-site power (LOOP), to all the necessary safeguards eguipment of
one unit in an accident condition, plus the loads needed to place the other
unit in a safe (hot) shutdown condition. Table 3-A depicts the presently
evaluated EDG GC1 and G02 loads for the above scenario.

Each EDG is automatically starte. by either of the following events:

a. Loss of voltage on ¢ ther o1 both of the associated 4160V buses (buses
1-A05 or 2-A05 for GO01 wnd tises 1-A06 or 2-A06 for G02);

b. Initiation of a safety injection signal from the associated Train (GOl
gtarts on a Train A S$I signal from either unit and G02 starts on a Train
B S1 signal from either unit).

A degraded voltage condition (not as severe as undervoltage) for 50 seconds
will be detected by 3 relays connected phase to phase to a 4160V safeguards
bus. To prevent spurious actuation due to failure of one relay, operation of
any two relays will trip the normal emergency supply breaker from A04. The
resulting undervoltage will then start the associated EDG.

With a loss of voltage on any of the four 4160V safeguards buses, the
automatic voltage restoring sequence is as follows:

a Trip the normal emergency supply breaker and/or the tie breaker to the
opposite train of the same unit (A0S tc AO6 tie breaker).

b Trip all 480V safeguards bus feeder breakers except for the component
cooling pump motor, auxiliary feedwater pump motor, and the feeder
breaker to the safeguards motor control center.

c. Start the associated EDG

d. After the EDC comes up to speed (as sensed by the EDG tach generator)
and voltage (as determined by generator field being present), close the
EDG output breaker and re-energize the safeguards bus.

e. Upon re-energization of the safeguards bus, safeguarde loads are
pequenced on in the event of a safeguards actuation.

After voltage is re-established on the subject 4160-volt bus, the EDG
continues to run (lcaded or unloaded) until manually shutdown.

Running loads, which are not de-energized by the load shed sequence and have
maintained contact circuitry in their starting circuits, will subseguently be
re-energized when bus veoltage is restored.

Motors not running prior to the loss of voltage condition will not start upon

restoration of voltage, until manual or subseguent automatic action is
initiated.
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If there is a reguirement for engineered safeguards features operation
coincident with bus underveoltage, closing of the EDG output breaker as
described in step "d" is followed by sequential starting of the engineered
safeguards features eguipment.

6.1.2.3 125 V DC Power System

The safety-related 125 volt DC system consists of four main distribution
buses: D01, D02, D03, and D0O4. Distribution buses D01 and D03 are A Train
puses while D02 and D04 are B Train. Each bus is powered by a battery charger
and backed up by a station battery. All four main DC distribution buses are
common to both units.

Each of the existing EDG’'s have a normal and an alternate DC power source as
follows:

EDG GO1 D01 (Rormal! D03 (Alternate)
EDG GO2 Do2 (Normal) D04 {Alternate)

Each of the 4160V safeguards buseg have a normal and an alternate DC power
source as follows:

1-A0S D01 (Normal) D02 (Alternate)

1-A08 D02 (Noxmal) D01 (Alternate)

2-R05 D01 (Normal) D02 (Alternate)

2-A08 D02 (Normal) D01 (Alternate)
Manual action must be taken to place any " i @ DC source into service.
Interlocks are provided to disallow energiz. y circuit from its normal and

alternate DC source simultanecusly

€.1.3 Mpdified Emexrgency Powe:r Source Configuration

The planned modification will provide separation between the A and B trains of
4160V switchgear that meets current regulatory requirements. This will be
accomplished by moving Train B for both Units to the DGB. The new switchgeay
line-ups will each include two EDG output breakers, one from a normal standby
emergency source and one from an alternate standby emergency source. The
normal and alternate standby emergency sources for the Unit 1 Traan B
gwitchgear (1-A06) will be GU3 and G04, respectively. The normal and
alternate standby emergency sources for the Unit 2 Train B switchgear (2-A06)
will be G04 and GO2, respectively. The existing B train of 4160V switchgear
for each Unit, which includes an EDG G0Z output breaker, will be made an
extengion of the A train of 4160V switchgear for the same Unit. EDG G02 will
be reassigned to Train & and will be the normal standby emergency source for
the Unit 2 Train A switchgear 2-A05 and the alternate standby emergency source
for the Unit 1 Train A switchgear 1-A05. EDG G01 will continue to serve as
the normal standby emergency source for the Unit 1 Train A switchgear and will
become the alternate standby emergency source for the Unit 2 Train A
switchgear.
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6.1.3.1 Normal Emergency Source

The normal emergency sources for Unit 1 safeguards buses 1-A05 and 1-A06 will
be the two windings of Transformer 1-X04. The normal emergency SOUrces for
Unit 2 safeguards buses 2-A05 and 2-A0€ will be the two windings of
Transformer 2-X04. Therefore, the normal emergency sources for the psafeguards
buses will remain unchanged.

New Unit 1 and 2 Train B 4160V safeguards switchgear will be installed in the
new Category I DGB. This will be accomplished using two new 4160V safeguards
gwitchgear line-upe to replace the existing Unit 1 and 2 safeguards switchgear
buses 1-A06 and 2-A06. The new 1-A0E and 2-A06 buses will consist of indoor
type switchgear rated 5KV, 60Hz, 3 phase, with 2000A metal clad bus assembly
and 350 MVA class circuit breakers having 125V DC control. Each switchgear
line-up will consist of nine breaker cubicles and an additicnal relay and
metering cubicle arranged in ten vertical sections. The nine breakers will
consist of :

1-1200A for normal emergency supply from 1-A04/2-A04
1-1200A for normal EDG supply (normal standby emergency source)

1-1200A for alternate EDG supply (alternate standby emergency
source)

1-1200A for Station Service Transformer feeder
1-1200A for Safety Injection Pump feeder
1-1200A for local 480V AC MCC feederx

3-1200A spare feeders

The existing connections between existing buses 1-A04 and 1-A0€ and between 2-
AO4 and 2-ADé will be replaced with new connections between the existing AQ4
buses and the new A06é buses. The present Unit 1 and 2 Train B 4160 V
safeguards loads will be reconnected to the new ADE switchgear.

The existing Unit 1 and 2 4160 V Train A safeguards switchgear 1-A05 and 2-A0S
will be extended to include the existing Train B switchgear by replacing the
existing 1200A tie breaker between the Train A and B switchgears with a direct
connection after the new Train B switchgear and diesel generators have been
installed. The 1200A tie breakers removed will be installed in the AD4 buses
in place of the existing dummy breakers to feed the new A0€ buses. The
existing AOE 1200A normal emergency supply breakers from the AD4 buses,
gtation service transformer feeder breakers, and safety injection pump feeder
breakers will be spared, resulting in a total of three 1200A spare breakers on
each unit’s A05 bus This will allow each of the Train A buses to have a
normal and an alternate standby emergency power supp.y (along with the normal
emergency power supply) and provide space for future growth of the Train A
switchgear The existing normal emergency power source for the existing Train
A 1405 and 2A05 buses will remain unchanged.
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€.1.3.2 Standby Emergency Source

Separate normal and alternate standby emergency source EDGs for each of the
four 4160V safeguards buses will be provided. The alternate standby emergency
source for a given safeguards bus is the normal standby emergency source EDG
for the opposite Unit in the same train.

The standby emergency sources for Unit 1 safeguards buses 1-A05 and 1-A06 will
normally be EDG‘'s G01 and G03 (ncrmal standby emergency source), and EDG’'s GO02
and G04 (alternate standby emergency source), respectively. The standby
emergency sources for Unit 2 safeguards buses 2-A05 and 2-A06 will normally be
EDG's G0O2 and G04 (normal standby emergency source), and FDG’'s GO0l and GO3
(alternate standby emergency source), respectively.

Selection of the EDG that will automatically energize a 4160 V safeguards bus
upon: an undervoltage condition is made by placing the associated EDG output
breaker control switch in the Auto position. The alternate standby emergency
eupply that will not automatically energize the bus will have its output
breaker control switch key locked in the Pull-Out position.

The differences between operation of the existing and modified Safeguarde
Electrical Distribution System are as follows:

a. The normal standby emergency power source for each of the four 4160 V
safeguards buses (two for each Unit) is supplied by a separate EDG.

b. The EDG that serves as the normal standby emergency power source for a
train in one Unit is available as the alternate standby emergency power
source for the same train in the other Unit.

¢. There no are longer tie breakers between the 4160 V safeguards buses fcr
each Unit tc open on bus undervoltage. (Existing Technical
Specificatione reguires the A0S to AOE cross-tie breakers tc be removed
from their cubicles during operation).

d. Two EDGe are started when voltage is lost on a safeguards bus (the
normal and alternate EDG's) instead of one. Loading of the preselected
EDG is automatic. Loading of the EDG that was not preselected must be
manually initiated.

The load on the EDGs following LOCA, coupled with a loss of normal emergency
power to both units, is summarized in Table €-B. Page 1 of Table 6-B
summarizes loading during the injection phase and Page 2 summarizes loading
during the recirculation phase. In determining this loading, it is assumed
that only one EDG is available. The worse case loading for any of the four
EDG's would occurs on the B Train EDG’s during the injection phase of a LOCA
on one Unit with the other Unit in celd shutdown. This loading is 2805 Kw
lasting for less than 1/2 hour which is less than the 200 hour rating (2951
KW) of the new EDG’s After the first half hour, the worse case lcoading is
reduced to 2581 KW which is less than the 2848 KW continuous (2000 hour)
rating.

Upon loss of bus voltage or a sustained degraded bus voltage condition on the
4160 V safeguards buses in Units 1 or 2, a number of events will take place to
restore proper voltage to the safeguards loads. These events include tripping
the normal emergency supply breaker, automatic starting of the EDGs, automatic
load shedding and a subsequent reloading using the emergency power BOUrces.
The existing control scheme will control these events. The only difference is
that two EDGs will be started instead of one when an undervoltage condition is
sensed on any of the four 4160 V safeguards buses. Both the normal and
alternate EDG for the bus will be started.
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When the EDG is up to speed (45 sensed by an electric speed switch for EDG's
G03 and G04) and up to voltage (as sensed by a voltage relay cn the EDG output
for GO3 and GO4), it will be connected to its normal bus which has lost power,
the other EDG will run unlocaded until stopped manually if power to its normal
bugs is still available. Prior operator action will be reguired for automatic
connection of an EDG to its alternate bus., This prevents automatic connection
of two EDGs to a single bus.

The offsite normal emergency source and onsite standby EDG existing and
proposed voltage restoration seguences are summarized in Table 6-A.

6.1.3.3 12% V DC Power System

Two new Train B 125 V DC distribution panels D28 and D40 will be installed in
the DGB to provide control power and DC auxiliary power for EDG G032 and EDG
G04, respectively. D28 and D40 will alsc provide DC control power to the new
4160 V switchgear 1-A06 and 2-A06, respectively. DC panel D28 will be
supplied from existing DC panel D02 while D40 will be supplied from existing
DC panel D04. The new distribution panels will have an alternate feed that
will come from the opposite distripution panel (ie. the alternate feed to D28
will be D40 and the alternate feed to D40 will be D28). Interlocks will be
provided to disallow the panels from being energized by their normal and
alternate feeders simultaneously. The new DC distribution panels will be 2
wire, ungrounded, with 250 VDC, 200A Main Bus, and 10,000A short circuit
current withstand rating.

Each of the EL3’'s will have a normal and an alternate DC power source as
follows:

EDG GO1 D01 (Normal) D03 (Alternate!
EDG GO02 LJ3 {Normal) D04 ({Alternate)
EDG GO3 D28 (Normal) P40 (Alternate)
EDG GO4 D40 (Normal) D28 (Alternate)

Each of the 4160 V safeguards buses have a normal and an alternate DC power
source as follows:

1-A0S DC1 (Normal) D02 (Alternate)
1-A06 D28 (Normal) D40 (Alternate)
2-R05 D03 (Normal) D01 (Alternate)
2-A06 D40 (Normal) D28 (Alternate)

Manual action must be taken to place any alternate DC source into service.
Interlocks are provided to disallow energizing any circuit from its normal and
alternate DC source simultaneously.

€.2 MODIFIED 480 V CONFIGURATION - SAFEGUARDS BUSES

The configuration of the existing 480V safeguards switchgear buses will mnot be
modified except the power source for the two 480V B Train buses will come off
the new A0U6 buses rather than the old ADE buses.

Two new Train A 480V MCC’s will be installed in the DGE to supply the EDG GO1
and EDG G02 fuel oil transfer pumps and associated fuel oil transfer pump room
safety-related heaters. These two new MCC's (1-B30 and 2-B30) will be
supplied from existing safeguards MCC's 1-B32 and 2-B32, respectively. The
two new MCCs will be of the indoor type, rated at 600 V, 60Hz, 3 phase, 3
wire, with 600A horizontal bus and 300A vertical bus, and a 22,000A short
circuit current withstand rating.
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Two new Train B MCC’s will be installed in the DGB to supply the EDG G03 and
EDG G04 auxiliaries as well as the DGB loads such as lighting. These two new
MCC’'e (1-B40 and 2-B40) will be supplied from the new 4160 V switchgear buses
1-A06 and 2-A0€ via two new 4160 V - 480 V dry type transformers 1-X06 and 2-
X0€, respectively. Each new B Train MCC will be divided into two sections, a
Class 1E section and a non Class 1E section. The non Class 1E section will be
fed from ite associated Class 1E gection via a circuit breaker that will be
tripped on an undervcltage signal from the associated 4160 V bus. All safety
related loads in the DGB will be fed from the safety related portion of the
MCC’s. The two new MCCe will be of the indoor type, rated at €600 V, 60Hz, 3
phase, 3 wire, with 600A horizontal bus and 300A vertical bus, and a 22,000A
short circuit current withstand rating.

6.3 MAIN CONTROL ROOM "CC1" AND "CO2" PANEL MODIFICATION

The existing controls for the 345 KV switchyard and the 13.8 KV system will be
relocated to the rear of contrel room panel C02Z {(common to both units) to make
room for the controls required for EDGs G033 and G04 and their associated 4160
V buses. Status indication for the 345 KV switchyard and the 13.8 KV system
will be duplicated on the front and back of C02.

Centrol room panel CO01 will be modified to incorporate the modified fuel oil

Bystem This will include the addition of fuel oil transfer pump controls for
G01 and GO2 only {(the GO03 and G04 transfer pump control will be in the DGRB) .
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6.4.2.3 Specific Reguirements - Existing Plant Areas

New safety related cables of redundant trains/channels will be run in separate
raceways.

Where it is necessary to install new raceways in the cable spreading room, the
Main Control Room and computer rooms the following separation distances
between redundant raceways will be maintained:

a. One inch in the horizontal direction and 3 inches in the vertical
direction where separation is between two open cable trays (ladder
type), an open cable tray and a cable in free air, or two cables in free
air.

b. One inch in the horizontal direction and one inch in the vertical
direction where separation is between two enclosed trays (solid bottom
with cover), an enclosed tray and a conduit, or between two conduits. .

¢. One inch in the horizontal direction and three inches in the vertical :
direction where separation is between an enclosed tray and an open tray,
between an enclosed tray and a free air cable, and between a conduit and
a free air cable. Where the enclosed tray or conduit is below the open
tray or free air cable, the vertical separation may be reduced to one
inch.

Where it is necessary to install new raceways in all other plant areas which
contain only instrumentation and control cables, the separation distances
required for raceways in the cable spreading room, the Main Control Room and
the computer rooms will be maintained.

Where it 185 necessary to install new raceways in all other plant areas which

contain low voltage power cables less than or egual to 2/0 AWG in size (one or ’
both raceways), the fcllowing separation digtances between redundancy raceways
will be maintained:

a. Six inches in the herizontal direction and twelve inches in the vertical
direction where geparation is between two open cable trays (ladder
type), an open cable tray and a cable in free air, or two cables in free
air,

b. One inch in the horizontal direction and on2 inch in the vertical
irection where geparaticn is between two enclosed trays (solid bottom
with cover), an enclosed tray and a conduit, or between two conduits.

¢. Six inches in the horizontal direction and twelve inches in the vertical
direction where separation is between an enclosed tray and an open tray,
between an enclosed tray and a free air cable, and between a conduit and
a free air cable. Where the enclosed tray or conduit is below the open
tray or free air cable, the vertical separation may be reduced to one |
inch., Where the open tray or cable in free air consists only of
instrumentation and contrcl cables the horizontal distance may be
reduced to one inch and the vertical distance to three inches.
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Where it is necensary to install new raceways in all other plant areas which
contain low voltage power cables larger than 2/0 AWG in size, or medium
voltage power circuits, the following separation distances between redundant
raceways will be maintained:

a. Three feet in the horizontal direction and five feet in the vertical
direction where separation is between two open cable traye (ladder
type) , an open cable tray and a cable in free air, or two cables in free
air.

b. One inch in the horizontal direction and one inch in the vertical
direction where separation is between two enclosed trays (solid bottom
with cover), an enclosed tray and a conduit, or between two conduits.

¢. Three feet in the horizontal direction and five feet in the vertical
direction where separation is between an enclosed tray and an open tray,
between an enclosed tray and a free air cable, and between a conduit and
a free air cable. Where the enclosed tray or conduit is below the open
tray or free air cable, the vertical separation may be reduced to one
inch. Where the open tray or cable in free air consists only of
instrumentation and control cables the horizontal distance may be
reduced to one inch and the vertical distance to three inches.

Where the separation distances above cannct be maintained, appropriate
barriers will be installed. Justification of the adeguacy of proposed
barriers will be included in the design documents.

6.4.2.4 Electrical Cable Requirements

Class 1E circuit design will comply with the general reguirements listed
below:

a All Class 1E insulated cable will be qualified in accordance with IEEE
383 and Regulatory Guide 1.131 (see Appendix D, Regulatory Guides, for
discussion)

b Only copper conducter will be used.

¢. Cables will be properly sized to required ampacity and voltage drop.

™
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6.4.2.5 Cable Tray and Conduit Reguirements

Tray and conduit systems will comply with the general requirements listed

below:
a.

b.

Exposed galvanized steel conduit and embedded PVC conduit will be used.
Instrument cables will not share raceways with power or control cables.

New Class 1E raceway (those raceways containing safety related cables)
will be seismically supported raceways.

Existing plant cable trays and racewaye to which new (Lables are added
will have their supports evaluated to verify continued acceptability.

The design will ensure that Class 1E, Seismic Category 1 systems and
componente are not prevented from performing their safety related
functions by seismically induced physical interacticn with non-Safety
Related non-seismic Category I systems or components. Supports for non-
safety related items will be designed and installed such that they do
not fail under seismic conditions and endanger the operation of any
adjacent safety related items. This interaction will be identified as
Seismac I1/1.

Seismic I1/1 supports will not fail during an SSE to the degree that
they degrade, to an unacceptable level, the ability of Class 1E systems
to perform their required function.

New installationg in the existing plant will be evaluated to identify
any potential Seismic I1/I concerns.

Certain non-Seismic Category I components whose weight and configuration
are such that even if their support failed, the nature and force of
their impact would not prevent Class 1E components from performing their
spafety related function may be excluded by analyeis from Seismic 11/1
considerations.

Protection of Class 1E tray and conduit from potential pipe break
failure hazards, missile hazards, hot pipe concerns, and seismic
interaction of closely spaced components will be provided by barriers,
restraints, separation distance, orientation, or the appropriate
combination thereof.
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Table 6-A
TABLE 6-A
EXISTING & PROPOSED VOLTAGE RESTORATION SEQUENCE
EXISTING VOLTAGE RESTORATION SEQUENCE

BUS BUS BUS BUS
1-A05 1-AR06 2-A05 2-RA06

Normal Emergency 1-X04 1-X04 2-X04 2-X04
Source 1-A03 1-A04 2-A03 2-A04
Standby Emergency Go1 Go2 Go1 Go2
Source

.................................................................

MODIFIED VOLTAGE RESTORATION SEQUENCE

BUS BUS BUS BUS
1-A05 1-ADE 2-A05 2-A0E

Normal Emergency 1-X04 1-X04 2-X04 2-X04
Scurce 1-A03 1-A04 2-A03 2-A04
Standby Emergency” GGl G03 Go2 G4

Source (Normal)

Standby Emergency’ Go2 Go4 Go1 Go3
Source (Alternate)

The Normal and Alternate Standby Emergency Source must be selected
manually. The selected source is automatically Iloaded on bus
undervoltage.

PENP .WPF 101 September 21, 1993
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EMERGENCY DIESEL GENERATOR LOADING
FOLLOWING LOSSE OF COOLANT ACCIDENT

Recirculation Phase

Rating

Agcident Unit and Common Loads AEach)
1 Safety Injection Pump 700 HP
1 Residual Heat Removal Pump 200 HP
3 Service Water Pumps 300 HP
2 Containment Fans(See Note Below) 150 HP
1 Component Cooling Pump 250 HP
1 Emergency Lighting Xfmr 30 KVa
2 Diesel Room Fans 20 HP
1 XY0é Instrument Bus Xfmr 30 KVA
1 Battery Room Fan 12 HP
1 Battery Charger 76 KVA
1 Battery Charger 112 KVA
1 Fuel 011 Transfer Pump** 3 HP
1 Security Battery Charger 51 KVA
1 Instrument Air Compressor 100 HP
1 Station Service Xfmr Losses
1 Diesel Gen. Aux. MCC

Subtotal
Bon-Accident Unit Loads (Mot Shutdown)
1 Component Cooling Pump 250 HP
1 Charging Pump 100 HP
1 Containment Accident Fan 150 HP
1 Station Service Xfmr Losses

Total
Non-Accident Unit Loads (Cold Shutdown)

' 1 Component Cooling Pump 250 HP
1 Residual Heat Removal Pump 200 RP
1 Station Service Xfmr Losses

Total
o Unit 1 Accident
& Unit 2 Accident
e These loads are included undery

Diepel Gen. Aux. MCC

“Sevird | oo

Tabie 6-B, Page 2 of 2

R T " ¢ T
G01/G02 G03/G04 l
e | il aitet | il
560 S60 S60 560
141 141 141 142
718 718 718 718
164 164 164 164 |
207 207 207 207
27 27 27 27
24 24 |
27 27 27 27
4 4 B “
54 54 54 54
75 75 75 75
] 0 0 o |
16 i6 36 36
93 93 93 93
15 7 & 14
—d 405 105
215€ 2148 2219 222%
207 207 207 207
83 CE 91 83
45 45 45 45
2495 2493 2572 2565 |
207 207 207 207
141 141 141 142
il | il | il | it
2508 2506 2577 2578 |

The above recirculation phase loading is considered continuous with respect to

emergency generator loading.

Note: The containment fan KW is different than those provided in FSAR Table

B.2-1, since it is calculated based on actual Brake Hursepower.

to this table is pending.
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7.1.8 Retraining of GO02

This work includes changing all items associated with G02 in order to declare it
an "A" train diesel. This work also includes the connection of all power and
control cables to allow G02 to provide emergency power to the 2A05 safegaurds
bus. This work is scheduled to be completed during the fall 1995 Unit 2
refueling outage. Upon completion of this work, Point Beach will have 4 operable
Emergency Diesel Generators connected in their final configuration.

7.2 PREOPERATIONAL/STARTUP TESTING

7.2.1 Qriginal Testing

The original testing for the diesel generators was completed in 1976 per the
requirements of IEEE Std 387-1974. The modifications performed on the DGs as
outlined in section 4.2.1 above have impacted the original gualifications. A
review of the modificatinse by the original manufacturer has concluded that all
of these modifications ar ' considered "minor" as defined in IEEE 387. The basis
for this conclusion is listed below. However, Wisconsin Electric believes that
even though these changes are classified as minor, there are sufficient changes
to warrant retesting of the diesel generators as outlined below in sections 7.2.2
and 7.2.3.

7.2.1.1 Modififcation Descriptions

1) Engine Cooling System Modifications
a. Replace heat exchanger with radiator (electric motor driven fans'.
b. Use glycel in cooling water.
2. Replace existing engine cylinder heads with EMD "Diamond 6" type.
2) Governor Replacement
a. Replace EGA with 2301A.
b. Replace EGB-C actuator wath EGB-P.
3) Change Generator Output Voltage from 6900V to 4160V
a. Change generatcr from wye to delta connection.
b. Replace PT's to accommodate lower voltage.
4) Flywheel Replacement
a. Replace standard flywheel with larger inertia flywheel.
5) Turbocharger Rebuild
a Upgrade tc high capacity turbocharger.
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Change Generator Output Vcltage from €900V to 4160V

Changing the generator output voltage from 6900V to 4160V is congidered to
be "minor". This modification reguires component parts substitutions.
Compenents sized for €900V are substituted with components sized for 4160V
which are the same manufacturer and type as the original components;
therefore, the characteristics and response of the generator/excitation
gystem will not be affected. Performance of the generator/excitation
system can be verified while performing the FPerformance Tests and
transient load acceptance tests listed for the Governor Replacement.

Flywheel Replacement

The flywheel replacement is considered to be "minor". This is a component
part substitution recommended by the engine manufacturer (EMD). The
original flywheel is replaced with a larger inertia flywheel to improve
the torsional characteristics of the engine-generator system. This is a
result of a 10CFR21 notification issued by Power Systems in 1988 which
addressed a torsional vibration concern for a specific combination of EMD
20-645E4 engines and two bearing generators. San Onofre Nuclear Plant and
Knclls Atomic Power Laboratories have previously performed the flywheel
replacement. The Knolls Atomic diesel generators are identical to the
Wisconsin Electric diesel generators, therefore, performance of this
replacement has already been verified.

Turbocharger Rebuild

The turbocharger rebuild ie considered to be "minor". This is a component
part substitution recommended by the engine manufacturer (EMD). The high
capacity turbocharger was introduced in 1981 and is recommended to reduce
the maintenance interval for the turbocharger. High capacity gears are
used within the turbocharger to improve gear wear during light load
operation ©of the engine. This 1is a standard upgrade which has been
implemented by many nuclear plants for their safety related diesel
generators. Performance of this upgrade has, therefore, already been
verified.

y Acc n -3

Factory Acceptance testing will be completed per ANSI/IEEE Std 387-1984 section
6.2 and Reg. Guide 1.9 Rev. 3 as follows:

Engine Tests

y

PBNP . WPF 107

Performance tests per paragraphs €.2.1.2 a through @ of the IEEE Std.
Single-Load Rejection Test egual to our largest single load.
Full-Load Rejection Test.

Transient Test

- 25% Load Step

- 50% Lload Step

- 75% Load Step
- 100% Load Step

Qo000

Start and Load Acceptance Test consisting of 30 successful starts in lieu
of the IEEE recommended 300 start test.

September 21, 1352
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7.2.3 Bite Acceptance Testing

Site Acceptance testing will be completed per ANSI/IEEE Std 387-1984 section 6.3
and Reg. Guide 1.9 Rev. 3 as follows:

- 4 Start Test

- Load-Run Test

3. Fast-Start Test

4. Loss-of -Offsite-Power (LOOP) Test
5 Safety-Injection-Actuation-Signal (SIAS) Test
6. Combined SIAS and LOOP Test

7 Hot Restart Test

8. Synchonizing Test

9. Protective Trip Bypass Test

10, Test Mode Change-Over Test

33 Redundant Unit Test
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DIESFL GENERATOR ADDITION PROJECT - MECHANICAL /PROCESS '
DESIGN CODES (NOTES 1 & 2) :
— "
Existing PENP Component
Component Existing PBNP Equivalent To Be Current
To 8e tquivalent Component Installed Industry
installed (Mote 3) Component Pesign Codes {(Note 4) | Design Codes (Notes 5 & 6) Design Codes
COMBUSTION AR
Filter® Filter DEMA - 1958 DEMA - 1972 DEMA - 1372 See Note 11,
(01l Rath) (Note 5) (Nots 5) {Note 5)
Stliencer* Silencer DEMA - 1958 DEMA - 1972 DEMA - 1972 See Note 11,
{Note 5) (Note 5) (Note S)
Pipe* Not Used N/A ANS]-831.1-1989 ASME |71-1989 The utilized codes are consistent
with the function of the component
and with similar components in other
systems,
Fittings* Not Used N/A ANSI -031.1-1989 ASME 111-1989 The utilized codes are consistent
AHS]-H16_9-10858 with the function of the component
and with similar components in other
systems,
Flexible* Not Used NIA DEMA- 1972 The utilized codes are consistent
Connection (Note 5) with the function of the component
and with similar components in other
systems.
Flanges* Flanges DEMA - 1958 ANS1-B31.1-1989 ASME 111-1989 See Note B,
(Nate 5) ANSI-R16.5-1985
DGAP A WPF Appendix & - 2
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DIESEL GENERATOR ADDITION PROJECT
DESIGN CODES (NOTES 1 & 2)

- MECHANICAL /PROCESS

-

W g e

Extsting PBNP Component
Component Existing PBNP Equivalent To Be Current
To Be Equivalent Component installed industry
Instalied (Note 3) Component Design Codes (Note 4) | Design Codes (Notes S & 6) Design Codes Remark:
FXHAUST
Silencer* Silencer DEMA - 1958 DEMA- 1977 DEMA- 1972 See Note 11,
(Note 5) (Note 5) (Note 53
Pipe* Pipe ANSI-831.1-19467 ANST B31.1-1989 ASME [11-1989 See Note 9.
Fittings* Fittings ANST-B31.1-1967 ANSi-B31.1-1989 ASME 111-1989 See Note 9.
£ xpans ion Expansion DEMA - 1958 DEMA- 1972 See Note 11,
Joints* doints (Hote 5) (Rote 5)
flanges* flanges ANSI-B31,1-1947 ANS!-B31.1-1989 ASME 111-198% See Note 9.
ANSI-B14.5-1985
DGAP A WPF Appendin A - 3 June 11, 1993
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DIESEL GENERATOR ADDITION PRONCTT - MECHANICAL/PROCESS
DESIGN CODES (NOT:S 1 & 2)

Existing PBNP Component
Component Existing PENP Equivalent Ta Be Current
To Be Eguivalent Component Installed Industry
Instal led (Note 3) Componsnt Pesign Codes (No*s 4) | Design Codes (Notes 5 & &) Design Codes Remarks
JACKET WATER
Radiator Fans* Not Used N/A AMCA -99- 198RS AMCA-99- 1983 To be verified by MKP/NE |
AMCA- . *-1987 AMCA-211-1987
UL -S07- 13T UL-507-1977
Flarges* Not Used N/A ANS]-831.1-1089 ASME 111-1989 The utilized codes are consistent
ANS]-B816.5-1985 with the function of the component
and with similar components in other
systems.
Radiator* Not Used N/A ASME Vill-1989 ASME 111-1989 To be verified by MKP/VE.
Expansion® Not Used N/A ANS!-B37. 1-19089Q The utilized codes are consistent
Joints [ LY with the function of the component
and with similar components in other
systems
Pipe** Not tsed N/A ANS[-B31.1-1989% ASME [1!-1989 The util:zed codes are concistent
with the function of the component
and with similar compenents in other
systems.
Fittings** Not Used N/A ANS!-831.1-198¢ ASME 111-1989 The utilized codes are corsistent _
ANST-B16.9-1986 with the function of the component
and with similar components in other |
systems,
Expansion Tank* Expansion Tank DEMA - 1958 ASME V'11-1989 ASME 11]-1989 See Note B,

DGAP_&.wPF Appendix A - & dune 11, 1993
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DIESEL GENERATOR ADDITION PROJECT - MECHAN|CAL/PROCESS
DESIGN CODES (NOTES ! & 2) :

.

Existing PRNP Component
Component Existing PENP Equivalent To Be Current ;
‘o Be Equivalent Component Installed Industry |
Instailed (Note 3) Component Design Codes (Note 4) | Design Codes (Notes 5 & &) Design Codes Remarks
AR START/SERVILE AIR
reservoirs*®
Starting Aire T60A-D ASNE = AS] ASME Vi1i-198% ASME (1! 1989 Sea Note 8,
T41A-D
(Air Start)/
Valves** valves ANST-B31.1-1967 ANST-831.1-198¢ ASME 111-1989 See Note 9.
ANSI-B14_ 34- 1988
Dipe** Pipe ANSI-B31.1-1947 ANST-B31.1-1989 ASME 111-1989 See Note 9.
Fittings** Fittings ANST -831 67 ANSI B31.1-19R9 ASME 111-1989 See Note 9.

ANS] B16.11-1980

Quick Disconnects**

Starting Air® Not Used N/A ANS! 831 1-1989 ANST B31.1-1989 The utilized codes are consistent
with the function of the component
arvd with similar components in other

systems.
Flexibie Hose**
Starting Air® Flexible Mose DEMA - 1958 ANS! B31.1-1989 ASME 111-198¢ See Note 8.
HVAC/SERVICES
Axial Fans** Axial Fans AMCA AMCA-99- 1983 AMCA -99- 1983 See Note 7.
ASHRAF AMCA-211-1987 AMCA-211- 1987
NEC Ut -S07-1977 UL-507- 1977
. Unit Heaters** Unit Reaters NEMA NEPA- 7D 1990 NFPA-T0- 1990 See Note 7.
Ut UL - 1025 - 1980 Ut - 1025- 1680 '

DGAP_A . WPF Appendix & - 5 June 11, 1993




VISCONSIN ELECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECT - ELECTRICAL
DESIGN CODES (NOTES ! & 23

Existing PRNP Componert
Compone 1t Existing PENS Equivalent To Be Current
To Be Equivalent Componernt Installed Industry
Installad ‘Note 3) Component Design Codes Design Codes Design Codes Remarks
H &1 50v 4160V Westinghouse DH type ANSt ANS! The new design codes meet or exceed the
Switengear Switchgear that was fabricated c37.2-1991 c37.2-1991 original design basis (See Note &)
1A08, 2A06 1A05, 2405 with latest standards
when purchase order C37.04-1979 C37.04-1979
was placed. £37.09-1979 C37.09-1979
C37.09C- 1984 C37.09C- 1984
€37.09€- 1985 C37.09E- 1985
C37.010-1989 €37.010- 1989
C37.0100- 1984 £37.0100- 1984
C37.011-1979 C37.11-1979
€37.20.2-1987 €37.20.2-1987
€37.82-1687 C37.82-1987
C37.011-1979 €37.011-1979
C37.012-1991 c37.12-19%1
€37.90- 1989 £37.90-1989
! C37.97-1979 C37.97-197%
£37.100- 1981 £37.100-1981
HEMA NEMA
SG2- 1986 SG2- 1986
SG4- 1990 SG&- 1990
DGAP A WPF Appendix & - 6 June 11, 1993



VISCONSIN ELECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECT - ELECTRICAL
DESIGN_CODES (NOTES 1 & <)

Existing PENP Component :
Component Existing PBNP Equivalent To Be Current
Te Be fquivalent Component Installed Industry ‘
installed (Note 3) Component pesign Codes Design Codes Design Codes Remarks
' 4160V Diese!* 4160V Diesel NEMA ANST MK Power/WE tc provide compliance of current
Generator Generator ASA €50.10-1977 design codes.
603, G04 601, GO2 NEC c50.12- 1081 .
NFPA
k 1EEE
1-1986
43-1974
115-1983
115A- 1987
2751981
NEMA
G- 1987
NEPA
i e
DGAP_A.WPF Appendix A - 7 June 11, 1993



I WISCONSIN FLFCTRIC POMER COMPANY
DIFSEL GENERATOR ADDITION PROJECT - ELECTRICAL
DESIGN CODES (MOTES 1 R 2)
Existing PENP Component
Component Existing PBNP Faquivalent To Be Current
To Be Equivalent Component installed Industry
Installed (Note 3) Component Design Codes Design Codes Design Codes Remarks
S500Kva* 1750Kva* IEEE ANST ANST The new design codes meet or exceed the
4160V 7480V 4160V 4ROV NEMA €S7.12.01-1989 C€57.12.01-1989 original design basis (See Note 6).
Transformer Transformers €57.12.50-1981 £57.12.50- 1981
1X06, 2x06 X13, x4 €57.12.70- 1978 €57.12.70-1978 The componant to be installied will be dry
£57.12.91-1979 C€57.12.91-1979 type. Existing PENP squivalent components are
not dry type.
NEMA NEMA
ST20-1987 5120- 1987
uL Ui
1561- 1986 561- 1984
b 1EEE 1333
& - 1987 46 - 1987
DGAP_A . WPF
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VISCONSIN ELECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECT - ELECTRICAL

DESIGN CODES (NOTES 1 & 2)

Existing PBNP Component
Component Existing PENP Equivalent Te Be Current
To Be Fquivalent Component Installed Industry
Instal led (Note 3) Component Design Codes Design Codes Design Codes Remarks
480v mMCC* 480V mMCC* TEEE 1EEE LEEE The new design codes meet or exceed the
1840, 28490 1832, 2832 NEC 649 - 19RC £40-1980 original design basis (See Note &).

1842, 2842 NEMA 344 - 1975 344 - 1987

344 - 1987 Some control components may be qualified in
accordance with [FEE 344-1975

NEMA NEMA
A8 1-1986 AR 1-1986
AR 3 AB 3
Fu 1-1986 FU 1-1986
1C52- 1988 1£s2-1988
1052.3-1990 1€52.3-1990
10S6- 1988 10S6-1988
K51-1990 X51-1990
uL uL
4R9- 1986 489 1988
508 1984 508-1986
845- 1988 845 -1988

DGAP_A_WPF

Appenclix A - 9
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WISCONSIN ELECTRIC POUER COMPANY

DIESEL GENERATOR ADDITION PROJECT - ELECTRICAL ¥
DESIGN CODES (MOTES 1 & 2) i
Existing PENP Component
Component Existing PBNP Equivalent To Be Current
To Re Fauivatent Component Instaiied Industry '
Instalied (Note 3) Component Design Codes Design Codes Design Codes Remarks
| 480V Motors** 4BOV Motors**® NEMA 1EEE 1EEE The new design codes meet or exceed the
I W-1BIAY-M & B1-M W12A ASA 1-1986 1-1986 original design basis (See Note & and Note
w 1BIAZ2-M § B2-M w128 1EEE 43-1974 43-1974 13).
| W-1BIA3-M & B3-M wizc B5-1973 85-1973
| 4-185A-M % B-M w120 112-1984 112-1984
| W-18358-M % C-m 1M7-1974 M7-1974
| W-1848-M & C-M 275-1981 275-1981
NEMA NEMA
MGY- 1987 MG1-1987
NG2 - 1990 NG2- 1990
NTPA NFPA
70- 1990 70- 1990
Sxv Cables® Tinned or lead 1EEE AEIC AEIC The new design codes meet or exceed the
allcy coated 1PCEA C56-1987 CS6- 1987 original design basis (See Note 13 and Note
annealed copper NEMA 14).
with heat, Ozone ASA ASTM ASTM
and moisture ASTM B3-1990 B83-199C
resistant Butyl B8- 1986 BB- 1986
Rubber insulated
cable ICEA ICEA
P-32-382-196 P-32-382-1969 J
DG to Bus !
connection and Si EEE 1EEE
Pumps Power Cable, IB3-197% 383-1976
ete.
NEMA
WCB- 1988 WCB- 1988
WC26- 1990 WC26- 1990
NFPA NFPA
70-1990 70- 1990
uL uL
1072- 1986 1072- 1986
DGAP A _WPF Appenciix A - 10 Jure 11, 1993



WISCONSIN ELECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECT - ELECTRICAL

DESIGK CODES (NCTES 1 & 2)

Existing PRNP Component
Component Existing PENP Equivalent To Be Current
To Be Equivalent Component installed industry
Installed (Note 3) Component Pesign Codes fltesign Codes Design Codes Remarks
| 125v bC * 125V OC ASA IEEE 1EEE The new design codes meet or exceed the
i Distribution Pane! Distribution Panel 1EEE 346-1975 346-1987 origina. design basis (See Note &).
it D-28, D-40 D-31, D-41 NEMA 344- 1987
ut Some control componants may be qualified in
¥-P-115a NEMA NEMA accordance with [EEE 344-1975,
W-C-37%a 250- 1985 250-198%
ABY- 1986 ABT- 1984
FUT- 1984 FUt- 1986
1C52- 1988 1Cs2- 1988
PR 1990 PRY-1990
NEPA NEPA
70- 1990 70- 1990
uL UL
50-1988 50-1988
&7- 1988 67-1988
1981 - 1987 198L - 1987
600V Power & Controtl 600V Power R {EEE 1EEE LEEE The new design codes meet or exceed the
Cable ** Control Cable IPCEA 3831974 383-1974 original design basis (See Note 6).
I 18-40, 2B-40 NEmA
| Wco ta Class 1€ ASE NEMA NEMA
i Motors, etc, AST™ WCT- 1982 wCT7-1982
! WCB- 1988 WC8- 1988
u u
641991 4b- 1901
NEPA NEPA
70-1993 -1993
A — e
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VISCONSIN FLECTRIC POMER COMPANY

DIESEL GENERATOR ADOITION PROJECY - ARCHMITECTURAL, CIVIL AND STRUTTURAL
DESIGN CODES AND STANDARDS (NOTES 1 & 2)

L e §

Existing PRNFP Component
Component Exicting PBNP Fauivalent o Be Current
To Be Equivalent Component Installed Industry
Installed Component Design Codes pesign Codes Design Codes
Reinforced Reinforced AC! 318-43 ACI 318-89 AC1 349-90 The State-of-The Art Architectural,
Concrete * Concrete ACI 31BR-BO ACT 349R-90 Civil and Structural Codes and
AC1 613-54 ACt 211.1-91 ACT 211.1-91 Standards, (atest revisions, are
ACI 212.3"r- AC! 212.3R-91 used for design and construction of
ACt 226.3R-87 ACl 226_3R-87 the Diesel Generator Buiiding
AC1 613A-59 ACI 301-89 ACI 301-89 structure. The requirements of
ACT 302.1R-89 AC! 302.1R-89 these Codes and Standards in essence
AC! 61459 ACI 304R-89 ACT 304R-89 meet and/or exceed the requirements
ACI 304.28-91 ACE 304.2R-91 of those used in the original Point
AC! 304_4R-29 AC! 304 .4R-B9 Beach Nuclear Plant Non-containment
ATl 605 59 ACT 305R-91 ACI 305R-91 Category | Structures. In cases
ACI 804-56 ACt 306R-88 AC! 3068-88 where any relaxation to the
ﬂ AC1 308-81 (1988) ACI 308-81 (1986) requirement of the outdated Codes
AC! 309%-87 AC1 309r-87 may exist in the updated versions,
AC1 309.1R-81 (1986) ACI 309.1R-8' (1986) such relaxations are based on
ACI 309.28-90 ACI 309.2R-90 extensive research, experience and
ACI 311 .4R-88 ACI 311.4R-B8 study and does not affect the level
ACY 311.5R-88 ACT 311.5R-88 of safety.
AC1 315-57 ACT 315-80 (1991) ACT 315-80 (1991)
AC! 315R-B0 (1988) ACI 315R-80 (1988) Specifically a review of the
ACT 347-63 AC] 347R-88 ACT 347R-88 applicable sections of ACI 318-63,
CRS{-1990 CRS!- 1990 ACI 318-8% and ACI 349-90 for the
CRS1-1992 CRSI-1692 design of the Diesel Generator
sP-2 (19923 SP-2 (1992) Building was made to identify the
SP-66 (1988) SP-66 (1988) major differences between the codes
NRMCA NRMCA that have effect on the desirn.
ASTM ATBS-617 ASTM AT85-90a ASTM A185-90a
ASTM AT5-627, A4DB, AL32 ASTM A&15-90 ASTM AK15-90 The results of this review are given
ASTM C29/C290M-91 ASTM C29/C29M-91 in Note 16 and Note 17 of this
ASTM C31-627 ASTM C31-91 ASTM C31-91 document. Kote that the comparison
ASTM C33-617 ASTM C33-90 ASTM C33-90 between the ACI codes is not meant
ASTM C39-41 ASTM (39-86 ASTM C39-86 to be in detail or complete, and it
ASTM C4D-66 ASTM C40-84 (1991) ASTM C40-B4 (1991) does not cover sections of the codes
ASTM C4Z2-90 ASTM C42-90 that are not applicable to the DGB.
ASTM C70-79 (1985) ASTM CT0-79 (1985)
ASTM C78B-84 ASTM C78-8B4 for compliance of the Diesel
ASTM CBB-63 ASTM CBB-90 ASTM CB8-90 Generator Building design and
ASTM C94-42 ASTM C94-91a ASTM C94-91a construction with the requirements
of U.S. NRC Standard Review Plan,
and Reguiatory Guides see the SRP
and Regulatory Guides Complianve
Summary Matrices,
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DIESEL GENERATOR ADDITION PROJECT -
DESIGN CODES AND STANDARDS (NOTES 1 & 2)

VISCONSIN FLECTRIC POMER COMPANY

ARCHITECTURAL, CIVIL AND STRUCTURAL

= e
Existing PBNP Component
Component Existing PENP Equivalent To Be Current
To Be Equivalent Component Instailed industry
Instal led Component Design Codes Design Codes Design Codes Remarks
Reinforced Reinforced ASTM C109-91 ASTM C109-9
Concrets * Concrete ASTM C114-88 ASTM C114-88
ASTM C117-65 ASTM C117-90 ASTM C117-90
ASTM C127-59 ASTM £127-88 ASTM C127-88
ASTM C128-59 ASTM C128-88 ASTM (128-88
ASTM C131-66 ASTM C131-89 ASTM C131-89
ASTM C136-63 ASTM C136-Béa ASTH C136-B4a
ASTM C138-81 ASTM C138-81
ASTM C162-66 ASTM C142-78 (1990) ASTM C142-78 (1990)
ASTM C143-44 ASTM C143 90a ASTM C143-90a
ASTM C150-62 ASTM C150-92 ASTM C150-92
ASTM C171-63 ASTM CI71-91 ASTM CI71-91
ASTM C172-54 ASTH C172-90 ASTM C172-90
ASTM C173-78 ASTM C173-78
ASTM C191-92 ASTM C191-92
ASTM C192-90a ASTM C192-00a
ASTM C227-90 ASTM C227-90
ASTM C231-91b ASTM C231-91b
ASTM £233-90 ASTM C233-90
ASTM C260-60T ASTM C260-B4 ASTM £260-86
ASTM CT289-66 ASTM C289-87 ASTM C2B9-B7
ASTM T295-90 ASTM C295-90
ASTM C309-58 ASTR L309-91 ASTM C309-91
ASTM C311-99 ASTM C311-9%
ASTM C4T70-B7 ASTM CA7C-87
ASTM CE946-627 ASTM C494-90 ASTM C£94-90
ASTM CS11-85 (1991) ASTM C511-85 (1991)
ASTM C566-89 ASTM CS66-89
ASTM C350-621 ASTM C618-92a ASTM CA18-92a
ASTM C666-90 ASTM C6H66-90
ASTM C1064-86 ASTM C1064-86
ASTM D75-87 ASTM D75-87
ASTM D100 -&4 ASTM D1190-74 (1980) ASTM D1199-74 (1980)
ASTM DI7ST-65 ASTM D1751-83 (1991 ASTM D1751-63 (1991)
ASTM DAT91-B9 ASTM D4T91-89
ASTM E96-92 ASTM £96-92
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VISCORSIN ELECTRIC POMER COMPANY
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PRI i

DIFSEL GENFRATOR ADDITION PROJECT - ARCHITECTURAL, CIVIL AND STRUCTURAL
DESIGN CODES AND STANDARDS (NOTES 1t & 2)
Existing PBNP Component
Component Existing PBNP Equivalent Te Be Current
o Re Equivalent Component Installed Industry
Installed Component Desian Codes Design Codes Design Codes le@rks
Steel * Steel AISC 6th Ed.{1963) AISC 9th Ed. (1989) AISC 9th Ed. (1989) The iatest edition of AISC {(9th £d.)
AlS] 1963 ALST 1991 ATS! 1991 is used for design and construction
ASTM A233-64 AWS AS.1-91 AWS AS.1-91 of the steel work inside the Diesel
ASTM AZ33-64 AWS A5.5-9 ANS A5.5-91 Generator Building. Standard Review
ASTM AS58-65 AWS A5.17-89 ANS A5.17-89 Plan 3.8.4 recommends the use of
ANS A5 18-79 AUS A5.18-79 AISC for design of safety related
ASTM ASSB-65 AWS A5.20-79 AWS A5.20-79 structures. The requirements of the
ASTM ASS5B-65 AWS AS.23-90 AMS AS5.23-90 9th Edition of AISC are similar with
AWS BZ2.1-B4 AWS B2.1-84 the 6th Edition of the Code. The
ANS D1, 0-64 AWS D1.1-92 AWS D1.1-92 9th Edition of AISC contains
AWS A2 .4-86 AVUS A2.4-86 additional requirements for design
AWS D).3-89 AWS D1 3-89 of certain structural elements.
ASTM A1-84 ASTM AY- There are also reiaxations to the
ASTM AG/AGM-T1h ASTH AG/ASM-D1b requirements of the 6th Edition of
ASTM A36-66 ASTM A36/A%EM -G ASTM AZE/A3E6M-G1 the Code in certain cases and
ASTM AS3-43 ASTM AS3-90b ASTM AS3-90b applications. Such relaxations are
ASTH A123-89a ASTM A123-89a based on extensive research,
ASTM A3D7-65 ASTM A307-91 ASTM A3D7-91 experience, study, quality of
ASTM A325-62 ASTM AZ2S-91c ASTM A32S-Q1c workmanship and better guality
ASTM A3SG-64 ASTM A3S54-90 ASTM A354-90 assurance and does not affect the
ASTM AX7D-91a ASTM A370-91a level of safety of the structures
ASTM ALLE/ALLEM-RD ASTM ALLE/ALLEM-BY designed to the latest edition of
ASTM A4L9-91a ASTM 8449-91a the code.
ASTM ALDD-A4 ASTM AG9D-91a ASTM A4O0-91a
ASTM AS00-90a ASTM ASOC-90a Specifically, a review of the
ASTM AS25-91b ASTM A525-91b applicable sections of the AISC 6th
ASTM AS26/A526M-90 ASTM AS26/A526M-90 Edition and 9th Edition was made to
ASTM AS29/A529M-89 ASTM AS29/AS529M-BY identify any differences. The
ASTM AS563-91c ASTHM AS63-91c results of this review are given in
ASTM ASE9/AS69M-S1a ASTM ASED/ASEM-91a Note 18 of this document .
ASTM E164-65 ASTM E164-90 ASTM E184-90
ASTM E165-97 ASTM E165-91 Note that the comparison between the
ASTM E109-43 ASTM ETD9-9! ASTM ET09-9 codes is not meant to be in detail
CMAR #74 CMAA #T4 or complete, and it does not cover
sections of the codes that are not
applicable to the DGB.
for compliance of the Diesel
Generator Building design and
construction with the requirements
of U.S. NRC Standard Review Plan,
and Regulatory Guides see the SRP
and Regulatory Guides Compliance
Summary Matrices.
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VISCONSIN ELECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECT - ARCHITECTURAL, CIVIL AND STRUCTURAL
DESIGN CODES AND STANDARDS (NOTES 1 & 2)

Existing PBNP Compornent
Component Existing PBNP Equivalent To Be Current
To Be Equivalent Component installed industry
Instalted Component Design Codes Design Codes Design Codes
Soil * Sotl ASTM C136-43 ASTM C136-B4a ASTM C136-84a
ASTM D4&22-63 (1990) ASTM D4L22-63 (1990)
ASTM D&9B-91 ASTM D692 -91
ASTM DBS4-91 ASTM DBS4-91
ASTM D1556-90 AST™ D1556-90
AASHO T18O-57 ASTM DISS7-91 ASTM D1557-91
ASTM D15SBA-B4 ASTM DI15B6-84
ASTY D1587-83 ASTM D1587-83
ASTM D2166-90 ASTM D2166-90
ASTM D2167-8B4 (1990} ASTM D2167-84 (1990}
ASTM D2216-90 ASTM D2216-90
ASTM D2435-90 ASTM D24635-90
ASTM D24B7-90 ASTM D2487-90
ASTM D2B44L-B9 ASTM D2844 -89
ASTM D2B50-B7 ASTM D28BS0-87
ASTM D2922-51 ASTM D2922-91
ASTM D4318-84 ASTM D4318-B4
ASTM D4LL2B/D4AL2BM- B4 ASTM DLA2B/D4A428M- 84
ASTM G51-77 (1984) ASTH G51-77 (1984)
ASTM G57-78 (1984) ASTM GS7-78 (1984)
\
]
|
I
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DIESEL GENERATOR ADDITION PROJECT - ARCHITECTURAL, CIVIL AND STRUCTURAL
DESIGN _CODES AND STANDARDS (NOTES 1 & 2)

WISCOMSIN FLECTRIC POMER COMPANY

Existing PENP

Component

BC-TOP-9A, Rev. 2 (Ref.5)

BC-TOP-9A, Rev. 2

Component Existing PBNP Equivalent To Be Current
To Be Equivalent Component Instatied Industry
Installed Component Design Codes Design Codes Design Codes Remarks
Wind Pressure Wind Pressure ASCE 3249 ASCE 7-88 (1990) ASCE 7-88 (1990) ASCE 7-88 formerly was called ANS]
58.1. ASCE Paper 3269 is the basis
of ANSI 58.1. ASCE 7-88
requirements for wind pressure are
more conservative than the
requirements of ASCE 3269,
Tornado Pressure Tornado Pressure | ASCE 3269 ASCE 3269 ASCE 3269
Tornado Missiles Tornado Missiles 8-TOP-3 (Ref &) B-TOP-3 N/R

BC-TOP-9A, Rey. 2

Seismic Setsmic PBNP FSAR (Raf_ 1) PENP FSAR PENP FSAR
Gereral General Wisconsin Administration Wisconsin Administrative | Wisconsin Administrative | “"Gemeral™ in columns 1 and 2, refers
Code (196&) Code (1991) Code (1991) to the codes, standards, and other
references applicable to steel and
ANST N&S.2.5 ANST NGS5 2.5 ANST N45.2.5 concrete structures.
ANS] N&S. 2.6 ANS! N45.2.6 ANS! N45.2.6 or
ANSI/ASME NQ-1-1983
ANS DY4.1-B5 AWS D14.1-B5
PENP -SDC- 1967 (Ref 3) PENP -SDC-1967 N/A
AISC Petailing for Steel AISC Detailing for Steel
Construction, 19R3 Construction, 1983
AISC Engineering for AISC Engineering for
Steel Construction, 1984 Steel Construction, 1934
DGAP A WPF Appencix A - 16
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NOTES:

WISCONSIN ELECTRIC POWER COMPANY
DIESEL GENERATOR ADDITION PROJECT - DESIGN CODES

1 List of Codes and Standards

3oom
309.1%
309.28
311,48
311,58
315
3158
318/318R
347w
604
605
613
5134
614

AE!IC
CsS
Csé

AISC
AISC 9th

Method of Testing Compaction

Standard Practice for Selecting Proportion for Normal, Heavy Weight and Mass Concrete
Chemical Admixtures for Concrete

Use of Fly Ash in Concrete Mixtures

Specifications for Structural Concrete for Buildings

Guide for Concrete Floor and Stab Construction,

Guide for Measuring, Mixing, Transporting and Placing Concrets

Placing Concrete by Pumping Methods

Placing Concrete with Belt Conveyors

Hot Weather Concreting

Cold Weather Concreting

Standard Practice for Curing Concrete

Guide for Consolidation of Concrete

Behavior of fresh Concrete During Vibraticn

identification and Control of Consolidation - Related Surface Defects in Formed Concrete
Guide for Concrete inspection

Batch Plant Inspection and Field Testing of Ready-Mixed Concrete

Details and Detailing of Comnrete Reinforcement

Manual of Engineering and Placing Drawings for Reinforced Concrete Structures
Building Code Regquirements for Reinforced Concrete and Commentary

Guide to Formwork for Concrete

Recommended Practice for Winter Concreting

Recosmended Practice for Hot Weather Concreting

Recommended Practice for Selecting Proportions for Concrete

Recommended Practice for Selecting Proportions for Structural Lightweight Concrete
Recommended Practice for Measuring, Mixing, and Placing Concrete

Specification for Thermoplastic and Crossiinked Polysthylene Insulated Shielded Power Cables Rated 5 through 3ISKVA
Specification for Ethylene Propylene Rubber Insulated Shielded Power Cables Rated 5 through 69%V

Manual of Steel Construction, Allowable Stress Design

Specification for Structural Steel Buildings, Allowable Stress Design and Plastic Design, with Commentary
Code of Standard Practice for Steel Buildings and Bridges

Specification for Structural Joints Using ASTM A32S or A490 Bolts

Detailing for Steel Construction, Fisrt Edition 1983

Engineering for Steei Construction, 1984

Specification for Design of Cold-formed Steel Structural Members

Pipe Flanges and Flanged Fittings
Factory-Made Wrought Steel Buttwelding Fittings
Forged Steel Fittings, Socket-Welding and Threaded
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B16.34
830.10
830.11
B30.1%
831.1

c2

c37.2
c37.03
C37.04
c37.09
c37.01c
€37.011
c37.1
€37.12
c37.82
c37.97
€37.90
€37.100
c50.10
€50.12
c57.12.01
c57.12.7¢
€57.12.50
c57.12.:
HST-4M
MMA MM2T 1
N45.2.5

NG5 . 2.6

APl
650
676

ASCE
ASCE-7
ASCE-3269

ASME
(2§
viil

WISCONSIN ELECTRIC POMER COMPANY
DIESEL GENERATOR ADDITION PROJECT - DESIGN CODES

Valves - Flanged, Threaded and Welding End

Hooks

Monoraiis and Underhung Cranes

Overhead Hoists (Underhung)

Power Piping

The Nationai Electrical Safety Code

Electrical Power System Device Function Numbers

Power Switchgear Supplement Definition

Rating Structure of AC High Voltage Circuit Breakers Rated on Symmetrical Current Basis (with Supplement 04C)
Test Procedure for AC High Voltage Breakers Rated on a Symmetrical Current Bases (Supplement 09C and 09€)
Apptication Guide for AC High Volitage Circuit Breaker (Supplement 0108, and 010D)

Application Guide for Transient Recovery Voltage for AC Wigh Voltage Circuit Breaker Rated on Symmetrical Current Basis
Electrical Control for AC Migh Voltage Circuit Breakers Rated on a Symmetrical Bases and Total Current Bases
AC High Voltage Circuit Breakers Rated on a Symmetrical Current Bases

Qualification of Switchgear assemblies for Class 1E Application in Nuclear Power Generating Stations

Guide for Protective Relay Application to Power System Buses

Standards for Relays and Relay Systems Associated with Electric Apparatus

Power Switchgear, Definition

Synchronous Machines, Genera! Requirements

Requirements for Salient Pole Synchronous Generators

Dry Tvpe Distribution and Power Transformers

Terminal Marking and Comnection for Distribution and Power Transformers

Distribution Transformers

Tect Code for Dry Type Distribution and Power Transformers

Performance Standard for Overhead Electric Wire Rope Hoists

Specifications for Underhung Cranes and Monorail Systems

Supplementary Qual ity Assurance Requirements for Instaliation, Inspection and Testing of Structural Concrete and Structural Steel During Construction
Phase of Nuclear Power Plants

Qualification of inspection, Examination and festing Persomnel for Nuclear Facilities

Welded Steel Tanks for 0il Storage
Positive Displacement Pumps-Rotary

Minimum Cesign Loads for Buildings and Other Structures (Formerly ANSI AS8.1)
Wind Forces on Structures

American Soriety of Mechanical Engineers
Boiler & Pressure Vessel Code; Nuclear Power Plant Components
Pressure Vessels

Standard Specification for Carbon Stesl lee Rails

Standard Specification for General Requirements for Rolied Steel Plates, Shapes, Sheet Piling, and Bars for Structural Use
Standard Specification for Structural Steel

Standard Specification for Ferritic Malleable Iron Castings

Pipe, Steei, Black and Mot-Dipped, 2inc-Coated, Welded and Seamless

Specification for Forgings, Carbon Steel for Piping Components

Standard Specification for Seamiess Carbon Steei Pipe for High-Temperature Service

Standard Specification for Zinc (Mot-Dip Galvanized) Coatings on Iron and Steel Products

Zinc Coating (Hot Dip) on Iron and Steel Mardware
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A167
A185
A213/A213M
A216
AZ33
K240
A269
A307
AZ12/A312%
A32S
A354
A3ZTO
RL4LE
A449
ALRD
AS00
AS514
a52%
£526
a529
A536
ASS8
A563
ASE9
&572
AB15
abe
ATBI/TBIM
83
L]
833
B61
B4R
Res
c29
€31
€33
€39
€40
c42
c70
c78
cas
9%
c109
€114
117
cie7
ciz8
c13t
C136
ci38
162

DGAP_A.WPF

WISCONSIN ELECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECY - DESIGN CODES

Specification for Stainless and Weat-Resisting Chromium-Nickel Steel Plate, Sheet and Strip
Specification for Steel Welded Wire Fabric, Plain, for Concrete Reinforcement

Seamless, Ferritic and Austenitic Alloy-Steel Boiler, Superheater, and Heat-Exchanger Tubes
Specification for Steel Castings, Carbon Suitable for Fusion Welding for High-Temperature Services
welding Electrodes (Discontinued)

Chromium and Chromium-Nickel Stainless Steel Plate, Sheet and Strip for Fusion-Welded Unfired Pressure Vessels
Seamiess and Welded Austenitic Stainless Steel Tubing for General Service

Standard Specification for Carbon Steel Bolts and Studs, 60,000 Psi Tensiie Strength

Seamiess and Welded Rustenitic Stainiess Steel Tubing for General Service

Standard Specification for Structural Bolts, Steel, Meat Treated. 1207105 Ksi Minimum Tensile Strength
Standard Specification for Quenched and Tempered Alloy Steei Bolts, Studs, and Other Externally Threaded Fasteners
Standard Methods and Definitions for Mechanical Testing of Steel Products

Stee! Sheet, Zinc-Coated (Galvanized) by the Hot-Dip Process, Structural (Physical) Quality
Standard Specification for Guenched and Tempered Stee! Bolts and Studs

Specification for Heat Treated Steel Structural Bolts, 150 Xsi Tensiie Strength

Cold-Formed Welded and Seamless Carbon Steel Structural Tubing in Rounds and Shapes

Carbon Steel Plates for Pressure Vessels for Moderate and Lower Temperature Service

General Requirements for Steel Sheet, 2inc-Coated (Galvanized) by the Hot-Dip Process

Steel Sheet, Zinc-Coated (Caivanized) by the Hot-Dip Process, Commercial Quality

Structural Steel with 42 ksi (290 MPa) Minimum Yield Point (172 in. (13 mm) Maximum Thickness)
Standard Specification for Ductile Iron Castings

Flax and Wire Combinations for Submerged-Arc Welding (Discontinued)

Standard Specification for Carbon and Alloy Steel Nuts

Standard Specification for Steei, Carbon (0.15 Maximum, Percent), #ot-Rolied Sheet and Strip, Commercial Quality
High Strength (ow Alloy Columbium-Vanadium Steel of Structural Quality

Specification for Deformed and Plain Billet-Steel Bars for Concrete Reinforcement

Zinc-Coated (Galvanized) Carbon Steel Wire

Specification for Castings, Steel and Alloy, Common Requirements for General Industrial Use
Standard Specification for Soft or Annealed Copper Wire

Standard Specification for Concentric Lay-Stranded Copper Conducters, Hard, Medium-Hard, or Soft
Standard Specification for Tinned Soft or Annealed Copper Wire for Electrical Purposes
Specification for Steam or Valve Bronze Castings

Seamiess Copper Tube, Sright Annealed

Seamiess Copper Water Tube

Test Method for Unit Weight and Voids in Aggregate

Jest Methods of Making and Curing Concrete Test Specimens in the Field

Specification for Concrete Aguregates

Test Method for Compressive Strength ¢f Cylindrical Concrete Specimens

Test Method for Organic Impurities in Fine Aggregates for Concrete

Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrate

Test Method for Surface Moisture in fine Aggregate

Test Method for Flexural Strength of Concrete (Using Simple Beam with Third-Point Loading)

Test Method for Soundness of Agaregates by use of Sodium Sulfate or Magnesium Sulfate
Specification for Ready-Mixed Concrete

Test Method for Compressive Strength of Hydraulic Cement Mortar

Test methods for Chemical Analysis of Wydraulic Cement

Test Method for Material Finer Than No. 200 (75 micrometers) Sieve in Mineral Aggregates by Washing
Test Method for Specific Gravity and Absorption of Course Aggregate

Test Method for Specific Gravity and Absorption of Fine Aggregate

Test Method for Resistance to Degradation of Small Size Coarse Aggregate by Abrasion and impact in the Los Angeles Machine
Standard Method for Sieve Analysis of Fine and Coarse Aggregates

Test Method for Unit Weight, Yield and Air Content (Gravimetric) of Concrete

Test Method for Clay Lumps and Friable Particles in Aggregates
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143
c150
ci73
cire
€73
c9
c192
c227
€231
€233
C265
c28e
£29%
c309
o
350
470
4%
cs1
516
C566
618
CH65
CH66
1064

D422

D6SB

D7

D854

01190
01556
DIS57
D1585%
D1587
01682
D17s)
D2166
p2167
p2216
D2435
D24BY
02844
02850
02863

B2922
03786
D4318
D4428
D649
6791
£8
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WISCONSIN ELECTRIC POMER COMPANY
DIESEL GENERATOR ADDITION PROJECT - DESIGH CODES

Test Mothod for Slump of Hydraulic Cement Concrete

Specification for Portiand Cement

Specification for Sheet Materials for Curing Concrete

Practice for Sampling Freshiy Mixed Concrete

Test Method for Air Content of Freshly Mixed Concrete by the Voiumetric Method

Test Method for Time of Setting of HWydraulic Cement by Vicat Needle

Test Method of Making and Curing Cement Test Specimens in the Laboratory

Test Method for Potential Alkali Reactivity for Cement-Aggregate Combinations (Mortar-Bar Method)

Test Method for Air Content of Freshly Mixed Concrete by the Pressure Method

Methods of Testing Air-Entraining Adminture for Concrete

Specification for Air-Entraining Admis.. es for Concrete

Test Method for Potential Reactivity of Aggregates {(Chemical Method)

Guide for Jetrographic Examination of Agaregates for Concrete

Specification for Ligquid Membrane-fForming Compounds for Curing Concrete

Method for Sampling and Testing Fly Ash or Natural Pozzoish for Use as a Mineral Admixture in Portland Cement Concrete
Fly Ash in Concrete

Specification for Molds for Forming Concrete Test Cylinders Vertically

Specification for Chemical Admixtures for Concrete

Specifications for Moist Cabinets, Moist Rooms and Water Storage Tanks Used in the Testing of Hydraul ic Cement and Concrete
Specification for Vermiculite iLoose Fill Insulation

Test Methods for Total Moisture Content of Aggregate by Drying

Specification for Fly Ash and Raw or Calcined Natural Pozzolah for Use as a Mineral Admixture in Portiand Cement Concrete
Mineral Fiber Blanket Thermal Insuiation for Light Frame Construction and Manufactured Housing

Test Method for Resistance of Concrete to Rapid Freezing and Thawing

Test Methods for Temperature of Freshly Mixed Portland Cement Concrete

Particles for Sampling Aggregates

Method for Particle-Size Amalysis of Soils

Test Method for Laborstory Compaction Characteristics of Soil Using Standard Effort

Method of Testing Coated fabrics

Standard Test Method for Specific Gravity of Soils

Specification for Concrete Joint Secaler Hot-Poured Elastic Type

Standard Test Method for Density and Unit Weight of Soil In-Place by the Sand-Cone Method

Test Methods for Laboratory Compaction Characteristics of Soi! Using Modified Effort

Penctration Test and Split-Barrel Sampling of Soils

Sampl ing Method of Thin Walled Tube Sampling of Soils

Test Methods for Breaking Load and Elongation of Textile Fabrics

Specification for Preformed Expansion Joint Filler for Concrete Paving and Structural Construction {Nonextruding and Resilient Bituminous Types)
tinconfined Compressive Strength of Cohesive Soil

Standard Test Method for Density and Unit Weight of Soil In-Place by the Rubber-Balton Method

Test Method for Laboratory Determination of Water (Moisture) Content of Seil and Rock

Test Method for One-Dimensional Corsol idation Properties of Soils

Standard Test Method for Classtfication of Soils for Engineering Purposes

Test Method for Resistance R-Value and Expansion Pressure of Compacted Secils

test Method for Unconsolidated, Undrained Strength of Cohesive Soiis in Iriaxial Compression

Test Method for Measuring the Minimum Oxygen Concentration to Support Candie Like Combustion of Plastics (Oxygen Index) (new distribution transformer,
0C distribution panel, MCC).

Standard Test Methods for Demsity of Soil and Soil-Aggregate in Place by Nuclear Methods (Shallow Depth)
Test Method for HWydraulic Bursting Strength of Xmitted Goods

Test Method for Liquid Limi?, Plastic Limit, and Plasticity Index ot Soils

Crosshole Seismic Testing

Test Methods for Water Permeability

Standard Test Method for Flat or Elongated Particles in Coarse Aggregate

Methods of Tension Testing of Metallic Materials
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Test Methods for Water Vapor Transmission of Materials

Dry Powder Magnetic Particie Inspection

Practice for Ultrasonic Contact Examination of Weldments

Practice for Ligquid Penetrant Examination

Practice for Magnetic Particle Examination

Test Method for ph of Soil for Use in Corrosion Testing

Method for Field Measurement of Soil Resistivity Using the Wenner Four-Electrode Method

Standard Symbols for Melding, Brazing, and Non-Destructive Examination
Specification for Carbon Steei Electrodes for Shielded Metal Arc Welding
Specification for Low-Alloy Steel Covered Arc Welding Electrodes
Specification for Carbon Steel Electrodes and Fluxes for Submerged Arc Welding
Specification for Carbon Steel Filler Metals for Gas Shielded Arc Welding
Specification for Carbon Steel Electrodes and Flux-Cored Arc Welding
Specitication for Low-Alloy Steel Electrodes and Fluxes for Submerged Arc Welding
Standard for Welding Procedure and Performance Qualification

Structural Welding Code - Steet

Structural Welding Code - Sheet Steel (MCC)

Industrial and Mil! Crane and Other Material Handling Equipment (TUrane)

Compressed Air and Gas Institute

Crane Manufacturers Associstion of American, "Specifications for Top Running and Under Running Single Girder Electric Overhead Traveling Cranes

Utitizing Under Punning Trolley Holst™

Concrete Reinforcing Steel Institute
Reinforced Concrete Manual of Standard Practice, 25th £d., DAR4, 1990
Recommended Practice for Placing Reinforcing Bars, 1992

Diesel Engine Manufacturers Association
Expansion Joint Manufacturers Association
Electric Dverhsad Crane Institute

Hoist Manufacturers Association"

Hydraulic Institute

General Principles for Temperature Limits in the Rating of Electric Equipment

Recommended Practice for Testing Insulating Resistance of Rotating Machines

Standard Test Procedure for Airborne Sound Measurements on Rotating Electrical Machinery

Standard Test Procedure for Polyphase induction Motors and Generators

Test Procedures for Synchronous Machines

Standard Procedures for Obtaining Synchronous Machine Parameters by Standstill

Frequency Response Testing

Standard Test Procedure for Evaluation of System of Insulating Materials for Rancom Wound AC Electric Machinery
Recommended Practice for Thermal Evaluation of Insulation System for AC

for AC Electric Machinery

1EEE Standard Criteria for Qualifying Class 1€ Motor Control Centsrs for Nuciear Power Generating Stations
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Short Circuit Characteristics of Insulated Cable

Moided Case Circuit 8reakers

Low Voltage Cartridge Fuses

Industrial Control Devices, Controliers and Assemblies

Instruction for the Handling, Instaliation, Operation, and Maintenance of Motor Control Centers
Enclosure for Industrial Controls and Systems

Enclosed and Miscellaneous Distribution Equipment Skitches

Motors and Generators

Safety Standards for Construction and Guide for Seiection, Installation and Use of Electric Motors
Pane! Boards

Alternating Current High Voltage Circuit Breakers

Power Switchgear Assembl!ies

Dry-Type Transformers for General Applicetions

Ethylene-Propylene-Rubber insulated Wire and Cable fo- the Transmission and Distribution of Electrical Energy
Wire and Cable Packaging

Enclosure for Electrical Equipment (1000 Volt Maximum)

Nuciear Energy Property insurance Association

National Fire Protection Association
Flammable and Combustible Liquid Code
Stationary Combustion Engines and Gas Turbines
National Electrical Code

Rational Ready-Mixed Concrete Association
National Ready-Mixed Concrete Association Standards

Monorail Manufacturers Association

National Bureau of Standards, U.S. Department of Commerce
Softwood Plywood, Construction and Industrial

Special Publications
AC! Manual of Concrete inspection
AC! Detail ing Manual

Tubular Exchanger Manufacturers Association

flectric Wire and Cables

Cabinets and Boxes

Steel Underground Tanks

Panelboards

0C Fuses for Industrial Use

Molded Case Circuit Breakers and Circuit Breaker Enclosures

Industrial Control Equipments

Flame Arrectors for Use on Vents of Storage Tanks for Petroleum and Gas
Motor Control Centers

Medium Voltage Power Cables

Appendix A - 22
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1561 Dry Type General Purpose and Power Transformers ;
USASI(AS!) U.S. American Standards Institute :
Genera!l Design Codes and Other References #
Wisconsin Administrative Code, Building Code, Department of Industry, Labor and Human Relation, 1991 F
Structural Design Criteria for the Point Beach Nuclear Plant, (PBNP-SDC), 1966, Revised 1967, Bechtel Corporation. (Reference 3) :
Design Criteria for Nuclear Power Plants Against Tornado, B-TOP-3, March 1970, Bechtel Corporation, {(Reference &) :
Design of Structures for Missiie impact, BC-TOP-PA, Rev. 2, September 1974, Bechtei Corperation. (Reference 5) \

Point Beach Nuclear Plant, Final Safety Analysis Report, (PBNP-FSAR), Manual 74, June 1992, WEPCD. (Reference 1)
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WISCONSIN ELECTRIC POVER COMPANY
DIESEL GENERATOR ADDITION PROJECT - DESIGN CODES

2)  0/6 skid mounted components are designed to Industry Standards (Diesel Engine Manufacturers Association (DEMA)) and are not addressed in this evaluation.

3

- Safety Related [tem
iy Partially Safety Reiated [tem

4) Additional requirements were included in some of the original specifications which excead the requirements in the referenced Codcs and/or Standards,

5) DEMA does not give fabrication guidance.

The additional requirements are as follows:

Component
Fuel Pumps

Diesel (Day Tank
(Fitters, Silencers,
flanges, Expansion
doints, Air Reserveirs,
Flexhose, Air Compressar,
Diesel Engine (Air
Compressor Briven))

7 Day Tank

Pipe, Fittings

Demin. Mater Tanks
(existing-coated C.S5.)

Additional Requirements

Seismic design without loss of function. Shop test at rated conditions and hydrotest to Ml stds.

Seismic Class | design

Note that the purchase spec:fication

states: “Each unit, engine, generator,

exciter, coupling and base plate shall

be designed...". This has been taken to

include all D/6 manufacturer supplied components,

Seismic design, Engineer review cof coating, =h . inspection.

Weld end prep to Bechtel /Westinghouse drawings; review welding, fabrication, testing, cleaning, bending, forming,
repair, and heat treatment procedures; traceability of tests and examinations; welding restrictions; branch
reinforcement approval; bending restrictions.

Certification that spool pieces would be capable of withstanding 150% of design pressure (hydro test not required):
mill test reports (specification indicates that miil test reports are to be kept on file for 5 ysars but does not
specificaily state that mill test reports are required).

Seismic design, coating tests, procedure approval.

The component was provided by the diesel manufacturer and fabricated to the standards of the diesel manufacturer.

&) The "Turrent Industry Design Codes™ would be erhanced with the additional requirements which were included in the Specifications for "Existing PBNP Equivalent
Component Design Code™ (for example, See Hote & above for Mechanicatl) and any other requirements determined to be appropriate to assure a qual ity product consistent
with current approaches. These include {as appropriate):

DGAP_A.WPF

- Material Certification

A Program consisten? with ANSI N45.2

-~ NDE as appropriate to the component
- Certification of Melders and NDE Personnel
- Seismic and Enwvircrment 3l Qualification

Performance/integrity T sting
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WISCONSIN ELECTRIC POMER COMPANY
DIESEL GENERAYOR ADDITION PROJECT - DESIGN CODES

n The use of the most recent commercial codes ard standards as opposed to the original 1s necessitated by the ability to procure components which would be manufactured
to the latest editions. [t has been determined that, for the standards relevant to this note, a comparison is not required with the edition utilized in the original
plant design as any reduction that may have occurred in conservatisms will be compensated for by improved QA (See Note 10) and as a result of improved technology
e.9., fabrication and welding techniques which 1§ implemented as required would maintain the same or better margin of safsty.

8) The utilized codes/standards for the Diesel Generator Project are consistent with current practices in the industry. As the original plant specification only
referenced to DEMA standards which are performance oriented (thereby defaulting to manufacturer’s standards), the current approach is believed to provide equivalent
or enhancad qual ity components thereby maintaining the current safety levels (when utilized for safety related components).

") Comparison of ANS! 831.1-1967 and ANS! 831.1-1989
The six chapters of B31.1 were reviewed to ascertain if any changes in the 1982 Edition of the standard from the 1947 Edition weuld affect the level ¢f conservatisms
utitized in the original design for the components within the scope of the Diesel Generator Addition Project and therefore potentially affect the lewvel of safety.
The foliowing 15 a summary of the comparison of each chapter.

Chapter | Not compared as 1t only provided the scope and definitions.

Chapter 1! Both editions are considered equivalent. Equivaient equations and factors are utilized. Material allowsbles are equivalent for the materials
addressed in 1967, Welded Stainless Steei does have higher allosables but these materials are not being utiiized.

The 1989 edition is more definitive in certain areas and addresses strain analysis calculations. The These variances do not effect safety margins
utilized.

Chapter 111 These chapters are considered equivalent although the 1522 Edition addresses many more materials. As the piping codes utilized for final plant design
are being maintained,no materials not addressed n the 1967 standard should be introduced.

Chapter 1V These chapters are equivalent.

Chapter ¥ The 1989 edition is more detailed and more specific providing quantitative sclutions where the 1967 edition provided qualitative guidance. This
is considered as an enhancement as far as allowing for better control/consistency in addressing the requirements.

Chapter VI Concerning NDE, the 1967 Standard refers tc other standards while the 1989 Standard provides acceptance standards. As the NDE requirements utilized
for the project are consistent with those required for ASME BAPV Code, Section I1[, Class 3 components, this difference is not considered relevant
with the acceptance criteria in the standards enveloped by that being utilized by the project.

Summary There are no differences between the two editions of the standards that would reduce the safety margins incorporated into the original design.
Additionally, the enhanced Quality Assurance, material and personnel certification and testing {including NDE) being invoked as part of the project
is intended to enhance the safety considerations of the project (See Note 10).

10y Specific US AS!/ASME Code and Edition intended is not identified in the specification.

11, DEMA 1958 and DEMA 1972 are both performance oriented standards that default to manufacturer fabrication standards. Since many engines have been provided under the
1972 Edition and there i1s no way to evaluate the fabrication practice differences, it is assumed that the level of safety is equivalent to or enhanced due to the
“lessons learned" and technological changes during the time interval betwesn the publishing of the standards.

DGAP A _WPF hppendix A - 25 June 11, 1993
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WISCONSIN ELECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECT - DESIGN CODES

ASA standards have become part of ANSI standards.

New design codes to latest edition.

Comparison of AC] 318-63 With AC] 318-39

The general sections relating to standards and test, construction requirements, concreting and reinforcing details are expanded in ACI 318-89. The requirements
are either the same or more stringent thap the requirements of ACI 318-63 with one exception. Chapter 2 of ACI 318-63 “Load Tests of Structures™ is deleted
from ACI 318-89.

ACI 318-B9 is more stringent on treatment of wind and seismic loads. The (oad combinations consisting of these loads are more conservative than the 63 Code.
Chapter 21, "Special Provisions for Seismic Design" is added.

The load factors used in the dead and |ive load combination are less conservative in ACI 318-89 Code. The load factors have decreased from 1.5 to 1.4 for
dead load and from 1.8 to 1.7 for live load, The decrease in the load factors does not necessarily reduce the level of safety of a building designed and built
to B9 code versus a building designed and built in year 1963 to 63 Code. The additional detailing requirements, workmanship, etc. cited in item (a) above
provide an overail safer building. In addition, the reduction of the load factors is acceptable to the Engineering Community and the NRC Staff,

The procedure for calculation of development length and splicing of reinfercement in ACI 318-63 is different from AC! 318-89. According to ACI 318-83, the
ultimate flexural bond stress calculated for a reinforcement should be less than allowable strengths given in the Code for ASTM A3SDS and ASTM ALDS
reinforcements. AC! 318-89, requires that the development lengths and lap splices be smaller than values specified for ASTM A&15, ASTM A&16, A617 and A7D6.
ATl 318-63 Procedure cannot be used for the reinforcement presently used in the U.S.A. However a brief review of the required developed length for #9 bar
(as an example) regardiess of the type of reinforcements shows that ACI 318-89 requirements are the same or in some cases more stringent than ACI 318-63.

The strength reduction factors, and miniman reinforcing requirements for walls, slabs and flexural members applicable to the D.G. Building are the same in
63 and 89 Codes

12) Deleted
13
14)
15) Deleted
16)

a)

b

c)

d)

e)
DGAP A WPF
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17y Comparison of ACI-318-89 and ACI 349-90

a)

b3

c)

d)

e)

g)

V)

k)

t3

m)

)

e)

P)

AC! 349-90 requires a Quality Assurance Program covering nuciear safety related structures while ACI 318-89 does not. PBNP has a Quality Assurance Program
in place according to Section 1.8 of the FSAR.

AC! 349-90 requires testing admixtures for concrete and has stricter requirements for material storage. No testing of admixtures is planned for the DG3. The
material will be purchased from a vendor with a quality assurance program. Adequate requirements for control of the quality of concrete are provided in the
Ready-Mix Concrete Soecification 6704 001-5P-5-026.

Lightueight concrete is not permitted by ACl 349-90 and 15 not being used in the Diesel Generator Building.

Aluminum pipe is not permitted in ACl 349 to convey concrate. Also a method of temperature control in hot weather concreting is required to be specified in
construction specification according to ACI 349. The Cast-in-Place Concrete Specification 6704.001-5P-5-025 for the DGB is consistent with those requirements.
ACI 305R-91, “Hot Weather Concreting™, provides methods for temperature control and is being referred to in the Concrete Specification.

AC1 349 requires that forms and form release agents be compatible with coating systems. Diesel Generator Concrete Specification complies with this requirement.
AC1 349 also requires that pressure pipes embedded in concrete be tested before concreting. There are na pressure pipes embedded in concrete in the Diesel
Generator Building.

Relocation of reinforcement requires Engineer approval according to ACT 349. The Concrete Specification for the Diesel Generstor Building provides provision
for control of any deviations from the drawing requirements.

Minimum reinforcing requirements for walls and slabs in ACI 349-90 are more stringent than ACl 318-89. The reinforcing bars provided in the Diesel Generator
Buiiding are more than the minimum reinforcing bars required by ATI 349-90.

The load combinations in ACI 349-90 are broadly expanded to include severe, extreme and abnormal locads. The (oad combinations considered for the design of
the Diesel Generator Building are in conformance with the SRP 3.8.4 and thus satisfy the requirements of ACI 349-90.

The minimam slab thickness requirements in ACI 24990 are higher than what is required in ACI 318-89. The 2’ thick slab used in the Diesel Generator Buiiding
satisfies the ACI 349-9C criteria.

The walls which are subjected to transverse loads must satisfy strength and deflection requirements given in ACI 349-90. The 2¢ thick wall of the Diesel
Generator Building is in compliance with the reguirements.

Crack control regquirements in ACI 349-9C are lees conservative than ACI 318-89.

Membrane stresses should be considered in calculating punching shear capacity according to ACI 349-90. The membrane stresses are negligible in the Diesel
Generator Building since loads that induce high membrane stresses (internal pressures, etc.) are not postulated for the building.

There are additional requirements for mechanical splices and splices of "tension tie members™ in ACI J49-90. Mechanical splices and tension tie members are
not used in the Diesel Generator Building.

The requiresments for calculation of development of deformed bars in tensior are less conservative in ACl 349-90, but the requirements for caiculation of the
length of lap splices of these bars are more conservative. Overall for #6 and #7 reinforcing bars used in the Diesel Generator Building, the length of lap
splices calculated based on ACI 318-90 is more conservative than ACl 349-9C.

Appendix A, "Therma! Considerations®, is included in ACl 349-90. The Diese! Generator Building is not subjected to high temperature variation. The reinfercing
provided is sufficient for the normal temperature changes and shrinkage of concrete.

Appendix B, “Steel Embedments", is included in AC! 349-90. The steel embedments in the DGS are designed in accordance with Appendix B in ACI 349-90.

Appendix T, "Special provision for !mpulcive and lmpactive Effects” is included i) ACI 349 90. The requirements of this Appendix and of Position 10 of
Regulatory Guide 1.142 are invoked to design the walls and siabs of the DGB for th: effect of the turnado-generated missiles.
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18) Comparison of AISC &th and 9th Edition

a)

b}

c)

d)

e)

f)

9)
h)

i)

k)

DGAP_A.WPF

Limiting width-thickness ratio for compression elements for compact section is higher in 9th Edition. Some steel profiles that were not considered to be
compact in the 6th Ed. meet the requirements of compact section in 9th Ed.

The requirements for design of tension members are more conservative in the 9th Edition. Allowables are the same, or are more conservative in the 9th Edition
(Reference Section 1.5.1.1, 6th Edition and Chapter D, Sth Edition).

The design procedure for slender compressive members (single angles, struts, etc.) is completely different and more conservative in 9th Edition. It requires
consideration of eccentricity of loads, the flexural-torsional buckling, etc. in design of such members. (Reference Appendix B of Gth Edition).

The requirements for compact and non compact flexural members with unbraced length greater than L, is changed in 9th Edition. There are more requirements
to be met but Eguation F1-6 of the 9th Edition, which gives the allowable compressive stress, may be less conservative than the Formula 4 of the 6th Edition
for certain cases.

There are more requirements for compact rectangular and circular tubes in the 9th Edition (Reference Section F3 9th Edition).

Allowable bearing stresses on concrete are less conservative in the 9th Edition. (Reference Section 1.5.5 of 6th Edition and J9 of 9th Edition).

Minimum size of fillet welds are lower in 9th Edition for certain part thicknesses.

The allowable stress in welds are higher in 9th Edition. (Reference 1.5.3 6th Edition and Table 12.5 9th Edition). However,K there are more reguirements for
welded comnection in 9th Edition.

The allowable stresses in the rivets and bolts are higher in the 9th Edition. (Reference Table 1.5.2.1 6th Edition, Table J3.2 of the 9th Edition).

The method of combining shear and tension in rivets and bolts is different in the two codes. The allowable tension stress calculated using equations given
in Table J3.3 of the 9th Edition is higher than those in the &th Edition. (Reference Section 1.6.3 6th Edition and Table J3.3 9th Edition}.

The section dealing with fatigue is greatiy expanded in the 9th fdition. (Refersnce Section 1.7 of &th Edition and Appendix X of 9th Edition).

The Limiting slenderness ratios are more liberal in the Oth Edition. (Reference Section 1.8 6th Edition and Chapter 8 9th Edition).
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DIESEL GENERATOR ADDITION PROJECT
STANDARD REVIEW PLANS COMPLIANCE SUMMARY
ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMPLIANCE REFERENCE DISCUSSION/RESOLUT ION
YES NO
2.5.5 STABILITY OF SLOPES ‘
REV. 2, July 1981 i
The applicable rules and basic acceptance criteria pertinent to the
areas of this section of the Standard Review Pian are:

1. 10 CFR Part 50, §50.55a, “Codes and Standards." This rule N/A Section The Diesel Generator Building (DGB) is located more than
requires that structures, systems, and components shail be 2.5.1 FSAR 100’ away from the top of the bank of the Lake Michigan
designed, fabricated erected, constructed, tested and (Ref, 1) slope. The slope of the bank is 1 to 1 1/2, where as the
inspected in accordance with the requirement of applicable slope of the beach is 1 to 100. The top of this bank is
codes and standards commensurate with the importance of the approximately 20 feet higher than the beach. The bank will
safety function to be performed. (Ref. 1) be protected from eresion by extending the present

riprapping of the bank to 50 feet beyond the edge of the

2. 10 CFR part 50, Appendix A: OGB. Since the DGB is located more than 100 feet from the

bank, and the slope of the bank is mild, and the bank is
(a) Generai Design Criterion 1 - "Quality Standards and protected from erosion by riprapping, it is concluded that
Records.™ This criterion requires that structures, the bank will not fail. In the remote possibility of a
systems, and components important to safety shall be slope failure due to extreme envirormenta! conditions, the
designed, fabricated, erscted, and tested to quality failure surface will be far enough away from the building
standards commensurate with the importance of the safety as to not adversely affect the safety-related Structures,
functions to be performed. It also requires that Systems and Components (SSC).

appropriate records of the design, fabrication,
erection, and testing of structures, systems, and
components important to safety shall be maintained by or
under the control of the nuclear power unit {icensee 1
J throughout the life of the unit. (Ref. 2)

{h) General Design Criterion 2 - “Design Bases for
Protection Against Natural Phenomena." This criterion

requires that safety-related portions of the system
shall be designed to withstand the effects of
earthquakes, tornadoes, hurricanes, floods, tsunami, and
seiches without loss of capability to perform their
safety functions. (Ref. %)

(c) General Design Criterion 44 - "Cooling Water.™ This
criterion requires that a system shal! be provided with
the safety function of transterring the combined heat
! load from structures, systems, and components important
to safety to an ultimate heat sink under normal
operating and accidental conditions., (Ref, &)

DGAP_B_WPF Appendix B - 1 June 11, 1993
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CIESEL GENERATOR ADDITION PROJECT
STANDARD REVIEW PLANS COMPLIANCE SUMMARY
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SRP ACCEPTANCE CRITERIA

ACCEPTANCE
CRITERIA
COMPL | ANCE

YES NO

REFERENCE

DISCUSSION/RESOLUTION

2.5.5

§50.5%a;

STABILITY OF SLOPES
REV. 2, July 1981 (cont'd)

10 CFR Part 50, Appendix B, “Quality Assurance Criteria for
Nuclear Power Plants and Fuel Reprocessing Plants." This
appendix establishes quality assurance requ:rements for the
design, construction, and operation of those structures,
systems, and components of nuclear power plants that prevent
or mitigate the consequences of postulated accidents that
could cause undue risk te the health and safety of the
public. (Ref,  5)

10 CFR Part 100, “Reactor Site Criteria.™ This part
describes criteria which guide the evaluation of the
suitability of proposed sites for nuclear power and testing
reactors. {(Ref. &)

10 CFR Part 100, Appendix A, "Seismic and Geologic Siting
Criteria for Nuciear Power Plants." These criteria describe
the nature of the investigations required to obtain the

geologic and seismic data necessary to determine site
suitability and identifies geologic and seismic factors
required to be taken into account in the siting and design of
nuclear power plants., (Ref. 7)

The following regqulatory guides provide information, recommendations,
and guirdance and in general describe a basis acceptable to the staff
that may be used to implement the requirements of 10 CFR Part 50,

10 CFR Part 50, Appendix A, General! Design Criteria 1, 2,

and 44; 10 CFR Part 50, Appendiz B; 10 CFR Part 100; and 10 CFR Part
100, Appendix A.

DGA®_B.WPF
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DIESEL GENERATOR ADDITION PROJECT
STANDARD REVIEW PLANS COMPLIANCE SUMMARY

SRP ACCEPTANCE CRITERIA

DISCUSSION/RESOLUTION

2.5.5

STABILITY OF SLOPES
REV. 2, July 1981 (cont'd)

Regulatory Guide 1.27, "Ultimate Heat Sink for Nuclesr Power
Plants." This guide describes a basis acceptabie to the
staff that may be used tc implement Ceneral Vesign Criteria 7
and 44 with regard to the ultimate heat sink, ‘nciuaing
necessary retaining structures and the canals ano <..ouits
cormecting the ultimate heat sink with the cooling water
system intake structures. (Ref. 8)

Regulatory guide 1.2B, "1 _Sesurance Program
Requirements (Design and Construction)." This quide
describes « method acceptable to the staftf for complying with
the Commission’s regulations with regard to 10 CFR Part, 50
Appendix 8, overall qual ity assurance program requirements
during design and const sction of nuciear power plants,

{Ref. ©)

Regulatory Guide 1.132, “F "= Investigations for Foundations
of Nuclear Power Plants.® ‘v'< guide describes programs of
site investigations related to geotechnical engineering
aspects that would normaily meet the needs for evaluating the
safety of the site from the standpoint of the performance of
foundation and earthworks under anticipated locading
conditions including earthquake in complying with 10 CFR Part
100 and 10 CFR Part 100, Appendix A. It provides general
quidance and recommendations for developing site-specific
investigation programe as well as specific guidance for
conducting subsurface investigations, the spacing and depth
of borings, and sampling. (Ref. 10)

Regulatory Guide 1.138, “Laboratory Investigations of Soils
for Engineering Analysis and Design of Nuclear Power Plants."
This guide describes [aboratory investigations and testing
practices acceptable for determining soil and rock properties
and characteristics needed for engineering analysis and
design for foundations and earthwork for muclear power plants
in complying with 10 CFR Part 100 and 10 CFR Part 100,
Apnendix A, (Ref. 11)

DGAP_B.WPF
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DIESEL GENERATOR ADDITION PROJECY

STANDARD REVITW PLANS COMPLIANCE SUMMARY

SRP ACCEPTANCE CRITERIA

ACCEPTANCE
CRITERIA
COMPL TANCE

YES NO

REFERENCE

DISCUSSTON/RESOLUT TON |

i 2.5.% STABILITY OF SLOPES
REV. 2, July 1981 (cont'd)

The information in the SAR must be in compliance with the criteria
presented in References 1 through 7. This section of the SAR is
judged acceptable if the information presented is sufficient to
demonstrate the dynamic and static stability of all slopes whose
iailure could adversely affect, directly or indirectly safety-related
structures of the nuclear plant or pose a hazard to the public. The
emergency cool ing water source is of particular interest with regard
to slope stability {(Refs. & and B), The secondary source of
emergency cooling water should survive the operating basis earthquake
(DBE) ard design basis flood. Comploteness is determined by the
ability te make an independent evaluation on the basis of information
provided by the applicant.

Specific criteria necessary to meet the relevant requirements of the
Commission reguiations identified above are as follows:

Subsection 2.5.5.1. In meeting the requirements of References 3, 4,
and 6 and the regulatory positions contained in References 8, 10 and
11, the discussion of stope characteristics is acceptable if the
subsection includes:

1. Cross sections and profiles of the slope in sufficient
quantity and detail to represent the siope and foundation
conditions,

2. A summary and description of static and dynamic properties of
the soil and rock comprising seismic Category ! embankment
dams and their foundations, natural and cut slopes, and all
seil or rock slopes whose stability would directly or
indirectly affect safety-related and Category | facilities.
The text should include a complete discussion of procedures
used to estimate, from the available field and laboratory
data, conservative soil properties and profiies to be used in
the analysis.

3. A sunmary and description of groundwater, seepage, and high
and iow groundwater conditions,
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WISCONSIN ELECTRIC POMER COMPANY

DIESEL GEWNERATOR ADDITION PROJECT
STANDARD REVIEW PLANS COMPLIANCE SUMMARY

ACCEPTANCE
CRITERIA
SRP ACCEPYANCE CRITERIA COMPL | ANCE REFERENCE DISCUSSION/RESOLUTION

YES NO

2.5.5 STARILITY OF SLOPES
REV, 2, July 1981 (cont'd)

Subsection 2.5.5.2. In meeting the requirements of References 1, 2,
I 3, 6 and 7 and the regulatory positions of Reference 8, the
i discussicn of design criteria and analyses is acceptable 1f the
criteria for the stability and design of 3!l ssismic Category |
slopes are described and valid static and dynmamic analyses have been
| presented to demonstrate that there is an adequate margin of safety.
i A rumber of different methods of analysis are available in the
literature, Computer analyses should be verified by manual methods.
| Analysis using both deterministic and probabilistic approaches is
desirable.

Te be stceptable, the static analyses should inciude calculations
with different assumptions and me~hods of analysis te assess the
following factors:

1. The uncertainties with regard to the shape of the slope,
boundaries of the several types of soil within the slone and
their properties, the forces acting on the slepe, and pore
pressures acting within the slope.

Fatlure surfaces corresponding to the lowest factor of
safety.

The effect of the assumptions inherent in the method of
analysis used.

4. Adverse conditions such as high water leveis due to the
probable maximem flood (PMF), sudden drawdown, or steady
seepage at various levels. In general, safety factors
related to the slope hazard are needed; however K actual
values depend somewhat on the method of analysis, on the
assumptions concerning the scil properties, on construction
techniques, and on the range of material parameters.
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VISCONSIN FLECTRIC POMER COMPARY

DIESEL GENERATOR ARDDITION PROJECY
STANDARD REVIEW PLANS COMPLIANCE SUMMARY

SRP ACCEPTANCE CRITERIA

ACCEPTANCE
CRITERIA
COMPL I ANCE

YES O

REFERENCE

DISCUSSION/RESOLUTION

2.5.5 STABILITY OF SLOPES
PEV. 2, July 1981 (cont'd)

To be acceptable, the dynamic analyses must account *for the
effect of cyciic motion of the sarthquake on soil strength
properties. Actual test data are needed for both the in situ
soils as well as for any materials used in the construction of
dams or embankments. As discussed above, the various parameters,
such as geometry, soil strength, modeling method (location and
number of elements (mesh) if a finite-element analysis is used),
and hydrodynamic and pore pressure forces, should be varied to
show that there is an adequate margin of sajety (Refs. 34 and
35). where liguefaction is possible, major dam foundation s'upes
and embankments should be analyzed by state-of-the-art fini‘e-
element or finite-difference methods of analysis, Where there
are liquefiable soils, changes in pore pressure due cyclic
ioading must be considered in the analysis to assess not only the
potential for .iquefaction but also the effect of pore pressure
increase on the stress-strain characteristic of the soil and the
post -earthquake stability of the siopes.

Subsection 2.5.5.3. In meeting the requirements of Reference 7 and
the reguiatory positions of References 10 and 11, the applicant
should describe the borings and soil testing carried out for slope
stability studies and dam 2nd dike analyses. The test data, which
must meet the criteria set forth in Sections 2.5.1 and 2.5.4, could
be presented in those sections and referenced in this subsection,
Because dams, dikes, and natural or cut slopes are often remote from
the main plant area, results of additional exploration, tests, and
amalyses for these areas should be presented in this subsection.

DGAP_B.WPF
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WISCONS (N FLECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECT
STANDARD REVIEW PLANS COMPLIANCE SUMMARY

SRP ACCEPTANCE CRITERIA

ACCEPTANCE
CRITERIA
COMPL I ANCE

YES

O

REFERENCE

DISCUSSION/RESOLUTION

253 STARILITY Oy SLOPES
REV. 2, July 1981 (cont'd)

Subsection 2.5.5.4. !n meeting the requirements ~¢ Reference 5 and
the regulatory positions of References 9, 10, and 11, the applicant
should describe the excavation, backfill, and borrow material planned
for any dams, dikes, and embankment siopes. Planned construction
procedures and control of earthworks shouid be described. To be
acceptable, the information must be given as discussed in subsection
2.5.4.5. Some of this information could be presented in subsection
2.5.4.5. Because dams, dikes, and other earthworks are often remote
from the main seismic Category | structures, it is necessary to
complete this information in this subsection. Quality control
technigues and requirements during ano following construction must
aiso be discussed and referenced to quali:, assurance sections of the
SRR,
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VISCONSIN ELECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECT
STANDARD REVIEW PLANS COMPLIANCE SUMMARY

SRP ACCEPTANCE CRITERIA

ACCEPTANCE
CRITERIA

COMPL [ ANCE REFERENCE

YES NO

DISCUSSTON/RESOLUTION

"

e
~

£

SEISMIT CIASSIFICATION
REY. 1, July 1981

Acceptance critesia is based on meeting requirements of the following
regulations:

10 CFR Part 50, Appendix A, General Design Criterion 2, as it
relates to the requirements that structures, systems, and
components important to safety shall be designed to withstand
the effects of earthquakes without loss of capability to
perform necessary safety functions,

10 CFR Part 100, Appendix A, as it relates to certain
structures, systems, and components being designed to
withstand the Safe Shutdown Earthaguake (S3E) snd remain
functional. These plant features are those necessary to
assuyre:

a. the integrity of the reactor coolant pressure boundary,

b. the capability to shut down the reactor and maintain it
in a safe shutdown condition,

¢. the capability to prevent or mitigate the conseguences
of accidents which could result in potential offsite
exposures comparable to the guideline exposures of 10
TFR Part 100.

To meet the requirements of General Desian Criterion 2 and 10
CFR Part 100, Appendix A, the following regulatory guide is
used: Regulatory Guide 1.29, "“Seismic Design
Classification". This guide describes an acceptable method
of identifying and classifying those plant features that
should be designed to withstand the effects of the SSE.

The Diesel Generator Buiiding (DGB), the Emergency Diesel
Generators (EDG) and all auxiliary and support systems
including that part of ventilation system required to
support operation of the engine and switchgear are.
classified as Seismic Category | and are designed to
withstand the effects of an Operating Basis Earthquake
(ORE) and Safe Shutdown Earthauake (SSE) [Design and
Kypothetical Earthquakes]. These classifications comply
with the reauirements of Regulatory Guide 1.29.
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: VISCONSIN FLECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECT
STANDARD REVIEW PLANS COMPLIANCE SUMMARY

: , SRP ACCEPTANCE CRITERIA

ACCEPTANCE
CRITERIA
COMPL { ANCE

YES NO

REFERENCE

DISCUSSION/RESOLUT TON

3.3.1 WIND LOADINGS
REV. 2 - July 1981

SEB accepts the design of structures that must withstand the effects
of the design wind load if the relevant requiraments of the General

I Pesign Criterion 2 concerning natura! phenomena are complied with.
The criteria necessary to meet the relevant requirements of GDC 2 are
as follows:

1. The wind used in the design shall be the most severe wind
that has been historically reported for the site and
surrounding area with sufficient margin for the lim ted
accuracy, quantity, and period of time in which historical
data has been accumulated.

2. The acceptance criteria for the design wind velocity and its
recurrence interval, the velocity variation with height the
applicable gust factors, and the bases for determining these
site-related parameters, are estabiished by the Accident
Evaluation Rranch (AEB) and are contained in SRP Sections
2.3.1 and 2.3.2. The approved values of these parameters
sheuld serve as basic input to the review and evaluation of
the structural design procedures.

N/A

Wind velocity of 108 mph is used in the design of the
structures. The recurrence intervai of this wind is 100

years,

Not applicable to DG Project. The variation of wind
pressure with height is obtained from ASCE 7-88 (Formerly

called ANS! 58.1).
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VISCONSIN FLECTRIC POMER COMPANY

DIESEL GENERATOR ARDITION PROJECT
STANDARD REVIEW PLANS COMPLIANCE SUMMARY

e el

SRP ACCEPTANCE CRITERIA

ACCEPTANCE
CRITERIA
COMPL | ANCE

YES NO

REFERENCE

DISCUSSION/RESDLUT ION

WiND LOADINGS
REV, 2 - July 1981 (cont'd)

The procedures utilized to transform the wind velocity into
an effective pressure to be applied to structures, parts and
portions of structures, as delineated in ANS! A58.1,
"Building Code Requirements for Minimum Design Loads in
Buildings and Other Structures® (Ref. 2), are acceptable. In
particular, the procedures utilized are acceptable if found
in accordance with the foliowing:

Ffor a design wind velocity of V,, mb specified at a height
of 30 feet above the ground, the velocity pressure, q,., 1S
given by:

30 = 0.00256 V', psf

The effective pressure for structures, “F, and for
portions thereof, q , at various heights above the ground
should be in accordance with Table 5 and Table 6 of ANSI
AS8.1, respectively. Since most nuclear power plants
are located in relatively open country, Exposure €, as
defined in ANS! ASB.1, should be selected for both
tables.

Depending upon the structure geometry and physical
configuration, pressure coefficients may be selected in
accordance with Section 6.4 of ANSI ASB.1, Geometrical
shapes that are not covered in this document are reviewed on
a case-by-case basis. ASCE Paper No. 3269, "Wind Forces on
Structures” (Ref. 3) may be used to obtain the effective wind
pressures for cases which ANSI ASB8.1 does not cover,

Refs. 9, 22

The procedures of ASCE 7-88, July 1990 (formerly ANSI

ASB._ 1) is used to transform *he wind velocity into wind
pressure. Exposure C is assumed in accordance with this

SRP,
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WISCONSTN ELECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECT

STANDARD REVIEW PLANS COMPLIANCE SUMMARY

ACCEPTANCE
CRITERIRA
SRP ACCEPTANCE CRITERIA COMPL | ANCE REFERENCE DISCUSSTON/RESOLUTION
YES RO
TORNADO LOADINGS
REV. 2 - July 1981
SEB accepts the design of structures that must withstand the effects
of the design tornado wind load and the associated missiles if the
relevant requirements of General Design Criterion 2 concerning
natural phenomena are complisd with. The criteria necessary to meet
the relevant requirements of GDC 2 are as follows:

1. The tornado wmind and associated missiles generated by the X FSAR Tornado wind speed (rotational pius transiational) of 360
tornado winds used in the design shall be the most severe 5.1.2.2 mph is used as indicated in Subsection 5.1.2.2 of the FSAR.
wind that has been historically reported for the site and the (Ref, 1) A pressure drop of 3 psi at a rate of 2 psi/sec is
surraunding area with sufficient margin for the limited considered in developing the tornado wind loads. The
accuracy, quantity, and period of time in which historical pressure drop versus time used is in compliance with the
data has been accumilated. requirements of Regulatory Guide 1.76 and is more

conservative than the sriginal PBNP tornado pressure drop.
Two tornade generater missiles, a & inch x 12 inch x 12
foot plank and a 40uLC pound automobile, as discussed in
response to SRP 3.5.1.4 is also considered.

2. The acceptance criteria for the tornado wind velocity, the
ditferential pressure and i1ts associated time interval, the
spectrum of tornado-generated missiles and their
characteristics, and the bases for determining these
parameters, are established by the Accident Evaluation Branch
(AER) as described in SPP Sections 2.3.1, 2.3.2, and 3.5.1.4.

The approved values of these parameters should serve as basic
input to the review and evaluation of the structural desian
procedures,
DGAP_B.WPF Appendix B - 11 June 11, 1993



WISCONSIN ELECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECT

STANDARD REVIEW PLANS TOMPL IANCE SUMMARY

ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMPL IANCE REFERENCE DISCUSSION/RESOLUTION
YES NO
1.3.2 TORNADD LDADINGS
REV. 2 - July 1981 (cont'd)

3. The acceptance criteria for the procedures used to transform
the tornado parameters into effective loadings on structures
are as follows:

a. For transforming the tornade wind velocity into an effective X American Society of Civil Engineers paper No. 3269, "Wind
pressure applied te structures, the criteria delineated in Forces on Structures™ is used to transform the tornado wind
either the American Society of Civil Engineers (ASCE) Paper speed to effective pressure applied to the Diesel Generator
No., 3249, "Wind Forces on Structures™ (Ref, 2), or in ANSI Building. Requirements of Section I11.3 items (i), (11},
ASB.1, "Huiiding Code Requirements for Minimum Design Loads {111) and (iv) of this SRP are considered.
in Buildings and Other Structures™ (Ref. 3), are, in general,
acceptable. In particular, the following shall apply:

) The maximum velocity pressure, p, should be based
upon the maximum tornado velocity, V, using the
following tormula:

p = 0.00256 V° psf, in which V is in mph.

(il The velocity pressure should be assumed constant with
height.

(111)  The maximum velocity pressure, p, applies at the
radius of the tornado funnel at which the maximum
velocity otcurs, The tangential velocity varies with
the radial distance from the center of the tornade
core. The variation may be considered in accordance
with that described in the papsr, "Tornado Resistant
Design eof Nuciear Power Plants" (Ref. &4).

(iv) For calculating velocity pressures on external
surfaces of struct.res, on external portiens thereof,
and on internal surfaces, where there are openings in
the structure, appropriate shape coefficients shall
be used in accordance with ASCE Paper No, 3249 (Ref,
2). Gust factors may be taken as unity.
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VISCONSIN ELECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECT
STANDARD REVIEW PLANS COMPLIANCE SUMMARY

SRP ACCEPTANCE CRITERIA

ACCEPTANCE
CRITERIA
COMPL | ANCE

REFERENCE

YES NO

DISCUSSTON/RESOLUT 1ON

3.3.2

TORNADO LOADINGS
REV. 2 - July 1981 (cont'd)

¥ venting of a structure is adooted as a design measure to
permit transforming the tornado-generated differential
pressure inte an effective raduced pressure, the acceptance
criteria are establ ished on a case-by-case basis, upon
request, by the Auxiliary Systems Branch (ASR)

The acceptance criteria for transforming the tornado-
generated missile impact into an effective or equivalent
static load on structures are delineated in subsection [! of
SRP Section 3.5.3.

Having established the effective loads for each of the above
three individual tormado-generated effects, the combination
thereof should then be determined in a conservative manner
for each particular structure, as apo!icable. An acceptabie
method of combining these effects is as follows:

)

(ii)
(1i1)
(iv)

{v)
(vi)

-

.5,
. W

L F S M, e

LRI T I S
1

‘("ttt

£ grxErex

where: . total tornado load,

..... tornade wind |oad

b seewt tornado differential
pressure load, and

N, ..... tornado missile loac.

£ £
*

For each particular structure or portion thereof, the most
adverse of the above combinations should be used, as
appropriate.

These combined effects constitute the total tornado load
which should then be combined with cther loads as specified
in SRP Sections 3.8.1, 3.8.4, and 3.8.5.

Ref. 20

The DGB is vented to ~educe the internal pressure. the
computer program TOPIC, an industry recognized program, is

used to obtain the reduced maximum difterential pressure

between various compariments in the building., WNo specific

acceptance criteria are established.

See response to SRP 3.5.3, subsection 11.

The combination of tornado wind pressure, tornado missile
ipad and tornado differential pressure in accordance with

this SRP is determined and used in design.
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DIESEL GENERATOR ADD!TION PROJECY
STANDARD REVIEW RLANS COMPLIANCE SUMMARY

ACCEPTANCE
CRITERIA
SEP ACCEPTANCE TRITERIA COMPL | ANCE REFERENCE DISCUSSTON/RESOLUTION
YES LiH
3.3.2 TORNADO LOADINGS
REV, 2 - July 1981 (cont‘d)
4. The information provided to demonstrate that failure of any N/A There are no structures in the vicinity of the Diesel
structure or component not designed for tornado loads will not Generator Building whose failure could affect the buiiding.

affect the capabiiity of other stiictures or components to
perform necessary safety ‘uctions ‘s acceptable if found in
accordance with either of the following:

a. The postulated collapse or structural faiture of structures
and components not designed for tornado loads, including
missites, can be shown not to result in any structural or
other damage to safety-related structures or components.

b. Safety-related structures are designed to resist the effects
of the postulated structural failure, collapse, or generation
of missiles from structures, and components not designed for
tornado loads.
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VISCONSIN FIECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECT
STANDARD REVIEM PLANS COMPLIANCE SUMMARY

ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMPL | ANCE REFERENCE DISCUSSION/RESOLUT ION
YES K0
3.4.1 FLOOD PROTECTION
REV. 2, July 1981
Acceptability of the flood protection measures described in the SAR X Section 2.5 | The site is protected from tocal flooding by the natural
15 based on meeting specific general design criteria and regulatory FSAR drainage of the site, a storm sewer system in the plant
guides. The plant design for protection of SSC from the effects of {Ref_ 1) vard, and an interceptor ditch discharging to Lake
flooding is acceptable if it meets the relevant requirements of Michigan.
General Design Criterion 2, “Design Bases for Protection Against
Natural Phenomena,™ and 10 CFR Part 100, Appendix A  "Seismic and No permanent dewatering system is provided for the DGB
Geologic Siting Criteria for Nuclear Power Plants ™ Section IV.C as because the water table is lower than the foundation
related to protecting SSC important to safety from the effects of elevation,

floods, tsunamis and seiches. Acceptance is based on the design
meeting the guidel ines of Regulatory Guide 1.59 with regard to the
methods utilized for establishing the probable maximum flood (PMF),
nrobable maximum precipitation (PMP), seiche and other pertinent
hydrologic consideration; and the guidetines of Regulatory Guide
1.102 regarding the means utilized for protection of SSC important to
safety from the effects of tne PMF and PMP, [f safety-related
structures are protected from below-grade groundwater seepage by
means of a permanent dewatering system, then the system should be
designed as a safety-related system and meet the singie failure
criterion reqguirements.
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VISCONSIN FLECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECT

STANDARD REVIEW PLANS COMPLIANCE SUMMARY

R T o W W Wy

ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMP JANCE REFERENCE DISCUSSION/RESOLUTION
YES NO
3.5.1.1 INTERNALLY GENERATED MISSILES (OUTSIDE CONTAINMENT )
REV. 2 - July 1981
Acceptability of the design information o protection of essential ¥ Dug. &704- Air intakes and exhaust stacks are not turbine missile
systems and components from internally gonerated missiles presented E-222104, 5 | protected. Turbine missiles cannot impact the DGB given
in the applicant's safety analysis repo t (SAR) 1s based on meeting Rev, P2 ite position relative to the turbine generator. The DGB is
specific general design triteria and - . gulatory guides, located outside the low trajectory turbine missile strike
rone as defined by Regulatory Guide 1.115,
The design of structures, systems and compenents is acceptable if the
integrated design affords migsile protection in accordance with tEach EDG and its auxiliaries are protected from potential
General Design Criterion &, with respect to protecting structures, missiles generated by the second EDG lncated in the DGB and
systems and components important to safety against the effects of its auxiliaries by two 24" DGB internal walls.
internal ly generated missiles that may result from equ:pment
failures, in order to maintain their essential safety functions. The GO1/02 F.G. Transfer Pumps and associated piping is
Acceptance 1s based on the design meeting the guidelines of protected from EDG GO3 by 12 inch DGB internal walls and
Regulatory Guide 1,115, as related to the identification and from 604 by multiple 24" DGB internal walls,
protection of SSC important to safety from the effects of turbine
misciles, and the NRC staff verification that the applicant’s The walls are adequate to protect one EDG system from the
essential SSC will be protected from internally generated missiles internal ly generated missiles of the other system and the
(outside containment) by location in individual missile-proof 6017602 component from eith.r of the GO3 or GO4 systems.
structures or by special localized protective shields or barriers. Components within one system need not be protected from §
missiles originating from the same system in accordance
with this SRP.
Individual missite-proof structures or localized
shields/barriers are not required. The non-safety related
components of interest (e.g. the starting air compressors,
the normally operating fans and the non-safety related
starting air and service air valves (including the wet air
receiver relief valves) are not a concern based on the
following:

(&5 The fans are isolated from the EDG room and are not
considered credible missile generators which could
affect the adjacent vane axial fans as they have ‘
synchronous motors which will not overspeed. \

(2) The starting air compressors are not considered to
generate missiies as they have synchronous motors
or overspesd protection.

3) Wet air receiver relief valves and all other non-
safety related air system valves are not considered
viable missiies as they inherently have double
retaining features. s
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WISOOWSIN FLECTRIC POMER COMPARY

DIESEL GENERATOR ADDITION PROJECT

STANDARD REVIEW PLANS COMPLIANCE SUMMARY

ACCEPTANCE
CRITERIA
SeP ACCEPTANCE CRITERIA COMPLIANCE REFERENCE DISCUSSION/RESOLUTION
YES NG
3.5.0.4 FUSSILES GENERATED BY NATURAL PHENOMENA
REV. 2 - July 1981
r The acceptability of the assessment as described in the applicant’s X FSAR Section 5.1.2.2 of FSAR and Structural Design Criteria for
Satety Analysis Report {SAR) is based on compliance with General Section the PBNP postulate a & inch x 12 inch x 12 foot plank (108
Design Criteria 2 and & as it relates to the capability of 5.1.2.2 ib), picked up and carried at a velocity of 300 mph, and 2
structures, systems, and components important to safety to withstand (Ref, 1) 4000 ib automobile with a velocity of 50 mph, as the
the effects of tornadoes and other natural phenomena. Acceptance is tornado generated missiles which are consistent with
based on meeting the requirements of Regulatory Guides 1.76 and Structurat reported missiles of previous tornadoes. The plank size
1.117. The methodology for identification of appropriate design Design and velocity are consistent with the wood plank given in
basis missiles generated by natural phenomena shall be consistent Criteria SRP Section 3.5.1.4, Nov. 24, 1975, Missile Spectra A. The
| with the acceptance criteria defined for the evaluation of patentiai for the plank weight is less than the SRP plank. The automobile
acc idents from external sources in SRP Section 2.2.3. PHNP . velocity is tess than the velocity given in the SRP. In
(Ref, 3) addition, the SRP postulates 5 more missiies (a utility
poie, a steel rod and 3 steel pipes) in Spectrum A,
Bechtel Section V of the SRP ailows acceptable alternative method
Topical for complying with specified portions of the commission’s
Report reguiations,
8-T0P-3
1970 The missiles specified in Section 5.1.2.2 of the FSAR were
(Ref. &) accepted by NRC for PBNP and are used in design of the DGR

for consistency and to maintain the same level of sa‘ety
with the balance of the plant non-Containment Category |
structures. In addition, the walls and . ~of _(uu
thicknesses for the DGR satisfy the minimum acceptable
barrier thickness requirements given in Table 1 of SRpP
3.5.3. The exhaust stacks are protected by 24 inch thick
concrote walis. The thicknesses provided are sufficient te
prevet perforation, spaliing, or scabbing of the walls and
roof slab for the Tornado Missile Spectrum given in Table 2
of the SRP.

The requirements of Reguiatory Guide 1.76, Positions C-1
and C-2 and Regulatory Guide 1.117, Positions C-1 through
€-3 are met., See Regulatory Guide Compiiance Summary for
details. Ffor the tornado wind speed used in the design of
the concrete walls and siabs see SRP 3.3.2,
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HISCONSIN ELECTRIC POMER CONPANY

DIESEL GENERATOR ADDITION PROJECT
STANDARD REVIEW PLANS COMPLIANCE SUMMARY

ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMPL | ANCE BEFFRENCE DISCUSSION/RESOLLTION
YES NO
3.5.2  STRUCTURES, SYSTEMS AND COMPONENTS TO BE PROTECTED FROM
EXTERNALLY GENERATED MISSILES, REV. 2 - July 198"
Acceptability of the list of SSC to be protected against externaliy
generated missiles, presented in the applicant’s safety analysis X Structures, systems and components to be protected from
report (SAR), is based on specific general design criteria and externally generated missiles comply with Reguiatory Guides
regulatory guides. 1.115 and 1.117. See Appendix D, Regulatory Guide
Compliance Summary, for discussion of Regulatory Guides
The identification of structures, systems and components to be 1.115 and 1.117.
protected against externally generated missiies is acceptable if it
is in accordance with General Design Criterion 2, with respect to the The doors to the DGB are protected from tormado generated
protection of SSC important to safety from the effects of natural missiles by providing concrete barriers. The large
phenomena and General Design Criterion 4, with respect to protection openings in the walls are all protected by steel louvers
of SSC important to safety against the effects of externally which are designed for the missiles. The small openings in
generated missiles to maintain their essential safety functions. the walls are protected by concrete barriers inside the
Acceptance is based on the design meeting the guidelines of building which prevents missiies from hitting any safety
Regulatory Guide 1.13, as reiated to the spent fuel pool systems and reluated components. The opening of the exhaust stack is
structures being capable of withstanding the effects of externally not protected, Vertical tornade generated missiles may i
generated missiles and preventing missiles from contacting stored enter the stack openings and hit the silencer. The :
fuel assemblies; Regulatoery Guide 1.27, as related to the ultimate missiles may enter the building but do not have any adverse ‘
heat sink and connecting conduits being capable of withstanding the effect on the safety related equipment and components
effects of externally generated missiles; Regulatory Guide 1.115, as
related to the protection of SSC important to safety from the effects All barriers are designed for the postuiated missiles. The
ot turbine missiles; and Regulatory Guide 1.117, as related to the thickness of the concrete barriers conform with Table 1 of
protection of SSC important to safety from the effects of tornado SRP 3.5.3.
misstles,
DGAP_B . WPF Apperviix 8 - 18 June 11, 1993



WISCONSIN FLECTRIC POMER COMPANY ﬁ

DIESEL GENERATOR ADDITION PROJECT |
STANDARD REVIEW PLANS COMPLIANCE SUMMARY

ACCEPTANCE :
CRITERIA
SRP ACCEPTANCE CRITERIA COMPL IANCE REFERENCE DISCUSSION/RESOLUTION
YES NO
3:3:3 BARRIFR DESIGN PROCEDURES
REV. 1 - July 1981
SE8 accepts the design of structures, shields, and barriers that must
swithstand the effects of environmental and natural phrnomena 1§ the
reievant requirements of General Design Criteria 2 (Ref. 1) and 4
(Ref. 2) are met. The relevant requirements of General Design
Criteria 2 and & are as follows:
A. General Design Criterion 2 as it relates to structures, X FSAR The design of the DGB complies with GDCZ of 10CFR Part 50,
systems, and components, capability to withstand, without 2.5, 2.6, & | Appendix A. All components are protected from tornado
toss of safety functions, the sffects of tornadees and the 2.9 (Ref.1) | missiles. }
appropriate combinations of the effects of normal and Dwg. No. S
accident conditions with the effects of the natural 6704 -E- !
phenomena, 222102
8. General Design Criterion & as it relates to structures, X See GDC The design of the DGB complies with GDCG. The two EDGs are
systems and componerits being appropriately protected against Compl iance separated by two walis to prevent missile/pipe whip from -
dynamic effects, including the effects of missiles, pipe i Dug. No. one system affecting the other system except for the Train |
whipping, and discharging fluids that may result from 6704 -E- A Fuel Dil Pump Room which is separated by a 24 inch thick
equipment failures and from events and conditions outside the 222102 concrete wall.
nuclear power unit.
The missile barriers used in the PGB are 24 inch thick
concrete walls and slabs. Steel louvers are used to
protect large openings in the walls,
N
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STANDARD REVIEW PLANS COMPLIANCE SUMMARY

ACCEPTANCE
| CRITERIA
SRP ACCEPTANCE CRITERIA COMEL | ANCE REFERENCE DISCUSSION/RESOLUTION
Y&s NO
3.5.3 BARRIER DESIGN PROCEDURES
REV, 1 - July 1981 (cont'd)
Specific criteria necessary to meet the relevant requirements of
General Design Criteria 2 and & are as follows:
1. Feor Local Damage Prediction
X Structural PBNP is located in the Region | of the Tornado Intensity
a. In Concrete 3.5.2.1 Drawings map given in Regulatory Guide 1.76. The thickneszes of the
6704 -E - concrete walis and roof siabs of the DGB satisfy the
Sufficient thickness of concrete should be provided to 121201 thru | minimsm acceptable barrier thickness requirements given in
prevent perforation, spalling, or scabbing of the 122121 Table 1 of this SRP for the tornade generated missile. WNo
barriers in the svent of missile impact. calculation is required to estimate penetration of the wood
plank in concrete or steel louvers. For internally
, Several smpirical equations, such as the modified NDRC generated missiles there are two 24 inch thick walls
formula (Ref. 3) are available to estimate missiie separating the two safety related systems, The Train A
penetration into concrete. These eguations should be fuel 0il Pump Room is separated by one 12 inch thick wali.
used to determine the required barrier thicknesses. The walls are considered adequate based on past
Thicknesses resulting from such catcuiations should in experiences,
no case be less than those listed in Table 1, which
thicknesses are necessary to protect against tornado
missiles,
The tornado missile spectrum for which Tabie 1 concrete
requiremen’s are adequate is shown in Table 2. Tornado
missiles ano other types of missiles are specified in
accordance wilh SRP Section 3.5.1.
il Barrier thicknesses less than those listed in Table 1
may be used provided that sufficient justification
inciuding test data are presented to support them, in
which case they will be reviewed on a case-hy-case
| basis.
for turbine missile barriers, penetration and scabbing X Drawing The DGB is located ocutside the low-trajectory turbine
predictions should be based on empirical equations such 67D4-E- missile 2one.
as the modified NRDC formuia (Ref. I) or the results of 151001
a valid test program.
DGAP B .WPF Appendix B - 20 June 11, 1953
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VISCONSTN FLECTRIC POMER COMPANY

SRP ACCEPTANCE CRITERIA

ACCEPTANCE
CRITERIA
COMPL TANCE

YES NO

REFERENCE

DISCUSSTON/RESOLUT1OW |

I 3.5.3  BARRIER DESIGN PROCEDURES

Rev.

b.

1 - July 1981 {(cont'd)
in Steel

The results of test conducted by the Stanford Research
Institute on the penetrations of missiles into steel
plates are summarized by M. B. Cottrell and A, W,
Savolainen in "U, S. Reactor Containment Technology"
(Ref. 4). The equations presented n Reference 4 are
acceptable. Other equations such as the Ballistic
Research Laboratory formula described in Reference 5 may
be used provided the results are either comparable to
those referenced above, or are validated by penetration
tests.

In Composite Sections

For compesite or multi-eiement barriers, procedures for
prediction of iocal damage are acceptable if the
residual velocity of tne missile perforating the first
element is considered as the striking velocity for the
next element. For determining this residual velocity,
the equations presented by Recht and Ipson (Ref. &) are
acceptable when the first barrier of a multi-element
missile barrier is steel, When the first barrier 1§
concrete, procedures are reviewed on a case-by-case
basis.

N/A

N/A

Steel plate is not used as missile barrier.

No credit is taken of the multi element barriers effect to
resist the tornado generated missiles. The internally
generated missiles from one EDG are prevented from
impacting the other EDG by two 26 inch thick concrete walls
except for the Train A Fuel 0il Pump Room which is
separated by one 12 inch thick concrete wall,

DGAP_B.WPF
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ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMPL [ ANCE REFERENCE DISCUSSION/RESOLUT ION
YES NO
5y BARRIER DESIGN PROCEDURES
REV. 1 - July 1981 (cont'd)
For Overall Damage Prediction
The response of a structure or barrier to missile impact X The overall damage effects of the postulated missiles on
depends largely on the location of impact (e.g., midspan of 2 the walls and slabs are tonsidered. The procedures given

E siab nr near a support), on the dynamic properties of the in ASCE Manual SB “Structural Analysis, and Design of

ii target and missile, and on the kinetic energy of the missile, Nucliear Power Plant Facilities" (Ref. 6) and Bechtel’s BC-
In general, the assumption of plastic collisions is TOP-9A, "Design of Structures for Missile !mpact" (Ref. 5)
acceprable, where all of the missile initial momentum is are used.
transferred to the target and only a portion of its kinetic
energy is absorbed as strain snergy within the target. The impact load transient (impact forcing function) for the
However, where slastic impacts are expected, the additional wood plank is obtained based on the conservation of impulse
momentum transferred to the target by missile rebound should and momentum. The automobile forcing furction is obtained
be included. using an equation given in Design Guide No. C-2.45 (Ref.

B8). An elasto-plastic analysis is performed to obtain the
required ductility ratio for comparison with the allowabte
ductility ratio. The procedure given in ASCE Manual 58
(Ref. &) is foilowed., The required ductility ratios are
all less than the allowable ratios indicated below.

H After it has been demonstrated that the micsile will not
penetrate the barrier, an equivalent static load concentrated
at the impact area should then be determined, trom which the
structural response, in conjunction with other design ioads,
can be evaluated using convetional design methods. An
acceptabie procedure for s:h an analysis, where the impact
is assumed to be plastic, s presented in a paper by
Williamson and Alvy (Ref. ), Other procedures may be used
provided the results obtained are cosparable to those
referenced above.

t Maximum allowabie ductility ratios for steel and re.nforced X X The allowable ductility ratios used for reinforced concrete
concrete barriers and other structural elements if used, in For fFor conform with the maximum allowable ratios given in Appendix
the above analysis, are given in Appendix A to this SRP Conc Steel A of the SRP. The aliowable ductility ratios used for
section, steel louvers conforms with the maximum allowabie ratios

given in BC-TOP-9A and ASCE Manual 58 {Reference 5 and 6,
respectively). The ailowable ductility ratios for steel
given in these references are acceptable to the Nuclear

J Industry and the NRC.
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WISCONSIN FLECTRIC POMER CONPANY

DIESEL GENERATOR ADDITION PROJECT
STANDARD REVIEW PLANS COMPLIANCE SUMMARY

SRP ACCEFTANCE CRIVERIA

DISCUSSION/RESOLUTION

PLANT DESIGN FOR PROTECTION AGAINSY POSTULATED PIPING
FAILURES IN FLUID SYSTENS OUTSIDE CONTAINMENT
REV. 2 - October 1990

| Acceptability of the plant design for protection against postulated

i piping breaks outside contairment, as described in the applicant’s
safety analysis report (SAR), will be based on Genmeral Design
Criterion 4, as it relates to structures, systems and components
important to safety being designed to accommodate the dynamic effects
of postulated pipe rupture, inciuding the effects of pipe-whipping
ard discharging fluids. Acceptance is based on conformance te Branch
Technical Position SPLE 3-1, attached te the SRP section.

BaANCH TECHMICAL POSITION SPLB 3-1 (FORMERLY 8T8 ASB 3-1) PROTECTION
AGAINST POSTULATED PIPING FAILURES IN FLUID SYSTEMS OUTSIDE
CONTATNMENT |

A, BACKGROUND

General Design Criterion &, "Envirommental and Missile Design
gases", of Appendix A to 10 CFR Part 5C, “General Design Criteria
for Nuciear Power Plants™ requires that systems and components
important to safety "...shall be appropriately protected against
dynamic effects, including the effects of missiies, pipe
whipping, and discharging fluids, that may result from equipment
failures and from events and conditions outside the nuclear power
wnit." Guidance on acceptable design approaches to meet General
Design Criterion & for existing plants and for existing plants
and for plants for which applications for construction permits

{ were then under review was provided in letters to applicants and
} | icensees from A, Giambusso, Deputy Director of Licensing for

‘ Reactor Projects, most of which were dated in December 1972. The
{ guidance document from these letters is attached as Appendix B teo
this position. Similar interim guidance for new piants was
provided in a letter to applicants, prospective applicants,
reactor venders, and architect-engineers from J. F. O'Leary,
Director of Licensing, dated July 12, 1973, This document is
attached as Appendix € to this position,

fefer to review of BTP SPLB 3-1,

DGAP B WPF
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VISCONSIN FLECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECT
STANDARD REVIEW PLANS COMPLIANCE SUMMARY

ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMPL I ANCE REFERENCE DISCUSSTON/RESOLUTION

ik YES KO

3.6.1 PLANT DESIGN FOR PROTECTION AGAINST POSTULATED PIPING
FAJLURES [N FLUID SYSTEMS DUTSIDE CONTAINMENT
REV. 2 - October 1990 (cont'd)

Reviews of nuclear power plant designs have indicated that the
functional or structural integrity of systems and components
required for safe shutdown of the reactor and maintenance of cold
shutdown conditions could be endangered by fiuid system piping
failures at locations outside contairment. The staff has evolved
an acceptable approach for the design, including the arrangement,
of fluid systems located outside of containment to assure that
the plant can be safeiy shu® down in the svent of piping failures
outside containment. This approach is set forth in this pesition
and in the companion branch technical position BIP MEB 3-1
attached to SRP Section 3.6.2.

1t is the intent of this design approach that postulated piping
failures in fluid systems should not cause a loss of function of
essential safety-related systams and that nuclear plants should
be able to withstand postulated failures of any fluid system
piping outside containment, taking into account the direct
resuits of such failure and the further failure of any single
active component, with acceptable off-site consequences.

The detailed provisions of the position below and of BTP MEB 3-1
are intended to implement this intent with due consideration of
the special nature of certain dua! purpose systems and the need
to define and to Llimit to a finite number the types and locations
of piping failures to be analyzed., Although various measures for
the protection of safety-related systems and components are
outlined in this position, the preferred method of protection is
based upon separation and isclation by plant arrangement

Past applications for CP & OL licenses contained plant layouts
where safety-related equipment or structures were located near
the main steam and feedwater high energy |ines on the basis of
utilization of the *break exclusion®™ design basis in these lines.
in consideration of the (arge magnitude of potential energy
stored in these (main steam and feed) systems during normal plant
aperation, BTP SPLB 3-1 is intended to give clear guidance on
acceptable methods for protecting essential equipment from the
effects of postulated failures in these systems.
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SRP ACCEPTANCE CRITERIA

ACCEPTANCE
CRITERIA
COMPL ] ANCE

YES NO

REFERENCE

D1SCUSSTON/RESOLUT ION

3.6.1

PLANT DESIGN FOR PROYECTION AGAINST POSTULATED PIFING
FATLURES IN FLUID SYSTEMS OUTSIDE CONTAINMENT
REV. 2 - October 1990 (cont'd)

BRANCH TECHNICAL POSITION

Plant Arrafuement

Protection of essential systems and components'/ against
costulated piping faitures in high or moderate energy fluid
systems that operate during normal plant conditions and that
are located outside of contairment, should be provided by
items a., b,, or c. below in order of their preference.

a. Plant arrangements should separate fluid system piping
from essential systems and components. Separation
should be achieved by plant physical layouts that
provide sufficient distances between essential systems
and components and fluid system piping such that the
full dynamic effects of any postulated piping failure
therein (e.g., pipe whip, jet impingement, and the
envirommental conditions resulting from the escape of
contained fluids as appropriate to high or moderate
energy fluid system piping) cannot impair the integrity
or operability of essential systems and components.

1) Even though pertions of the main steam and feedwater
tines meet the break exclusion reguirements of item
8.1.6 of BTP EMEB 3-1, they shuuld be separated from
essential equipment. Desieners are cautioned to
avoid concentrating esseitial equipment in the break
exclusion zone. Esseintial equipment must be
protected from environmental effects of an assumed
normechanistic iongitudinal break of the main steam
and feedwatss lines. Each assumed normechanistic
tongitud’nal break should have a cross sectional area
of at (east one square foot and should be postulated
te occur at a location that has the greatest effect
on essential equipment .

2) The main steam and feedwater lines should not be
routed around or in the vicinity of the control room.

Due to the function of (1) Service Air (Maintenmance), (2)
Fire Protection and (3) the non-safety related portion of
the Starting Air System, these fluid systems could not be
physically separated from the essential systems.
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STANDARD REVIEW PLANS COMPLIANCE SUMMARY

ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMPL L ANCE REFERENCE DISCUSSTON/RESOLUTION
YES NO
3.6 PLANT DESIGN FOR PROTECTION AGAINST POSTULATED PIPING
FAILURES IN FLUID SYSTEMS TUTSIDE CONTAINMERNT
REV. 2 - October 1996 (cont'd)
b. Fluid systes piping er portions thereof not satisfying ¥ Due to the function of (1) Service Air, (2) Fire
the provizions of item 8.1.a should be enclosed within Protection, and (3) the non-safety reiated porticn of the
structures or compartments designed to protect nearby Starting Atr System, these fluid systems could not be
esseatial systems and components. Alternatively, enclosed within structures or compartments designed to
rssential systems and components may be enclosed within protect nearby essential systems and components.
structures or compartments desigred to w.thstand the
effects of postulated piping fa lures in nearby fluid
systems.
¢. Plant arrangements or system features that do not X Two of the fluid systems that are run in each EDG and
satisfy the provisions of either item B.1.2a or item associated auxiliaries rooms i.e., fire protection and
B.1.b. should be limited to those for which the above Service Air systems are mode:ate energy. There are no high
provisions are impractical because of the stage of energy |ines except the non-safety related portion of the
design or construction of the plant; because the plant Starting Air System which does not have a sustained energy
design is based upon that of an earlier plant accepted source, Therefore pipe whip and jet impingement are not a
by the staff as a base plant under the Commission’s concern. Additionally, envirormental upset is not a
standardization and replication policy; or for other concern for the Service Air or Starting Air Systems. The
substantive reasons such as particular design features actions to mitigate the envirommental consequences of
of the fluid systems. Such cases may arise, for running the fire protection piping is as follows:
example, (1) at interconnections between fiuid systems
and essential systems and components, or (2) in fluid 1. The EDG systems trains are separated suck that no
systems having dual functions (i.e., required to operate faiture of component in one room could affect any
during normal_plant conditions as well as to shut down components in the second train.
the reactor). In these Cases, redundant design features
that are separated or otherwise protected from 2. Floor drains are provided which would prevent an
postulated piping failures, or additicnal protection, accumulztion of water from a fire protection line
should be provided so that the effects of postulated crack in any EDG room.
piping failures are shown by the analyses and guidelines
of Section 8.3 to be acceptable. Additional protection
may be provided by restraints and barriers or by
designing or testing essential systems and components to
withstand the effects associated with postulated piping .
failures.
DGAP B.WPF Appendix B - 26 June 11, 1993
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STANDARD REVIEW PLANS COMPLIANCE SUMMARY

ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMPL ANCE REFERENCE DISCUSSION/RESOLUTION
YES NO
3.6.1 PLANT DESIGN FOR PROTECTYION AGAINSY POSTULATED PIPING
FATLURES IN FLUID SYSTEMS DUTSIDE COMTAINMENT
REV. Z - October 1990 {cont'd)
1¥ a case should arise as 3 result of overriding X The Service Air, the Starting Air (non-safety related
engineering considerations, where adequate separation by portion} and the Fire Protection systems are seismically
physical distance or adequate separation by a restrained. The piping is analyzed/supported to assure
combination of distance and barriers cannot be maintaining structural integrity under seismic conditions.
reasonably attained, and so justified to the staff,
restraints may be used to assist in obtaining a finding The above actions maintain the appropriate level of safety
of adequate separation by distance or barriers when by preventing any potential failure of a non-safety related
designed as follows: fluid system from adversely impacting a safety related

system,

1) The use of a restraint should not affect the
responses of the piping systems when subjected to the
loads resulting from normal and upset piant and
system operating conditions.

(a) Care should be exercised to ensure that the
system stresses due to normal and upset
transients, thermal growth, and inertial
effects and differential anchor motions
associated with seismic svents are not
adversely affected by the restraints.

(b) A program should be developed to ensure that
the system stregses due to long term changes
in the system and its supports and
restraints, such as due to pipe relaxation
and differential settling, wili not be

r adversely affected by the restraints.

(c) Details of the methods used to obtain these
assurances should be subtmitted to the staff
for review.

2} The restraint and its supporting structures should be
designed so that they will not prevent the inservice
l inspection of any pipe welds.
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ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMPL I ANCE REFERENCE DISCUSSTON/RESOLUTION
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PLANT DESIGN FOR PROTECTION AGAINSY POSTULATED PIPING
FAILURES IN FLUID SYSTENS OUTSIDE CORTAINMENT
REV. 2 - October 1990 {cont’d)

Design Features

a. Essential systems and components should be designed to X Essential systems and components are designed per Reg.
meet the seismic design requirements of Reguistory Guide Guide 1.29.
1.29.

b. Protective structures or compartments, fluid system
piping restraints, and other protective measures should
be desighed in accordance with the folleowing:

{1) Protective structures or compartments needed to R/A
implement Sectien 8.1 should be designed to seismic
Category | requirements. The protective structures
should be designed to withstand the effects of a
postulated piping failure (i.e., pipe whip, jet
impingement, pressurization of compartments, water
spray, and flooding, as appropriate) in combination
with loadings associsted with the operating basis
earthquake and safe shutdown earthquake within the
respective design load !imits for structures. Pipine
restraints, if used, may be taken into account to
Limit effects of the posiulated piping failure.

(2) High-energy fluid system pi,ing restraints and N/A
protective measures should be designed such that a
postulated break in one pipe ¢wnot, in turn, lead to
rupture of other nearby pipes or components if the
secondary rupture couv'd result in consequences that
would be considered unacceptable for the initial
postulated break. An unrestrained whipping pipe
should be considered rapable of rendering damage as
defined in Subsecticn 111.2. of SRP Section 3.6.

c. Fluid system piping in containment penetration areas N/A
should be designed to meet the break exclusion
provisions contained in item 8.1.b of BTP FMES 3-1.
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DIESEL GENERATOR ADDITION PROJECY
STANDARD REVIEW PLANS COMPLIANCE SUMMARY

ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA oML TANCE REFERENCE DISCUSSION/RESOLUT ION
i YES NO
3.6.1 PLANT DESIGN FOR PROTECTION AGAINST POSTULATED PIPIRG
FAILURES IN FLUID SYSTEMS DUTSIDE CONTAINMENT
REY. 2 - October 1990 {cant’'d)
d. Piping classification as required by Regulatory Guide ¥ Piping classification per Reg. Guide 1.26 is maintained te
1.2% should be maintained without change until beyond the outboard restraint beyond an isclation vaive. Adequate
the outboard restraint, [f the restraint i1s located at restraint is provided to assess integrity of the iscolation
the iselation vaive, a classification change at the vaive,
valve interface is acceptabie.
3. Anal and Effects of Postulated Piping Failures
3. To show that the plant arrangement and design features X A crack in the fire protection or Service Air piping in an
provide the necessary protection of essential systems EDG room or associated auxiliaries room or a break in the
and_compenents, piping failures should be postulated in nan-safety related Starting Air piping wou. ™ not result in
accordance with BTP EMER 3-1,  attached to SRF Section 2 loss of off-site power, there would be no effect from
3.6.2. in applying the provisions of BTP EMER 3-1,  each this event during normsl piant cperation.

longitudinatl or circumferential break in high-energy
fluid system piping or leakage crack in moderate-energy
fluid system piping should be considered separately as a
single postulated initial avent occurring during normai
plant conditions. An analysis should be made of the
etfects of each such event, taking ints account the
provisions of BTP EMER 3-1 and of the system and
component operability considerations of item §.3.b
below. The effects of each postulated piping failure
should be shown to result in offsite consequences within
the guidelines of 10 CFR Pa-t 100 arnd o meet the
provisions »f items 8.3.¢c and d below.

b. in analyring the effects of postulated piping failures,
the following assumptions should be made with regard to
the aperability of systems and components:

(13 Offsite power should B¢ assumed to be unavailiable if N/A
i a8 trip of the turbine-generator system or reactor

protection system is a direct consequence of the

tulated piping failure,
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SRP ACCEPTANCE CRITERIA

ACCEPTANCE
CRITERIA
COMPL 1 ANCE REFERENCE

YES NO

DISCUSSION/RESOLUTION

3.6.1 PLANT DESIGN FOR PROTECTION AGAINSY POSTULATED PIPING
FATLURES IN FLUID SYSTEMS OUTSIDE CONTAINMENT
REV. 2 - October 1990 (cont'd)

(2) A single active component failure should be assumed
in systems used to mitigate failure and to shut down
the reactor, except as noted 1n item B.3.5(3) below.
The single active component failure is assumed to
occur in addition to the postulated piping failure
and any direct consequences of the piping failure,
such as unit trip and loss of offsite power.

(3) where the postulated piping failure is assumed to
occur in one of two or more redundant trains of a
dual -purpose moderate energy essential system, i.e.,
one required to operate during normal plant
conditions as well as to shut down the reactor and
mitigate the consequences of the postulated piping
failure, single failures of components in other train
or trains of that system or other systems necessary
to mitigate the consequences of piping faiiure and
shut down the reactor, need not be sssumed provided
the system is designed to seismic Category !
standards, are powered from both offsite and onsite
sources, and are constructed, operated, and inspected
to quality assurance testing, and inservice
inspection standards appropriate for nuclear safety
systems. Examples of systems that may, in some plant
designs, mqmalify as dual-purpose essential systems
are service water systems, component cooling svstems,
and residual heat removal systems.

(4) All available systems, including those actuated by
operator actions, may be ewployed to mitigate the
consequences of a postulated piping failure. In
judging the availability of systems, account should
be taken of the postulated failure and its direct
consequences such as unit trip and loss of offsite
power, and of the assumed single active component
failure and its direct consequences. The feasibility
of carrying out operator actions should be judged on
the basis of ample time and adequate access to
equipment being available for the proposed actions,

N/A

LIL]

N/A

The petential failures in the EDG or associated auxiliaries
room could not result in a unit trip or 2 loss of off-site

power
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STANDARD REVIEW PLANS COMPL IANCE SUMMARY

ACCEPIANCE
CRITERIA
SRP ACCEPYANCE CRITERIA COMPL | ANCE REFERENCE DISCUSSTON/RESOLUTION

YES RO

PLANT DESIGN FOR PROTECTION AGAINST POSTULATED PIPING
FATLURES IN FLUID SYSTEMS DUTSIDE CONTAINMENT
REV. 2 - October 1990 (cont‘d)

c. The effects of a tulated piping failure, including
environmental conditions resuiting from the escape of
contained fluids, should not preclude habitability of
the control room or accoss to surrmunding areas
important to the safe control cf reac*or operations
needed to cope with the consequences c¢f the piping
failurse,

The functional capability of essential ystems and All systems in the DGB that are not designed to Seismic
components should be maintained after a "=iture of Category | standards are of moderate enerzy and a pipe
piping not designed to seismic Category ! standards, failure would not impact the functional capability of the
assuming a concurrent single active failure. essential systems and components.,

4. Implementation

a. Designs of plants for which construction permit
applications are tendered after July 1, 1975 should
conform to the provisiens of this position.

b. Designs of plants for which construction permit
applications are tendered after July 1, 1973 and before
July 1, 1975 should conform to the provisions of either
(a) the letrer of July 12, 1973 from J. F. O'Leary,
Appendix C to this position, or (b) this position, at
the option of the applicants.

c. Designs of plants for which construction permit
applications were tendered before July 1, 1973 and 5
operating licenses are issued after July 1, 1975 should
foliow the guidance provided in the December 1972 letter
from A. Giambusso, Appendix B to this position and
provide analyses of moderate energy |ines made in
conformance with Section B.3 of this position, as part
ot the operating license application for these plants to
demonstrate that acreptable protection against the
etfects of piping failures outside contairment has been
provided. Alternately, this position may be used in its
entirety as an acceptable basis for this finding,
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STANDARD REVIEW PLANS COMPLIANCE SUMMARY

SRP ACCEPTANCE CRITERIA

ACCEPTANCE
CRITERIA
COMPL [ ANCE

YES NO

REFERENCE

DISCUSSION/RESOLUT ION

3.6.1 PLANT DESIGN FOR PROTECTION AGAINST POSTULATED PIPING
FAILURES IR FLUID SYSTEMS OUTSIDE CONTAINMENT
REV. 2 - Dctober 1990 {cont'd)

for plants in this category for which construction
permits are not issued as of February 1, 1975, a
conmmitment by the applicant to either (a) follow the
guidance of Appendix 8 and submit Section B.3 analyses
of moderate energy lines with the piant final safety
analysis report {(FSAR), or (b) conform the plant design
to the provisions of this position, should provide an
acceptable basis for issuance of the construction permit
with regard to effects of piping failures outside
containment .

Design of plants for which operating {icenses are issued
before July 1, 1975 are considered acceptable with
regard to effects of piping failures outside containment
on the basis of the analyses made and measures taken by
applicants and licensees in response to the December
1972 letter from A, Giambusso, and the staff review and
acceptance of these analyses and measures.

For plants in this category for which the staff review
and acceptance of protection against the sffects of
piping failures outside containment is not substantially
complete as of February 1, 1975, a commitment by the
applicant to carry out analyses according to Section 8.3
of this position, to submit them for staff review, and
te carry out any system modifications found necessary
before extended operation of the plant at power levels
above one-half the license power level, should provide
an acceptable basis for issuance of the operating
License,
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SRP ACCEPTANCE CRITERIA

ACCEPTANCE
CRITERIA
COMPL [ ANCE

YES NO

REFERENCE

DISCUSSION/RESCLUTION

3.6.2

Determination of Rupture Locations and Dynamic Effects
Associated with the postulated Rupture of Piping
Rev., 1, July 1981

MEB acceptance criteria are based on meetirg the requirements of
General Design Criterion 4, as it relates o structures, systems, and

components important to safety being designed to accommodate the
dynamic c¢f*scts of postulated pipe rupture, including postutation of
pipe rupture locations; break and crack characteristics; dynamic

analysis

Specific

& are as

s

of pipe whip, and jet impingement |oads.

criteria necessary to meet the relevant requirements of GDC
folliows:

Postulated Pipe Rupture Locations insids Containment
Acceptable criteria to define postulated pipe rupture
focations and configurations inside contaimnment are specified
in Branch Technical Position (BTP) MER 3-1 (Ref. 4).

Postulated Pipe Rupture Locations Outside Contairment

For protection against postulated pipe ruptures outside
contairmment, BTP MEB 3-1 provide acceptabie criteria to
define postulated rupture locations and plant layout
cons iderations.

Methods of Analysis

Petailed acceptance criteria covering pipe whip dynamic
analysis, including determination oy the forcing functions of
jet thrust and jet impingement, are in luded n subsection
1i1, "Review Procedures,” of this SRP sec.’ 1. The general
bases and assumptions of the analysis are given in BTP MEG 3-
1, subsection 8.5,

N/A

the walls separating the twe EDGs prevent pipe whip and jet
impingement loads due to a possible pipe rupture in one
system from affecting the cecond system. Therefore, no
pipe rupture effects are postulated for this Diesel
Generator Project.
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SRP ACCEPTANCE CRITFRIA COMP{ [ ANCE REFERENCE DISCUSSTON/RESOLUT ION

YES NO

3.7.1 SEISMIC DESIGN PARAME TERS

REV. 7 - August 1989

the staff accepts the design of structures that are important to

safety and that must withstand the effects of the earthquakes if the

ralevant requirements of General Design Criterion (GDC) 2 (Ref. 4)

and Appendix A to 10 CFR Part 100 (Ref. 2) concerning materia!

phenomena are complied with. The reievant requirements of GDC 2 and

Appendix A to 10 CFR Part 100 are:

1. For GOC 2 - The design basis shall reflect appropriate X 2.9 FSAR The design of the DGB, which is classified as a Category |
consideration of the most severe earthquakes that have been (Ref. 1) structure, complies with GDC 2 of 10 CFR Part 50 and 10 CFR
historically reported for the site and surrounding area with Part 100, Appendix A.
sufficient margin for the limited accuracy, quantity, and
period of time in which historical data have been
accumulated.

2. For Appendix A to 10 CFR Part 100 - Two earthquake levels, X 2.9 FSAR Two earthquake levels, the maximum hypothetical and the
the safe shutdown earthquake (SSE) and the operating basis (Ref. 1) design with horirontal ground acceleration of 0.12g and
earthquake (08E), shall be considered in the design of the 0.06g respectively are considered in the design.
safety-related structures, components, and systems.

Specific criteria necessary to meet the relevant requirements of GOC
2 and Appendix A to 10 CFR Part 100 are described below.

The acceptance criteria for the arsas of review described in
subsection 1, above are as follows.

1. Design Ground Motion
a. Design Response Spectra

The proposed OBE and SSE design response spectra for use ¥ Appendix A The Housner Horizontal Design Response Spectra, Fig. A-1 &
in analyses and design of structure, systems, and FSAR A2 in Appendix A of FSAR, which is used in design of the
components shouid, generally, meet or exceed amplitudes (Ref. 1) building, is consicient with the PBNP original design
of the site-specific spectra at all frequencies. The basis. The use of these spectra is done to maintain
use of generic spectra, such as Reguiatory Guide 1.60 econsistancy throughout all buildings of the plant. A site
(Ref, 5) spectra, as design spectra i1s also acceptable specific spectra has not been generated. See Appendix D,
provided that their use is consistent with the Regulatory Guide Compliance Summary, for discussion of
information reviewed in SRP Section 2.5.2. Regulatory Guide 1.60.

DGAP_B.WPF Appendix B - 34 June 11, 1993



WISCONSIN ELECTRIC POMER COMPANY

DIESEL GENERATOR ADDITION PROJECT
STANDARD REVIEW PLANS COMPLIANCE SUMMARY

ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMPL { ANCE REFERENCE DISCUSSTON/RESOLUTION
YES RO
i N SEISMIC DESIGN PARAMETERS
REV, 2 - Aug. 1989 (cont'd)
To be acceptable, the design response spectra should be X 2.9 and Only one horizontal and one vertical design response
specified for three mutually orthogonal directions -- Appendix A spectra is specified and used in accordance with Section
two horizontal and one vertical, Current practice s to FSAR 2.9 of the FSAR. The structural responses are added using
assume that the maximum ground acceierations 1n the two {Ref. 1) absolute sum method. This approach is conservative for
horizontal directions are equal. symmetric structures, The design of the DGR exceeds the
requirements of Reg. Guide 1.92.
b. Design Time History
The SSE and OBE design time histories to be used in the X 2.9 and In order to maintain consistant design throughout atl
free field of the soil media shall be consistent with Appendix A structures at Point Beach, the recorded time history at
those developed or specified in Section 2.5.2. For both FSAR Olympia, Washington N B0E on April 1, 1949 is used for
horizontal and vertical input motiong, either a single (Ref. 1) development of fioor response spectra. The Olympia time
time history or multiple time histories can be used. history spectra envelop the design response spectra at
almost all frequency ranges.
For Linear structural analyses, using site-independent N/R 2.9 and Artificial time history is not used.
response spectra {(e.g., Regulatory Guide 1.60), the Appendix A
total duration of the artificial accelerogram should be FSAR
long enough such that adequate representation of the (Ref. 1)
Fourier components at low frequency is included in the
time history. The total time duration between 10
seconds and 25 seconds is required to adequately match
the design response spectra at 0.4 Hz, The
corresponding stationary phase strong-motion duration
should be between 6 seconds and 15 seconds. 1f site-
specific information reviewed in SRP Section 2.5.2
indicates duration 1-20 estimates outside the above
ranges, the site-specific values should be used. The
rationale for selecting lower and upper limits on
duration is presented in Refersnce 6. For noniinear
problems, duration estimates are reviewed on a case-by-
case basis.
Option 1: Single Time Mistory
To be considered acceptable, the response spectra of the N/A 2.9 and Artificial time history is not used.
artificial time history to be used in the free field Appendix A
must emy top the free-field design response spectra for FSAR
all damping values actually used in the résponse (Ref. 1)
analysis.
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DISCUSSION/RESOLUTION

.70 SEISMIC DESIGN PARAME TERS
REV. 2 - August 1989 (cont’d)

When spectral vaiues are calculated from the & ‘ficial
time history, the frequency intervals at which spectral
values are determined are to be small enough such that
any reduction in these intervais does not result in more
than 10 percent change in the computed spectra.

Table 3.7.1-1 provides an acceptable set of frequencies
at which the response spectra may be calculated.
Another acceptable method is to cheoose a set of
frequencies such that each frequency is within 10
percent of the previous one.

Table 3.7.1-1
Suggested Frequency Intervals for Calculation
of Response Spectra

Frequency
Range Increment
(hertz) (hertz)

.10
15
.20
23
.50

'

BBV EB N D
Fe A A A
ocooocoOoON
r!\l-o-‘

L Bl
RN
o0 O0OQCORD

N b

1.0
2.0
3.0

N/A

2.9 and
Appendix A
FSAR

(Ref. 1)

(Ref. 18)

Artificial time history is not used.

Ground and floor response spectra using Olympia time
history are obtained for the set of frequencies listed in
Table 3.7.1-1,
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ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMPL I ANCE REFERENCE DISCUSSION/RESDLUT ION
YES NO
3.7.1 SEISMIC DESIGN PARAMETERS
REV. 2 - August 1989 (cont'd)

Each calculated spectrum of the artificial time history /A 2.9 and Artificial time history is not used.

is considered to envelop the design response spectrum Appendix A

when no more than five points fall below, and no more of FSAR

than 10 percent below, the design response spectrum. (Ref. 1)

Recent studies indicate that numerically generated
artificial ground acceleration histories produce power
spectral density (PSD) functions having a quite
di fferent appearance from one individual function to
another, even when al!l these time histories are
i generated 0 as to closely envelop the same design
response spectra. For example, the use of the available
techniques of generating acceleration histories,K that
satisfy enveloping Regulatory Guide 1.60 (Ref. 5)
spectra usually results in PSD functions that fluctuate
significantly and randomiy as a function of fregquency.
1t is also recognized that the more closely one tries to
envelop the specified design response spectra, the more
significantly and randomly do the spectral density
functions tend to fluctuate and these fluctuations may
lead to an unconservative estimate of response of some
structures, systems, and components. Therefore, when a
single artificial time history is used in the design of
seismic Category | structures, systems, and/or
components, it must in general satisfy requirements for
both enveloping design response spectra as well as
adequately matching a target PSD function compatibie
with the design response spectra (Ref. 7). Therefore,
in addition to the response spectra enveloping
requirement, the use of a single time history will also
be justified by demonstrating sufficient energy at the
frequencies of interest through the generation of PSD
function, which is greater than a target PSD function
throughout the freguency range of significance.
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SEISMIC DESIGN PARAMETERS
REV, 2 - August 1989 (cont'd)

When Regulatery Guide 1.60 spectra are used as design
spectra the requirements for a compatible target PSD are
contained in Appendix A. Target PSD functions other
than those given in Appendix A can be used if justified.
for site-specific design response spectra or spectra
other than Regulatory Guide 1.60 spectra, a compatible
target PSP should be generated. For generation of
target PSD in such cases, procedures outlined in
Reference 6 can be used. For cases where a time history
ensemble is used for generation of site-specific
spectra, the same time histories can be used to generate
mean plus one standard deviation (or Béth percentile)
PSD function as a target PSD function. Procedures used
to generate the target PSD will be reviewed on a case-
by-case basis. The PSD requirements are included as
secondary and minimum requirements to prevent potential
deficiency of power over the frequency range of
interest. 1t should be noted that the ground motion is
still primarily defined by the design response spectrum.
The use of PSD criteria itself can yield time histories
that may not envelop the design response spectrum.

Regulatory Guide 1.40 Spectra are not used.

DGAP_B.WPF
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3.7.% SEISMIC DESIGN PARAMETERS
REV. 2 - Aug. 19R¢ (cont'd)

Option 2: Muitiple Time Mistories

As discussed in Section i.1.b of this SRP, the use of N/A 2.9 and Single time history is used,
multiple real or artificial time histories for analyses Appendix A

and design of structures, systems, and components is of FSAR

acceptable. As a minimum, four time histories should be (Ref. 1)

used for analyses, Any lesser number will be reviewed
and accepted on a case-by-case basis.

The parameters describing the time histories and the
calculated response spectra for each time history are
reviewed. The response spectra calculated for each
individual time history need not envelop the design
response spectra. However, the multiple time histaries
are acceptable if the average calculated response
spectra generated from these time histories envelop the
design response spectra. The design response spectra
are considered to be the mean plus one standard
deviation (or 84th percentile) response spectra as

i defined in Section 2.5.2.

The review of the real time histories used in the

nonl inear analysis is conducted on a case-by-case basis.
Some of the specific items of interest are number of
time histories, frequency content, amplitude, energy
content, duration, number of strong-motion cycles, and
the basis for selection of time histories,

Additional information on the use of multiple time
histories can be found in Reference 8. This information
may be used for reference only, as it does not
constitute the staff’s acceptance criteria.
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5.7 SEISMIC DESIGN PARAME TERS
REV. 2 - AUGUST 1989 (cont’d)
2. Percentage of Critical Damping Values
The specific percentage of critical damping values used in X Appendix A A combined soil and structural damping of 5% and 7.5% is
the analyses of Category | structures, systems, and FSAR used for OBE and SSE respectively., Considering that the
components are considered to be acceptable 1f they are in (Ref. 13 dominant modes of vibration of the soil-structure system
accordance with Regulatory Guide 1,61 (Ref. 3). Wigher are the rigid body motions of the DGB, and ncting that the
damping values may be used in a dynamic seismic analysis 1f material and radiation damping of soil are high, the
test data are provided to support them. These values will be damping values used conforms or exceeds the requirements of
reviewed and accepted by the staff on a case-by-case basis. this SRP. See Appendix D, Regulatory Guide Compliance
Summary, for discussion of Regulatory Guide 1.61.
in addition, a demonstration of the correlation between ¥ (Ref. 17) The correlation between stress levels and damping values in
stress levels and damping values will be required and the structure is not required for design of safety related
reviewed for compliance with regulatory position £.3 of structures per Ref. 9 of this SRP, For generation of floor
Regulatory Guide 1.61. Methods for correlation of damping response spectra, the stress levels in the structure should
values with stress leve! are discussed in References 8 and 9. be considered. The responses of the DGB are dominated by
1 such methods are used, they will be reviewed and accepted the rigid body motion of the building and are found not to
onn a case-by-case basis. be dependent on the damping values of the structure.
The damping values for foundation soils must be based upon X (Ref. 13) The effective soil damping used is about 5% and 7.5% for
measured values or other pertinent laboratory data, OBE and SSE, respectively. These values are in the very
considering variation in soil properties and strains within low range of total damping values of soil in soil structure
the soil, and must include an evaluation of dissipation from interaction analysis which considers soil radiation
pore pressure effects as well as material damping for damping. The values used are conservative. The Lab Test
saturated site conditions, results for PBNP Site show 20% to 30% soil material
damping.
Supporting Media for Category [ Structures
To be acceptable, the description of supporting media for 4 (Ref. 17} The seismic analysis is performed using seil spring (umped
each Category | structure must include foundation embedment mass model of the DGB. A wide range of soil properties,
depth, depth of soil over bedrock, soil layering 0.5G6, 1.06 and 2.0G, is used to model the soil springs.
characteristics, design groundwater elevation, dimensions of The parameters described in this section of the SRP are
the structural foundation, total structural height, and soil considerad in the model .
properties such as shear wave velocity, shear modulus,
Foisson’s ratios, and density as a function of depth.
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0.2 SEISMIC SYSTEM ANALYSIS
REV. 2 - August 1989

The acceptance criteria for the areas of review described in
subsection | of this SRP section are given below. Other approaches
that can be justified to be equivalent to or more conservative than
the stated acceptance criteris may be used. The staff accepts the
design of structures, systems, and components that are important to
safety and must withstand the effects of earthquakes 1f the relevant
requirements of General Design Criterion (GDC) 2 contained in
Appendix A to 10 CFR Part 50 (Ref. 1) and Appendix & to 10 CFR Part
100 (Ref. 2) concerning natural phenomena are complied with., The
relevant requirements of GDC 2 and Appendix A to 10 CFR Part 100 are:

1. General Design Criterion 2 - The design basis shall reflect X 2.9 FSAR The analysis and design cof the DGB comply with 60C 2.
appropriate consideration of the most severe earthquakes that (Ref. 1)
have heen historicaily reported for the site and surrounding
area with sufficient margin for the |imited accuracy,
quality, and period of time in which histerical data have
been accumulated.

2. Appendiz A to 10 CFR Part 100 - Two earthquake levels, the X FSAR The analysis and design of the DGB and the safety-related
safe shutdown earthquake (SSE) and the operating basis Appendix A components and systems, comply with 10 CFR Part 100,
earthquake (OBE), shall be considered in the design of (Ref. 1) Appendix A, Two earthquake levels. the hypothetical
safety-related structures, components, and systems. Appendix earthquake (SSE) and design sarthquake (0OBE), are
A to 10 CFR Part 100 further states that the design used to considered in the design.
ensure that the required safety functions are maintained
during and after the vibratory ground motion associated with
the safe shutdown earthquake shall involve the use of either
a suitable dynamic analysis or a suitable qualification test
to demonstrate that structures, systems, and components can
withstand the seismic and other concurrent loads, except
where it can be demonstrated that the use of an equivalent
static load method provides adequate conservatism.
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REV. 2 - August 1989 (cont’'d)
Specific criteria necessary ts meet the relevant reguirements of GDC
2 and Appendix A to Part 100 are as follows:
1. Seismic Analysis Methods
The seismic analysis of all Category | structures, systems, X Ref. 17 A dynamic analysis method is used for the analysis of the
and components should use either a suitable dynamic analysis DG8. Dynamic analyses methods or equivalent static method
method or an equivalent static load method, f justified. are used for safety-related components and systems.
The SRP criteria generally deal with linear elastic analysis
coupled with allowable stresses near elastic limits of the
structures. However, for certain special cases (e.g.,
evaluation of as-built structures), the staff has accepted
the concept of limited inelastic/non! inear behavior when
appropriate. The actual amalysis, incorperating
inelastic/monl inear considerations, is reviewed on a case-by-
case basis.
a. Dynamic Analysis Method
A dynamic analysis (e.g9., response spectrum method, time X Ref, 17 Response spectrum method of analysis is used to calculate
history method) should be used. The use of the seismic acceieration at various leveis of the DGE. The
equivalent static load method is also acceptable if the internal forces are obtained, .wnservatively, by quasi-
method can be justified. To be acceprable, dynamic static amalysis. The floor response spectra are obtsined
analyses should consider the following items: using time history method of analysis.

{1) Use of appropriate methods of analysis (e.g., time X Ref. 17 The sotl-structure interaction is considered by modeling
history, response spectrum, frequency domain) the soil in the analyses.
accounting for effects of soil-structure interaction.

(ii) Comsideration of the torsional, rocking, and X Ref. 17 A two-dimensional (ump-mass stick model with soil spring is
translational responses of the structures and their used in the analysis to consider the rocking, and
foundations. translational responses of the Building. There is no

torsion due to symmetry.
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303

SEISMIC SYSTEM ANALYSIS
REV. 2 - August 1989 (cont'd)

{111) Use of an adequate number of masses or degrees of
freedom in dynamic modeling to determine the response
of all Categery | anc appiicable non Category |
structures and plant equipment. (Caution shouid be
exercised in reducing large static models tc fewss
degrees of freedom models (Ref. 3) for dynamic
analysis.) The mumber is considered adegquate when
additional degrees of freedom do not result in more
than 10 percent increase in responses.
Alternatively, the number of degrees of freedom may
be taken sgual to twice the number of modes. The
adequacy of the number of modes is discussed below.

{iv) Investigation of a sufficient mumber of modes to
ensure participation of all significant modes. The
criterion for sufficiency is that the inclusion of
additional modes does not result in more than 3 10-
percent increase in responses. Responses associated
with high-frequency modes may be important in some
cases (where significant modes have frequencies
greater than the frequency at which spactral
accelerations return to the zere period acceleration;
for example, 33 cycles per second in the case of
structures, equipment,6 and components excited
directiy by Regulatory Guide 1.60 design spectra).
Therefore, a demonstration that adeguate
consideration is given to the high-frequency modes 1s
required. (See Appendix A for acceptable methods to
account for high-frequency modes.)

(v) Consideration of maximum relative displacement among
supports of Category i structures, systems, and
components .

(vi) Inclusion of significant effects such as piping
interactions, externally applied structural
restraints, hydrodynamic (both mass and stiffness
effects) loads, and noniinear responses.

N/R

N/A

Ref, 17

The DGB is a low reinforced concrete rigid structure. The
responses of the building to seismic loads are mainly due
to the rigid body motion of the seil-structure system. The
high frequency modes have insignificant effect on the total
responses. An adequate number of modes (20) was used in
the seismic analyses of the building.

The frequency of the highest mode used was 33 cps. The
virst couple of modes were the significant modes
contributing most to the response of the structure. The
modal weights related to the high frequency were found to
be negligible.

The DGB does not have any interaction with other Category |
Buildings.

There are no significant effects of these items on the DGB.
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n 3.7.2

SEISHIC SYSTEM ANALYSIS

REV. & <

b.

(i)

(iii)

August 1989 (cont'd)

fquivalent Static Load Method

An equivalent static load method is acceptable 1f:

(i) Justification is provided that the system can be

real istically represented by a simple model and the
method produces conservative results in terms of
responses. Typical examples or published results for
similar structures may be submitted in support of the
use of the simplified method,

The design and associated simplified analysis account
for the relative motion between ali points of
support.

To obtain an equivalent static load of a structure,
equipment, or component that can be represented by a
simple model, a factor of 1.5 is applied to the peak
acceleration of the applicable Vloor response
spectrum. A factor of less than 1.5 may be used if
adeguate justification is provided.

Natural Frequencies and Response locads

To be acceptable for the asperating license review, the
following information should be provided:

A summary of natural frequencies, mode shapes, modal and
total responses for a representative number of maior
Categery | structures, including the containment
building, or a summary of the total responses if the
method of direct integration is used.

A time history of acceleration (or other parameters of
motion) or response spectrum used in decign at the major
plant equipment elevations and points of support.

N/A

/A

N/A

Ref. 17

Ret. 16

Fquivalent static load method is not used for design of the

DGB.

Equivalent static load method is not used for desian of the

DG8,

N/A for DGB. The method is used for components as
discussed in Section 3.7 3.

A summary of natural frequencies, mode shapes and total
responses for the DGB is given in Calculation Set Number
6704.001-C-020.

Response spectra at three elevations where equipment are
supported in the DGB are given in Calculation Set Number
6704.001-C-019.
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C.

(cont’d)

For multiple time history option, procedures used to
account for uncertainties (by variation of parameters)
and to develop design responses, including justification
for the statistical relationship between input design
response spectra and output responses. (For example, 1f
the average response spectra generated from the multiple
design time histories are used to envelop the design
response spectra, then the average responses generated
from the multipie analyses are used in design.)

Procedures Used for Analytical Modeling

A nuclear power plant facility consists of very compiex

structural systems.

To be acceptable, the atiffness, mass,

and damping characteristics of the structural systems should
be adequately incorporated into the analytical models.
Specifically, the following items should be considered in
anatytical modeling:

Designation of Systems Versus Subsystems

Major Category | structures that are considered in
conjunction with the foundation and its supporting media
are defined as “seismic systems™. Other Category !
structures, systems, and components that are not
designated as "seismic systems" should be considered as
“setsmic subsystems™.

Multiple time history is not used.

The DGB and its supporting media, "soil", are defined as
the seismic system. The EDGs and other Seismic Category |
squipment are defined as seismic subsystems.

DGAP_B.WPF
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3.7.2 SEISMIC SYSTEM ANALYSIS

REV. 2 - August 1989 (cont’d)

b. Decoupling Criteria for Subsystems

1t can be shown, in general, that frequencies of systems
and subsystems have a negligibie effect on the error due
to decoupting. [t can be shown that the mass ratio, R_,
and the frequency ratios R, govern the results where B
ard R, are defined as:

B, = Total mass of the supported subsystem
Total mass of the supporting system

R, = Fundamental freguency of the supported subsystem
Pominant frequency of the support motion

The following criteria are acceptable:
(iy 1f R, ( 0.0, decocupiing can be done for any R,.

if 0.01 <R

(i) . S
0.8 2 Rf 2 1.25

0.1, decoupling can be done i f

¢riiy 1F R.) 0.1, a subsystem model should be included in

the primary system model,

if the subcystem is rigid compared to the supporting
system, and also is rigidly connected to the supporting
system, it is sufficient to include only the mass of the
subsystem at the support point in the primary system
model. On the other hand, in case of a subsystem
supported by very flexibie comnections, e.q., pipe
supported by hangers, the subsystem need not be inciuded
in the primary mode!. in most cases, the equipment and
components, which come under the definition of
subsystems, are analyzed (or tested) as a decoupled
system from the primary structure and the seismic input
for the former is obtained by the analysis of the
{atter. One important exception to this procedure is
the reactor coolant system and primary structure.

Ref, 17

Each EDG weighs about 100 kips and is located on the ground
floor of the building. Considering that the weight of the
building is more than 18,500 kips, the system and the
subsystems are considered decoupled. The weights of other
seismic Category | equipment are negligible as compared to
the supporting system.

The weights of the EDGs are included in the model of the
DGR
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c. Lumped Mass Considerations

The acceptance criteria given under subsection X See response to subsection 11.1.a (iii) of this SRP.
f1.1.a(i11) of this SRP section are applicable.

d. Modeling for Three-Component Input Motion

in general, three-dimensional models shouid be used for X Ret, 17 A two dimensional lump-mass model is used in the seismic
seismic analyses. However simpler models can be used analysis. There is no eccentricity between the center of
if justification can be provided that the coupling mass and center of rigidity in the third direction. A 2'D
effects of those degrees of freedom that are omitted model is sufficient te predict the response of the DGB
from the three-dimensional models are not significant, accurately.

4. Soil-Structure Interaction

A complete soil-structure interaction (SSI) analysis must X Rat. 17 A simplified conservative substructure approach is used in
properly asccount for all effects due to kinematic and the anaiysis. A complete soil-structure interaction
inertial interaction for surface or embedded structures. Any analysis censidered not to be required.

anaiysis method based on either s direct approach or a
substructure approach can be used provided the following
conditions are met:

a. The structure, foundation, and soil are properly modeled X gef. 17 An appropriate soil spring lump mass model is used in the
to ensure that the resuits of analyses are within the seismic analysis,
range of applicability of the particular method
empl oyed.

b. The input motion at the base of a discrete soil model or N/A A complete soil-structure interaction analysis is not used.
soil column should produce the specified design spectra
at the free surface of the soil profile in the free
field (finished grade).

It is noted that there is enough confidence in the current N/A A complete soil-structure interaction analysis is not used.
methods used to perform the SSI analysis to capture the basic
phenomenon and provide adequate design information; however,
the confidence in the abitity to implement these
methodologies is uncertain., Therefore, in order to ensure
proper implementation, the following considerations should be
addressed in performing 551 analysis (Ref. &):
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a. Perform sensitivity studies to identify important NA A complete soil-structure interaction analysis is not used.
parameters (e.g., bonding and debonding of side wmalls,
nonsymmetry ¢f embedment, location of boundaries) and to
assist in judging the adeguacy of the final results.
These sensitivity studies can be performed by the use of
we!l | -founded and properly substantiated <imple models to
give better insight;
b. Through the use of some appropriate benchmark problems, N/A A complete soil-structure interaction analysis is not used.
the user should demonstrate its capability to properly
implement any SSI methodologies; and
¢. Perform enough parametric studies with the proper X Ref. 17 The seismic analysis is performed for 0.5G, 1.06 and 2.06
variation of parameters (e.g., soil properties) to to address the uncertainties of the soil properties.
asddress the uncertainties (as applicable to the given
site) discussed in subsection 1.4 of this SRP section.
For sites where SS1 effects are congidered insignificant and X Ref, 17 The structure is analyzed using soil spring lump mass
fixed base analyses of structures are performed, bases and model .
justification for not performing SSI analyses are reviewed on
a case-by-case basis, [f the SSI analysis is not required,
the input motion at the base of the structures will be the
design motion reviewed in SRP Section 3.7.1.
The acceptance criteria for the constituent parts of the
entire $S! system are summarized as follows:
a. Modeling of Structure
The acceptance criteria given under subsection 11.3 of X See response to subsection 11.3.
this SRP =ection are applicable.
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b. Modeling of Supporting Soil

The effect of embedment of structure, ground water X Ref. 17 Soil spring is used in the model. The layering effect is
effects, and the layering effect of soil should be considered and the effect of embedment is conservatively
accounted for. For the half-space modeling of the soil neglected.

media, the lumped parameter (soi!l spring) method and the
compliance function methods are acceptable. For the
method of model ing soil media with finite boundaries,
al! boundaries should be properiy simulated and the use
of types of boundaries should be justified and reviewed
on a case-by-case basis. Finite element and finite
difference methods are acceptable methods for
discretization of a continum. The properties used in
the SSI analysis should be those corresponding to the
low strains that are consistent with the realistic soil
strain developed during the design earthquake.Use of X High strain soil parameters are not used.
high strain soil parameters needs to be adequately
justified on a case-by-case basis.

for structures supported on rock or rock-like material, N/A The LGB is not supported on rock.
a fixed base assumption is acceptable. Such materials
are defined by a shear wave velocity of 3500 feet per
second or greater at a shear strain of 10 ' percent or
smaller when considering preloaded soil conditions due
to the structure (Ref. 5). A comparison of fundamental
natural frequencies of the fixed base and interacting
structures can be used to justify the fixed base
assumption (Ref. 6).
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Generaticn of Excitation System

The control motion should be consistent with the
properties of the soil profile. For profiles consisting
of competent soil or rock, with relatively uniform
variation of properties with depth, the control motion
should be located at the scil surface at the top of tre
finished grade. For profiles consisting of one or more
thin soil layers overlaying competent material, the
control motion should be located at an outcrop (real or
hypathetical) at the top of the competent material in
the vicinity of the site. Variation of amplitude and
frequency content with depth may be considered for
partially embedded structures. The spectral amplitude
of the acceleration response spectra thorizontal
component of motion) in the free field at the foundation
depth shall be not less than 60 percent of the
corresponding design response spectra at the finished
grade in the free field (Ref. 5). When variation in
soil properties are considered {as required bv the
Specific Guidelines for SSI Analysis below), the 60
percent [imitation may Le satisfied using an envelope of
three spectra corresponding to the three soil
properties.

1f the accompanying rotational components of motion are
ignored, no reduction is permitted in the herizontal
component at the foundation level.

specific Guidelines for SSI1 Analysis

The foliowing specific guidelines are provided here to
facilitate the review and draw the attention of
reviewers to some important aspects of the SSi analysis,
The guidel ines are not necessarily requirements for the
acceptance of any methodologies or an S§S! analysis,

The time history or the response spectra is applied at the
general l(evel of the mat foundation without any reduction
in the amplitude.
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The behavior of soil, though recognized to be

nont inear, can often be approximated by linear
techniques. Truly noniinear analysis is not required
uniess the comparicon of results from large-scale
tests or actual earthguakes and analytical results
indicate deficiencies that cannot be accounted for in
any other manner. The noniinear soi!l behavior may be
accounted for by the following:

Using equivalent linear soil material properties
typically determined from an iterative |inear
analysis of the free-field soil deposit. This
accounts for the primary nonlinearity, or

Performing an iterative linear analysis of the
coupled soil-structure system. This accounts for the
primary and secondary nonlinearities.

in the event the nonlinear analysis is chosen, the results
of the noniinear analysis should be judged on the basis of
the linear or equivalent linear analysis (Ref, 4).

o

Superposition of horizontal and vertical response as
determined from separate analyses is acceptable
(assuming nonlinear effects are not important)
considering the simpie material models now available.

The strain-dependent soil properties (e.g., shear
modulus, damping) estimated from analysis of the
seismic moticn in the free field shall be consistent
with the geotechnical information reviewed in SRP
Section 2.5.4. Reports on recent earthguakes (e.g.,
Cosiinga) seem to show that there may not be a
decrease in shear moduius or increase in damping
under high strains,

N/A

N/R

N/R

N/A

N/R

The soil is assumed to be linear. The magnitude of the
ground acceleration does not warrent consideration of
non-{inear soil behavior. The equivaient linear soil
properties are adequate for the analyses.

The soil is assumed to be linear.

The soil is assumed to be linear.

The soil is assumed to be linear.

The horizontal and vertical responses are obtained
separately arxi are superimposed in subsequent analyses.

The soi! is assumed tc be linear.
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o Unless the site is well investigated, the variation X 0.56, 1..7 and 2.0G are used in the analysis to consider

in soil properties should be considered by performing the variat1on 'n soil properties.

S$S! analyses using three sets of values (defined n
h terms of shear moduli and scil hysteretic damping
ratio). These three analyses should be performed
using the average (or best estimate) value, twice the
average value and half the average value of the low
strain shear modulus (G, defined at 10-* percent
peak shear strain). The same shear modulus
degradation (6/G._,. ) and hysteric damping (D) curves
as function of pesk shear strain car be used for each
of these three analyses. Final values of shear
modulus and damping ratio used for each of the
analyses are to be compatibie with the strain levels
expected in the free field consistent with earthquake
levels. In no case should the lower bound shear
modutus be less than that value consistent with
standard foundation analysis that yields foundaticH
settiement under static loads exceeding design
allowables. The upper bound shear modulus should not
be less than the best estimate shear modulus defined
at low strain and as determined from the geophysical
testing program. In no case should the material soitl
damping as expressed by the hysteretic damping ratio
D (defined in Ref. 5) exceed 15 percent.

o For dipping soil and rock strata, it is necessary to N/A There are no dipping soil and rock strata shich affect the
account for the coupling between the horizontal and setsmic analysis of the DGB.
vertical degrees of freedom in the stiffness and
free-field seismic motion definitions. For such
sites, modeling and analvsis technigques are reviewed
on a case-by-case basis.
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o Finite Boundary Modeling or Direct Solution Technigue

The direct solution method is characterized as
foliows:

Each analysis of the soil and structures is performed
in one step.

- Finite element or finite diffsrence discrete methods
of analysis are used to spatiatly discretize the
soil-structure system.

pefinition of the motion along the boundaries of the
mode! (bottom and sides) is either known, assumed, or
compted as a precondition of the analysis.

£y the direct solution technigque, spatial representation
typically invoives two-dimensionat, plane strain
mathematical models or axisymmetric models. Dynamic
analysis can be performed using either frequency-domain
(limited to linear analysis) or time-integration methods.
The mesh size should be adequate for representing the
static stress distribution under the foundation and
transmitting the frequency content of interest. The two-
dimensional approximation of three-dimensienal problems may
have to be justified in some special situations.

Two mathematical representations of the model side
boundaries are available for use in the direct sclution
approach- -simple or viscous boundaries and transmitting
boundaries. The location of the simple or viscous
boundaries is dependent on strain and damping in the soil
and is typically thrice the base dimension from the
structure. The side boundary nodes can be either
“constrained” in which case free-field displacements are
speci“ied, or “free", in which case forces are specified.
when using the transmitting boundaries, it is pessible to
place the boundaries immediately adjacent to the structive
if secondary nonlinearities in the soil are ignored.

N/A

N/A

N/A

Direct Solution Technigue is not used.

pirect Solution Technique is not used.

Direct Solution Technique is not used.
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The following limitations should be observed for dees soil
sites:

- The model depth, generally, should be at least twice the
base dimension below the foundat®.n level, which should
be verified by parametric st utes.

The fundamental fre~uency of the soil (or backfill)

stratum should %= well below the structural frequencies
of interest,

At! structural modes of significance should be included,
o Half Space or Substructure Soiution Technigue

The substructure (3-step) approach comprises the foilowing
steps:

(1) Determine the motion of the massless foundation,
including both translational! and rotational
components,

(2) Determine the foundation stiffness in terms of
frequency-dependent impedance functions,

i H
Step (1) requires that assumptions be made about the

mechanism of wave motion at the site. The foundation motion
may be determined by a number of technigues, including:

Parform soil-structure interaction analysis,

Analytic functions
Boundary integral equations
Finite element and difference methods.

In calculating the foundation motion by one of these methods, the
‘foundation mat is usually assumed to be rigid and bonded to the
soil. MHowever K this is not a necessary assumption because
additional degrees cf freedom may be specified for the
foundation. Again, it must be emphasized that, in general, a
translation specified on the surface of the soil produces a
transiation and rotation of the massless foundation.

N/A

Direct Solution Technique is not used.

A simplitied, conservative, half-space approach is used in
the soil-structure interaction analvsis. The time history
is applied at the ground ievel of a soil spring lump mass
model of the structure. The soil stiffnesses are
considered to be frequency Independent.

The time history motion is applied at the generai level of
the mat foundation.
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Stiffness characteristics of the soil, required in Step (2), X Ref. 17 The sotl springs are obtained using Whitman equations as
may also be determined by analytic functions, boundary modified by Kausel & Ushigima to includde the limited soil
integral equations, and finite element and difference layer. Vvariation in soil characteristics with excitation
methods, When calcuiating the scil stiffness, variations in level considered not to be required due to the wide range
soil characteristics with excitation ievel should be of soil properties used in the analysis.
accounted for.
Typically, the S5 analysis of Step (3} is done using H/A Frequency domain methods are not usad,
frequency-domair. methods., That the frequency dependence of
s0il impedances be accounted for is believed to be imporrant.
for the case where time history analyses are performed using X FSAR A combined soil and structure damping of 5% is used for OBE
frequency- independent soil spring parameters, the specific Appendix A and 7.5% for SSE according to Appendix A of the FSAR.
values of damping coefficients tend to be unrealistically (Ref. 1) These damping values are very conservative.
large. Therefore, the spring and damping coefficients will
be reviewed on 3 case-by-case basis,
5. Development of Floor Response Spectra
To be acceptable, the floor response spectra should be X The DGB has two axes of symmetry. The floor design
developed taking into consideration the three components of respense spectrum for a given direction is the smoothed
the earthquake motion, The individual floor response fioor response spectrum for that direction, WNo combination
spectral values for each frequency are obtained for onc of the effects from other directions is required for
vertical and two mutually perpendicular karizontal earthquake symmetric structures per Reg. Guide 1.122.
motions and are combined according to the “square root of the
sum of the squares" (SRSS) method to predict the total floor
response ctrum for that particular frequency (Ref. 7). If
the three components of the metion are applied simultaneousiy
(also see subsection 11.8), the SRSS approach is not
required.
when a singie artificial time history is used tc generate the X FSAR Recorded time history at Clympia, WA is used. The
floor response spectra, all the provisions of Reference 7, Appendix A requirements of Regulatory Guide 1.122 are followed in the
including peak broadening requirements, shall apply. The use Ref=. 1, 16 | development of the floor response spectra.
of single artificial time history should also be justified as
outlined in subsection [1.1.b of SRP Section 3.7.1.
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The use of multiple time histories to generate floor response
spectra is reviewed and accepted on a case-by-case basis.
Particulariy, the basis for procedures used to account for
uncertainties (by variation of parameters) are evaluated.

The same acc-ptance criteria are used for floor response
spectrz as are used for design response spectra in subsection
11.1.b of SRP Section 3.7.1. Ffor example, if the average
response spectra generated from the multiple design time
histories are used to enveiop the design response spectra,
then the ywerage floor response spectra generated from the
multiple .nalyses (each of which used one of the multiple
design time historivs) are used in design. Justification
should be provided for the statistical relationship between
input ground response spectra and output floor response
spectra.

The methods used for direct generation of floor spectra are
reviewed and accepted on a case-by-case basis.

Three Components of Earthquake Motion

Depending upon what basic methods are used in the seismic
analysis, 1.e., response spectrs or time history method, the
following two approaches are considered acceptable for the
combination of three-dimensional earthquake effects (Ref. 8).

a. R se tra Method

when the response spectra method is adopted for seismic
anaiysis, the maximam structural responses due to each
of the three components of earthquake motion should be
combined by taking the square root of the sum of the
sgquares of the maximum codirectional responses caused by
each of the three components of earthquake motion at a
particular point of the structure or of the mathematical
model .

/A

FSAR

Appendix A

& Sect.
(Ref. 1)

2.9

Multiple time histories are not used.

Only two directional seismic, one horizontal and one
vertical component acting simul taneously, is used and the
effects are added by absolute sum method. Since the DGB
has two axes of symmetry, with no torsional effect from
seismic loads, the method used is more conservative than
combining three directiona! seismic by the SRSS method.
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b. Time History Analysis Method

When the time history analysis method is employsd for
ceismic analysis, twe types of analysis are generally
performed deperxding on the complexity of the problem:
(1) To obtain maximum responses due to each of the three
components of the earthguake motion, the method for
combining the three-dimensional effect is identical to
that described in item 6.3 except that the maximum
responses are calculated using the time history method
instead of the response spectrum method; (2) To obtain
time history responses from sach of the three components
of the earthquake motion and combine them at each time
step algebraicatly, the maximum response can be obtained
from the combined time solution. When this method is
used, the components of earthguake motions specified in
the three different directiors should be statistically
independent .

Combination of Modal Responses

when the response spectrum method of analysis is used to
determine the dyramic response of damped (inear systems, in
general, the most probable response is obtaired as the sguare
root of the sum of the squares of the responses from
individual modes. Thus, the most probable system response,
R, is given by:

Rz2e85 /Y N

where B, is the response for the k™ mode and ¥ is the rumber
of significant modes considered in the modal response
combination.

N/A

Appendix A
FSAR
(Ref. 1)

Time hisrtory analysis is not used tc obtain seismic forces
in the DGB, The time history analysis is used only to
develop the floor response spectra.

The modal responses in the response spectrum method of
analysis are combined using absciute sum method per page A-
20 of FSAR. This method is more conservative than the
methods given in this SRP or Reguletory Guide 1.92.
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when modes with clesely spaced modal freguencies exist (two X See previous discussion above.
modes having frequencies within 10 percent of each other),
the methods delineated in Reference 8 are acceptable. Use of
ather methods for considering closely spaced modes, such as
thoss outlined in References & and 9 will be reviewed and
accepted on 3 case-by-case basis. Acceptance criteria for
the adequate consideration of high-frequency modes are
provided in Appendix & to this SiP section.

8. Interaction of Non-Category | Structures with Category !
Structures

To be acceptable, the interfaces between Category i and non-
Category 1 structures and plant equipment must be designed
for the dynamic loads and dispiacements produced by both the
Category | and non-Category | structures and piant equipment.
In addition, a statement indicating the fact that all non-
Category | structures meet any one of the following
requirements should be provided.

a. The collapse of any non-Category I structure will not X { Drawing The collapse of the Warehouse due to a tornado will not
J cause the non-Category | structure to strike a seismic 6704-E- cause this structure to strike the DG3. Adequate distance
Category | structure or component. 151001 is provided between this structure and the DGB.

b. The collapse of any non-Category | structure will not X
impair the integrity of seismic Category ! structures or
components.

a

The non-Category | structures will be analyzed and H/A
. designed to prevent their failure under SSE conditions
in a manner such that the margin of safety of these
structures is equivalent to that of Category !
structures.
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Effects of Paramwcer Variations on Floor Response Spectra

Lonsideration ‘“au'd be given in the ana'ysis to the effects
on floor resp ‘se wpectra {e.g., peak wicth and period
coordinates) . f expected variations of structural properties,
dampings, soi cvroperties, and seil-structure interactions,
The acceptance ‘turiz tor the consideration of the effects
of parameter .ar’ 2 iiis ace provided in subsection [1.5 of
this SRP cection .

Use of Equivalent Vertica: static Factors

The use of equivalent static load factors as vertical
response loads for the seismic design of all Category |
structures, systems, and components in ltieu of the use of a
vertical seismic system dynamic analysis is acceptable only
if it can be justified that the structure is rigid in the
vertical direction. The criterion for rigidity is that the
lowest frequency in the vertical direction is more than 33
cps.

Mothods Used to Account for Torsional Effects

An acceptable method of treating the torsional effects in the
seismie analysis of Category | structures is to carry out a
dynamic analysis that incorporates the torsional degrees of
freedom. An acceptable alternmative, if properiy justified,
is the use of static factors to account for torsional
accelerations in the seismic design of Category | structures
in Lieu of the use of a combined vertical,6 horizontal, and
torsional system dynamic analysis. To account for accidental
torsion, an additional eccentricity of ¢ 5 percent of the
maxinum building dimension at the leve! under consideration
chall be assumed for both directions,

Compar ison of Responses

The responses obtained from both response spectrum and time
history medal analyses at seiected points in typical Category
1 structures should be compared to demonstrate approximate
equivalency betwsen the two methods.

N/A

Ref. 14

Ref, 17

Ref. 16, 17

Floor response spectra are chtained using the requirements
of Regulatory Guide 1.122. Variation of soil properties
are considered and the _:.% widths are also broadened.

vertical seismic system dynamic snalysis is used to obtain
the vertical responses of the DGB.

The seismic acceleration obtained at each tevel from the
response spectrum analysis is applied to 2 3-D model of the
building to obtain the internal forces. The accidental
torsion as defined in this SRP is also considered.

The spectra of the recorded Olympia, WA time history is
different from the Housner design response spectra. The
maximum floor accelerations obtained from the two methods
need not be compared.
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13.

SEISMIC SYSTEM ANALYSIS
REV. 2 - August 1989 (cont'd)

Acalysis Procedure for Damping

Either the tomposite mods! damping appreach or the modal
synthesis technique can be used to account for element-
associated damping,

Use of compos te modal damping for computing the response of
systems with nonclassical modes may iead to unconservative
results (Ref, 10)., Therefore, the composite modal damping
approach is acceptable provided -he composite modal damping
is {imited to 20 percent. One cof the other methods mentioned
below is generally applicable if the composite modal damping
exceeds 20 percent.

a. Time domain analysis using complex modes/frequencies,
b. frequency domain analysis, or

t. Direct integration of uncoupled equation of motion.

N/A

A combined soii and structure damping of 7.5% and 5% is
used for ail modes for SSE and OBE respectively.

Appendix B - 60 June 11, 1993



VISCONSIN b, ECTRIC POMER COMPANY

DIESEL GENERATOS ADDITION PROJECY

STANDARD BEVIEW PLANS COMPLIANCE SUMMARY

.
‘
A
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ACCEPTANCE
CRITER}A
SEP ACCEPTANCE CRITERIA COMPL IANCE REFERENCE DISCUSSION/RESOLUTION
YES NO
For the composite modal damping approach, two techriques of
determining an squivalent modal damping matrix or composite
damping matrix are commonly used. They are based on the use
of the mass or stiffness as a weighing function in generating
the composite moda! damping. The formuilations lead o:
I B = (8) M) )
B = (&) K1/ 1K) 53
where ]
w1 = @
k! = assembied stiffness matrix,
B = equivalent modal damping ratio of the | mode,
[X],[M] = the modified stiffness or mass matrix constructed
rom element matrices formed by the product of the
damping ratio for the element and its stiffness or
mass matrix, and
(¢» = ™ normalized modal vector,
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ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMPLIANCE REFERENCE DISCUSSION/RESOLUT ION

YES NO

3.7.2 SEISNIC SYSTEM ANALYSIS
REV. 2 - August 1989 (cont'd)

for models that take the soil-structure interaction inteo
sccount by the tumped soil spring approach, the method
defined by equation (3) is acceptable. Ffor fixed base
models, either eguation (2) or (3) may be used. Other
techniques based on modal synthesis have been developed and
are particularly useful when more detailed data on the
damping characteristics of structural subsystoms are
availabie. The modal synthesis analysis procedure consists
of {1) extraction of sufficient modes from the structure
model, (2) extraction of sufficient modes from the finite
element soil model, (3) performance of a coupled snalysis
using the modal synthesis technique, which uses the data
obtained in steps (1) and (2) with appropriate dampin, raties
for structure and soil subsystems. This method is based upon
satisfaction of displacement compatibility and force
equilibrium at the system interfaces and uses subsystem
eigenvectors as internal generalized coordinates., This
method results in a nonproportional damping matrix for the
composite structure, and squations of metion have to be
soived by direct integration or by uncoupling them by use of
complex eigenvectors.

Other techniques for estimsting the equivalent modal damping
of a soil-structure interaction model are reviewed on a case-
by-case basis.

14. Determination of Category ! Structure Overturning Moments

1o ba acceptable, the determination of the design overturning X Ref. 6 Three directional seismic loads are used to calculate the
moment shou'd incorporate the following 1tems: factors of safety against overturning and sliding and to
obtain the soil pressure. The three components of seismic
a. Three components of input motion, loads are combined by linear superposition of the
components using 1.0, 0.4 and 0.4 factors per ASCE Manual
b. Conservative consideration of vertica! and lateral 58,

seismic forces,
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ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMPL1ANCE REFERENCE DISCUSSION/RESOLUTION
YES NO
3.7.3% SEISMIC SUBSYSTEM ANALYSIS
REV. 2 - 1989
The acteptance criteria for the areas of review described in
subsection | of this SRP section are given below, Other criteria
which can be justified to be equivalent to or more conservative than
the stated acceptance criteria may be used. The staff accepts the
design of subsystems that are important to safety and must withstand
the effects of earthquakes if the relevant requirements of General
Design Criterion (GDC) 2 (Ref. 1) and Appendix A to 10 CFR Part 100
(Ref, 2) concerning material phenomena are complied with. The
relevant requirements of GDC 2 and Appendix A to 10 CFR Part 100 are:
o General Decign Criterion 2 - The design basis shall reflect X FsarR 2.9 The analysis and design of subsystems comply with GDC 2.
appropriate consideration of the most severe earthquakes reported (Ref. 1)
to have affected the site and surrounding area with sufficient
margin for the limited accuracy, quantity, and period of time in
which historical data have been accumulated.
e Appendix A to 10 CFR Part 100 - Two earthquake levels, the safe X FSAR The analysis and design of sa’-ty-related components and
l shutdown earthqguake (SSE) and the operating basis earthguake Appendix A systems comply with 10 CFR Part 100, Appendix A. Two
(OBE), shall be considered in the design o safety-reiated (Ref. 1) earthquake levels, the hypothetical and design earthquake,
structures, components, and systems. Appendix A to 10 CFR Part are considered.
100 further states that the design used to ensure that the
required safety functions are maintained during and after the
vibratory ground motion associated with the safe shutdown
earthquake shall involve the use of either a suitable dyramic
analysis or a suitable gqualification test to demonstrats that
structures, systems, and components can withstand the seismic and
other concurrent loads, except where it can be demonstrated that
the use of an equivalent static load method provides adequate
conservatism,
Specific criteria necessary to meet the relevant requirements of GDC
2 and Appendix A to Part 100 are as follows:
1. Seismic Analysis Methods
the acreptance criteria provided in SRP Section 3.7 2, ¥ The vuGs and the other safety related equipment and
subsection 1.1, are applicable. components are gqualified using the floor response spectra
obtained from time history seismic analysis.
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S8P ACCEPTANCE CRITERIA

DISCUSSION/RESOLUTION

SEISNIC SUBSYSTEM ANALYSIS
REV. 2 - 1989 (cont’d)

Determination nf Number of Earthquake Cycles

During the plant Life at least one safe shutdown earthquake
(SSE} and five operating basis earthquakes (08Es) should be
assumed, The number of cycies per earthquake should be
ob-ained from the synthetic time history (with a minimm
duration of 10 seconds) used for the system analysis, or a
min. mum of 10 maximm stress cycles per earthquake may be
assumed,

Procedures used for Analytical Modeling

The acceptance criteria provided in SRP Section 3.7.2
Subsection 11.3, are applicable.

Basis for Selection of Frequencies

To avoid resonance, the fundamental frequencies of components
and equipment should preferably be selected to be less than
1/2 or more tnan tuwice the dominant frequencies of the
support structure, Use of equipment frequencies within this
range is acceptable if the equipment is adeguately designed
for the applicable loads.

Analysis Procedure for Damping

The acreptance criteria provided in SRP Section 3.7.2,
subsection 11,13, are applicable.
Th ee Components of Earthguake Motion

The acceptance criteria provided in SRP Section 3.7.2,
subsection 1.6, are applicable.

Combinacion of Modal Responses

The acceptance criteria provided in SRP Section 3.7.2,
Subsection 11.7, are applicabie,

The seismic qualification of safety related electric and
mechanical equipment are per 1EEE Std. 344-1975 or 1987,
Afternatively, some of the equipment are seismically
qualified using the US1 A-46 (G'P) methodclogy (Ref. 26).
For low-cycie fatigue-sensitive equipment five OBEs are
assumed,

Sse response to SRP 3.7.2 subsection I1.3.

The safety related miscel laneous equipment and components
are adequately designed for the seismic loads. No
comparisons of supporting structure frequencies and the
equipment freguencies is necessary., The frequency of the
diesel generator is 15 cps which is more than two times of
the governing frequencies of the DGB.

The damping values used for subsystems are consistent with
Table A.1-1 in Appendix A of FSAR,

The qualification of safety related equipment are per [EEE
Std. 344-1975 or 1987. The requirements of 1EEE Std. 344
are consistent with this section of SRP. Alternatively
some of the equipment are seismicaily qualified using the
US1 A-46 (GIP) methodology.

See response to item 6, above.

ACCEPTANCE
CRITERIA
COMPL I ANCE REFERENCE
YES ] NO
X faul pment
Specs.
X
X Equipment
Specs.
X FSAR
Appendix A
(Ref. 1)
X
X
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ACCEPTANCE
CRITER]A
SRP ACTEPTANCE CRIVERIA COMPL TANCE REFERENCE 07 SCUSSION/RESOLUT ION
YES RO
SEISMIC SUBRSYSTEM ANALYSIS
REV. 2 - 1989 (cont’d)
B. Interaction of Other Systems With Category 1 Systems X
t All Category | to non-Category | process piping boundries
To be acceptable, each non-Category | system .ould be are isolated by anchors. The analysis considered the
designed to be isolated from @wpee.. vy % system by either dynamic effects of the non-Category | piping. The one
a constraint or barrier, or should be remotely located with exception is the engine drain/fill Line which is segregated
regard to the seismic Category 1 system, I1f it is not from the associated non-Category | piping by a flexibie
feasible or practical to isolate the Category | system, hose,

adjacent non-Category | systems should be analyred according
to the same seismic criteria as applicable to the Category |
system. For non-Category | systems attached to Category |
systems, the dynamic effects of the non-Category | systems
should be simulated in the modeling of the Category | system,
The attached non-Categury | systems, up to the first anchor
beyond the interface, should also be designed in such a
manner that during an earthquake of SSF intensity it will not
cause a faiture of the Category | system.

9. Huitiply-Supported Equipment and Components With Distinct
inputs

Equipment and components in some cases are supported at
several peints by either a singie structure or two separate
structures, The motions of the primary structure or
structures at each of the support points may be quite

di fferent,
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SRP ACCEPTANCE CRITERIA

DISCUSSTON/RESDLUTION

3.7.3

SEISMIC SUBSYSTEM ANALYSIS
REV. 2 - 1989 (cont'd)

A conservative and acceptable approach for eguipment |tems
supported at two or more locations is to use an upper bound
envelope of all the individual response spectra for these
locations to calculate maximum inertial responses of
myltiple-supported items. In addition, the relative
displacements at the support points should be considered.
Conventional static analysis procedures are acceptable for
this purpose. The maximum relative support displacements can
be obtained from the structural response calculations or, as
a conservative approximation, by using the filoor response
spectra. For the latter option the maximum displacement of
each support is predictad by 5, = S5.g/w’, where 5 is the
spectral acceleration in "g’s" at the high frequency end of
the spectrum curve (which, in turn, is eguai to the maximum
floor acceleration), g is the gravity constant, and w is the
tundamental frequency of the primary support structure in
radians per second. The support gisplacement can then be
imposed on the supported item in the most unfavorable
combination., The responses due to the inertia effect and
relative displacements should be combined by the absclute sum
method.

In the case of multiple supports 1ocated in a single
structure, an aiternative acceptable method using the floor
response spectra involves determination of dynamic responses
due to the worst single floor response spectrum selected from
a set of floor response spectrs obtained at various floors
and applied identically to all the floors, provided there is
no signficent shift in frequencies of the spectra peaks. In
addition, the support displacements should be imposed on the
suppurted item in the most unfavorable combination using
static analysis procedures,

in {ieu of the response spectrum approach, time histories of
support motions may be used as excitations to the subsystems.
Bacause of the increased analytical effort compared to the
response spectrum techniques, usually oniy a major equipment
system would warrant a time history approach. The time
history approach does, however, provide more realistic
results in some cases as compared to the response spectrum
envelope method for multiply-supported systems.

The upper bound enveiope of all the individual response
spectra of the support locations of the multiple supported
items is used and applied to the center of gravity of the
item,

The DGB is a short rigid structure, Ino relative
displacement of points along the structuce height is
negtigible. Therefore the relative displ wwements of the
components support points are net includea in the analysis
and design of the comporents.

Time history approach is not used.

DGAP_8_WPF
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ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMPL [ ANCE REFEQENCE CISCUSSION/RESOLUTION
YES NO
3.7.3  SEISMIC SUBSYSTEM ANALYSIS
REV. 2 - 1989 (cont'd)
1G. Use of Equivaient Vertical Static Factors
The acceptance criteria provided in SRP Section 3.7.2, X Vertical floor response spectra is used to cbtain the
subsection 11.10, are appl:cable. vertical responses of the subsystems,
11. lorsional Effects of Eccentric Masses

For seismic Category | subsystems, when the torsional et *se-¢ X Th: qualification of safety related equipment are per I1EEE

of an eccentric mass is judged to be significant, the Std. 344 -1975 or 1987. The requirement of this section of

sceentric mass and its eccentricity should be included in 1he SRP if appiicable is met.

mathematicil model. The criteria for judging the

significance will be reviewed on 5 case-by-case basis,

i2. Category | Buried Piping, Conduits, and Tunnels

for Category 1 buried piping, conduits, tumneis, and

auxiliary systems, the following items should be considered

in the analysis:

a. Two types of groundshaking-induced loadings must be X Calculation | The builiding settlement and the seismic movement are
considered for design. Set Number considered in the evaluation of the Category | buried

6706.001-C- | piping and the two 2 inch fuel oil lines.
(i) PRelative deformations imposed by seismic waves g2e
travel ing through the surrounding soil or by (Ref. 25} Lateral earth pressure and ground water effects acting on
differential deformations between the soil and anchor underground electric manholes and duct banks are
points, considered,
{11) Lateral earth pressures and ground-water effects
acting on structures,

b. The effects of static resistance of the surrounding soil X The procedure given in Reference 18 is used to consider the
on piping deformations or displacements, differential effects of surrounding soil on the piping responses.
movements of piping anchors, bent geometry and curvature
changes, etc., should be adequately considered.

Procedures using the principies of the theory of
structures on elastic foundations are acceptable.

¢. When applicable, the effects due to locai soil N/R No local settlements or soil arching is predicted.
settiements, soil arching, etc., should also be
considered in the analysis.
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SRP ACCEPTANCE CRITERIA

ACCEPTANCE
CRITERIA
COMPLIANCE

YES NO

REFERENCE

DISCUSSION/RESOLUTION

B

13

14,

SEISMIC SUBSYSTEM ANALYSIS
REV. 2 - 1980 (cont'd)

d. Actual methods used for determining the design
parameters associated with seismically induced transient
relative deformat .ons are reviewed and accepted on a
case-by-case basis. Additional information, for
guidance purposes only, can be found on page 26 of
Reference 3 and in Section 3.5.2 of Reference &.

Methods for Seismic Analysis of Category | Concrete Dams

for the analysis of ail Category i concrete dams, an
appropriate approach that takes into consideration the
dynamic nature of forces (due to both horizontal and vertical
earthquake loadings, soil-structure interaction (SS1)
effects, and nonlinear stress-strain relations for the soil,
shouid be used. Analysis of earthen dams is reviewsd under
Section 2.5.6.

Methods for Seismic Analysis of Above-Ground Tanks

Most above-ground fluid-containing vertical tanks de not
warrant sophisticated, finite element, fluid-structure
interaction analyses for seismic loading. However, the
commonly used alternative of analyzing such tanks by the
"Housner -method" (Ref. 5) may be inadequate in some cases.
The major problem is that direct application of this method
is consistent with the assumption that the combined fluid-
tank system in the horizontal impulsive mode is sufficiently
rigid to justify the assumption for a rigid tank. Ffor flat-
bottomed tanks mounted directly on their bases, or tanks with
very stiff skirt supports, the assumption leads to the usage
of 3 spectral acceleration equal te the zero-period base
acceleration. Recent studies (Refs. &, 7, 8, 9, and 10) have
shown that for typical tank designs the frequency for this
fundamental horizontal impulsive mode of the tank cheil and
contained fluid is such that the spectrai acceleration may be
significantly far greater than the zero-period acceleration.
Thus, the assumption of a rigid tank could lead to inadequate
design loadings. The S§SI effects may also be very important
for tank responses, and they may be considered for both
horizontal and vertical motions.

K/A

N/A

N/A

No seismically induced transient relative deformations are

There is no concrete dam in this project.

There 1s no independently supported large above-ground tank
in the DG Project. The 54" diameter, 7' high day tanks are
seismically qualified and are anchored to platforms inside
the Diesel Generator Building. The requirements of this
subsection are not applicable to these tanks.
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STANDARD REVIEW PLANS COMPLIANCE SUMMARY

contained in References 1 through 3 and Reference 5. (hese
references also contain acceptable calculational technigues
for the implementation of these criteria. The use of other
approaches meeting the intent of these criteria can alse be
considered if adequate justification is provided.

a. A minimum acceptable analysis must incorporate at least
two horizontal modes of combined fluid tank vibration
and at least one vertica! mode of fluid vibration. The
horizontal response analysis must include at least one
impuisive mode in which the response of the tank shell
and roof are coupled together with the portion of the
fluid contents that moves in unison with the shell,
furthermore, at least the fundamental sloshing
(convective) mode of the fluid must be included in the
horizontal analysis,

b. The fundamental natural horizontal impulsive mode of
vibration of the fluid-tank system must be estimated
giving due consideration to the flexibility of the
supporting medium and te any uplifting tendencies for
the tank., !t is unacceptable to assume a rigid tank
unless the assumption can be justified. The horizontal
impulsive-mode spectral scceleration, S,, is then
determined using this frequency and the appropriate
damping for the fluid-tank system. Altermatively, the
maximam spectral acceleration corresponding to the
relevant damping may be used,

c. Damping values used to determine the spectral
acceleration in the impuisive mode shall be based upon
the system damping associated with the tank shell
material as weil as with the SS5i, as specified in
References 3 and 10.

d. In determining the spectral acceleration in the
horizontal convective mode, §,,, the fiuid damping ratio
shall be 0.5 percent of critical damping uniess a higher
value can be substantiated by experimental resuits.

ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMPL | ANCE REFERENCE DISCUSSION/RESOLUT ION
YES NO
3.7.3 SEISMIC SUBSYSTEM ANALYSIS
REV. 2 - 1989 (cont'd)
The acceptance criteria below are based upon the information N/A See previous discussion above.
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ACCEPTANCE
CRITERIA
SRP ACCEPTANCE CRITERIA COMPLTANCE REFERENCE DISCUSSION/RESOLUTION
YES NO
3.7.3 SEISMIT SUBSYSTEM ANALYSIS
REV, 2 - 1989 (cont'dd
e. The maximum overturning moment M, at the base of the N/A See previous discussion above.

tank should be obtained by the modal and spatial
combination methods discussed in subsection |1l of SRP
Section 3.7.2. The uplift tension resulting from M, must
be resisted either by tying the tank to the foundation
with anchor bolts, etc., or by mobilizing enough fluid
weight on a thickened base skirt plate. The iatter
method of resisting M_ must be shown to be conservative,

f.  The seismically induced hydrodynamic pressures on the
tank shell at any level can be determined by the modal
and sgstial combination methods in SRP Section 3.7.2.
The meximum hoop forces in the tank wal! must be
evaluated with due regard for the contribution of the
vertical component of ground shaking. The beneficial
effects of soil-structure interaction may be considered
in this evaluation (Refs. &4, 11, 12, and 13). The
hydrodynamic pressure at any level must be added to the
hydrostatic pressure at that level to determine the hoop
tension in the tank shell.

g. Either the tank top head must be located at elevation
higher than the siosh height above the top of the fluid
or else must be designed for pressures resulting from
fluid sloshing against this head.

k. At the point of attachment, the tank shell must be
designed to withstand the seismic forces imposed by the
attached piping. An appropriate analysis must be
performed to verify this design.

i. The tank foundati<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>