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UNITED STATES OF AMERICA .
NUCLEAR REGULATORY COMMISS1ON

BEFORE THE ATOMIC SAFETY AND LICENSING BCARD

In the Matter of

PORTLAND GENERAL ELECTRIC COMPANY, et al. Docket No. 50-3448P

NN NSNS

(Trojan Nuclear Plant)

INITIAL DECISION
(Control Suilding Modifications)

July 11, 1980
1. PRELIMINARY STATEMENT

A. ULTIMATE ISSUES

This Initial Decisicn concerns the ultimate issue of whether
the scope and tumeliness of proposed modifications, required to
bring the Trojan Nuclear Plant into substantial compliance with
NRC Operating License No. NPF-1, are adequate from 2 safety stand-
point. This issue was defined in Section IV of the Commission's
Order for Modification of License issued May 26, 1978 (43 Fed. Reg.

23678, 23770).

This ultimate issuve of the adequacy of proposed modifica-
tions from a safety standpoint, also involves the question of
whether operation of the Trojan plant can he conducted safely
while such modifications are being performed and prior to their

completion. Inte

H

im operation of this nuclear plant was authorized

in Phase I of this proceeding by our Partial Initial Decision issued



.

December 21, 1978 (LBP-78-40, 8 NRC 717). P rsuant to that Partial
Initial Decision, an amendment was irsued to the Trojan operating
license authorizing interim operatioca of the plant "until furcher
order of the Atomic Safety aand Licensing Board issuaed in conjunc-
tion with the decision on the scope and timeliness of modifications
from a salety standpoint..."” (Id. at 747).° That "further order" is
one of the subjects under comsideration in this Phase II of the

proceeding.

The background events of this proceeding were set forth

in the Partial Initial Decision (8 NRC 717), and they will not be
repeated in unnecessary detail here. The M.y 26, 1978 Modification
Order resulted from the discovery by the Licenseel/ a.d its agent,
the Bechtel Corporation, of several design e: vors with respect to
the shear walls in the Control Building at the facility. This
Modification Order found that these design errors reduced the
structural capacity of the Control Building, that the originally
intended seismic capability and safety margins should be substan-
tially restored by appropriate modifications, and that operation
of the facility in its as-built condition would violate the facility
icense Technical Specification 5.7.1. However, the Modification

Order fuxrther found that the Control Building h

(1)

d acdequate structural

capacity to safely withstand the licensed Safe Shutdown Zarthquake

-

1 ' -
=/Po::land General Electric Company (PGE), *he City of Eug
Oregon and Pacific Power and Light Company, the licensed owners
e

of the plant referred to collectively as the "Licensee”.
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(SSE)Z/ for the Trojan facility (0.25g peak horizontal ground

acceleration).

The Modification Order also provided that any person whose
interests might be affected could file a request for hearing. A
number of persons availed themselves of this opportunity for hearing
and were admitted as intervening parties to the Phase I evidentiary
hearings (8 ¥NRC at 722-23). The Licensing Board also ordered the
bifurcation of the proceeding into two phases (Order of August 25,
1978). Phase I involved a consideration of and decision upon the
question of interim operation of the Trojan plant prior to modifi-
cations of the Control Building, and culminated after evidentiary
hearings in the Partial Initial Decision of December 21, 1978
(LBP-78-40, 8 NRC 717). The instant Phase II of the proceeding
involves consideration of the structural adequacy of the proposed

modifications themselves and the safety aspects of their implementatiom.

B. PHASE IT EVIDENTIARY HEARING

Written contentions were required to be filed by the inter-
vening parties in Phase II of the proceeding, and contentions were
filed by the Coalition for Safe Power (CFSP) by Eugene Rosolie and

by the Consolidated Intervenors (CI, consisting of Nina Bell, David

-
=/That is, the facility design must be such as to insure that,
should there be an ea*:hcwaxe providing the defined level of
vibrating ground motion at the site, the structures, systems
and components necessary to 5ring about a safe shutdown of the
reactor will zemain functional. See 10 CFR Part 100, Appendix A,
Section III(e).
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B, YeCcy axé C. CGail Parson).zl Following oral argument at a pre-
hearizg coaference on March 29, 1979, certain of the proffered

contenticns of bHeth CFS? znd CI were admitted as issues in contro-

p—— *

versy. <—ne ai=itted contentioms of CI were subsequently dismissed

because cf ths fzilure of CI to comply with a Licensing Board Order

: P
comsellirg respormses to discovery requests from the S:afr.—/ At
T : Ty q

the Interveanos's request, CI was consolidated with CFSP, and CI
was bowxmaé 5y the responses to interrcgatories filed by CFSP. The

coatenticns waich remained as issues are as follows:

TSP Yo. 3 Plant Staff review of proposed modifica-
tion is inadequate to assure no viola-
tions of Technical Specifications will
occur (Tr. 3011-20).

CESP Yo. & NRC StaZff review of proposed modification
is inzdecuate to assure no violations of
Technical Specifications will occur
(Tr. 3046-51).

CFSP Yo. 12 Licensee Las not provided information
which shows that the planc can be operated
during modifi~-~~ion work without an undue
risk to the public health and safety
(Tr. 3055-59).

CFSP Yo. 13 The plant cannot operate in a safe condi-
tion while the modification work is being
done (Cocbined with CFSP No. 12, zbove.

34.).

CrS? So. 15 Licensee has not identified all safety
equipcent o= equipment needed for safe
operation of the plant that would be

2/ Torerrensrs Columbia Envizonmental Council (CEIC) and Stephen M.
willingza= Zailed to file contentions in Phase II, and accorc-
i=glr Thev were dismissed as parties by the Prehearing Conlerence
Ozces (Taass II) of Apzil 12, 1979.

47 - - - .- - . - . - -

2/Sae Crfe=s s=cered June 5 and June 15, 1979 and October 17, 1979.
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affected by proposed modifications
(Tr. 3062-63).

Licensee has not made adequate plans to
protect all safety equipment and equip-
ment for safe operation during the
modification work (Id.).

Performance of modification work will
hamper the ability of plant operators to
respond to any emergency properly and
thus poses an undue risk to the public
health and safety (Tr. 3063-63).

Inadequate assecsment of the effects of
drilling in the Control Building walls
during modifications has been made

(Tr. 3078-83).

The effect of the steel plate on dis-
placement in the Complex has not been

completaly analyzed (Tr. 3094-98,
3108-11).

The Licensee filed a motion for summary disposition of
CFSP Contertions 3, 17, 20 and 22. After hearing from all parties,
the Board granted the motion for summary disposition as to CFSP 3
. 3485), but denied the motion with regard to CFSP 17 and 20

. 3498, 3513). The Licensee withdrew its motion as te CFSP 22

(Tr. 3514), and CFSP wvoluntarily withdrew its Contention &4 (Tr.
3615). Accordingly, the contentions considered at the Phave II

evidentiary hearing were Nos. 12, 13, 15, 16, 17, 20 and 22, supra.

The Intervenors also sought to raise an issue concerning
the adequacy ¢f the Licensee's existing security plan to deal with
the modification work. At the Board's suggestion, all parties
stipulated a procedure under which a Staff security expert would

review and evaluate the security plan in light of the Intervenor's




3/

concerns over the modification wor..=' Subsequently, CFSP requested

this security review to include several incidents which had occurred

at the Trojan plant after the origfﬁal review.gl

The security review
was performed as requested and the evaluation showed the security
plan to be adequate while the modification work was being performed.
Although CFSP indicated that it felt that the Staff's review was

not adequate, it gave no basis for this view when requested to do

so by the Board.Z/ No nexus was shown between the incidents alleged
and the issues over which this Board has jurisdiction. Such matters
are therefore not relevant to this proceeding and cannot be considered

here.gl

All parties prefiled their written testimony according to
the schedule set by the Board at the March 11, 1980 prehearing con-
ference. On March 17, 1980, Licensee prefiled the written testimony
of Donald J. Broehl, Lief W. Erickson, Richard C. Anderson,

William H. White and Kenneth M. Cooke on matters other than
structural ‘adequacy of the modified Complex (Licensee Exh. 27). 1In
addition, Licensee prefiled the written testimony of Richard C.

Anderson, William H. White, Bimal Sarkar and Patrick Chang-Lo on

-/Howeve:. the Intervenors may request the Directer of Nuclear
Reactor Regulation o institute a show-cause zroceeding if they
have concerns about securicy at the Trojan facilicy. 10 CFR 2.202;
Portland Generzl Electric Company (Trojan Nuclear Plant), ALA3-3534,

9 XRC 287, 290, n. 6 (1979).



= T %

the strustural adequacy matters (Licensee Exh. 28), as well as the
testizony on these matters of Licensee's independent experts,

Professors Myle J. Holley, Jr. and Boris Bresler (Licensee Exh. 2%A).

The Staif prefiled the direct written testimony of
Charles M. Trammell, III, Fred Clemenson, James E. Knight, Kenneth
S. Herring and Drew Persinko on matters other than structural
edequacy of the modified Complex (S:aff Exhs. 12, 14, 15 and 16).
On Mazch 21, the State of Oregon prefiled the testimony of Dr. Harold
I. Laursen on the structural adequacy of the mcdified Complex
(Oregon Exh. 2). On March 24, 1980, the Staff prefiled the testimony
cf Renreth S. Herring and Drew Persirko on structural adequacy
catters (Staff Exh. 17). Finally, Licensee prefiled its answers
to questions previously propounded by Dr. McCollom (Tr. 3531-35),

on March 30 (Licensee Exn. 30).

The Phase II evicentiary hearing was held in Portland,
Cregon on March 3l-April 3 and April 16-17, 1980. The only limited

gppearance statexdent from a member of the public was heard on

8 |
ot
(& ]

March 31 (Tr. 3792-94). Witnesses wer: presente

at both sessions

by Licensee, the State of Oregon and the NRC Staff. CFSP attended
the hearing and cross-exacined witnesses, but presented no witnesses
of its ocm. The Board conducted extensive examination on all of

the cdirect evidence presented.

Wnen the hearing began on March

(98 ]

1 ! P2 R 49
L, the Staff's prefiled

(R

testizony indicated that resclution had not vet been reached

cetween the Staff and the Licensee with respect to a number of the

'
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zatcers that had been described as unresolved in the Staff's Safety
Evaluation Report (SER) filed February 14, 1980 (Staff Exhs. 1l3A,
133). With respect to nonmstructural matters, the Staff indicated
that all matters were resolved by the close of the first hearing
session (Tr. 4480-81 (Gray)). The illness of the Staff's principal
structural witness (Tr. 4476-83) caused a delay in the resolution
of structurzl matters. However, the Staff subsequeatly filed
revised testimeny which reflected that these matters .ere resolved
to the Stafi's satisfaction (Staff Exhs. 15A, 17A). Thus, there
were no controversies between the Licensee and the Staff before

the Bozrd for resolution at the hearing.

The record compiled for Phase II comprises more than 1,000
sages of transcript as well as the exhibits which were admitted
into evidence, as listed in the Appendix attached hereto.

II. FINDINGS OF FACT

A. DESCRIPTION CF THE BUILDING COMPLEX

The Control, Auxiliary and Fuel Buildings (Building Complex)
are interconnected by their foundation systems and floor slabs.
The Auxiliary Building is located between the

lding Complex and the Contrel 3Building at the

b
.. .

east end c¢f the 3u
wes: end and is supported laterall: by both the
3uildings, with the reinforced concrete floor slabs acting as

diaphragns to transfer lateral loads. The connecting floor slabs
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and walls interact when ... ected to seismic forces (8 NRC 723-24;
Licensee Exh. 24, pp. 1-12). The Turbine Building, which is closely
associated with the - . _osed modification, is adjacent andi west of

the Control Building.

The Contrel Building is a box-type structural system
with its ground floor on rock foundation at elevation 45 feet, concrete
flocrs at elevations 61 feet, 77 feet, and 93 feet and with a roof
slab at elevation 117 feet. The Control Building is composed of a
structurzl steel framing system with steel beams and columns
supporting reinforced concrete floor slabs, with shear walls designed
to resist lateral seismic forces of an earthquake. Most of the
shear walls are of a composite-type construction (composite walls)
consisting of a2 reinforced or unreinforced concrete core between
twvo layers (wythes) of reinfoir:ed grouted masonry block. The two
block wythes generally sandwich the structural steel frame so that
the steel frame members are embedded in the concrete core (Licensee
Exh. 24, pp. 3-12; Staff Exh. 13A, p. 1). A railroad bay is
located at ground level in the Control Building between column
lines &1 and 456 with large openings in the east and west walls for

train access.

The Auxiliary Building is approximately 115 feet by 62
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interior walls are reinforced masoniy block or, for shield walls,
composite walls. The walls from elevation 93 feet to 117 feet are

reinforced masonry block (Lizensee Exh. 24, pp. 3-13).

The Fuel Building is approximately 62 feet by 180 feet
with the longer dimension running in the North-South directionm.
Floor slabs 2t elevation 61 feet, 77 feet and 93 feet provide con-
tinuity with the Auxiliary Building. From 93 feet to the roof
level at elevation 138 feet, the structural system is steel framing
rather than block aad reinforced concrete walls. Most of the
lateral resistance of the Fuel Building is provided by the enclosure
structure for the holdup tanks and the spent fuel pool (Licensee

Exh. 24, pp. 3-13).

B. DESIGN DEFICIENCIES AND OBJECTIVES OF MODIFICATIONS

The Control Building design deficiencies that led to th

Order for Modification of License of May 26, 1978 are:

(1) Both the horizontal and vertical reinforcing
steel embedded in the inner concrete core of
the Control Building shear walls is generally

discontinuous, in that it is not anchored to

(17
)
r-‘

the steel beams and columms of th ontro

Building's steel frame as required by appli-

(14
o

cable codes 2nd standards.

(2) Misapplication of the applicable code ACI

LR
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loading res.lted in less than the required
amownts of reinforcing steel in the shear

walls.

As a result of these desizn deficiencies, the capacity of the
3uilding Complex together with the contained systezs and components
o withstand seismic events is lower than intended (8 NRC 725-26;

taff Exh. 13A, p. 2, §10; Staff Exh. 174, p. 3).

1. The Wall Problen

In late 1979 during a plant shutdown, the Licensee
reported deficiencies in certain double-block walls (wall problem)
in the Control Building Complex, which could influence structural
integrity and support of piping in the event of an earthquake.
3ecause the wall problem introduced uncertainty in issues that led
o interim operation, the Board issued an order requiring further
information on the matter and specifying that
3coard would be recuired for resumed operatiocn.
2 hearing on Decexber 28 and 29, 1979 for expediticus consideration

of cthe matters in this order. Testimony of witnesses at this

hearing satisfied the Boaxd that interim operation could safely
conzinue when permitted by th ffice of Inspection ané Enforce-
aenz (Tr. 3443-46, 344 .-30) Although both Licensee and Staff

cevelopments.

Z/vsdification of Order °er:;::;ng Interim Operation of Trojan Nu-
¢clear Planc, Nevember 30, 1§67
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Subsequently a report by the Staff's masonry consul-
tant cuesticned Licensee's assumed value of allowable stress in
acrtar bonding the double wall, '"collar joint stress' (Staff Exh.

19). This led to Staff's requirements for short term in situ tests :

Tegarding collar joint stresses and ill-defined leng term tests.
At the prehearing conference of March 11, 1980, a Staff witness
testified that double-block walls enter STARDYNE analyses and
explained the Staff's desire for a "confirmatory'" test program

(Tx. 3344, 3603-14). As a result, the Board continued to "Lew the

21

wall Problem as a potential issue and asked Licensee and Staff to

srovide evidence regarding it at the evidentiary hearing.

2. Objectives of the Proposed Building Complex Modifica-
tions -

Although the as-built complex was found to be capable
of withstanding the 0.25g acceleration of the SSE specified for
-rojan Nuclezr Plant, the design deficiencies both reduced the
consexvatiszm and cdesign margins with respect to seismic capability
Selow that intended for the £ the plant, and reduced the -
operating basis earthquake (0BE)== capability below that required

3¢ the oderating license (Staff Exh. 13A, p. 2; Licensee EIxh. 28
: g F

. 5 - 5 e A Lo e
aci stveagth to the Control Building, to tie the Control 3uilding

. s

‘That is, the facility Dust be designed so that, shoull there be
an earthquake providing thac defined level of wibratory ground
sosion &t the site, the plant nonetheless could centinue in
nor=il operation without undue risk to the public health and
safezy (i0 CFR Parc 100, Appendix A, §III(c)) The C.138 value
assizned to the O3E by the seismic criteria perzaining to the
Troian facility, is not in present dispurte
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together ia 2 better way, and to minimize the impact of the modifi-
cations on operation of the Trojan Nuclear Plant (Tr. 3705-07, 3764

(Anderson); Licensee Exh. 27, p. 13).

The objective of the proposed modifications is to
substantially restore the seismic margins and conservacisms intended
in the originasl design. Such are relied upon to account for
uncertainties in analysis, design and construction as well as
assuring that older plants, such as Trojan, do not need_ to be back-
fitted o mee:t newly-generated seismic design requirements that may

be more stringent than those usually required (Staff Exh. 174, p. 3).

C. DESCRIPTION OF PROPOSED MODIFICATIONS

The proposed modifications to the Control Building include
four new structural elements: three parallel walls running in the
North-South direction and a steel plate added to the west wall.

The railroad béy through the Control Building will be closed off
by two of these walls, and the third wall is an interior wall
crossing the current railroad bay (Licensee Exh. 24, §§l1.2.6,
3.2.1; Licensee Exh. 28, p. 10; Staff Exh. 13A, p. 6, §20;

3

703-05 (Anderson)). The four new structural elements proposed

are
&1 . - -~ < - : y’ -~ TER P T 1 v
(1) Adding an interior shear wall on column line XN
: - ™~ - 9 Wee 4 I RS2 - 1% - - *.,“.
in the Control 3uilding railroad bay structurally

- - - i - +a 1T R [ [ N = | -
connected to shear walls at column lines &1 and



(2)

(3)

o 14

46 and to the tnderside of the floor slab at
elevation 65 feet (Licensee Exh. 24, p. 3-3;

Licensee Exh. 27, pp. 8, 9).

Adding a shear wall on columm line R in the
Control Building railrocad bay structurally
connected by bolts and grouted reinforcement
steel to the existing north and west walls of
the Control Building (Licensee Exh. 24, pp.

3-2, 4-5; Licensee Exh. 27, pp. 9-10).

Adding a shear wall along column line N in the

e

Control Building railroad bay structurally
connected by high-strength bolts and grouted
reinforcement steel to the existing N line
wall above elevation 65 feet and the walls

at column lines 41 and 45 (Licensee Exh. 24,
pp. 3-2, 4-8; Licensee Exh. 27, p. 1ll).

Adding a three-inch thick steel plate ont

the cutside face of the R line wall to further

strengthen the west wall of the Control Building
d

extending from column line 41 to bevond

column line 46 and between elevztions 59 feecs
3 inches and 97 feet 3 inches with structural
connections to the existing R line wall by the

(Licensee Exh. 24, Fig. 3.1-2; Licensee Exh.

2t - - 10 .
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The adcéition of these four structural elements will add strength
directly to the areas of the Contrcl Building where the inherent
structural weaknesses were brought about primarily by the railroad

bay ovenirngs.

In addition to the four new structural elements, structural
improvezents will be made at several locations involving welding
of beam-ceclumn connections and connecting of discontinuous rein-

forcing steel. The six structural improvements proposed are: .

(1) Welding of existing bolted bdeam-cclucmn
connections on the south side of column

46-N beneath elevation 77 feet.

(2) Welding of existing bolted beam-column
connections on the scuth side of column

L6-N beneath elevation 23 feet.

(3) Making the existing horizontal reinforc-
ing steel continuous at the following

locations:

(a) In the 41 line wall at column line Q
between elevations 45 feet and 65
feer,

(b) In the 46 line wall at colum line N

petween elevati

O
23
w
r
wn
n
(47
7]
it
i}
(5
oan
§ -
i

v
14
rt

(e) In the 55 line wall at column line Q

a1y

eet, and
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() In the 55 line wall at column line N
between elevations 45 feet and 61

feet.

Making the existing horizontal reinforcing
steel continucus requires removal of
existing block and parts of the concrete
core in walls to expose the reinforcing

steel (Licensee Exh. 27, pp. 12, 13).

Certain ancillary work, not a part of the structural
enhzncement of the Building Complex, will be performed in addition
to the major structural work described. These include: modifica-
tions =0 safecy-related equipment, components, and piping necessary
for their seismic qualifications to the new building response
spectra, installation of a new louvered section in the Turbine
3uiléing wall along column line 41, relocation of the existing
Turbine Building roll-up door between column lines S' and T west
to zelumn line U to provide an air supply for the emergency diesel
gensrazcors a‘ter closing off the railroad bay, alteration of the
ra2ilroad spur outside of the Control Building, and installation of

.

4 new Sloor slab at elevation 54 feet 6 inches in the clased-off

h

portica of the railroad bay to accommodate use of that area as

0fZfice space (Licensee Exh. 27, op. 13-14).

D_ Ty AT AT Lﬁza"‘

sVl vl &

Azcng other things, the May 26, 19

£ 13 F 3 y > 1 St Tt 3 : ¢
on ¢f License regqulres tdat the Control Building be oTougat LnLo
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substantial compliance with Technical Specif.cation 5.7.1, of t!

e o

e
Trojan Operating License and to restore the intended design margins
of that Technical Specifications such that: (a) the Control Build-
ing OBE capacity of 0.15g is met using 2% damping (FSAR Table 3.7.1);
(b) the Control Building OBE capacity of 0.l13g and SSE capability

of 0.25g are met using a yield strength for reinforcing steel of
40,000 psi (FSAR §3.8.1.3.3); and (c) the masonry portions of the
Control Building walls comply with Uniform Building Ccde (UBC)

requirements for reinforced grouted masonry (FSAR §3.8.1.4).

1. Critaria for Determining Structural Adequacy

The criteria for determining structural adequacy of

both the unmodified and medified Control Building are complicated

.

by the fact that the major shear walls of the Building Complex zare
generally composite walls consisting of a reinforced concrete core
placed between two layers of reinforced grouted masonry. The
provisions of the UBC applicable to masonry are not applicable to
the combination of masonry and concrete making up the composite

walls. The UBC does provide for use of testing as an alternative
11/

lh

ormulas.

to the code

Y 7

==~'For example, existirg building codes do not deal with the tvpe
of construction present in the Complex in which a steel frame is
eabecced in cecoposite walls (Tr. 4420 (3resier)) Composite
walls, as used at Trojan are not addresseéd dv the UBC (Licenssze
Exh. 28, p. 28; Licensee Exh. 30; Staff EZxh. 1l7A, pp. 6£1-42).
Consecuen-;v the requirezen: in FSAR §3.3.1.5 that "concrete
block walls" be cesigned to U3C requirements Zor zasonry cannot
e met for the comxposite walls of the Complex for which there is
no applicable coce provisions (Licensee ZIxh. 25, p. 48). Instead,
in the absence of specific code provisions for composite walls,
a test srogr was utilized to provide the information and capa-
ciry criteria cthat building codes would have provided (Licensae
Exh. 28, 2. 25; Licensee Exh. 2%A, pp. 5-6).

be ot
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2. Determiring Structural Adecuacy

The appropriate criteria by which it can be
determined whether the requirements of the May 26, 1978 Order for
Modificaticn of License are met include: (1) the specificatioms
listed therein are used in the analytical model; (2) it is demon-
strated taat the oodifications would bring substantial compliance
with the seiszic design requirements of the Trojan FSAR as refer-
Technical Specifications 5.7.1; and (3) where substantial
literal cocpliance with those requirements is not possible due to
the type of building construction, then conservative engineering
judgments using alternative equivalent methodology are usad.

The capacities of the new reinforced concrete
walls and the new stzel plate to be added are determined by two
codes not reZerenced in FSAR §3.8, ACI 318-77 Cocde and AISC Manual
of Steel Ceastruction, 7th Edition, respectively. Their use is
consistenz wita that section's requirements regarding these

-}

waterials (Licensee Ixh, 28, p. 47; S.aff Exh.
Tz. 4405 (Waite)).

b. Seiscic Inout for the An

The seisaic input criteri
analvrtical zocdel were provided for in the
specifications were used accordingly except

the £loor responmse spectra. A new arti
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ground respomse spectra. The new frequency intervals selected for
the ground response spectra are in accordance with current practices
as set forth in Regulatory Guide 1.122. A reassuring result is

that the new floor response spectra enclose the one used for the

original seiscic design of the Building Complex.

ied

Hn

2. Determing Structural Adequacy of the Modi
Building Complex

The modified Building Complex was moceled and analyzed,
with the three dimensional finite element STARDYNE computer program
used for evaluation of the current unmodified Building Complex for
interim operation (Partial Initial Decisicn, 8 NRC 717, pp. 730-33).
Tais model generates loads. displacements and £loor response

spectra using the specified seismic input discussed abcve (Licensee

Exn. 28, p. 36).

The determination of the structural screngths (capaci-
ties) of the composite walls unique to the Control Building was
de-ived from zes: results, with proper applicaction to the individus
wall panels ia the modified Building Complex prov’ ed as an
al-ernative in the UBC. The various potential e
collection of wall panels of having the steel frame embedded in

the cozposite walls were also assessed and accounted for in the

- T - * < - % - ' 2dad 22t -~ = 1 " -

analycical =odel. imilarly, the added walls and steel piaces weze
1 2 . ¥ - - = ama esa Y 1 -

nalyzed to assuce that the appropriate amounts oI siear wall capas

cicias would Se realized.
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The STARDYNE Analvtical Model

The analytical model was based on actual knowledge
of the distribution of mass within the Building Complex, and the
requirenments ¢f TFSAR §3.7 with respect to lumping masses were com-
plied with (Licersee Exh. 28, pp. 37, 40; Staff =xh. 13A, p. 12,
§3.2.1.2.2). The stiffness of the structural elements in the model
was based on rcaterial properties of those elements (Licensee Exh. 24,

App. B, p2. 3-5 to B-5-c).

The analytical model assumes linear elastic
behavior and does not directly model potential nonlinear behavior.

Nonlinear behavior, in tumn, could result in a2 reduction of stiff-

ness of the structural elements, a change in its natural frequency,

and & potentizl for change in the seismic loads imposed on the
structure as a whole (Licensee Exh. 28, p. 22; Licensee Exh. 29A,
13-14) . A reduction in stiffness will also
displacement. The change in building

floor respecnse spectra and may ther

appropriate broadening
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in the analysis were the effects of cyclic loading Zrom earthquakes

and resulting cyclic degradacion previcusly verified in the wall
18

test prograx (Staff Exh. 13A, pp. 15-16, §3.2.1.2.18). The resulc-
ing seismic analysis was performed in accordance with the applicable

FSAR criteria on seismic system analysis (Staff EIxh. 13A, pp. 10-13).

b. Sources of Nonlinearity Accounted For

*- The sources of nonlinear behavior considered by
the Licensee included cracking that develops in the concrete of the
wall panels (Licensee Exh. 28, pp. 23-34) and potential lack of
connectivity between wall panels which are partially separated by

embedcded steel columns (Licensee Exh. 28, p. 34).

The nonlinear behavior oz the c.acking in the
concrete wall panel was accounted for through the use of stiffness
reduction factors derived from the results of the Licensee's test
program (Licensee Exh. 28, pp. 35, 38, 40 and 44; Licensee Exh. 24,
App. B, pp. B-5-c, B-5-d; Staff Exh. 13A, p. 62, §5.1). Because
the stiffness recduction is a ‘unction of shear and norcal stresses,
iterative STARDYNE analyses were performed ~ : pro-
priate reduced stiffness properties (Staff Exh. . . % €

Licensee Exh. 28
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the model, the normal stress parazeter in detarmining stiffness,
ancd the overall bending parallel to the component of the earthquake

being ccnsidared tending to change stiffnesses at each end of the

wall.

The Licensee initially used the embedded steel
frame as vertical reinforcement in the analytical model (Licensee
Exh. 2§, pp. 40-4l). To remove the concern of the effect c¢f this
potential nonlinearity, the Licensee submitted an evaluation
indicating the impact of neglecting the contribution of the beam-
column connections to stiffness with appropriate consideration for
the result (Staff Exh. 13A, pp. 63-64, §5.1.1.1; Licensee Exh. 25U;
Licensee EZxh. 23, pp. 67-69; Licensee Exh. 33).

The Licensee concluded that the normzl stress
paracmeter contributing to wall stiffness consisted of the dead locad

0f the portions of the wall abov: the elevation under consideration
(Licensee Exh. 28, pp. 41-42). The potential effects for reducin

this cdead Zcad considered were the effects of creep and shrinkage,

<

- -
-

stiffening of beams due to encasement in concrete and the effect of
changes in mean wall temperatures for exteri-r walls. The potentizl
eZfect Zcr increasing the dead load considered was the vertical

growsh in the wall panels in an earthquake due to the development

of flexural cracking. The vertical growth was found to more than

cozpensate for the potential reduction factors even when panels were
sudjectad to stress cveles (Licensee Exh. 25Q, Attch, &; Licensee

Exx., 25U; Licensee Zxh. 28, pp. 43, 70; Lizensee Zxh, 32; Licensee

S
"
(5
w
W
St

(=Y
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Seismic loads create a nonlinear "'gross bending
effect" which tends to increase compressive load on one end of a
wall which is parallel to the component of the earthquake and to
decrease =he zvailable normal stress on the other end of that wall.
This, ia =zurn, zesults in an increase and decrease in wall stiffness
in the lczzl wall areas (Licensee Exh. 28, p. 43; Licensee Exh. 29A,
?p. 13-15; S=aff Exh. 13A, pp. 66, 68, §5.1.1.3). Although the
STARDYNE aralvsis did not account for this gross bending behavior,
evaluatioas 5y the Licensee assured that overall stifiness would
not change subscantially (Licensee Exh. 28, p. 43; Licensee Exh. 294,
gp. 13-15; Licensee Exh. 25Q, Attch. 1,2 ané 9; Licensee Exh.

32; StaZf Exh. 17A, pp. 29-30).

¢. Load Determinations

- The STARDYNE linear elastic analysis predicted the

magnitude of the seismic loads toc be resisted by the modified

.

Buildinz Cecxolex and predicted the distribution of such loads among
3 : g
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the modified Building Complex
(Licensse Zx>. 24, pp. 3-11, §3.3.1). Postprocessing of results,
iterative calculaticnal cycles, and supplemental analyses performed,

as dascribed zhove, have accounted for the effects on zredicted

(W

loads o0f ==e influence of sciffness reduction
The relative load cdistriburtions among the major

» - - 1 i - . A . oy ) .-v:: . b-‘ .- S
» p : : AR ane 1 W o~ - s wads ~ -
snear WE..S5 wWili not Re caanged o -ne STli.Nless Tecuciion =I0d

. g, % - —ae < : y | : -~ : ™ Nmmem o am ) casmen - -
dead 1c0ad zeduction and neglecting the beam-column connections
T3 - 2 L R 3. 2 - < amds &2 3 -
(Licernsee Zx=. 23, pp. 31, 43). Reductions in stilflness cue to
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gross bending elfect will be offset by an associated change in
shear capacity to satisfactorily account for potential shifting of
load from panels on the teasion side of a wall to pznels on the

compression side (Licensee Exh. 25Q, Attch. 1; Licensee Exh. 28,

p. 70).

An overall reducticn in the stiffness of the
modified 3uilding Complex due to potential nonlinear behavior woul
not result in a significant increase in the total inertia forces to

be resisted by the structure, since the natural frecuency of

T

h
or
5
m

wodified complex approximates the frequency which corresponds to

the peak of the ground response spectra (Licensee Exh. 28, pp. 30,
s ¥ -

38-39, 45-46; Tr. 4424-25 (Holley)).

d. Cesacities Determination

The composite wall capacities were datermined by

the Licensee by use of testing as provided in UBC §106 and §107

(Licensee Exh. 28, p. 48; Licensee Exh. 29A, pp. 5-6; Licensze Ext

30; Staif Exh. 17A, pp. 41, 42; Tr. 4420 (3resler)). The Licensee

0.

erived capacity criteria Irom the results of a test program using

-

23 test specimens which sinulated the parameters cf the existing

\.-..5

- £ + » 2 - - Tar "7/ a . \_1
walls of the Building Complex (Licensee Exh. 24, App. A., 2p. A-l
- A ") s - amd o -~ o e e ] -l - e -~ e = - e
- .".-J «ne Sa&les =aLS O% \-0..5 (SRS s A -ae :‘-.:?e..._ radaend a8nc Gr =




25 -

The test projran was adequate to provide valid

{aforzation on the behavior of composite walls and allow the deriva-
tion and verification of capacity criteria (Licenmsee Exh. 28,

9. 25-26; Tr. 4468 (Laursen); Licensee Exh. 29A, p. 8; Tr. 4431,

4444 (3resler); Tr. 4431-32 (Holley)).

Tke behaviorzl characteristics of the test speci-

=813

w2

@ used to cdevelop a theoretical double curvature shear capa-

city of incdividual wall parels as a function of the percentage of

70 arrive
lated t=e couble curvature

ivern wall using the

(]

vertical reinforcing steel and the vertical or dead load acting on
the wall Capacities derived by application of this equation ignored
the Soncé Detwesn the steel columns and the composite walls (Licensee
Zxh. 28, 2. 49). This veflects at least the same level of conserva-
tisa as cocde Equations (Tr. 4431 (Bresler)).

at capacity values, the Licensee calcu-
capacities of the individual wall panels

-
-

cheoretical rflexural equaticn. Each

= idual wall panel's diagonal tension capacity wes also computed
based on the lower bound diagcnal tension capacities derived from
the tes: -esults. The lower of the panel's double curvature and
diazgonal ctension capacities =multiplied by an appropriate cszpacity
reducticn Sactor, was then considered to be the ultimate seismic
casselizy of the panel The ultimate seisxzic capacity of an encire
wall %83 thea obtalined by suzmacion of the capacitias of individual
sa=als ‘Licensee Exh. 24, 7p. 3-18-b to ¢, §3.9.2.2, Tadle 3.5-1

E 8 2, Tz, J.5+8 to 1l; Oregon Exh. 2, p. 7; Tz, LA4S (Holley),
Lil3-3% (3zesler), 4468 (Laursen)).
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After later evaluations were requestec by the

Staff, Zuszther capacity calculations were made such that the capacity

projectad for a given wall be selected as the lowest capacity for
any of four pctential modes including single curvature flexural and
sliding failure in ~ddition to the double curvature flexural and
iagonal zension failure capacities. Potential dead lecad reductions
were also considered in the determination of the walls sliding and
the single ané double curvature capacities (Staff Exh. 13A, pp.

71-74, §5.2.2.1). Licensee satisfied the Staff's concerns in these

Staff Ezh., 174, p. 31).
In all determinations of capacities, the design
strength ¢ the reinforcing steel and the design streagth of con-

=
crete were used even though tests have shown that actual strengths

are Larger than the design strengths (Licensee Exh. 24, pp. 3-l8-e.
3-23, 3-27, §§3.4.2.2, 3.6.1.2, 3.6.2; Licensee Zxh. 28, p. 43).

The transfer of shear forces fr-om exi

wn

ting struc-
tural e.exzents to the new ones will utilize a post tensioned bolt

syscex o ¢lacp the new and che cld together and roughening of the

et ¥ re ou O i - . 2 - . - -~ &= 3 A%

wastls (Lic.asee Zxh. 28, p. 47; Liceasee ZIxh. 33; Stall Exh. 1lda,
- - - - - - -~ - —~ ’ - - 2 P21 A -~ - s - - N\

s, 89=70, §5.2.%; Tx. 4365 (White), 4519-21 (3roenl))
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e. Cocparisca of Capacities to Loads

The capacity of the modified Building Complex to
resist bo:ﬁ the SSE and the O3E must be established. Since the OBE
governs the design of the Building Complex and satisfaction of the
O3E design criteria would also constitute satisfaction of the SSE
desizn criteria, the controlling load combination and acceptance
criterion is that of the 032 (Licensee Exh. 24, pp. 2-1, 3-20,
§§2.1, 3.5; Staff Exh. 13A, pp. 17-18, §3.2.2.1.3). This criterion

r

aquires that there exist a margin of 407 between the calculated
loads and the corresponding ultimate capacities of the modified

Building Complex (Licensee Exh. 28, p. 58; Tr. 4423-24 (Holley)).

Capacity to force comparisons show that all but
two of the minor shear walls in the modified Building Complex had a
margin of at least 407 between ultimate capacity and unfactored OBE
loads (Licensee Exh. 24, pp. 3-21). Each of these two minor shear
walls contributes a very saall percentage of the total shear
cagacity of the Building Cocplex. Loads predicted
Dy these two walls were readily shown to redistribute to the adjacent
2ajor shear walls (Licensee Exh. 28, p. 39; Licensee Exh. 30).

Moveover, ro sudstantial deterioration of these walls would be

expected Zrom an SSE (Oregom Zxh. 2, pp. 7-8; Licensee Exh. 28, p.
23; Licensee Zx=. 39; Tr. 4362-83 (White)), and no equipment would
=8 i=pacted By any wall degradation that migzht potentizlly take
Dracw (SEass Exi. LIN, 9.3, §3.12)

b



- 38 .

r

seismic

O
rh

The Staff requested further evaluations
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pability, i.e.,

=

single curvature and sliding capacity failures, neglecting contri-
butions of bean-columm connections in determination of stiffness, F
the gross tending effect on stiffness and load distributions, and

reduced coefficient of friction for the bolted connections for the

R-line and N'-line walls. Since most of these might have their

ities 0f the added shear walls on

N-line, ¥-lirne and R-line, the added conservazive analwvsis does
eassure that the intended capability axist (Tr. 3532, 4369-70
Chang-Lo); Licensee Exh. 28, pp. 59-60; Licensee Exh. 25U, Attch.
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for by analyzing the worst possible -ombinations of loading and

structural ber:vicr (Staff Exh. l7A, pp. 39-40).

f. Building Displacszents

Consideration of building displacements is neces-

sary to verify that (1) adequate clearance exists between adjacent

gtructures so that any displacements incuced by an earthquake
(interstructure displacements) will not result in contact .., and
physical damage to the adjacent structures and (2) neither = lative
displacements between stories of a building (interstory dicsplac ment)

-

‘nor interstructure displacements will adversely affesct equipzent

that is attached to more than one story or which runs between

buildings.

The displacements for the modified Building Complex

T

were determined as part of the output cf the STARDYNE analysis used

>

to determine structural adequacy (Licensee Exh. 28, p. 60). The
TARDYNZ analysis provided elastically calculated displacements
which zeccounted for the ncnlinearities due te the materiazl charac-

teristics of the walls. Supplemental ca

to account Sor rthe additicnal nonlinearities consicdered under

B S M T AL 3 /T e 8 B T fmnvod -
codified 3uilding Complex (Licensee Exh. 28, p. o0; Licensee X0
~ zwe = 1T a ~y
c3u: Stall Exx A, D 2)
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The structures adiacent, but not connected to, the

Building Complex are the Containment and the Turbine Buildings.

Containment Building interface is quite large and do not present any

potential for impacts during an SSE (Licensee Exh. 25H).

The availabls clearance at the interfzce between
the Control and Turbine Buildings in the modified Building Complex
will be reduced at elevations 69 feet and 93 feet by the addition
of the steel plate to the west wall of the Control 3uilding
(Licensee Exh. 25E). By removal of a part of a concrete flocr sladb
at elevation 69 feet and of part of the flange of a steel girder at
elevation 93 feet in the Turbine Building, the resulting clearances
between the Buildings at these levels are respectively at least 2.5

inches and 2.0 inches (Staff Exh. 17A, p.

ro
[—‘
I

5 censee Exh. 23,
pp. 61-63). Even after including the added factor of 2.1, there
is ample clearance since maxizaum reduction in gap is 0.29 inches and
1.10 inches, respectively, at the 69 feet and 9

between the Conctrol and Turbine Buildings (Licensee Exh. 28, pp. 61-63).
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expected though still greater than the postulated zllowable value.
Licensees' witnesses explained that there are no heavyweight double-
block walls in the Control Building that are relied on in the
STARDYNE mocdel and that the heavyweight block walls in the Building
Complex 2s a whole contribute less than 2.5% to the total shear
resistance of the 3uilding Complex (Tr. 4893-94, 4729). This effect
on structural integrity is therefore considered negligible, but
there remains the matter of adequately supported safety-related
piping, discussed post.

.

h. Conclusicns of Structural Adequacy

The Board concludes that a thorough and extensive
analysis has been made of the modified Building Complex and the
effects unlergone in the event of an SSE or OBE. Specifically, the
Board finds:

(1) That an appropriate seismic input

criterion is used in the analytical

(2) That che STARDYNE analytical model

nonlinearicies and repetitive earth-
guake events was an approprizte and

L2 - - - - . -~ T A B ] Ras s S0
) That aspropriate seismic anzlvses ware
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(8) That the effect of the "Wall Problem"
on structural integrity of the Build-

ing Complex is negligible.

3. Seismic Qualifications of Equipment, Cocmponents and
Piping

and piping in the mo. ified Building Complex must be seismically
qualified to withstand the OBE and SSE and continue to operate
satisfactorily. The method of seismic qualification to the origiral
ground level response spectra at elevation 45 feet which was
specified in FSAR §§3.7, 3.9 and 3.10 was also used to determine

the sefsaic qualifications of equipment, componants and piping for
the modified Buildin 3

Complex (Licensee Exh. 24, App.

B
§1.2; Licensee Exh. 28, p. 64).

a. Tlocr Response Spectra

The SSE floor response spactra Zor these floors in
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proceecings, they —ust now be developed to account for changes in
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the preozcsac codifications.
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- The new 03E and SSE flocr response spectra have
been generzted using the artificial time history and frequency inter-
vals previously cescribed (§II-D-l-b, supra) and the STARDYNE model
., pp. B-2, B-3, §§2.2.1.1, 2.2.1.2). The
resultiag ces;onse spectra curves were then broadened to account
or variations in tass and for variations in stiffness due to
variations in the modulus of elasticicy and in the stiffness reduc-
tica factors cue to dead load, shear stress and experimental
uncertaintlies. The response spectrz curves were also brozdened on
the low fraquency side of the response spectra to account for

reduction in stiffness due to the postulated cccurrence of
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fety-Related Equipzment,
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1icensee has —zce a commitment to evaluate th

eiszic qualification of all saZl fety-related equipment, components
g Cocplex using the revised response spectra
oped adcvs. Modifications will be implemented tc assurs quali-

ficasions basei o1 these evaluazionms (Licensee Exh. 24, pp. &4-4,

4-8, §5-1, §§4.2.1, 4.2.5, 5.2; Licensee Exh.
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Lice=s2e =¥a. 25G; Licensee Exh. 27, p. 13; Licensee Exh. 28, po.

¢. Infiuence of the Wzll Problem on Eguipment
Qualification

Much of the safaty-related equipment that had been
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4792-98).
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ansee has agreed to confirmatory testing of suppert
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anchors in te-block walls, although loads have been reduced

(Tr. 4701-02, 4743-45).

In view of the Licensee's agreement to resolve
v
remaining coutle-blick wall issues before resuming operation, and
the negligible influence of these walls on structural adequacy, the

Board is persvacded that the wall problem has been explored adequately.

¢. Conclusions on Seismic Qualifications of Safety-
Relatad Eguioment

The Board find
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cations deterzined by application of the revised response spectra

to all safetr-related equipment, components and pipinz in the
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cesizz 2=d evzluation to be both reasonad
that the criteria had been applied properly to the walls cf the
Building Complex. They concluded that the modification design, in

their jucdgzment, would bring the Control Building into substantial 2

oa

compliance with the originally intended desizn (Licensse Exh. 294,
5

In addition, the Staff testified that the Licensee
has prozerly accounted fcr the limitations in STARDYNE and for
uncertainties in structural behavior and in applying the test pro-

s -
ults with the results t
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2. YORISTICATION WORK AND EFFECTS ON SAFETY CF PLANT
oj“: h"ﬂ -y
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with t-2 exception of installatiorn of massive plate 8, the
plant is expacted to be in operation during the Control Building 2
zo€ification work. The possible influence on safe operation was

exzzived ia detail znd protective measures were cdevised where appro-

.

priazte. 0Ojectives were to protect safety-related equipment from
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izl dacege and deleterious effects of dust and vibration, to
evant intexzference with operation by noise or Control Rocm traffic
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observasions of all combustible macerials

acdad to such safety-related areas.

(e) Scaifoléing and timber planking shall be
installed 2zainst the R line wall in the
Cable Spreading Room during the installa-
tion ¢f the steel plate washers at each
locatt \ where a potential plate washer

drop onto a cable tray could exceed three
feet. The planking shall be plzcad and

. : . - P 3
constructed o limit the maximum height
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