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INTROQETION

This selsmic assesmmant ldentifles the required active and pessive functions
to schieve and maintein Hot Safe Shutdown (HSSD) at Malne Ysnkee. It further
identifies the systems required to perform these functions, categorizes the
squipment comprising the HSSD systems, and identifies structures housing these
systems.

The capadility of the identified systems and structures to schieve and
maintain KSSO 18 assessed for functional perfornance at 0.2g Regulatory
Guide 1.60 through evaluation against the Seismic Qualification Utility Group
(3QUG) seiemic exparience data base.

HSSD FUNCTIONS

The following functions are necessary to assure achieving and maintaining Hot
Safe Shutdown condition following a seismis avent:

1. A manual or automatic resctor trip.
) Reactor Coolant System makeup and boration.
- T Secondary System makeup and decay heat removal

4, Haintenance of the integrity of the Reactor Coolant and Secondary Systam
pressutre boundarias.

The gystems, componente, and structures necessary to perform these functions

Ara ‘Adanktiflad wa'sw

Four specific Maine Yankes systems are used to reach and msintain a Mot Safe
Shutdown condition:



- Reagtor Coolant System - The primary sids of the gtosn genarators,

vsactor coolant pumpe (pressure boundary only), pressurizer, piping,
valves, control rod drive mechanisms, reactor internal structures, and
support structures.

Main Ste.s System - The secondary side of the steam generators and piping
Out t0 tne Excess Flow Check Valves., Also included are the steanm
generstcr Code Safety Valves.

Emergency Feedwater System - The Deminecralized Water Storage Tank (DWST)
and Emergency Feadwater Pumps including piping and valves from the tank
to the pumps to the steam generators.

Safety Injection/Chemical and Volume Control System - The Refusling water
Storsge Tank (RWST) and HPSI/Charging ™umps including piping and valves
from the tank to the pumps to the Reactor Coolant 3ystem,

In addition to these four major system classes, the following support systems
are required:

-

Service Water System - The service water pumps, piping, and valves to the
component cooling water heat exchangers.

Component Cooling Water System - The Primary and Secondary Component
Cooling Water Systems (PCC and SCC) seismic pressure doundaries including
pumps. heat exchangers, surge tanks, piping, and valves

Instrumentation Systems - The instrumentation necesggary to provide the
following c¢ritical plant parameters and control functions:

- Pressurizer level and pressure.

=  Reactor coolant hot and cold leg tempetatutes.
~  Steam generator level and pressure.

- Bource range neutron flux.

- Reactor trip controls.



4. . Emergency Power System - The diasel generators, diesel gupport systamg,
« and electrical distridution systems for MSSD equipment.

In preparing this listing, the structures that houge the key HSSD gystems and
support systems were identified, The components which comprise the HSSD
gystems at Maine Yankee are housed within the following structures:

Reactor Containment

Primary Auxilisry Building

Emergency Feedwater Pumphouse

Containment MCC and Blectrical Penetration Structure
Emergency Diesel Genacator Rooms

Turdine Building

Intake Structure

Service Bullding (Protected Areas)

Steam and Feed Valve Housge

DO N O W

These structures or the portion housing critical equipment are all salsmlcally
designed or exhibit good seismic resistance from the requirement to meet
design basis wind loads.

RYALVATION

The eaquipment comprising the HSSD systems at Maine Yankee 18 typlcal of the
equipment found in the Selsmic Qualification Utility Group (8QUG) data base.
Properly anchored, this equipment has been demonstrated to consistently
perform its design function given real earthquakes at, or well above, 0.2g
Regulatory Guide 1,60,

HSSD equipment has deen categorized by the SQUG into 20 claggses. This
clavsification 1s depicted in Tadble L. Of these equipment classes, a
vepresentative sample (the first eight) wam favorably esvaluated in "A
Comparison of Malne Yankee to the SQUGC Seismic Experience Data Base"
(Reference 1), inciuding particular attention to anchorage. Generic Classes 9
through 13 are not necessary to achleve HSSD 4t Maine Yankee.

AN 2N



The bounding generic spectra uged in this comparison are shown in FPigurs 1,
Thesa spectra envelope & 0.2g Regulatory Guide 1.60 spectrum with one
exception. This exception is the Type C spactrum which applies only to large
motor-opersted valves supported by small lines. A lack of experieance dgta
resulted in this constraint et the tima the review was performed (mid-1984).

The selsmic data base is & living document and additional earthquake
experience data has resuited from the March 1985 and Septamber 1985
earthquakes in Chile and Maxico, respectively. Thase new data are expected to
uitimately result in the removal of the Type C spectrum restriction. ALl
eight claswee will then be confirmed to demongtrate selgmic ruggedness in
axcese of 0.2 Regulatory Guide 1.60,

Work is continuing in 1986 under the auspices of the SQUG to establiash
bounding wpectra for all 20 classes of HSSD equipment. Drafts of these are
availadie to Maine Yankee through 8QUG membership. In Attachment A, FPigures 1
through 11 show the proposed bounding spectra for all 20 classes of

equipment. The table, entitled "Summary of Generic Spectrum for fafe Shutdown
Equipment,” keys the equipment clags to the propoged bounding spectrum. These
drafts will be gubmitted for review and approval by the Senior Selsmic Review
and Advisory Panel (SSRAP) by rmidyear, 1986. Note that these proposed gpectra
all dbound 0.2y Regulutory Gulde 1.60 and show greater marging to 0.2g for the
initiel set of eight equipment types as well.

Based on this ongoing work, we atre confidant that the SSRAP bounding spectra
for all 20 classes will be &t or above the Type A/Type B gpectra which dound
0.2 Regulatory Guide 1.60.

The "nuclear" gpecific aquipment; reactor vessel, internals, reactor coolant
pumps and plping, presaurizer, steam generaters, control rod deive assemblies,
and assoclated support structures are generally not represented in the data
base, but are designed to withstand other design basls loads (i.e., LOCA)

which far exceed the postulated selsmic loadings




10.
11.

12,

14,
18,
16.
17.

18.

20,

TABLE 1
gengcic Classes of Safs Shutdown Bouipment!

Boter Control Canters
Low Voltage Switchgear
Medium Voltage
Transformers
Horigonta'! Pumps
Vertical Pumps
Pluid-Operated Valves
Motor-Opevated Valves
Fans

Alr Handlers

Chillers

Alr Compressots

Motor Generators
Distribution Panels
Batteries and Racks
Battery Chargers and Invertere
Engine Generators
Instrument Racks
Temperature Sensors

Control and Instrumentation Cabinets

1.

Clagses 9-13 are not required to achieve Hot Safe Shutdown st Maine

Yankee.
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&SP STRUCTURES

The following structures, some of whici are portions of larger duildings

(which are included in the List) or are interconnected, contain HSSD equipment :

Primary Auxilisry Building

Emergency Feedwater rumphouse
Containment MCC and Penstration Enclogure
Main Steam Valve Enclosure

Turbine Building

Secvice Building

Diesel Generator Rooms

Intake Structure

Note that the containment etructure is discussed separately.

All of the structures were designed to resist seigmic and extreme wind and
tornado loads. The steel structurss were designed for both hurricane loeds of
100 mph and tcernado loads of 360 mph (200 mph rotational and 60 mph
translational), Concrete structures ware designed using a Housner gpectrum
with & PGA of 0.10g. All concrete walilse are steel reinforced and two feet (or
more) thick to prevent possible missile hagards,

As shown in Table 2, two types of structural systems are empioyed utilizing
heavily draced steel frames or massive reinforcac concrete shear walls. Some
of the structures combine the two types of systems.

A review was conducted to determine the previous selsmic performance of
comparable and weaker structures. More than ninety industrial faci.ities
(which include more than twenty power plants with over sevanty conventional
and & few nuclear units), as well as rumerous relnforced concrete shear wall
structures, wacre studied. The review addrossed the employed structural
systems and various paremeters that are important t2 bdullding performance
during strong ground motion (gymmetry and eccentricity, aspect ratioe,
connection detalls, ete).
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THE MAINE YAMKEE ATOMIC PORER PLANT

TABLE 2

SISUCTURES AT

General Pescription

Reinforced concrete shear wmall snd alah
structure up to 36" shove grade, with sle=i
traced framed structure zhove (the higher
steel strnutwre eoxioses s concrete, shear
wal! struxcture with pertial stee! framing)
Structur el ly conmectod to Fuel Building
which ie & stes! braced frame, high

bay struxlure

geindorced concrete, shesr wunil structure;
strxtwally sttsched to resnforced
concrete portions of the Primery

Arix il bary sl lding.

Seinforced corxrete, shear wall sinuxture
(shear walls in Poth directions).
Attached, at goode to Emergency

feedhmter ump House.

Reinforcesd corxrete high ey, shesr wall
stracture. Concrete usiis are 296~ §*

thick, roof is 2' concrete siab

Basis for Bepresessation in
$ctsmc Exper lance Pala Besc

Significant comstruction prrameters are
represented by Power Sufidings in fossil
povser plenis.  Poser Buldings ars
typically brecod 2tee! structures
with comrete sliabs of floors, snd
incliude Dossmants with reinferced

concrete wells.

Swgnificant comstruction parameters are
repressnted by Poser Bueliidings in fossil
power plants, control bailidings in
mubsistions and sany others. In some
cases, Powsr Buildings sre reinforced
concrete bese, sleh anwd column

conalruct ron.

Significant cometruction pereseters are
represented by Power Buildings in fossil
poser plants and convent tonal shesr

wal | bl ldings

Significant conEtraction perameters ace
represented by Power Busildings in fossil
power plants snd convent ional shear

wall butlsdings .
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5. Turbine Suiliding
& Service Buntding

Liegsel Generator
Booms

Entake Structure
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5&* x 115
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SIMARY OF STBUCTURES AT

THE MALME YAMKEE ATOMIC PONER PLANT

Max M Blag.
Elevatioc:

107* sbove grade
At grade

19 aewd 40°* shove

At gracie

18* shove grade
Al grade

14 sbove grade
46° belom grade

-

Steel braced framed strecture weth fuo
intermediate fioors. Building nclufes
mat foundation for turDine pedesta! and
service crane.

Steel braced frame, shesr wsll structure;
attached 1o Tusbine Building.

includes 3 story reinforced corsrete box
strctare foc control and switclgesr room
end 2ingle story concrete bax structrs
for diesel generstors. Floors sre 9% 9=
concrete swlabe.

Rooms are part of the service builiding;
Tooms have 2* concrete roof and
shear walls.

feinforced concrete shesr wal!l structure.
Selow grade includes 4° 6* partition
ualls with 3’6" exterior wells 1o

grade l:ved with steel braced framed
structwy ¢ above. Root is » 14

coner e slab.

Basis for Repressstetion in
Seismic Cxperience Ppis Ba3s

Significent construction perameters are
repressnted by Turbine Sul ldings

and Boiler suppert structures in fossil-
powes plants and corwentional industrisl
bui ldings .

Significant conslruction paremsters are
representad by Power Bulldings sad Boiter
Sipport structures in fossil peser
plemte. These buildings see

typially braced steel strectures with
toncrete stabs at flooes, ~ 1 focluds
besements with reinforced crote wells.

Signtficant constnxlion parsmeters are
represented by Control Buildings in
large substations and meeerous

convent ionet shear wel! buiidings.

Significet constrw tion Pt ameters sre
represented by pumping stations, [
buildings, and » variety of indusicist
bt idings .

\!



The two types of structural systems employed at Maine Yankee have an excellent
performance record during etrong ground motion. In power facilities, damage
hen been inconssquential to operations. The record shows that such
structures, whan detailed carefully to allow for smooth load paths, have
exhibited high mavgine sbove thelr original design criteria.

Based on the perfoirmance of simllar structures in strong motion earthquakes,
it is concluded that the reviewsd building structures at Maina Yankee are
sufficiently rugged to survive and remain operable after a seismic event with
a4 peak ground acceleration of 0.20g.

CONTALWMENT BULLRANG

T3 Naine Yankee containment structure was evaluated, dy Structural Mechanics
Asgociates (SMA), (Reference 4) to determine itg seiemic capscity with and
without internal pressure. Three different approaches to identify the selsmic
capacity were adopted in this study. The first approach is ntially
equivalent to a de~ign code evaluation, the second approach is a deterministic
fallure evalustion using conservative methods, and the third approach uses
probabilistic techniques

The code-equivalent acce'eraticn capacities were based upon & compacrison of
the code alloweble stresses against the applied stregges, including those due
to the seismic .oads developed in accordance with current licensing criteria.
The conservetive deterministic acceleration capacitlies correspond to the
consarvatively calculated selsmic input levels at which the structure would be
expected to approach gross structural fallure. The probadllistlc acceleration
capacities were defined 2s the ground acceleration laevels at which thers is a
high confidence that & low probability of structural faliure exists,

ALl three approaches show that the structure has adequate capacity to resist
varthquakes wall in excess of the design SSE peak horizontal ground

secelaration of 0.10g.

The congervative deterministic and prodbebilistic svaluations wers developed to
provide conservative seismic capscities at which the structure will be

approaching failure. Based upon these evaluations, the structure is not

\ >



sxpected to suffer severs damage for sarthquakes having peak ground
sctalerations less than L. 08

* EAELNG
In & study sponsored by EPRI (Reference 2), the perfortance of piping during
past earthquakes was revieved to ldentify nuclear plping features which would
not withstand peak ground wccelerations up to Q. 5g Plping performance in 29

k earthquakes oscurring from 1923 to 1985 were studied The primary odbiective
of tha study wae the devalopment of seismic adequacy criterle bYesed on
eatthaueke experience data Buch criteris say eliminate the need to requallfy

‘ piping currvently affected by margin issues for higher seiemic loeds
The results of the EPRI 3jtudy concur with eerlier ressarch by Stevenson

l Cloud, and Bhibeta (Reference 1), which also darumsnted piping performance

There are no known casss of inertial fellure of welded, steel piping

Experience dats suggests that gelsmic anchor movement is a considerstion in
the ceuse of above ground welded steel piping fallure onpidering the
substantial equipment anchorage in a typical nuclear power facility, seiemic
anchor movement in excess of the piping system's ductility o accommodate it
i unlikely in an earthqueke a¢ smell ss 0.2 we, therefore, hate & hig!

confidence in the expected performance of the HESD piping &t Maine Yankee

during an 0.2 earihquake
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Kotor Control Centers

Low Voltegs
Switehgesr

Medium Voltage
Switcehgear

Trensformere

Horigontal Pump

Vertical Pumps

Fluid-Opearsated Valves

Motor«-Operated

Fang

Alr Handlers

Chillers

Alr Compressors

Hotor Ceneratcee

Distridbution Panels

Batteries and Racks

r Generic

Bounding _gpectrug

Chile nesr-field
Coalings nesr-fleld
Syimar Converter Statlor
El Centro 3team Plant

Same a9 for MCCs
Same as for MCQs

Same as for MCCy

Chile near-fileld

corlings near-field
EL Cantro Steam Plant

Same as for horizontsl
punps

Same as for horizontal
pumpse

Nile near~fleld
Coalinga near fleld
El Centro Steam Plant
valley Steam Plant

ame as for MCCs

“oalinga near-fleld

Syimar Convirter Statiocn
El Centro Steam Plant

-oalinga near-fiald

-

Jnverter Statior
Jame as for MCCe

Syimar Converter Statior
i Centro Steam Plant

Same a8 for MCCs
chile near-field

iyimar Converter Statlon
I Cantro Stean Plant
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Basls for Genarie

Sanienant Claas SRAckue Mo Bounding Spectruw
16 Battery Chargers and # Chile nesr-fileld
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Coalings near-field
United Tech. Chemical
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20 Control and Instrument A Same as for MCCs
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