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' UNITED STATES OF AMERICA.

' '

NUCLEAR REGULATORY COMMISSION

3E70RE THE ATOMIC SAFETY ann LICENSING BOARD

In the Matter of ).~

) Docket No. 50-344
PORTLAND GENERAL ELECTRIC COMPANY, ET AL. ) (Control Building)

)
(Trojan Nuclear Plant) )

NRC STAFF REVISED TESTIMONY OF KENNr at S. HERRING AND |
DREW PERSINKO ON THE STRUCTURAL ADEOUACY OF THE

PROPOSED MODIFICATIONS TO THE TROJAN CONTROL BUILDING

Q.1 Please state your name and position with the NRC.

A.1 My name is Kenneth S. Herring. I am a Senior Structural Engineer in

the Engineering Branch cf the Division of Operating Reactors, Office

of Nuclear Reactor Regulation.

A.1 My narae is Drew Persinko. I am a Structural Engineer in the Engineer-

ing Branch of the Division of Operating Reactors, Office of Nuclear

Reactor Regulation.

Q.2 Have you prepared statements of professional qualifications?

A.2 Tes. Copies of our statements are attached to "NRC Staff Revised

Testimony of Kenneth S. Herring and Drew Persinko on CFSP Contention

20,12/13 and 16 and on Structural Aspects of the Modification Work Itself." |

I
;

Q.3 What are your responsibilities with regard to the NRC Staff's review of

lthe proposed modifications to the Trojan Control Building?
i

1
*

A.3 (Mr. Herring) As a Senior Structural Engineer, I have prime responsi-

bility for the Staff's structural and mechanical review and evaluation

|
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of the proposed modifications. This includes a review to determine

what structural effects actual modification work itself might have on

existing structures as well as a review of the modifications to determine

whether they will substantially rastore seismic margins to the Control

Building Complex and bring that Complex into substantial compliance

with the requirements of the Trojan license. It also includes assuring

that any effects of the modificatior.s on the response of safety related

systems, piping, equipment and components are adequately accounted

for.

A.3 (Mr. Persinko) As a Structural Engineer in the Engineering Branch, I

am responsible for assisting Mr. Herring in the structural review and

evaluation of the Control Building modifications described by Mr.

*Herring.

Q.4 What is the purpose of this testimony? I

l

!
lA.4 The purpose of this testimony is to present the Staff's basis for requir-
]

ing modifications t- the Trojan Control, Auxiliary and Fuel Building

Complex (Complex), the Staff's position on the time dependence of interim

operation, and the Staff's assessment of the structural adequacy of

the proposed modifications to the Complex to restore the seismic

* margins to the Complex and to bring the Complex into substantial

compliance with the requirements of the Trojan license. In so doing,

we will describe the unresolved items identified in the Staff's Safety

Evaluation Report (SER) on the proposed modifications and indicate the

status of resolution of those items.

i
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This testimony is also intended to provide responses to the struc-

tural questions set forth by the Licensing Board at the Prehsaring

Conference on March 11,1980, and to address the structural aspects of

Coalition for Safe Power (C7SP) Contention 22.

I. REASONS FOR REQUIRING MODIFICATIONS

Q.5 Are the modifications required by the May 26, 1978 Order for Modi-

fication of License considered applicable to the SSE as well as the

OBE? *

A.5 (Mr. Herring) Yes. The Order required substantial restoration of

original design margins for the SSE as well as the OBE.

Q.6 Why is restoration of margins necessary?
;

A.6 (Mr. Herring) These margins are necessary to account for

uncertainties in analysis, design and construction procedures,

and in addition, are relied upon by the NRC in assessing the

designs of older plants in light of current-day seismic design

requirements.

Q.7 How have seismic design requirements changed since the time Trojan

was licensed?

A.7 (Mr. Herring) A chronology of basic seismic design requirements,

including those from around the time Trojan was designed to the

present, is set forth below.

i
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The basic seismic design requirements have undergone many changes

over approximately the past 25 years. Prior to 1960, there were no

specific requirements other than those contained in local building

codes. Since that time, the development of the basic seismic

design practices can be generally summarized as follows:

PRIOR TO 1960 Uniform Building Code Requirements

Static seismic coefficient applied to .-

structures

Ground motion described by Housner's1960 - 1964 -

* averaged ground response spectra.

- Single degree of freedom systems were used
for the evaluation of seismic responses.

Horizontal and vertical earthquake responses-

were not combined.

1965 - 1967 - Ground motion described by Hmasner's averaged
ground responses spectra (in some cases
Hout;ner made revisions from the previous
spectra).

Multi-modal two dimensional models were used-

for the evaluation of seismic responses.
The response spectrum approach was used most
often. Time history was used occasionally.

Damping values were taken as 0.5% for piping.-

1% - 2-1/2% for sesel structures, and 4% -
7-1/2% for concrete structures.

Compliance (flexibility) for plant foundation-

medium was considered.

Sum of the absolute value of the responses-

arising from the largest horizontal and the
vertical earthquake was generally used for
response determination.

,
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1967 - 1971 Ground motion described by Housner's averaged-

ground response spectra modified, especially
in short periods, using Newmark criteria .

(known as modified Newmark spectra, 1967 - 1969).
.

Soil structure interaction effects were con--

sidered using discrete soil springs and in
some cases assuming material damping.

- Floor response spectra generated and used in
the evaluation of equipment and piping.

1971 - 1973 Modal damping values for the soil-structure-

system to represent contributions from both
material and radiation damping limited to
10% of critical damping.

1973 - 1977 - Reg. Guides 1.60 and 1.61 were introduced to
define ground response spectra, and damping
values (for structures, piping, equipment and
components), respectively.

Damping for small and large piping was raised-

to 2% and 3%, respectively.
1

- Soil damping determinations were required to
account for the nonlinear stress ,- strain
relatienships for the foundation medium.

Finite element procedures were required in-

the calculation of soil-structure interaction
for deeply em' bedded structures.

Three components of earthquake motion were-

required to be considered by taking the SRSS
of the responses to each component (Reg. Guide
1.92).

Floor response spectra generated per Reg. Guide-

1.122.

AFTER 1977 Layered soils accounted for in an elastic half-

space soil-structure interaction analyses.

- The limit of 10% of critical damping on modal
damping values in soil-structure interaction
analyses was removed.

.
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- Comparison of elastic half-space and finite
element soil-structure interaction analyses
results.

Q.8 How do current design requirements compare to those used for plants

such m. jan?
.

A.8 (Mr. Herring) In many respects they are more stringent, especially

with regard to the definition of seismic loads.

Q.9 Why are older plants such as Trojan not required to be backfitted I

l

to meet current requirements? I

A.9 (Mr. Herring) There are conservatisms in the design of the struc-
|

Itures of older plants, such as Trojan, which are relied upon in

determining that backfitting to meet current requirements is not

necessary. In general, these conservatisms can be summarized as

follows.

Conservatisms associated with the methodologies for seismic analysis
and design.

a. Conservatisms for structures, systems, and components.
.

1. Dynamic analysis.

Elastic dynamic analysis are performed using low
damping values and time-history or response spectrum
analysis methods. In modal response spectrum
analysis, closely spaced modes are combined by
absolute summation.

|

|
|
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2. Three input components. |

Three input components of an earthquake (2 horizontal |

and 1 vertical) are considered. Both horizontal
earthquake components are assumed to be equal.

,

3. Loading combinations.

Loading combinations consider other loadings (e.g.,
dead weight, live loads, pressure loads, etc.) in
addition to the seismic loadings. Seismic loading is ;

only a part of the total loading and in fact, other
loadings besides seismic may in cases govern design.

b. Effect of inelastic behavior. '

In reality, well engineered structures, components and ,

systems are capable of sustaining loads which are beyond !
those which would bring them to their elastic limit with- |

out sustaining damage. For small excursions into the
inelastic range, seismic inertial loads arc reduced as a
function of the amount of inelastic action in comparison
with those calculated elastica 11y. This phenomenon can
be considered by the use of a ductility factor which is
equal to unity for purely elastic behavior and increases
with increasing inelastic behavior. For example, a ducti-
lity of 1.5 would have the effect of reducing accelerations
of elastically calculated response spectra by as much as
1/3. Here ductility is defined as the ratio of displacement
level in the nonlinear range to the displacement associated
with the yield point for an elastic / perfectly plastic re-
sistance vs. displacement function.

Conservatisms in the structural and mechanical resistance,

a. Allowable stress limits.

Engineering codes specify " code minimum strength" for materials.
These code minimum strengths are in turn specified by the
applicant when the materials are ordered; any material tound
to be under that strength is rejected. The result is that the
material supplier provides material of higher strength. Also,
margins exist between allowable stresses and ultimate strengths.

b. 28-day concrete strength (structural only).

Designs are usually based upon the 28-day design strength of
conctate. Concrete continues to gain strength with increasing
time beyond 28 days. Additionally, the strength at 28 dayr
often exceeds the called-for design strength.

.

.
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c. Static strength vs. dynamic rasistance.
Code material strengths are based upon static load tests.
Since dynamic loads contain a limited amount of energy and are
applied at a faster rate, the margin between stress limits and
failure for dynamic loads is greater than that for static ~

loads,

d. Standard size structural members and pipes.
The design of the structural elements is such that their
capacities usually exceed the requirements called for by the
analyses. Much of the actual structural design is controlled
by the availability of standard structural members such as
beans and piping sections, so that larger sizes than are
needed are often used.

e. Redundancy in indeterminite structures and components allows
for redistribution of loads.

' From the standpoint of function, major structures and com-
ponents can tolerate much deformation, and typically failure
of numerous structural members. This deformation and loss of
structural members can be sustained because of redundancy,
(i.e., more than one path available to carry loads) which
allows for redistribution of loads formerly carried by failed
members.

f. Ductility to failure.
,

1

In deforming to failure, beyond the elastic limit, the in-
elastic behavior of well engineered concrete and steel struc-
tures, components and systems provides for energy absorption
normally counted on in design,

lg. Minor attachments absorb energy. '

Nonstructural elements which are not considered to carry any
loads in design, do absorb energy through inelastic behavior
or collapse during a seismic event.

4

q.10 Does damping increase with increased nonlinear behavior of the

structure?

A.10 (Mr. Herring) Yes, in the sense that " damping" is used to refer to

increased energy absorbeton of the structure with increased nonlinear

behavior.

.
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Q.11 Can that increased " damping" be relied upon in determining cov

formance with the Trojan design criteria?

A.11 (Mr. Herring) No. This increase in " damping" (or energy absorp-

tion) is.one of the items relied upon by the NRC in determining

that it is not necessary to backfit the older plants to current

seismic design requirements which have become more stringent with

the evolution of NRC requirements. Also, it must be recognized

that,.on the basis of the results of the test program carried out

by PGE in support of the proposed modifications, the proposed

modifications will result in less conservatism inherent in the

modified Complex than that which would have been present had there

been no design deficiencies.

Q.12 Why are design rather than as-built material strengths now being

used for capacity determinations for the modified Complex?

A.12 (Mr. Herring) These too are some of the conservatisms previously

described as being relied upon by the NRC in determining that back-

fitting to current design requirements is not necessary.
*

.

Q.13 Your testimony for interim' operation indicated that the structure
,

was capaole of resisting earthquakes in excess of 0.25g and, in

fact, as high as 0.35g. What was the basis for your judgment in

this regard?

A.13 (Mr. Harring) That judgment was based upon a 0.35g earthquake as

defined by the Trojan FSAR seismic input criteria and an assessment
.

1
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of capacity based upon extrapolition of test data La existance at

the time which was not directly applicable to Trojan. It was also

based upon allowing for energy absorption through inelastic be- ,

havior of the structure. Only the structure was c'onsidered. While

the structures and systems within the Complex are felt to be capable

of resisting earthquakes in excess of 0.25g as defined by the

Trojan criteria, at some level below 0.35g there may be local

failures of piping and equipment supports which were not factored

into this consideration, and the type and extent of these potential

failures were not analyzed.

Q.14 Does the Cemplex in its present configuration have appropriate

margins to substantially meet the FSAR commitments?

A.14 (Mr. Herring) No.

Q.15 Are the margins which are present adequate to provide for operation

of the facility for the remaining duration o,f its operating license?
.

A.15 (Mr. Herring) No.

|
|
'

Q.16 Explain why they are not.

A.16 (Mr. Herring) As I discussed at the December 28, 1979 hearing

session, it was determined to be acceptable for the facility to

operate at reduced margin until appropriate modifications could be |

made to substantially restore the margins suggested by the initial

I

:

| t
I
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design criteria. The time period necessary to implement the modi-

fications, and that during which the margins would be reduced, is

substantially shorter than the time remaining until expiration of -

the Trojan operating license. The concept of overall risk, as is

ingrained in load combinations, provides the basis for this.

Q.17 What is the time for which interim operation should be allowed?

.

A.17 (Mr. Herring) As I discussed at the December 28, 197S nearing

session, there is no explicit time limit although the length of

interim operation is time dependent. Operation for a period on the

order of about 3 to 4 years or so from the issuance of the May 26,

1978 Order would be appropriate.

II. STRUCTURAL ADEQUACY OF THE PROPOSED MODIFICATIONS

Unresolved Items in The Staff's SER of Februarv 14, 1980

Q.18 Please id-.tify and describe the significance of the unresolved

items with regard to structural adequacy of the proposed modifi-
'

cations that are listed in the SER.

A.18 (Mr. Herring) The items identified in the SER as unresolved |

which have a bearing on determining the structural adequacy of

the proposed modifications are:
|

(1) Sethod of accounting for the encased steel frame in

deriving stiffnesses (SER 55.1.1.1, p. 63). In this

regard, the effect of double curvature behavior had

not been accounted for and it had not been shown that

double curvature behavior would not occur. Moreover,

the licensee's assumption that slip in thi beam-column

.

. . -
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connections would be sufficient to develop twice the

AISC allowables was not demonstrated as valid. The
significance of this is that the stiffness derivation

for the modified Complex had not been shown to be ade- -

quate insofar as stiffness is dependent upon proper

treatment of the encased steel frame.

(2) Dead Load Determination (SER 55.1.1.3, p.65) . Stiff-
ness of the structural elements is proportional to the

normal forces on the elements and the normal forces are
dependent upon the dead load and the vertical earth-

quake components. In this regard:

(a) The effect on dead load of creep and
shrinkage had not been adequately
quantified;

(b) The assumed value of shrinkage strain
had not been adequately considered;

(c) Stiffening of beams due to encasement
in concrete and the effect of this on
dead load had not been properly con-
sidered; and

(d) The effect of a 50'F change in mean
temperature on dead load reduction for

exterior walls had not been addressed.

Each of these matters will affect the dead load in valls.

Without properly determined dead losu, normal forces and,

therefore, stiffnesses cannot be correctly determined.

(3) Grose Banding Moment Effects on Stiffness (SER 55.1.1.3,
pp. 66, 68). Gross bending moments from an earthquake
vill cause shifting in wall normal forces and, therefore,

shifting in stiffnesses. Any tension induced in walls

from this gross bending moment effect must be shown not

to be detrimental to stiffness over a number of cycles

(the licensee's test program accounted only for com-
pression, not for tension effects). The effect on stiff-

ness of tension and cycles of tension from the gross

bending moments must be quantified before stiffness of
the modified Complex can be adequately known.

9
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(4) Single vs. Double Curvature Mode of Failure (SER 95.1.1.4,
p.68). The licensee's test program did not demonstrate the
actual behavior of walls in the Complex and whether the

~
single or double curvature mode of failure would occur.

Stiffness is dependent upon whether walls behave in the

single or double curvature mode. Consequently, because
neither mode of behavior has been fully demonstrated to be
applicable to the Complex exclusive of the other, both modes

of behavior and their effects on stiffness should be
accounted for.

(5) Capacities of new structural elements (walls and plate) -
slippage and the coefficient of friction between steel and

concrete (SER 55.2.1, p.69). Stiffness in the structure

will decrease due to overturning moments and single
curvature behavior. The new structural elements must
be capable of withstanding these effects and this, La
turn, is dependent upon slippage and frictional resistance. |

The use of a 0.7 coefficient of friction between the
steel plate and concrete, relied upon to transmit seismic '

forces to the piace, required justification. Similarly,
the resistance to sliding between columns snd footings
needed to be justified. The capacities of the new structural

elements, and therefore of the modified Complex, is
dependent upon a demonstration that the slippage and
friction assumptions m>.c'.e are justified.

1

(6) Capacities relied upon can be developed (SER 55.2.2.1,
p.71). Each wall panel in the Complex must be capable
of carrying the forces calculated and relied upon to be
withstood for the flexure, sliding and diagonal cension
(shear) modes of failure. This must be verified for
each element of the modified Complex before a conclusion
on the capacity of the modified Complex may be reached.

|

-
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(7) Flexure Mode of Failure and Flexural Capacities (SER 55.2.2.1,

pp. 72-73). For a proper determination of flexural loads and

capacities, the following items had to be resolved:
.

(a) Dead load contribution to normal forces will
affect flexure loads and capacities. Conse-
quently, those unresolved items delineated
in items (2) and (3) as affecting dead load
had to be resolved in order that the proper
dead load contribution to normal forces and
the effects on flexure loads and capacities
can be determined;

(b) Daad load effect on flexure capacity of indi-
vidual vall panels. While the dead load
contributes only 6% of overall flexure capacity
for the entire structure and, thus, the un-
resolved items with regard to dead load should
have little effect on the overall flexure
capacity of the structure, the effects on flexure
capacity of indi'idual wall panels could be more
significant. Such effects on individual panels
had to be examined;

(c) If single curvature behavior is assumed, certain
displacements must take place in order to develop
the necessary resistance to flexure failure. It
must be shown that these displacements can take
place and that they are compatible with the defor-
mations of the structure. In addition, if the
requirtd displacements do occur, the resulting
vertical shear forces at some places on the R and
N walls may exceed capacities. The acceptability
of this had to be demonstrated.

(8) Sliding Mode of failure and sliding capaciti,es (SER 85.2.2.1,
p.73). Shsar friction contributes to the resistance to sliding
failure. The licensee's formulation of the sheer frf-tion re-
sistance to sliding failure was inadequate and gave ~ so large.

a resistance for the Trojan walls. An appropriate relation-

ship for the shear friction resistance to sliding had to be used
before a correct determination of capacity against sliding could
be made. Also, this resistance mechanism is affected by the

; matters discussed in items (2) and (3) above.

|

|
-
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(9) Displacements as affeuted by stiffness, frictional resistance |

to sliding and gross overturning moment effects (SEk e5.2.3,

p.74). The elastic displacements determined from the STARDYNE

model any be increased by stiffness degradation, frictional ]
~

resistance to sliding and gross everturning moment effects.

Thus, the following unresolved matters were identified as

affecting final calculated displacements:

(a) Stiffness effects. Displacement depends on stiff-
ness but unresolved matters remained with regar ~ to
stiffness derivations as indicated under itras (1),
(2), (3) and (4).

(b) Shear friction. Shear friction resistan:e to slid-
ing will affect displacements and the iradequacy in
the shear friction resistance formulation described
in item (8) had to be corrected.

(:) Gross overturning moments. Gross overturning moments
affect displacements but such effects had not been
address:d.*

(10) Floor response spectra as affected by stiffness (SER 55.3,
pp. 74, 75). The floor response spectra for the modified
Complex is dependent upon stiffness and stiffness degradation.
Before final floor response spectra could be properly derived,
the unresolved matters regarding stiffness as described in

items (1), (2), (3) and (4) had to be satisfactorily resolved.

(11) Cyclic eff ects (SER 55.5). The cyclic effects of the occur-

rence of multiple earthquakes will degrade the stiffness of
the structure. The unrecolved items with regard to stiffness
described in items (1), (2), (3) and (4) had to be resolved and
accounted for before the ability of the modified Complex to
withstand multiple earthquakes could be finally detersined.

(12) Shrinkage values considered, the nethod of consideration and the

increase in shrinkage with decreasing wall thickness (SER 15.6,

p. 76). Shrinkage increases as wall thickness decreases. This

phenomenon should be addressed to assure that shrinkage, which

is important because of the encased steel frame and which has,

:

substantial effects on dead load, is adequately accounted for. I

l

|
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|
I (13) Final capacity to force ratios and wall degradation (SER

| 95.12, p.83). The unresolved matters described in items (1)-
(8) and (12) will affect the determination of capacities and

~

forces for walls in the Complex. Final capacity to force

ratios are needed before the potential effects of wall degra-

dation for walls with capacity to force ratios less than one,

and the effects of such degradation on equipment in the

vicinity of those walls can be finally determined.

Q.19 As to unresolved item 2(a), provide the bases for your determinatich,

~0
as expressed in the SER, that up to 140 x 10 in./in. is an appropri-

ate value of restrr.ined shrinkage strain to be use in calculating

the =n4== dead load reductions to be expected for the existing

walls.

A.19 Shrinkage is a volume change of concrete and is an inelastic defor-

mation that is caused by a loss of water as curing progresses. It

is a complicated phenomenon that is independent of externally applied

loads and temperature bposed changes. The American Concrete Insti-
|

tute (ACI) suggests a method of calculating unrestrained shrinkage

strain in its publication No. SP 27-13. Here, the unrestrained )
shrinkage strain is a function of ultimate shrinkage strain, time,

I
humidity, member thickness, slump, cement cont'ent, percent fines

and air content. This unrestrained value will be modified by any

restraints in the actual situation, such as rebars. A method for

performing this calculation is presented by Park and Paulay in their

book " Reinforced Concrete Structures" where restrained shrinkage

strain is calculated for a section of concrete restrained by rebars.

Both of the above references deal with only reinforced concrete walls.

The licensee has utilized the approach suggested by the above

|

' |
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references. However, cceplications arise due to the introduction

of the masonry aythes which sandwich the concrete core. The above

references do not address specifically this situation and therefere -

judgments must be made.

In the licensee's calculation of restrained shrinkage, the masonry

wythes were counted in the overall wall thickness similar to

concrete and also as restraint similar to rebar. The thicker a

wall is, the lower the shrinkage strain will be at a given time.

It appears appropriate to count the masonry in bbtaining wall thick-

ness because it will obstruct the flow of moisture to the atmosphere

which will be at the face of the masonry and thus lessen shrinkage.

However, the pre-shrunk masonry blocks will expand as they contact

the fresh concrete in the core and the water begins to flow through

the masonry to the air surface. Shrinkage is a reversible phenomenon.

The masonry block will then shrink again as moisture leaves the

well system at the block - air interface. Thus, the block behaves |
1

differently than the rebar and any restraint it offers is difficult

to estimate considering long term effects.

-6
Taking the 70 x 10 in./in. as calculated by the licensee and count-

ing the masonry in overall wall thickness but not as restraint, one

~0obtains 123 x 10 in./in. Taking a two dimensional effect into

account through Poissons ratio of u = .15 yields a restrained strain

~0of as much as 141 x 10 in./in. This value is for a 30" thick wall

and will increase as wall thickness decreases. In addition, a Poisson's

ratio of 0.21 was previously indicated by PGE as being appropriate for

the in-situ valls.

|
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Thus a value of restrained shrinkage strain of 140 x 10 13,j13, ]
|

'

appears to be a reasonably conservative value. Additionally,

although even discontinuous core steel will provide restraint to -

shrinkage above that relied on above, substantial reliance cannot 1

!

be placed on the existence of core steel in the composite walls

throughout the Complex to resist shrinkage, although some may be

discontinuous. The March 20, 1980 letter from PGE to the NRC regard-

ing reinforcing steel in the Complex shear walls indicates that no

composite wall panels in the Fuel Building contain any (vertical or

horizontal) reinforcing steel in the concrete core, few (about 15%)

of the composite wall panels in the Auxiliary Building contain any

(vettical or horizontal) reinforcing steel in the concrete core,

and only about 60% of the panels above Elevation 93' and about 94%

of the panels below Elevation 93 in the Control Building contain

any (vertical or horizontal) core reinforcing steel based on

calculations performed by the Staff.

Q.19A What reliance can be placed on bond between concrete in a

wall and the steel columns at Trojan?

|

._
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A.19A Although there may be some bond between the columns and the

concreta, for the reasons set forth below, the bond may not ,

exist and therefore it should not be relied upon and should

be looked at both assuming bond and assuming no bond. It

is stated in a number of references that bond between concrete

and steel is negligible. For example, " Reinforced Concrete

Structures" by Park and Paulay states "The bond resistance

of plain bars is of ten thought of as chemical adhesion between

mortar paste and bar surface. However, even low stresses

will cause sufficient slip to break the adhesion between the

concrete and the steel." Winter and Nilson in " Design of

Concrete Stretures" state in reference to plain bars " initial

bond strength was provided only by the relatively weak chemical

adhesion and mechanical friction between steel and concrete."

In a report by the Missouri State Highway Department entitled,

"Pushout Tests with High Strength Bolt Shear Connectors,"

rolled steel sections were investigated for the effects of

bond. Pushout tests were performed in which a W8 x 48 steel beam

with sandblasted surfaces was connected to concrete slabs by means

of bolts or studs and was in contact with the slab. The concrete

was cast around the bolts and was in contact with the W8 x

48 as it cured. One test was to deter =ine the effect of natural

bond. The test indicated that little or no natural bond was

present and that " natural composite behavior observed in the

non-composite concrete-steel sembers is due to frictior. resulting

from the weight of the slab rather than natural bond." A

.

_ _ _ _ _ _ _ . _ _ _ _



_ .--__ ____

-

. .

- 20 -

conclusion of the report is that "little or no bond exists

between concrete elabs and steel beams." Pushout tests to

determine bond between concrete and rolled steel were performed

by Bryson and Mathey for different surface preparations.

Here, a portion of a rolled shape was completely embedded

in concrete as opposed to slabs on flanges. The results indicate

freshly sandblasted specimens exhibit around 455 psi bond

stress and normal rust and mill scale specimens around 317

psi.

At Trojan, the existing columns would have a surface similar

to normal mill scale. Due to the way in which the surfaces
.

are being prepared, the exposed columns would be expected

to be somewhere betvaen sandblasting and normal mill scale

before concrete is replaced.

Bresler states that this type of bond is reliable, however, )
!

where concrete slabs are supported on I-beams, the bond is

considered unreliable. It would appear : hat shrinkage of

concrete placed uniformly around a completely embedded specimen

would increase bond by forming a clamping mechanism. The effect

is absen* in T-beams. Shrinkage of slabs on T-beams would tend

to shear and somewhat pull the concrete away from the steel.

_ _ _ _ _ _ _ _ _ . . _ _
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At Trojan, for the in-situ walls, cracks in the masonry

along columns indicate shrinkage of the wall in the in-plane

direction. This would tend to pull the concrete away

from the steel column similar to slabs on I-beams and reduce

or eliminate any natural bond. The shrinkage of the new

concrete walls being added would tend to cause a similar

effect. It was stated by PGE that test specimens L1 and L2

exhibited higher strengths due to bond. The specimens failed

in single curvature by yielding of the embedded columns in

tension thus indicating higher strength due to additional

steel similar to rebars -- not due to bond. The columns

would have been effective with or without bond under these |

circumstances. A similar behavior was demonstrated by the

specimen containing the unbonded struts. Also, thermal |

effects on exterior walls would create stresses at the wall /

steel column interfaces due to restraint of the intersecting

interior walls and the slightly different coefficients of tiernal

expansion for concrete and steel, .00055 and .00065 in./in./100*P,

respectively. This too would eff2ct bond.

For these reasons, although there may be bond between steel

columns and concrete at Trojan, it is not a reliable mechanism |

either for strength or as a source of conservatism.
1
!

.

1
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Q.198 Did the 3echtel test specimen in themselves demonstrate that

the in-situ walls are capable of withstanding without delanina-

tion the simultaneous application of in-plane (horizontal and

vertical) and lateral seismic loading, in appropriate combination

with other loads?

A.19B No.
\

Q.19C Why not?

A.19C The test specimens were tested such that both the inner and

outer masonry wythes and the inner concrete cores were subject

to the same displacement and were more uniformly loaded in-

plane than would be the case for the in-situ walls. Such

out-of-plane lateral loads would induce stresses which would

tend to induce delamination. For the in-situ walls where the

beam-column connection is relied upon to resist single curvature

failure, the load path for this resistance mechanism has signi-

ficant differences from that in the cast specimen. First of

all, the force from the beam-column connection for the in-situ

walls must be transmitted through the core to the outer wythes,

unless the beam is in contact with all wythes which is not the

case for most major composite walls.

|

:
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This will induce shear stresses of the wythe interfaces. |

Secondly, the force from shear friction of the horizontal

steel in the outer block wythes must be transmitted to the

concrete core, thereby inducing shear stresses at the wythe

interfaces. Thede were not represented in the test specimens. ]

No test specimens had a beam embedded in the core nor herizontal
Isteel continuous past the columns to an adjacent panel. Only

two specimens had embedded columns in the massive upper and

lower loading beams. (The effect of an encased beam is addressed

in the 2/13/80 PGE submittal, PGE Exhibit 25 Q.) For the

in-situ walls, the encased steel beams provide different mechan-

isms for transfer of shear force at the combined steel / concrete,

concrete / concrete and masonry / concrete interfaces which were
,

not modeled by using the upper and lower concrete beams for

loading of the test specimen. The test specimen did show

that large amounts of equal displacement of all panels could

be sustained without inducing delsmination. In the test program,

no lateral loads were applied which would induce delamination.

It is recognized that the purpose of the testing program was

to test only in-plane capacity. To conclude from the test

program that delamination will not occur in the in-situ walls

would ignore these additional, important factors.

The adequacy of the walls to resist out-of-plane loads without

delamination is addressed in the Staff's SER on the " Wall Problem".

.

'|
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Q.19D comment on the adequacy of the analysis submitted in the 2/13/80

PGE submittal (PGe Exhibit 25 Q) regarding wythe interface ahear

stresses in composite walls resulting from resistance to in-plane

loads.

A.19D The referenced PGE response relates to the ability of the multi-

wythe wall system to transfer shear stress at the junction of

the concrete core and masonry wall. The case where the steel

beam is completely encased in the concrete core and the flanges

do not lie in the masonry is judged to be most critical ano is

analyzed. It is important to remember that what we actually

have at Trojan in many walls is a concrete core in which is

embedded steel columns and beams. The core and steel frame is

sandwiched by masonry walls with the steel framing interrupting

only the core concrete. This is as opposed to a complete in-fill

panel where the steel framing would interupt all three wythes

and possibly exhibit different behavior.

It must be shown that there is adequate ability to transfer shear
.

between wythes since the two resistance mechanisms (beam-column
-

connection and shear friction) exist in different wythes and

the only connection between the wythes is the shear transfer

ability at the interface. If this shear transfer ability dets

not adequately exist so that the wythes do not act together, it is

possible to have the masonry vyches behave independently of the

|

-

.

a

!

I
1
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concrete core. It would be expected that the major effect of

total delamination would be degradation of the out-of-plane

resistance over the in-plane resistance.

The test program included two tests where there were embedded

columns but in no tests were there embedded beams in addition

to columns to simulate the in-situ walls. In the test, load was

applied to all three wythes simultaneously. Because no test

specimen existed to verify whether this delamination failure

will occur, analytic methods were employed in the answer to the

above referenced question.

In the answer, a small, local zone under the beam-column connection

has been identified where failure will occur. Failure was

defined as the area where interface shear stresses exceed 150

pounds per square inch. This shear value, although in the range

of tensile values obtained from pull-casting performed at the plant,

has yet to be confirmed. Also, it was stated that the stress at

the interface has the ability of stress redistribution once

failure has occurred in the local area. This would cause a

larger area to fail progressively until a large enough area is

exposed at the interface to arrest this failure. The reinforcing

ties would not provide for a large resistance threugh shear

friction due to the fact that there are only #3 ties (reinforcing

bars with a nominal 3/8 inch diameter) spaced both horizontally

.
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and vertically at 4 foot intervals. As noted in the response,

the in-situ cases where the steel beam is completely encased by

concrete and the concrete extends over the top of the masonry

wythes would lessen this interface stress.

The 150 psi failure value is a reasonable value and failure between

wythes and core should remain in a local area. The confirmatory

long range testing program will address the concerns raised above,

namely, delanination due to embedded beams and columns, failure

interface shear stress value, and combination of in plane and

out-of-plane loads. The adequacy of the walls to resist out-of-

plane loads without delamination is addressed in the Staff's

SER on the " Wall Problem."

Q.19E Do you agree with the use of friction coefficients against

inicial slip of 0.7 for the steel plate against grout and

1.0 for the new concrete placed against the existing walls?

A.19E No. This is discussed in detail in Section 5.2.1 of Staff

Exhibit 13 A (SER).

Q.19F What is currently being used by PGE7

A.19F The values quoted above were used initially and a factor of

safety of two (2) was applied, thereby resulting in the effective

.
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use of 0.35 and 0.5 for the coefficients of friction between

steel / concrete and new concrece/old concrete, respectively,

for the unfactored OBE loads. To resist a factored OBE load,

with a capacity reduction factor of 0.85 for shear, the co-

efficients of friction needed are 0.58 and 0.82, rather than

the 0.7 and 1.0, respectively. Since the steel place on the

E wall is being roughened and the existing concrete block

face on the N line wall is being b.tsh hammered to increase

frictional resistance, we feel that these reduced coefficients

(0.58 and 0.82) of friction for initial slip are reasonable.

Q.19c. What is the effect of using these lower coefficients of friction?

A.19G The effects of the use of these reduced coefficients of friction

',re to reduce capacity to force ratios to 1.4 for the unfactored

OBE, rather than 2, not considering the affects of gross bending,

dead load reduction and the neglect of the endased steel frame.

Consideration of these effects would reduce the 1.4 to somet'aing

less, as given in the April 14, 1980 PGE submittal; however, the

capacity against initial slip remains greater than the demand

under an unfactored OBE. The ratio is greater if the effect of

dead load reduction is neglected. On the N line wall they

are greater than 1.4 but somewhat less than 1.4 on the R line

wall. Furthermore, these friction coefficients would increase

to those initially tu;r|med if some slip takes place. Therefore,
1
'

the proposed bolting arrangements are adequate.

i
I

1
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Q.198 Has the licensee provided final structural displacements for the

factored OBE loads?

A.19H No. This condition was addressed in PGE responses to May

1979 Staff questions. However, in the March 17, 1980 licensee

submittal (PGE Exhibit 25 U), PGE states that the " prediction

of structural displacements for factored OBE load is neither

an explicit nor an implicit criteria of the FSAR. Furthermore,

additional consideration of all the postulated events causing

structural nonlinearity should not be the basis to address

the factored OBE loading as regards the displacement." While

this may not be a clearly explicit criteria, it is an implicit

criteria since it must he assured that the displacement level

at which the required resistance is reached is attainable

or else the required resistance will not be developed. This

is especially important for the Complex, given the large displace-;

ment required for the test specimens to attain ultimate capacities.

If the displacement required to attain the resistance exceeds

the gap between adajcent structures given proper consideration

of the displacements of these structures, then the structures

would impact and the extra capacity could not be shown to i

\

develop with the current analyses which assume no building

impact.

Q.19I Has this been satisfactorily addressed by PGE7

.

e

i

.



.

6

- 29 -

A.191 Yes. PGE Exhibic 32 for identification and the April 14, 1980

submittal indicated that adequate margins (a factor of at

least 9.52 on the elastic STARDYNE displacements) exist to preclude

building contact given the loading of the Complex with the

factored OBE loads. .

Q.20 What is the status of resolution of the unresolved matters that you

have identified above in response to question 18?

A.20 (Mr. Herring) Based on a review of additional analyses, eval-

uations and testimony and of the analyses and evaluations

submitted by the licensee in its March 17, 1980 responses

to Staff questions of March 7,1980 (PCE Exhibit 25 U), PGE

Exhibit 32 for identification, and the April 14, 1980 submittal

in response to additional Staff questions, we have determined

r

that all of the matters previously identified as unresolved

are now resolved. Specifically:

(1) As to the method for accounting for the encased steel

frame (beam-column connection), the concern raised was

that more credit was taken for the beam-column connections

) than should have been. This has been resolved since ?GE

Exhibit 25 U PCE Exhibit 32 for identification and the

licensee's April 14, 1980 submittal demonstrate that the

modifications are adequate even neglecting the contribution

of the beam-column connections (or encased steel frame).

(2) and (3) Dead load determination and grosa bending soment

effects on stiffness. In the licensee's analyses referenced

-6
abvse, the licensee accounced for the effects of 140 x 10

1
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in./in. shriakage strain resulting in reduced dead load.

Furthermore, the local effects of a 50*F mean temperature

change for exterior walls was considered.

In addition, the licensee demonstrated in its April 14,

1980 submittal that, based on the results of its test

program, the majority of walls will mo'st likely experience

axial growth which would more than offset any postulated

shortening due to creep and shrinkage. The licensee's analyses

referenced above demonstrate that, although there may be some

local reductions in capacity to force ratios below 1.4 for

the unfactored OBE, the overall structural integrity will be

maintained to the required level under the combination of dead

load reduction and gross bending effects and neglecting the

encased steel frame. It has been shown that any required load
|

redistributions are capable'of taking place. If the dead load

reduction is not as great as assumed in these analyses, the

local effects are less significant and the degree of redistribution

'less.

(4) As to single and double curvature, both of these modes of

behavior have been accounted for in the determination of capa-

cities, frequency shifts in response spectra and displacements,

and the effects have been shown to be acceptable.

.

(5) Capacities of new structural elements. Revised capacity to

force ratios for the new structural elements (new walls and

.

1
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the steel place) were determined and these elements themselves

were shown to have capacity to force ratios for the unfactored

OBE of steater than 1.4. The margin with respect to the initial

slip between the steel plate and wall on the R line and

between the new wall and the existing wall on the N line

could be less than 1.4 for the unfactored OBE. However, the

acceptability of this is discussed in response to the previous

questions 19E, 19F and 19G.

(6) Capacities relied upon can be developed. The licensee

has demonstrated that no panel will have a capacity

to force ratio for an unfactored OBE of less than 1.1 to 1.2.

Moreover, no major wall has a capacity to force ratio for

the entire wall of less than 1.4 for the unfactored OBE.

Even for the factored OBE, any necessary redistribution

of forces will take place. Thus, this matter is resolved.

(7) and (8) Flexural and Sliding Modes and Capacities.

The resolution of items (1), (2), (3), (4) and (5) has

resulted in the resolution of these items. In addition,

the matters raised by items (7) and (8) were assessed in

light of the capacity determinations for all 3 modes of

behavior (flexure, sliding and diagonal tension) as set

forth in response 1 (a and e) of PGE Exhibit 25 U with

appropriate capacity reduction factors. The equations

presented have been applied to all walls in the Complex and

ultimate shear stress was limited to 300 psi for composite

walls and 150 psi for double blosS walls. i

i *
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|

(9) Displaceme , as affected by stiffness, frictional resistacce j

to sliding and gross overturning moment effects. PGE

Exhibits 25 U and Exhibit 32 for identification as

well as the criteria set forth in other PGE submittals

in the Phase II proceeding demonstrate that, considering

all effects raised by this open item, the elastic displace-
1
'

ments increase by a factor of 2.1. The Control Building

cas displace 9.52 times the elastic displacements without
,

1

building contact at any point. Therefore, this additional |

!

margin is sufficient to provide reasonable assurance

that building contact will be precluded even under a

factored OBE. As set forth below, the stiffness derivation

adequately accounted for the degradation due to 5 OBEs

and 1 SSE. Displacements are directly proportional to

stiffness. The displacement determinations discussed

here have also accounted for the stiffness degradatica

that would occur for 5 OBEs and 1 SSE. This is discussed

in item (11) of this response.
.

(10) Floor response spectra as affected by stiffness. The

elastica 11y calculated frequencies based upon consideration

of wall degradation per PGE-1020, Appendix B criteria

vill be broadened 41 on the low side and 10% on the

high side. This is adequate to account for the effects

i

| on stiffness and stiffness degradation identified in
.

' this unresolved item. .

.

e

! l
'

l

'

l
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(11) Cyclic Effects. Standard Review Plan (SRP) Section

3.7.3.II.2 states "During the plant life at least one

safe shutdown earthquake (SSE) and five operating basis

earthquakes (OBE) should be assumed. the number of cycles

per earthquake should be obtained from the synthetic

time history (with a minimum duration of 10 seconds)

used for the system analysis, or a minimum of 10 maximum

stress cycles per earthquake may be assumed." Even

though these are explicitly applicable to piping, equipment

and components, as discussed in the SER, it was felt

to be reasonable and somewhat conservative to apply

these to the structure, considering the cyclic degradation

indicated by the test data and the corresponding effects

on frequency shifts of the floor response spectra.

PGE only analyzed the effects of five (5) OBEs without

additionally considering the effects of one (1) SSE

dhich is required by this SRP Section, all having ten

(10) effective full stress cycles. However, the effects

of 60 full stress cycles (five OBEs and one SSE) on

the " growing" of the walls under lateral loads was

appropriately addressed in the April 14, 1980 PGE sub-

aittal.

There is no effect on the peak broadening of considering

the one (1) $SE in addition to the fire (5) OBEs. Presently,

the peak is being broadened 16.6% to the low side to

t
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account for 50 full stress cycles due to multiple OBEs

as discussed in the response to question 2 of PGE Exhibit

25 U. Using the methodology presented in the licensee's

12/ 21/79 response to the Staff's 10/2/79 question #21

which is appropriate, the Staff has calculated the peak

broadening for 60 full stress cycles with a graph felt

to be more representative and conservative. Using both

2 and 3 cycles as a base, peak broadenings to the low

side of 16.5 and 15.2%, respectively, have been calculated

by the Staff for 60 full stress cycles. Thus, the broadening

of 16.6% being used by the licensee encompasses values

the Staf f believes to be appropriate for 60 full stress

cycles. The 31 peak broadening to the low side, in

addition to the initial 10%, for a total of 41 is acceptable.

Consideration of the lower percentages calculated above

would only indicate about one half of one percent reduction

in the amount aircady considered, which is negligible.

(12) Shrinkage increase with decreasing wall chickness. This

matter was adequately accounted for through demonstration

the consequences of 140 x 10'0 in./in. shrinkage, werethat

it Vc oc:ur, were acceptable and that the growth of the

walls frca cracking will more than offset the shrinkage'

~0
effects. The 140 x 10 in./in. , which is appropriste for

a 30-inch wall, is also representative of the entire structure

which consists mostly of 30-inch walls and some walls of

1
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greater thickness (for which shrinkage would be less than
-6140 x 10 in./in.) and some walls of lesser thickness (for

-6which shrinkage would be greater than 140 x 10 g3,jg,,),

(13) Final capacity to force ratios. It is impossible to

state pracise capacity to force ratios for the walls

given that exact behavior of the structure cannot be
,

predicted. The potential effects on capacity to force

ratios due to the matters referred to have been properly |

accounted for and considered in PGE Exhibit 25 U, PGE

Exhibit 32 for identification and the licensee's April 14,

1980 submittal. We find the results of these additional

studies acceptable and that the intent of the Order of

May 26, 1978 is met. Furthermore, the maxinnsa rebar

strains, per the April 14, 1980 PGE submittal, in any panel

lwould be about 3 times the yield strain which are not

excessivt and would not result in detrimental cracking

of the wall. This matter is resolved.

1

LICENSING BOARD- QUESTIONS

Q.21 At the Prehearing Conference held in this proceeding on March 11,i

1980, the Licensing Board set forth a number of questions bearing

on the structural adequacy of the modified Conglex. With regard to

the criteria for determining whether the proposed modifications I

will substantially restore the seismic margins and bring the Control

i

I

1
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Building into substantial compliance with the Trojan license, the

Board asked:

(1) What are the criteria that we should use to assure that j
"

the Control Building is brought into substantial com-

pliance and the intended margins met? (Tr. 3531).

(2) On what basis will it be determined that the modified j

structure will have increased seismic capacity to |
safely resist the 0.15g OBE forces with the margins,

inherent in the original design criteria? (Tr. 3531-32).

(3) How do you assure yourself that you have met the original
,

design criteria and are in substantial compliance with I.

that criteria as set out in the technical specifications?

(Tr. 3532).
i

|

Please respond to these Licensing Board questions.

A.21 The basic seismic design requirements for the Complex have been set

forth in Section 3 of the Staff's SER. This Section references the

appropriate portions of the Trojan FSAR, as referenced by Trojan

Technical Specification 5.7.1, and discusses the degree to which

they are met, as determined by the NRC Staff review. Rather than

demonstrating substantial literal compliance with all appropriate

design requirements, the results of a testing program were imple-

mented by the licensee to demonstrate the capability of the in-situ-

valls. Given the required seismic input definition, it must be

demonstrated that sufficient margin exists in the modified Complex,

including the new and existing walls, to resist the loads resulting

from the use of these inputs, and that uncertainties over the

actual behavior of the structure when extrapolating the results of

the testing program to the behavior of the in-situ walls are ade-

quately accounted for. These uncertainties arise from the effects

|
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of the encased frame on lateral load resistance, the higher

stress levels being present in the walls than would have resulted

from appropriate design of the structure initially, and the

sensitivity of the stiffnesses and capacities to the parameters

contributing to them, as indicated by the testing program. It

should be noted that FSAR Section 3.8.1-5.1 specifically states
,

that the structural steel framing for the Control, Auxiliary

and Fuel Buildings was inicia117 intended to carry only vertical

loads, while the lateral loads due to earthquake, wind, and cornado

are resisted by reinforced concrete and concrete block shear

walls. However, the encased steel frame is now being relied

upon to supply lateral load resistance. Since this element of

conservatism which was present in the original design but was

not relied upon is now being relied upon, it ca.43 ires a careful

assessment of the structural response and the capacity to force

ratios for the walls.

Q.21A At the hearing sessions in this proceeding during the week of

March 31, 1980, the Licensing Board inquired of the licensee's

structural witnesses whether the licensee's statenent of the

,

criteria by which it will be judged whether the proposed modi-
!

fications will substantially restore the desired .and intended
,

seismic margins and bring substantial compliance with the Trojan

i license (PGE Exhibit 30. Response to Dr. McCollom*s questions
i

!

!
.

l

i

'
1
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'

1, 2 and 3) differs from the Staff's statement of criteria in

this regard. Please summarize what you believe the criteric to

be and indicate whether this differs from that set forth by the

licensee.

A.21A In essence, it is the Staff's view that proposed modifications

will substantially restore the intended seismic margins and

bring substantial compliance with the Trojan license require-

monts if it is demonstated that such proposed modifications

bring substantial compliance with the seismic design require-

ments of the Trojan FSAR as referenced by Technical Specifica-

tion 5.7.1 or, where substantial literal compliance with those

requirements is not or cannot be met, that acceptable compensa-

tory equivalent requirements are met with all uncertainties

associated with meeting these elternate requirements adequately
.

accounted for.

In our view, there is no major difference between this standard

and that set forth by the licensee. Any difference between

the Staff and the licensee really arises from a difference

in interpretation as to how this standard may be met; speci-

fically:

.
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)
(1) There is a difference of opinion as to how much credence

|

can be placed in STARDYNE to jt'stify departures from Code
Icriteria. It is the Staff's view that, while STARDYNE
1

is a sophisticated analytical tool that can be used to |

l
Iaccurately predict the elastically determined forces in

the Complex, the use of STARDYNE alone does not justify

departures from Code criteria. Rather, STARDYNE itself

has limitations which must be taken into account.

(2) There has been a difference of opinion between the Staff

and the licensee as to the degree to which uncertainties in

structural behavior and uncertainties in extrapolating

results from the licensee's test program must be accounted

for.

However, these " differences of opinion" are not issues or matters

which would preclude a findirg that the proposed modifications are

adequate because, in evaluating the adequacy of the modifications,

the licensee has properly accounted for the limitations in

STARDYNE and for the uncertainties in structural behavior and in

applying the cast program results, despite the license ='s view

that, in many respects, thcea limitations and uncertainties

need not be considered. The licensee's analyses have shown that

.

-.
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while some capacity to force ratios for individual vall panels

for the unfactored 03E will be less than 1.4 under the worst

possible combinations of dead load reduction, gross bending and

single and double curvature behavior, redistribution of forces

in the wall will occur so that the capacity to force ratio for

the entire wall will not fall below 1.4. Thus, the walls will

maintain substantial margins in capacity even when uncertainties

in structural behavior and application of test results are considered

by analyzing for the worst combinations of loading and structural

behavior dictated by the uncertainties. From the standpoint of

frequency calculations, floor response spectra and equipment

qualification, the uncertainties have been accounted for by adequate

peak broadening. The Staff has concluded that the proposed modifica-

tions will substantially restore the intended seismic margins and

bring substantial compliance with license requirements based on the

licensee's STARDYNE analysis in conjunction with the test program

and the additional analyses to account for the uncertainties

discussed above. Thus, while there are differences of upinion

as to the degree to which uncertainties had to be accounted for,

the *.icensee nevertheless accounted for those uncertainties to

the degree thought necessary by the Staff and demonstrated the

adequacy of the modifications in that regard.

(

.

.
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( 22 With regard to the original design of the Complex, the Licensing

Board asked:

(9) How was the construction of the composite walls taken

into consideration in meeting the building code require-

ments for the original specifications and construction

when there was no Uniform Building Code requirement

appropriate for that kind of construction? (Tr. 3533). |

,

|
i

Please respond to this Licensing Board question.

A.22 As indicated in the PGE submittals regarding the proposed Control

Building modifications, there were no explicit Code (ACI or UBC)

requirements for the composite (major shear walls) in the Complex.

The initial design concept for these composite walls for in-plane

loads neglected the area of the block and relied upon only the

equivalent wall thickness, determined from considering the cell

grout and concrete core, subject to the Ultimate Strength Design i

requirements of ACI 318-63. Out-of-plane wall capacities were

|

.
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based on ACI 318-63 Ultimate Strength Design concepts. The single

wythe and mortared double wythe masonry block walls were designed

using the load combinations for reinforced concrete, including

the load factors, and the allowable stress was defined as an in-

crease factor times the UBC allowable stresses. The details of

the criteria are summarized in the response to NRC question 2 in

PGE's December 31, 1979 submittal regarding the " wall problem".

Q 23 With regard to demonstrating the adequacy of the modified Complex-

under the building codes, the Licensing Board stated:

(4) We should know just how the building codes permit this
kind of test results to be used in meeting the code

specifications. (Tr. 3532)

(12) Show whether the Uniform Building Code provides for the
use of, and allowe accounting for, the more sophisticated

analyses of the seismic forces provided by the STARDYNE .

analysis. (Tr. 3533)

Please provide your responses.

A.23 Sections 106 and 107 of UBC 1967 allow for the determination of

structural strengths based upon testing. This provision is also

included in Section 104 of,ACI 318-63. Additionally, much of the

design criteria within the codes are established through the evalu-

acion of the results of testing programs. Guidance is not given in

either the UBC or the ACI Codes regarding acceptable methods of

; .

e
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performing tests to establish design criteria for loads such as

earthquake. Only static load tests of actual structures are

explicitly addressed (see Section 24 of UBC l',*7 and Chapter 2 of
,

ACI 318-63).

While the ACI Code does allow for departure from certain design

rules or formula on the basis of analysis, it is not felt that the

STARDYNE analyses which have been performed for the determination of

the loads in the vafious wall elements in the Complex is sufficient

to qualify for reduction in allowable stresses for the thus determined

loads. The Codes do require that the loads in structural elements be

determined using sound principals of engineering mechanics. Appropriate

consideration must be given to the complexity of the structure when

choosing a particular analytical technique for load determination.

Limitations on the chosen analytical technique should be recognized

and adequately considered in determining the final load on a particular

element for design purposes. Appropricte Code provisions should then

be used to establish the design of the structural element. It is

felt that the STARDYNE analyses can give appropriate load definition

for the walls in the Complex, given that appropriate stiffnesses for

the structural elements are used and that any uncertainties which

cannot be incorporated into the STARDYN,' analyses are adequately

accounted for in the evaluation and designs of the structural elements.

|

|
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Q.24 The Licer. ting Board made inquiries with regard to the testing pro-

gram and results which are being used in the analysis of the

modified Complex. In this regard, the Board asked: ,

(10) Show how a 32-inch type A wall with a vertical load
of 105 psi. would have a unit shear capacity 18 per-

cent greater than a similar 24-inch wall. (Tr. 3533).

Please respond.

A.24 The referenced example of an increase in unit shear capacity with

increasing wall thickness which is the subject of this question was

set forth in the initial version of PGE-1020, was deleted in Revision

1 to PGE-1020 and has not been reinstated in subsequent revisions

to that document.

The current criteria for the walls involves an investigation of

three modes of failure, namely flexural (both double & single

curvature), sliding, and diagonal tension (shear) modes of failure.
.

The unit shear stress capacities for the flexural modes are inde-

pendent of wall thickness. Therefora, there would be no difference

in this capacity for the thicker walls.

The sliding mode capacity is governed by vertical reinforcement

ratio, embedded column capacity, and a contribution from the normal

force which is a function of the ratio of the area of concrete to

the area of mortared block. The latter contribution to capacity

would increase with increasing core (vall):thi'kness. The exactc

percentage increase depends on the magnitude of the other contrib-

uting factors (i.e. vertical reinforce ent ratio, embedded coltnan

capacity).

I
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The diagonal tension capacity is a function of horizantal and

vertical reinforcement ratios, the compressive stress on the wall,

and the ratio of areas of block to areas of concrete cores. This -

capacity would increase with increasing core (vall) thickness, the

exact percentage increase depending on the magnitude of the other

contributing factors.

Each of these criteria is investigated and relied upon for each in-

situ vall (see March 17, 1980 PCE submittal in response to Staff's

March 7, 1980 requests for additional information). The fore, this

additional element of conservatism alluded to in the initial version

of PGE-1020 is no longer present.

:

Q.25 (20) Determine if there is any reason to believe that there might be

a scaling factor for the ability of walls to withstand seismic

forces with the same aspect ratio but much larger as occurs in

the Control Building compared to the test models. (Tr. 3534-
i

35). |

A.25 The test specimens were of sufficient size such that when it is
!

considered that the walls of the Complex meet the height to thick-

ness ratios of the UBC, it is felt that the criteria that have been i

l

developed based on the results of these test specimens are adequate

for the in-situ valls. No scaling factor is necessary.

1
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Q.26 Also with regard to the cast program:

(21) Determine if there is a different effect on the stress
versus the displacement in a wall if the frequencies

,

of cycling were high as in an earthquake compared to
the test frequencies used for the wall evaluations.

(Tr. 3535)

A.26 The effects of higher frequency cyclic loading should reduce the

stiffness degradation relative to that demonstrated by the licensee's

test program in which specimens were tested in a psuedo-static manner.

However, the effects of higher frequency loading cannot be quantified

as they were not the subject of the licensee's test program.

Q.27 The Licensing Board made a number of inquiries with regard to the

seismic analyses for the modified Complex and input to those

analyses. Specifically

(5) How do you conclude that the earthquake ground response
spectra has a vertical ground acceleratio*2 that's two-

thirds of the horizontal acceleration? (tr. 3532).

A.27 As stated in Section 3.2.1.1.1 of the Staff's SER, the design response

spectra and peak ground acceleration are specified in Section 3.7.1.1

of the Trojan FSAR, As stated in the Staff's SER, these have been

incorporated into the seismic analyses of the modified Complex. The

referenced FSAR section defines the SSE and OBE response spectra!.as

well as the peak ground accelerations to be assumed for the OBE and

SSE in the vertical direction, namely 0.lg vertically for the OBE

(or 2/3 of the 0.15g horizontal acceleration), and 0.17g vertically

for the SSE (or 2/3 of the 0.25g horizontal acceleration).

.
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Accordingly, the vertical ground accelerations are two-thirds of

the horizontal accelerations under the licensed criteria for the

plant. .

Q.28 (7) The existing wall capacities are determined based on the testing

results using the total dead load on the wall reduced by 20 percent

to account for the vertical earthquake effect. How and why was

that done? (Tr. 3532).

A.28 The dead load is being reduced by 13%, not 20%. The basis for this

under OBE conditions is that the vertical rigid range OBE acceler-

ation is 2/3 (.15g) = .lg, amplified by 30% to account for vertical

building response. Thus, 1.3 x .lg = .13g or 13%g. This vertical

motion fluctuates between I 13 g, and is thus the basis for a 137,

dead load reduction to account for vertical earthquake motion.

If an amplification of 16% (claimed by the licensee to be more

representative such that the use of 13% dead load reduction is

" conservative" relative to this more representative value) is used,

this is reduced to about 0.12g (1.16 x 0.lg) er 12%g, thus indicat-

ing that the degree of " conservatism" is not substantial (i.e.1%g).

Q.29 (11) Show how the structural steel columns in the shear walls will be

used in determining the failure limitations of the Control Building

walls, if any, or if it is used as a safety factor. (Tr. 3533).

A.29 The encased steel frame, which includes the steel columns and beams,

is relied upon to provide lateral resistance in the determination of

|
1
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capacities for single curvature flexure behavior and sliding. In

addition, the beam-column connections are relied upon to resist

gross vertical shears along the column lines. Therefore, the ,

columns and the beams are not being taken as added factors of

conservatism. The encased framing, while contributing to the

resistance against modes of failure other than double curvature,

does not contribute to the double curvature capacity, nor to double

curvature stiffness.

I

!

|
,

Q.30 (16) Provide an evaluation of the temperature coefficient of expansion

effects that might take place between the steel place and the con-

crate wall to which it is bound and , tensioned once the concrete

wall has reached full strength. (Tr. 3534).

A.30 The effects of temperature changes and thermal expansion have been

factored into the design of the steel plate. The effects of tempera-

ture changes and thermal expansion have also been accounted for in

the calculation of bolt tension losses, and the analyses of the

effect of the plate on vall capacity.

Q.31 (17) Show whether there are any tension effects in the bolts that in-

fluence wall strength. (Tr. 3534).

A.31 In the analysis of the effect of the steel plate on strength of the

Control Building west wall reliance is placed on 75% of the initial

bolt preload to resist shear forces in the building. The 25%

allowance was based upone. consideration of the losses in bolt tension

which will occur over time due to bolt relaxation, concrete creep

1
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and shrinkage and temperature effects. Accordingly, it is

neestsary to assure that, on the average, 75% of bolt

preload is available and that this level of preload is

uniform.

To provide such assurance an in-service inspection progr.a

should be required. Various in-service inspection programs

for the bolts have been proposed by the licensee and

commented upon by the Staff. The program proposed by

the licensee in its April 14, 1980 submittal to the NRC

has resulted. We have reviewed that proposed program

and have conc 1"Jed that it will provide assurance that

the required bolt tension and the level of uniformity

of preload will be maintained throughout the canainder

of the plant's operating life. It is the Staff's view

that the referenced Technical Specification and Bases

for the inservice inspection and test program for bolts

should be incorporated into the facility Technical Speci-

fications so that it is made a license requirement.

|
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Q.32 With regard to the rail stop to be installed in the Turbine Building

railroad bay adjacent to the newly installed west wall of the Con-

trol Building, the Licensing Board stated: .

(18) Determine if there is any forcseeable possibility of an
impact on the rail stop in the Turbine Buil/ing that

might result in a force against the face of the Control

Building if the stop were to fail and what this would

do to the construction of the wall where it would La-

pact the Control Building. (Tr. 3534).

Please respond.

A.32 An impact of a train on the rail stop cannot be totally ruled out.

The consequences of hitting the rail stop is a function of both the

weight and the speed of the train. Depending upon the weight of

the train, the rail stop will prevent an impact on the Conttol

Building vest vall for a train traveling at very low speeds. At

higher speeds and weights, the rail stop alone will not be adequate

to stop a train and penetration of the west wall of the Control

Building could occur. We have not performed an analysis to determine

the precise combination of train speeds and weights that could

result in a wall penetration nor have the consequences of such

penetration been evaluated. Rather, as set forth in Section 3.7 of

the Staff's SER and in "NRC Staff Testimony of Charles M. Trammell,

III on Questions Regarding Relocation of the Railroad Spur and

Reduction in Size of An Equipment Hatch Under the Proposed Modifi-

cations," filed on March 17, 1980, administrative controls should

provide assurance that movement of trains on-site will be adequately

.
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controlled so as to preclude impacts th e will result in damage to

the Control Building.

.,

C7SP CONTENTION 22

Q.33 CFPS Contention 22 states

The effect of the steel plate on displacement in

the Complex has not been completely analyzed.

What displacements can occur during an earthquake?

A.33 An earthquake will cause displacements of structures and components.

These diplacements are time dependent and at any particular time

during an earthquake, different parts of structures may undergo

different displacements in different directions. From the stand-

point of the effects of the steel plate, the displacements of

concern are interstructure displacements - that is, relative dis-

placements between two adjacent structures, in this case, between

the Control Building and the Turbine Building.

l

Q.34 Why are such relative displacements a concern?
1

A.34 - - Depending-en the magnitude and the direction of the displacements

for each building, building contact could occur. For interim operation,

an analysis was performed which demonstrated that the maximum relative

displacements of structures caused by an earthquate were less than

the gaps between structures, with margin, at all alwations, thereby

assuring that building contact would not occur. The concern with

installation of the steel plate on the west wall of the Control

i s
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Building under the modifications is that the three-inch thick place

will reduce the gap available between the Control and Turbine

Buildings at elevations 93' and 69' where Turbine Building girders $

and floor slabs are located.

Q.35 What measures will be taken to compensate for the reduced gaps

where the steel plate will be installed?

A.35 At elevation 93', three inches will be removed from the flange of

the steel girder in order to increase the gaps between the installed

steel plate and the slab and girder. At elevation 69',18 inches

of the overhanging part of a concrete slab will be removed. These

modifications will provide a gap of about four inches for displace-

ments in the north-south (N-S) direction (parallel to the steel

plate) and gaps in the east-west (E-W) direction (perpendicular to

the plane of the steel plate) of two inches at elevation 93' and

2.5 inches at elevation 69'.

_ Q.36 What effect will *ke steel plate and the added walls from the modi-

fications have on displacement of structures?

A.36 The steel plate and added walls rhould have no effect at all on

displacement of the Turbine Building. The place and added walls

; will stiffen the Control Building Complex in the N-S direction and

will thus cause displacements in that direction to be lacs for the

modified Complex than for the as-built Complex. The addition of

walls and the place will not significantly stiffen tka Complex in

the E-W direction, however, and, therefore, displacements in that

_ _ _ _ _ _ _ . . _ _ _ _ _ _
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dizaction v11.1. not be significantly reduced relative to those for

the unmodified structures. Also, there would not be a significant

reduction in the E-W displacements of the Complex due to the pro- .

posed " structural improvements" to the walls running parallel to

the E-W direction.

Q.37 What assurance is there that the material removal that you described ,

will prevent contact between the Control and Turbine Buildings?

A.37 It was shown in Phase I of this proceeding that for N-S displace-

ments, a gap of three inches between buildings is sufficient to

preclude contact of the as-built buildings during an earthquake.

Since displacement of the Control Building in the N-S direction

will be reduced by the addition of the three walls and the steel

plate, a gap of four inches after the modifications should be

adequate. It was shown in Phase I of this proceeding that for E-W
,

displacements, a gap of two inches at elevatien 99' was adequate to

maintain clearance between the buildings with margin. While dis-

placements in the E-W direction will not be significantly reduced

by the modifications, gaps of two inches at elevation 93' and 2.5

inches at elevation 69' after the modifications should be adequate

to prevent building contact. Although we feel that the proposed

nodifications are adequate (per the April 14, 1980 PGE submittal)

due to all uncertainties, the sargins against building contact

have not been precisely quantified.

.
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Conclusion on Structural Adequacy of the Proposed Modifications

Q.38 Based on the analyses and evaluations that have been performed

and on the status of the unresolved matters previously identified,

what is your conclusion with regard to the adequacy of the

proposed modifications to substantially restore the seismic

margins and bring the Control Building into substantial com-

pliance with the requirements of the Trojan license?

A.38 There are no unresolved items regarding structural adequacy

of the modifications and we agree with the conclusion of the

licensee that the proposed modifications will substantially

restore the seismic margins and bring the Control Building

into substantial compliance with cne requirements of the Trojan

license.

While the Staf f and the licensee disagree somewhat as to the

need to account for uncertainties (as indicated by statements

made by the li:ensee in testimony) the licensee has gone further

and has done additional analyses demonstrating the adequacy of

the modified structure when those uncertainties are properly

accounted for. Accordingly, the Staff has been able to conclude

that the proposed modifications satisfy the requirements of the

,
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May 26, 1978 Order for Modification of License and should be
~

authorized. This conclusion is based not only on an evaluation

of structural adequacy alone, as was the case in the evaluations j
l

performed by Professors Holly and 3resler and Dr. Laursen, but ;

also on an evaluation of the effects of the behavior of the

modified Complex on equipment, components and piping in the j

Complex.

Q.39 If the proposed modifications are approved and implemented, is

any further license requirement needed, in your view?
.

A.39 Yes. Technical Specifications 5.7.2.1 and 5.7.2.2, as proposed

by the licensee in its April 14, 1980 submittal should be

imposed. These will assure that, subsequent to the approved

modifications, the structural adequacy of the Complex will be

maintained at the level required by the Order of May 26, 1978,

while at the same time providing a small allowance for changes
i

|

to structures which are below any threshold requiring any further ,

|
NRC review.

1

I

I

l

i
|

t

|

|

i

e

?
-.

|



* *

,, ..

/[# "**<.).
.

UNITED STATES

f c. c ; NUCLEAR REGULATORY COMMISSION
, _E WASHINGTON. D. C. 205S5

' , ' -./r/-

'
*...= Februa ry 14, 1980

Occket No. 50-344

Mr. Charles Goodwin, Jr.
Assistant Vice President
Portland General Electric Co::pany
121 S.W. Salmon Street
Portland, Oregon 97204

Dear Mr. Goodwin:

Enclosed for your informatien is a copy of the NRC Staff's Safety Evaluation
.clating to the proposed design modifications to the Trojan Control Building,
as described in PGE-1020, as supplemented and amended.

As you will see, the Safety Evaluation contains a number of unresolved items,
but is being published at this time to conform with the Licensing Board's
desire to issue such a report by this date. Since 1::ccr ant information
having a bearing on the adequacy of the proposed modifications was received
from PGE as late as Febmary 13, it was necessary to establish a reviu
cut-off date in advance of this date in order to as::ure that the SER would
be issued today as scheduled. It is therefore possible that further review
could resolve some of the currently unresolved items. On the other hand,
considering the lengthy Staff review to date, it is also possible that these
unresolved items will remain due to differing professional opinions between
the NRC Staff and the PGE/Bechtel engineers.

Sincerely,
. /

w.c . ? . '| .1!C *>
A. Schwencer, Chief
Operating Reactors Branch #1
Division of Operating Reactors

Enclosure:
Safety Evaluation Report

cc: w/ enclosure
See next page
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Mr. Charles Goodwin, Jr.
Portland General Electric Cogany - 2 - February 14, 1980

cc: Mr. Ronald W. Johnson, Esquire Mr. John A. Kullberg
Corporate Attorney Reute One
Portland General Electric Cogany Box 250Q
121 S.W. Salmon Street Sauvie Island, Oregon 97231
Portland, Oregon 97204

Maurice Axelrad, Esquire
Robert M. Hunt, Chainnan Lowenstein, Newman, Reis,
Board of County Cennissioners Axelrad and Toll
Columbia County Suite 1214
St. Helens, Oregon 97051 1025 Connecticut Avenue, N.W..

Washington, D. C. 20036
Columbia County Cour1: house
Law Library, Circuit Court Room Richard M. Sandvik, Esquire
St. Helens, Oregon 97051 Frank W. Ostrander, Jr.

. Counsel for Oregon Dept. of
Director, Oregon Depart:nent of Energy Energy 1

Labor and Industries Building, Room 111 500 Pacific Building '

Salem, Oregon 97310 520 S.W. Yannill
Portland, Oregon 97204

Dr. Hugh 0. Paxton
1229 alst Street Mr. David B. McCoy
los Alames, New Mexico 87544 348 Hussey Lane

Grants Pass, Oregon 97526-
Michael Malmros

1U. S. Nuclear Regulatory Conmission William Kinsey, Esquire )Trojan Nuclear Plant 1002 N.E. Holladay 1

P. O. Box 0 Portland, Oregon 97232
Rainier, Oregon 97048

Ms. Nina Bell
Dr. Kenneth A. McCo11cm, Dean 728 S.E. 26th Street
Division of Engineering, Portland, Oregon 97214

Architecture and Technology
Oklahoma State University Mr. Eugene R. Roso11e
Stillwater, Oklahoma 74074 Coalition fer Safe Power

215 S.E. 9th Avenue
Portland, Gregon 97214
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Mr. Charles Goodwin, Jr.
Portland General Electric Comoany 3 February 14, 1980

cc: Marshall E. Miller, Esquire, Chairman
Atomic Safety and Licensing 30ard
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Atomic Safety and Licensing Board Panel
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Occketing and Service Branch (7)
Office of the Secretary
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

*

Alan S. Rosenthal, Esquire
Atomic Safety and Licensing Apppal Board
U. 5. Nuclear Regulatory Commission
Washington, D. C. 20555

Dr. John H. Buck
Atomic Safety and Licensing Appeal Board .

U. S. Nuclear Regulatory Connission
Washington, D. C. 20555

Dr. W. Reed Johnson
Atomic Safety and Licensing Appeal

Board
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Atomic Safety ans Lfcensing Appeal Panel (5)
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

,
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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

RELATING TO DESIGN MODIFICATIONS TO THE CONTRCL BUILDING

TROJAN NUCLEAR PLANT

00CXET NO. 50-344

1.0 Backcround and Sumary

On April 13, 1978, Portland General Electric Coccany (PGE or
licensee), operator of Trojan Nuclear Plant, orally informed
the NRC of potential design errors related to the shear walls
of the Control Building at the facility. PGE and Sechtel Power
Corecration (architect-engineer for the facility) investigated
the matter and confinned, in a letter dated April 23, 1978, that
design errors did, in fact, exist and that the Control Building
walls did not confonn to the design criteria as set forth in
the Final Safety Analysis Repcrt (FSAR) for the facility.-

Additional details and the licensee's assessment of the impact
of these design errors were furnished in a letter dated May 5,
1978, which also forwarded a Licensee Event Report (No. 78-13)
on the matter as required by the Trojan Technical Specifications.

While the plant was shut down for refueling in April 1978,
Bechtel Power Corporation studied, at PGE's request, the
feasibility of cutting an opening and installing a security
window in a wall of the Control Building. It was during
this design review that the non-conformances with tiie FSAR
criteria were identified.

Tha Control Suilding is concosed of a structural steel framing
system with steel beams and columns supporting reinforced concrete
floor slabs, with shear walls designed to resist lateral seismic
forces. The major shear walls are located around the perimeter
of the building, and generally consist of a reinforced concrete
core placed between two layers of reinforced grouted masonry
block. The two-block layers generally sandwich the stnJctural
steel frame so that the reinforced concrete core is partially
or completely interrupted by the steel frame memcers.

:
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A detailed NRC staff review of PGE's investigation and analysis
of May 5,1973 revealed the follcwing design errors:

1. The steel reinforcement in the reinforced concrete core
of the walls was generally discontinuous ano, therefore,
the concrete core could not be relied upon to resist
shear to the extent assumed in the approved design.

'' 2 . The shear capacity of the reinforced concrete and I
Igrouted masonry block was computed incorrectly. This

resulted in the amount of steel reinforcement needed to
resist shear beyond the capacity of the concrete and
greuted masonry block being computed incorrectly.
Therefore, less steel than required for the design
was used in the structure.

As a result of these identifieo design errors, the NRC staff I

concluded that the Control Building did not comply with the |

requirements of the Trojan license in that the shear walls do 1

not have the intended design margin to the extent reouired by the
FSAR to resist Trojan's Operating Basis Earthouake (OBE) of 0.15g
nor the Safe Shutdown Earthquake (SSE) of 0.25g.

As a result of the identification of the non-conformances, a
detailed reevaluation of the Control Building in its existing I

config2 ration was performed by PGE to assess the as-built
capability of the structure to withstand the Operating 3 asis
Earthquake and the Safe Shutdown Earthquake. The NRC staff
determined that there had been a redue fon in conseivatism and
design margins, with respect to the Control Building seismic
capability, below the level intended and desired for the 33 years
remaining in the expected plant life. Because this reduction in
margin was significant, the NRC staff concluded that the appropriata
margins should be restored by modifications to the Centrol
Building. PGE indicated its intent to make such modifications.

The NRC staff also determined that, based on data supplied by
PGE, there was adequate assurance of safety until Control Builcing
modifications could be implemented, since the Trojan Plant had
the capability to withstand an SSE of the magnitude established
for that facility and could be brought to a safe shutdown condition.
In addition, the NRC staff determined that the facility could be

,
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operated in the interim without endangering the health and safety
of the public, orovided that no modifications to the Centrol
Building were made that would reduce the strength of the existing
shear walls. Also, since the NRC staff had concluded on the
best available information that the OBE capabili:y for the Control
Building had been reduced to 0.11g (0.15g was established for
the facility), actions that would otherwise be required for a 0.159'
earthquake would have to be taken in the event that a 0.11g peak
ground acceleration earthquake were to occur at the plant site.

Having made these determinations, the Acting Director of the Office
of Nuclear Reactor Regulation on May 25, 1978, issued an Order
dealing with this matter. The Order, which offered an opportunity
for hearing, was to be effective June 26, 1978, or on a date specified
in an Order made following a hearing, if one were held in connection
with the Order.

The May 25, 1978 Order called for:

* Design modifications to restore the seismic design
margi ns originally intended to the Control Sufiding
with the Control Building brought into substantial
compliance by June 1,1979.

*An implementation schedule, to be reviewed' and approved
by the NRC, by July 1,1978.

* Detailed design information by September 1,1978, for
NRC staff review and approval, together with supporting
analyses and application for license amendments as
necessary to implement these modifications.

' Conditional license waiver of the areas of non-conformance
noted above until the Control Building has been brought
into substantial compliance in these areas. The conditions
called out were that no modifications affecting the
strength of the Control Building shear walls were to
be made without NRC approval and the facility should
be brought to cold shutdown in the event that an earthquake
reaching 0.11g ground acceleration should occur at the site
and that subsequent restart would require prior NRC
app roval. The Order noted that since the facility - shut
down at the time - did not conform with existing license
requirements, it could not be operatec without violating
the license.

|
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In offering an opportunity for a hearing, the Order defined the
issues that could be r:ised: (1) whether interim operation prior
to the modifications required by the Order should be permitted,
and (2) whether the scoce and timeliness of the modifications
required by the Order to bring the facility into substantial
compliance with the license are adequate from a safety standocint.

Nurarous requests for a hearing were received. and a hearing
was ordered. The hearing was divided into two phases. Phase
I of the hearing addressed the question of interim operation,
and was originally scheduled to begin Septemoer 6,1978. However,
on August 22, PGE advised NRC of new information resulting from
a new finite-element analysis which differed in several respects
from information previously provided. Accordingly, the hearing
on interim operation was postponed, and subsequently held October 23
to Novembar 3, and December 11 to 14, at which time the new
information was considered.

On December 21, 1978, the Atomic Safety and Licensing Board issued
a Partial Initial Decision relating to interim operation (Phase I)
of the facility. That decision autnorized interim operation, with
conditions, pending further hearings on the nature of modifications
to the Control Building to bring it into substantial compliance
with the requirements of the operating license (Phase II). The
conditions prchibited any modifications that would reduce the
strength of existing shear walls; required plar. shutdown in the
event an earthquake exceeding 0.08g should occur at the site;
and required modifications to some pipe supports and restraints
prior to operation in order to ensure qualification of related
piping systens to earthquake levels up to the Safe Shutdown Earth-
quake (0.25g).

A conforming amendment was issued on December 22, 1978, and plant
operation resumed on December 30, 1978.

On January 17, 1979, PGE filed the proposed modifications to the
Control Building. A summary of the proposed modifications is
provided in Section 2.0 of this report.

This Safety Evaluation Repcrt addresses those issues encompassed
by Phase II of the hearing - whether the scope and timeliness
of the modifications required by the Order of May 26, 1978 to
bring the facility into substantial comoliance with the license
are adequate from a safety standpoint.

.

,.e-"

.

?

,-.- -



. .

5--

The Trojan facility is currently in an coerational status, governed
by the interi:n restrictions imposed by the Atomic Safety and
Licensing Board in its Partial Initial Decision (Interim Operation)
described above.
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2.0 Descriction of Modifications

As shewn on the attached Figures 1 and 2, the Control Building
rnodifications consist of the addition of three new reinforced
concrete shear walls across the existing railroad bay in the
Control Building. Part of the new west wall would extend south
of column line 46 into the existing locker room at elevation 45'.
In addition, part of the west wall would be further strengthened
by the addition of a three-inch thick steel plate bolted to the
outside of the wall between elevations 59'-3* and 97'-3" with high-
strength steel bolts.

To facilitate handling, fabrication and erection, the steel plate |

will te installed sequentially in a total of eight pieces and
welded together. The steel plate has four cut-outs for the
passage of electrical cables and associated cable trays. The
steel plate pieces have been designed so that, when assemoled, |
the openings are formed around the cables, making it unnecessary
to remove them for plate installation.

The new east wall would extend above the railroad bay to elevation
95'-6" and be fastened to the existing east wall with reinforcing
si: eel and high-strength steel bolts. I

The existing equipment access opening in the east wall at elevation
65' would be reduced in size to 4 feet square.

The existing diesel generator ccmcustion air path consists of the
open railroad bay of the Control Building. Because this path would
be closed off by the new walls, PGE would install a new diesel
generator combustion air intake in the north wall of the Turbine
Building located to the west of the Control Building west wall.
To provide an unrestricted path, a roll-up door would be relocated
to the west of the louvered diesel air intake.

,

,

The railroad spur, which presently runs through both the Turbine
and Control Buildings to the fuel Building, would be terminated
in the Turbine Building. A railroad bumping post would be l

placed at the end of the line.

A second railroad spur would be added to maintain railway service
to the Fuel Building.

.
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The :odifications are dercribed in more detail in Section 3.2
of PGE-1020, "Rescr on Design :fodifications for the Trojan Control
Building."

.
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3.0 SEISMIC STRUCTURAL CRITERIA

3.1 Orioinal Desien Criteria

3.1.1 Orioinal Seismic Analysis Criteria

The seismic analysis criteria for the Trojan Nuclear Plant are delineated
in detail in Section 3.7 of the Trojan Nuclear Plant FSAR. In general,
this section, which is incorporated into the Trojan operating license in
Technical Specification 5.7.1, defines the seismic input criteria, and the
seismic analys.is techniques which were incorporated in the design of the
facility and accepted by the NRC.

Section 3.7.1 of the Trojan FSAR defines the seismic input criteria
acclicable to the Control / Auxiliary / Fuel Building Complex. These
criteria define the input in terms of peak ground accelerations for
the Operating Sasis Earthquake (OBE) and the Safe Shutdown Earthquake
(SSE), along with the associated ground response spectra and damoing
values. The ground response spectra are defined in Figures 3.7-1 |

,

and 3.7-2. The daming values are defined in Table 3.7-1. The peak
ground accelerations are 0.15g and 0.25g for the OBE and SSE, respectively, iThe following areas are specifically addressed:

FSAR Sections

3.7.1 Inout Criteria |3.7.1.1 Design Response Spectra l3.7.1.2 Derived Spectra i3.7.1.3 Percentage of Critical Damping i3.7.1.4 Site Dependent Analysis 1

3.7.1.5 Depths of Sedrock
3.7.1.6 Soil Interaction

The requirements for the seismic analysis of the Comoiex are contained
in Section 3.7.2 of the Trojan FSAR. This section describes the seismic
analysis requirements which were applicable for the Complex and the
bases for these requirements. Specifically, the items addressed in this
section are:

FSAR Sections

3.7.2 Seismic System Analysis
3.7.2.1 Seismic Analysis of Category I Structu.es
3.7.2.2 Criteria for Lumaing Masses

|3.7.2.3 Validity of Fixed-Base Models '

3.7.2.4 Finite Element Analysis
3.7.2.5 Response Spectra Multi-Mass Method
3.7.2.5 Effects of Excected Variations of '

Structural Properties

1
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FSAR Sections (Continued)

3.7.2.7 Vertical Response Loads
3.7.2.8 Tarsional Modes of Vibration
3.7.2.9 Comparison Between Response Spectrum

and Time History Methods
3.7.2.10 Seismic Analysis of Dams
3.7.2.11 Design Control

.

3.7.2.12 Overturning Mocents
3.7.2.13 Simplified Seismic Analysis Methods
3.7.2.14 Criteria for Corcosite Damping
3.7.2.15 Criteria for Modal Period Variation
3.7.2.16 Damping Factors
3.7.2.17 Seismic Analysis of Category II Structures
3.7.2.18 Earthquake Cycles

3.1.2 Original Seismic Design Criteria l

|
The Design Criteria applicable for the original design of the Control / i

Auxiliary / Fuel Building Complex are delineated in Section 3.8.1 of the
Trojan FSAR. In general, this section defines the appropriate load
combinations and corresponding acceptance criteria, design documents,
materials and their specifications, and the preoperational testing.
Specifically contained in this section are:

FSAR Sections

3.8.1 Structures Other than Containment
3.8.1.1 Design Bases and Structure Description
3.8.1.2 Design Documents
3.8.1.3 Load Combinattens
3.8.1.4 Analytical Methods
3.8.1.5 Design Methods
3.8.1.6 Identification of Construction Materials
3.8.1.7 Structural Preoperational Testing Procedures

The construction practices and the construction materials and their
specification used for the construction of the Complex are described
in Section 3.8.3 of the Trojan FSAR.

1
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3.2 Conformance of the .w dified Ccmolex with the Original Design Criteriae

The structural analysis, evaluation and design of the modified
Comolex are described in detail in PGE-1020 and the associated
PGE submit'.als. They are evaluated in detail in Section 5 of
this Safe'.y Evaluation Recort. This section generally compares
the anal; sis and design criteria for the modified Complex to thac
which v as committed to in Sections 3.7 and 3.8 of the Trojan FSAR,
as refe renced by and incorporated into the Trojan Technical Specifica-
tions. .

3.2.1 Seism.c Analysis Criteria I

3.2.1.1 Ino. Cr'teria (FSAR Section 3.7.1)
,

,

3.2.1.1.1 Des;gn Rescanse Soectra (FSAR Section 3.7.1.1)

Thi s section of the Trojan FSAR defines the peak ground accelerations
in the horizontal and vertical directions, along with the associated I
ground response spectra, for the OBE and SSE. These ground response
spectra are those which were incorpora+.ed into the seismic analyses
of the modified Complex. Therefore, *.his FSAR commitment is being
met.

3.2.1.1.2 Derived Soectra (FSAR Section 3.7.1.2)

Floor response spectra were derived initially using a time history
analysis of the structure. Floor response spectra are being derived using
the techniques described in Appendix 8 of PGE-1020 in a time history
anzlyses. Though the artificial time history and frequency intervals
for calculating the floor response spectra from the time history
analysis of the structure are different, this FSAR commitment is being
met. The new artificial time history better characterizes the
motion described by the ground response spectra and is the same time

' history which has been previously found acceptable under Phase I of
the Control Building Proceeding. The frequency intervals now being
used for calculating floor response spectra are those previously |
accepted u.1 der Phase I of the Control Building Proceeding and are
in conformance with current practice as delineated in Regulatory
Guide 1.122.

.
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2.2.1.1.3 Percentage of Critical Oamoing (FSAR Section 3.7.1.3)

The percentage of critical damping being assumed for the analysis
of the structure were creviously defined as 1 percent of critical
for low stress levels, 2 percent of critical for working stress
levels, and 5 percent of critical at the yield point. Current
analyses of the structure assume 2 percent of critical damping
for the OBE analysis and 5 percent of critical damping for the
SSE analysis, although that results in comouted OBE and SSE stresses
in the structure which are essentially the same. This assumption of
working stress level damping for the OEE and yield point level
damping for the SSE is in conformance with current criteria which
are delineated in Section 3,7 of the U.S.N.R.C. Standard Review
Plan. The numerical values of damoing are in conformance with
Section 3.7.1.3 of the Trojan FSAR. Therefore, this FSAR commitment
is being met.

3.2.1.1.4 Site Decendent Analysis (FSAR Section 3.7.1.4)

The initial ground response spectra are being used in the analysis
of the modified Complex. No new site dependent spectra were
generated. Therefore, this FSAR commitment continues to be met.

3.2.1.1.5 Cecths to Bedrock (FSAR Section 3.7.1.5)

This is unaltered by the proposed modifications to the Ccmplex.

3.2.1.1.6 Soil Interaction (FSAR Section 3.7.1.6)

A fixed bt 0 model was used in the initial analysis of the complex
as well as in the analysis of the modified Complex. Therefore,
this FSAR section remains unaltered.

3.2.1.2 Seismic System Analysis (FSAR Section 3.7.2)

3.2.1.2.1 Seismic Analysis of Category I Structures (FSAR Section 3.7.2.i)
'

The dynamic loads for the Complex were initially determined by
response spectrum analysis using the appropriate natural periods,
mode shapes and damping factors. This procedure has been adhered
to in the seismic analysis of the modified Complex, with modal
responses being centined by the SRSS method with appropriate
consideration of closely-spaced modes. However, the analytical
models, and referenced allowable stresses described in
this FSAR Section have been superceded by those described in

.

|
|

|
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PGE-1020 and the associated PGE submittals. The acceptability
of these is discussed in Sections 3 and 5 of this Safety Evaluation
R eport. The seismic icad combinations used in the analysis of
the modified Complex are the same as those referenced in this

section of the FSAR.
,

3.2.1.2.2 Criteria for Lumoing Masses (FSAR Section 3.7.2.2)

The initial 3-0 fixed-base beam-stick model of tae Complex consistad
of essentially four sticks representing the Control Building,
tha Auxiliary Building, the Fuel Building Hold-up Tank Enclosure,
and the Fuel Building Spent Fuel Pool. The masses of the structures
were lumped at each floor level for each stick. Beam elements !

'representing the structural elements supporting the floors connected
the masses. The sticks were tied together laterally through beam
elements representing the connon floor slabs.

The STARDYNE model of the modified C ilex, as discussed in PGE-1020,
'

contained the same basic floor elev ans as the initial model;
.

however, all shear walls and floor abs were modeled using finite |
elements. This representation provided a more accurate representation i

of the mass magnitudes and their distribution for the modified
Complex than did the initial model. Floor response spectra are
generated for both the OBE and SSE conditions for the modified
Complex using this STARDYNE model. The QA/QC procedures discussed
in this section of the FSAR have been superceded by those described
in PGE-1020 which are procedurts carrently accepted by the NRC.

3.2.1.2.3 Validity of Fixed-8ase Models (FSAR Section 3.7.2.3)

This FSAR section demonstrated that fixed base models were valid for
the analyses of structures. The validity of a fixed base model of
the Complex was further addressed in Phase of the Control Building
P roceeding. A fixed base model was used for the seismic analysis
of the modified Complex. Additionally, for the properties of
the supporting rock at the Trojan site (shear wave velocity of
4500-5000 fps), current criteria as delineated in Section 3.7.2
of the NRC Standard Review Plan would sanction the use of a fixed-
bt:e model. Therefore, this FSAR comitment continues to be met.

3.2.1.2.4 Finite Element Analysis (FSAR Section 3.7.2.4)

This FSAR section stated that the finite element analysis technique was
! not used. However, this technique has been used for the seismic

analysis of the modified Complex.

.
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3.2.1.2.5 Resconse Scectra Multi-Mass Method (FSAR Section 3.7.2.5)

This method was not used to generate floor response spectra in
the initial seismic analysis and has not been used for generation
of the floor response spectra for the modified Cocolex. Therefore,
this FSAR commitment continues to be met.

3.2.1.2.6 Effects of Excected Variations of Structural Procerties (FSAR
Section 3.7.2.6)

This section referenced BC-709-4, " Seismic Analysis of Stmetures
and Equipment for Nuclear Power Plants," Bechtel Corporation
(April 30,1971) for the method used in accounting for variations
of structural properties and damoing. This area is discussed
in PGE-1020 and the associated PGE submittals, and Section 5 of
this Safety Evaluation Report. No variation in damping was considered
in the analysis. The variations in floor response spectra peaks
are being accounted for by widening the spectral peaks per SC-TCP-4A
cri teri a. This Bechtel topical report has the same title as BC-TOP-4
but is the NRC approved topical version and is dated Noveder
1974. Further widening of the peaks is performed to account for
potential effects of the assumed occurrence of five earthquakes
of the OBE level.

3.2.1.2.7 Vertical Resonnse loads (FSAR Section 3.7.2.7)

This section requires that the analyses for the horizontal and2

the vertical directions be performed using the ground response
spectmm curves. The forces, moments and resulting stresses were
cortined assuming a sinultaneous occurrence of the vertical and
horizontal motions. This is being met since the structural forces,
moments and resulting stresses are obtained by combining the vertical
earthquake response with each of the horizontal respenses absolutely
and taking the greatest of the two resultants as the resultant
force, moment or resulting stress that mst be resisted.

Additionally, the vertical members were initially considered vertically
rigid, wnile horizontal members were further investigated for
vertical response. As discussed in PGE-1020 and the associated
PGE submittals, and Section 5 of this SER, appropriate vertical
amolification of the ground response has been considered in the
calculation of building response. The initial vertical floor
response spectra remain unchanged due to the modification of the
Conciex. Therefore, these FSAR comitments are met.

.
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3.2.1.2.8 Torsional Modes of vibration (FSAR Section 3.7.2.3)

The initial analysis and the analysis of the modified Complex
consider torsional response. Therefore, this FSAR ccamitment
is met.

3.2.1.2.9 Comoarison Between Resoonse Scectrum and Ties History Metheds
( FSAR Section 3. 7.2. 7 )

This FSAR section provided a comparisen of the results obtained
for the acceleration of the Containment based on the response
spectrum and time histcry methods, using the artificial time history
defined for the initial analyses, and indicated good agreement.
Since a new artificial earthquake time history was used for the
analysis of the modified Complex, this FSAR commitment is met
by the fact that this comparison was prcvided for the unmodified
Corolex, using the new artifical time history, in the October 27,
1973 response to the NRC questions of October 16, 1978. This I
comparison indicated good agreement between the response spectrum
and the time history analysis results. A similar comparison was
not provided for the modified Complex; hcwever, this is not deemed
necessary. The analysis of the modified Complex would provide i

'sindlar good agreement since the modifications will not significantly
alter the response of the structure. Therefore, this FSAR comitment
is met

3.2.1.2.10 Seismic Analysis of Dams (FSAR Section 3.7.2.10)

This T.atter was not applicable to the Trojan Plant. This remains
unaltered by the proposed modification to the Complex.

3.2.1.2.11 Design Control (FSAR Section 3.7.2.11)

The appropriate design controls for the modifications to the Conglex
are covered by PGE's QA/QC program which is approved by the NRC.
The QA/QC procedures are described in PGE-1020. Therefore, this
FSAR comitment is met.

3.2.1.2.12 Overturning Mcments (FSAR Section 3.7.2.12)

This FSAR section required that overturning moments for the Conglex
be calculated using response spectrum analyses and that the
stability of the structures be checked by comoining the overturning
moment with the dead load of the structure and the vertical
earthquake affects. As discussed in PGE's 2/13/80 submittal and
Section 5 of this SER, this has been done.

|
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3.2.1.2.13 Simo11fied Seismic Analysis Methods (FSAR Section 3.7.2.13)

As for the initial criteria, the analysis of the modified Complex
is in conformance with the criteria described in FSAR Section
3.7.2.1, which is discussed in Section 3.2.1.2.1 of this report.
Therefore, tnis FSAR connitment is met.

3.2.1.2.14 Criteria for comoosite Damoing (FSAR Section 3.7.2.14)

The damping values for the OBE and SSE are the same for all elements
of the modified Complex in all modes of vibration. Therefore,
it is not necessary to account for composite damping.

3.2.1.2.15 Criteria for Modal period Variation (FSAR Section 3.7.2.15)

In the predominant range of modal frequencies for the modified
Complex, the ground response spectra values for acceleration are
essentially constant. Therefore, the frequency variation does
not have a significant effect on the structural forces, dis-
placements and accelerations. Mcwever, the modal frequency variations
are accounted for in broadening of the ficar response spectra.
This is further discussed in Section 3.2.1.2.6 of this SER.,

3.2.1.2.16 Damoing Factors (FSAR Section 3.7.2.16)

The damping values used in the analysis of the modified Complex
are in accordance with those referenced in this FSAR section.
This is further discussed in Section 3.2.1.2.3 of this SER.
Therefore, this FSAR commitment is met.

3.2.1.2.17 Seismic Analysis of Category II Structures (FSAR Section 3.7.2.17)

The Complex is considered as Seismic Category I. Therefore, this
section is not applicable to the modified Complex.

3.2.1.2.18 Earthouake Cycles (FSAR Section 3.7.2.18)

; As stated in this FSAR section, the original design of the Complex
* was such that it was not necessary to consider gyclic loading in the

design. The modified Comolex, as substantiated by the testing
program on the sample walls, may experience cyclic degradation

.

1
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given the occurrence of OBE level earthquakes. These potential
degradations are teing accounted for by consicering the occurrence
of five (5) OBE's, each resulting in the structure experiencing
ten (10) effective full stress cycles. This is discussed further
in PGE-1020 and the therin referenced December 21, 1979 PGE submittal,
and Section 5 of this SER. The choice of five (5) OBE's, each
producing tan (10) affective full cycles of stress, is based upon
the current requirements of the U.S.N.R.C. Standard Review Plan
Section 3.7.3.II.2. Although this criteria is specifically applicable
to subsystems (piping and equioment) and components, it is felt
that this criteria is reasonable and conservative to apply to
the modified Complex due to higher damping present in the structure
than in the subsystems and components resulting in the stpJcture
experiencing somewhat fewer total cycles than the subsystenc and
components. However, the degree of conservatism cannot be reasonably
cuantified. In summary, a different approach is being taken than

,

that initially taken to meet the intent of this section; namely, |
that the cyclic effects of earthquakes be considered. 1

3.2.2 Seismic Desien Criteria

The seismic design criteria for the initial design of the Complex ,

to resist the loads resulting from the seismic analyses performed
]per criteria described in Trojan FSAR Section 3.7, are described in :

Section 3.8 of the Trojan FSAR. The FSAR Section 3.8 design requirements |
are incorporated in FSAR Section 3.7 by reference. The structural l
design criteria which were applicable to the Complex initially are given 1

in Trojan FSAR Section 3.8.1. ;
4

3.2.2.1 Structures Other Than Containment (FSAR Section 3.8.1)

3.2.2.1.1 Design Bases and Structure Descriction (FSAR Section 3.8.1.1)

This FSAR section provides the design bases for the stnactures
comprising the Complex; name?y, the Control Sui'.oing, the Auxiliary
Building and the Fuel Building. FSAR Table 3.8-1 itemizes these
requirements. The loads which cause a lateral loading of the
Complex and are thereby required to be reevaluated due to the

i

Control Building design deficiencies are the seismic and wind, I

including tornado, loadings since protection of the Conglex against
these events is required. As was determined under the evaluations

|
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performed under Phase I of the Control Building Proceeding, wind
,

and tornado criteria were not the limiting loaos on the Complexi

due to the Control Building design deficiencies which are the
subject of this proceeding. The seismic loads are the limiting
loads and it is in this area that determinations regarding the
adequacy of the modified Comlex are being focused. The adequacy
of the modified Complex to withstand seismic loadings, in conjunction
with other appropriate loads, is discussed in detail in Section
5 of this SER. The basic descriptions of the buildings comprising
the Complex remains unchanged by the proposed modifications.
The buildings are described in Section 3.3.3 of PGE-1020. The
clearances between the structures remain unchanged except for
the gap between the Turbine Building and Control Building at the
Control Building R line wall at elevations 93' and 69' where the
gap is reduced to 2.0" and 2.5" after modification, and at Turbine
Sufiding column 541 where the gap is 4 inches. The adequacy
of the clearances for the modified Complex is discussed in Section

5 of this SER.

3.2.2.1.2 Desien Documents (FSAR Section 3.8.1.2)

This section states the design documents applicable to the initial
design of the Complex. This section is superceded for the modified
Complex by PGE-1020, PGE's associated submittals, and the references
incorporated into these. The acceptability of thtae documents
to provide for adequate design and evaluation of the modified
Complex is discussed in Section 5 of this SER.

3.2.2.1.3 Load Combinations (FSAR Section 3.8.1.3)

This FSAR section provides the loads, and load combinations and
corresponding acceptance criteria which were incorporated in the
initial design of the Complex. As stated in Section 3.2.3 of
PGE-1020, both the existing Complex structursi elements and the
new structural elenents for the Control Suilding modifications
are designed for these loads and load combinations. The acceptance
criteria for the new and existing structural elements is discussed
in PGE-1020, PGE's associated submittals and Section 5 of this
SER. Actual floor and equipment loadings are being substituted
for the design floor live loads specified in Table 3.8-2 of the
FSAR which is reasonable since the actual loads are not normally
known accurately in the initial design phases but are now known

l
;
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and may appropriately be used. The pertinent governing load
comoinations which are being addressed in the analyses of the
modified Comolex existing walls and proposed modifications to
resist gross lateral loading of the modified Complex are:

(1) 1.4 (D*L+E)=U
(2) 1.0 ( D+L+ E' ) =0

where D = Dead load of structure and equipment plus other permanent
loads contributing stresses, such as soil or hydrostaic
loads.

L = Live load

E = OBE lead resulting from ground surface acceleration of 0.15g

E'= SSE load resulting from ground surface acceleration of 0.25g

U = Required ultimate load capacity

3.2.2.1.4 Analytical Methods (FSAR Section 3.8.1.4)

This FSAR section essentially commits that classical theory, empirical
equations and numerical methods were used as necessary in the
initial analysis of the Complex. Further, it commits that loads i

'

and load combinations as delineated in FSAR Section 3.8.1.2 were
considered. The techniques now being incorporated are discussed
in PGE-1020 and the associated PGE submittals. Their adequacy is
addressed in Section 5 of this SER.

3.2.2.1.5 Desion Methods (FSAR !ection 3.8.1.5)

The design methods appropriate for the modified Complex are discussed
in PGE-1020 and the associated PGE submittals, and in Section 5 of the
SER.

3.2.2.1.6 Identification of Construction Materials (FSAR Section 3.8.1.6)

This FSAR section describes the materials used in the construction
of the facility. The materials to be used for the modifications
to the Complex are described in PGE-1020 and the associated PGE
submittals. The materials comprising the walls and slabs in the
existing elements of the Complex have been described in the documents ,

subm'ited under Phase I of the Control Building Proceeding. They |

|are . <=what different than those listed in this FSAR section
in that the FSAR did not give the block strengths and greut strengths )
and did not list where 5000 psi concrete was used rather than i

I

the 3000 psi concrete specified therein.

,
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Section 3.3.3 of the Trojan FSAR is referenced as fully describing.

the quality control pro:edures, construction practices and materials.
Those for the proposed modifications to the Comolex are described
in PGE-1020, tne associated GE submittals, and Section 5 of this
SER. The QA/QC procecures are governed by PGE's NRC approved
QA program.

3.2.2.1.7 Structural precoerational Testing procedures (FSAR Section 3.8.1.7)

No structural preoperational testing of the Complex was initially
performed. Nono is required for the modified Complex. However,
che FSAR commitment to periodically visually inspect the structures
during the plant life for apparent structural deterioration such
as large cracks and excessive deflection is sti.11 required for
the modified Complex. Further, inservice inspection of the pre-
tensioned bolts connecting the new structural elements to those
existing in the Control Building is being required as discussed
in Section 6 of this SER.

.
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%.0 Modifiestion Work and Effects on plant Ocerstion and on
Safety-Relatec Ecutoment

The proposed modification work has ceen evaluated in detail to
determine how damage to safety-related equipment could possibly
occur from performance of this work during operation of the plant
and to ascertain the adecuacy of the protection proviced against
such damage. Based on this evaluation, we have determined that the
areas of concern are those aspects of the modification wors
involving:

1. drilling holes through walls,
2. bolt assembly installation,
3. welding and cutting coerations (addressed in section on

fire prctection),
4. modifications to safety systems required for performance of

the Control Suilding modifications,
5. effects on operator actions,
S. steel plate installation,
7. constmetion generated dust and dirt.
8. noise and vibration due to modifitation work,
9 work sequence,

10. effects of modi.fications (structural assessment), and
11. compliance with Technical Specifications during modification work.

Other than these areas, there are no aspects of the proposed modifications
that will have an impact on safety-related equipment or the safety of plant
operation.

Each of the areas identified above are addressed in this section of the
SER. Also discussed in this section are the QA/QC requirements for the
modification work and the inspections of the work that will be performed
by the NRC.

4.1 Hole Drilling

To provide for bolting steel plates to the west wall of the Control
Suilding as weil as to provide for bolting the new wall at column
line N to the existing structure, it will be necessary to drill holes
through the west and east * walls between column lines 41 and 47 and
in the Electrical Auxiliaries Room to insert rebar for the attachment
of the new wall at column 'ine N'..

.'

?
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Such drilling could potentially affect safety-related cables, caole
trays, equipment and/or conduit at the folicwing locations:

1. the west wall of the Control Building / east wall of the Turbine
Building between elevations 77' and 93' where four banks of caole
trays and conduits pass through the walls from the Control Building
to the Turoine 3uilding,

2. the west wall of the Electriczl Auxiliaries Room, between elevations

65' and 77' where safety-related cables in trays and conduits are
located near the inside of the wall,

3. the west wall of the Cable Spreacing Ro.cm between elevations 77' and
93' where safety-related cables in trays and conduits are located
near the inside of the wall,

< < . the Control Room west wall between elevations 93' and 97'3" where
several safety-related conduits are located near the inside of the
wall,

S., th.e east wall of the Control Room between elevations $1' and 95'6"
between column lines 41 and 46 (no safety-related equgment or cables
are at this location),

- 6. the east wall of the Cable Spreading Room between elevations 77' and
93' between column lines 41 and 46 where safety-related cable trays
are located near the wall,

7. the east wall of the Electrical Auxiliaries Room between elevations
65' and 77' (no cable trays near the wall, one electrical cabinet
near the wall), and

8. the floor of the Electrical Auxiliaries Room at column N' (no safety-
related equipment or cables are located at these drilling sites).

For each of these areas, the licensee will determine the location of
each hole to be drilled by surveying. The survey methods to be used
provide a precise location of the holes by means of tape measurements
from existing column lines and by means of a survey transit where it is
necessary to establish additional points of reference. This method should
allow the location of holes with sufficient accuracy to prevent damage to
all but the imbedded conduits discussed separately below.

.

t
- - . ,



:

j. .

l
,

i'

1
-

22

! Once the location of the hole is establisned on the side of ne wall
from which drilling is to be done, the locaticn of the hole on the ococsite
side of that wall will be accJrately established using the same survey
methods described above and marked prior to the commencement of drilling.
The holes must be located where there are no cbstructions and where
there is sufficient space between the wall and any cables, cable trays
or conduit near the wall to allow installation of the washer and the
nut on the bolt. This requires a horizontal distance from the wall
to the nearest cable, cable tray or conduit at the hole location to
be at least five inches to accommodate the large washer (appr ximately
2 3/8 inches thick), a small washer (approximately 1/4 inches thick),
the nut (approxicately 13/4 inches thick), about 1 inch of grout, plus
excess bolt length beyond the tightned nut. * A radial distance from
the hole of at least nine inches is required to acecmmodate the washer
against the wall. Consequently, prior to drilling a particular hole,
the surveying coerations will be performed to assure that the hole location
is such as to allow at least these minimum distances between the wall
hole and the nearest cable or conduit where the drill bit comes through
the wall. Therefore, for any hole, the drill would have to penetrate
through the wall and then continue to travel at least an additional
five inches before any contact with cable, conduits or cable trays could
oCCu r.

A positive drill control will be provided. This will prevent contact
with cable trays, cables or conduits by limiting the extent to which,

i the drill can travel past the surface of the wall once the drill has
: penetrated the wall. The drill advance through the wall is controlled

manually; that is, a rack and pinion gear must be rotated by hand before
the drill can advance. This provides for a slew positive control over
the drill preventing any punch-through once the wall is penetrated and
thereby preventing any damage to cable trays, conduits or equipment
or the opoosite side of the wall. For each hole to be drilled, a painted
stripe or tape will be provided on the drill so the operator knows what
depth has been penetrated and thereby be aware when tne drill has penetrated
the wall depth.

In addition, personnel will be stationed at the opposite side of the
wall from the driller to monitor the hole location and drill penetration.
Positive communications between the monitor and driller will be provided
by means of portable radio connunications or by sound or battery powered
telephones to assure that the drilling is terminated as soon as the drill
penetrates the wall.

f
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Eacn of the areas identified in items 1 througn 3 above were closely
examined by memoers of the NRC staff during a site visit on June 13-14,
1979. For the areas described in item 1, drilling will be parallel
to the four banks of cable trays and conduits which pass through the
walls from the Contrer Building to the Turbine Building. Sufficient
space nust be provided between the location of holes to be drilled and
the existing cable t? sys/ conduit which pass through the walls to acconin-
odate the drilling equipment as well as the width of the washer (9 inch
radius) ar.d nut which will ultimately be installed on the bolt. This

,

space is sufficient to assure that drilling in this area will not result'
.

in contac; between the drill and the cable trays / conduit which pass
through the wall For the areas described in items 2 through 4, 6 and
7 above, cables, cable trays and conduits are located only on the side
of the wall opposite the side from which drilling will take place.
For these areas, the five inch minimum required spacing betweer the
surface of the wall and the nearest cable tray / conduit at the hole location,
along with the positive drill control and the coc=unications between
the driller and personnel monitoring the drilling, will assure that
the drill will not contact cable trays, cables or conduit. For items
5 and 8, there are no safety-related equipment, cables and conduit on
the opposite side of the wall and floor where drilling is to be accoglished.
Based ca this evaluation and on our examination of the areas where drilling
will take place, we conclude that the measures discussed above can be
practically iglemented and that they will prevent any damage to safety-
related cables, cable trays and conduits from drilling.

One exception to the aboy.:-described method for accurately predetermining
hole location to prevent damage to conduits containing safety-related

.

cables is at the west wall of the Control Suilding near column line !
46 on column line R where two conduits, each containing two cables,
are entedded in the concrete.

The location of these conduits can be determined approximately by finding
where the conduits enter and leave the wall; then, marking their approximate
location by drawing straight lines between these points. It is, there- 1

fare, unlikely that one of the conduits would be contacted. If one )of the conduits were struck, the rigid steel conduit would provide <

i
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Therefore, it is our conclusion that adequate measures are being taken by
the installation of passive means (steel cable tray covers and scaffold
timter planking) and direct supervision of the work to protect cables against
damage during the bo!: assemtly installation while the plant is cperating.

4.3 Fire Potential and Protection During Modifications

The proposed modification worx may potentially affect fire protection at
the facility because of (1) the possible introduction of ignition scurces
from the modification work; (2) the possible accumulation of ecmbustible
materials frem the modification work; (3) the potential impairment of
fire brigade access to areas of the facility due to storage of construction
equipment and/or materials, work-in-progress or other aspects of the
modifications; and (4) impairment of fire barriers.

Ignition sources that will be introduced by the modifications are Cadwelding,
electric are welding and cutting by electric arc or oxyacetylene torch.
Such sources raise a possible cencern with regard to the potential for
ignition of combustible materials.

Areas where Cadwelding, welding or cutting will be performed which may
contain comoustible materials sucn as electrical ' cable insulation, wood
and plastics, etc, are in the Turbine Building above elevation 69' along
the R line wall (division A cables here), and the Electrical Auxiliaries
Room at elevations 65' to 77' near column 41 R. Such work may also
be required in the Cable Spreading Room and the Control Room.

Administrative controls required under the facility's NRC approved fire
protection plan provide that it is,the joint responsibility of the Cognizant
Supervisor, the Safety Supervisor and the Shift Supervisor to review
and evaluate proposed wort activities to identify potential transient
fire loads arid other potential sources of danger. Prior to the initiation
of any Cadreiding, welding or cutting work in the plant, a welding or
cutting permit must be obtained by the responsible supervisor. This
permit reqsires, among other things, that combustible materials in the
area where welding or cutting is to take place be removed or that potentially
combustible materials such as the insulation on installed electrical cables
be protected from welding and cutting operations. The permit also requires
that a trained fire watch (one or more plant

:
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personnel trained in fire-fighting) etuipped with a fire extinguisher
or hasa be present in the wort araa. The fire watch must remain in
the area for 30 minutes after completion of the welding or cutting to
assure tnat no fire or smoldering has occurred. With regard to physical
fire protection for the cables, the licensee has connitted to using
Claremont Weld Shield 800-24 or FabriCote 1584-white fire blankets over
all cables in the area where welding and/or cutting will be done. These
are designed to stop welding and cutting slag and sparks from penetrating
the blanket and rsaching items protected by the blankets. Based on
our evaluation of the qualification test procedure and the test results
and report for thete blanket materials, we have concluded that the fire
blanket material provides adequate protection of combustibles frcm welding,
Cadweiding and cutt 11g operations. In addition, the licensee has committed
to remove wood form mu'.erials prior to commencement of any welding or
cutting operations and to store other necessary flammable material
such as rags in self-clos;1g containers which will be removed from tne
area at the end of each worg day. Both the use tf protective blankets
and the stationing of fire watenes in areas where welding and cutting
operations are being performed have been found acceptable by the staff
as adequate protection in preventing fires or detecting and extinguishing
fires from the performance of such work during plant operation. These
protective measures will assure adequate fire protection from all welding,
Cadwelding and cutting activities performed during plant operation due
to the proposed modifications.

Smoke will be generated by welding, Cadwelding and cutting operations
as will some dust from concrete removal. To protect the equipment in
the Electrical Auxiliaries Room from the work at column 41 R, an enclosure
of fire retardant plastic and wood will be constructed around the work
area with fans provided to direct any smoke and dust outside. If such
work is necessary in the Control Room or Cable Spreading Room, a similar
enclosure will be provided there as well. Plastic used with wood to con-
struct enclosures will remain for the duration of work in an area. Other ;

plastic sheeting will be removed from any safety-related area at the end of !
the work shif

i

Because the modifications require construction equipment, materials ;

and tools to be brought into areas where modification work is to be i

performed, this will result in the temporstr introduction and use, while I
wort is actually being performed, of minor combustibles such as wood,
rags, rubber tires en dollies, and the like. However, aside from wood used
for concrete forms and wood and plastic used for dust enclosures,

|
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this will not result in the accumulation of coroustibles and an increase
in the potential for fires in safety-related areas because:

1. Plant procedures require safety-related areas to be free of permanent
material storage at all times and equipment, materials, tools and
comoustibles will not be stored near safety-related equipment, com-
ponents, cables or piping either during wort periods or non-work
peri ods.

2. While equipment, meterials and tools for construction may be brougnt
into safety-related areas during work periods, they are required

.to be removed at the end of each work shift; consequently, safety-
related areas will not be used for storage of coccustible materials
or equipment for ar.y unattended period of time.

For these reascns, the proposed modification will not result in accumulation
of miscellaneous combustible materials that could increase the potential
for fires that could affect safety-related equipment, components, piping
or cables. There are, however, areas where wood framing, planking,
concrete forms and plastic will be necessarily in place for the period
of time required to complete a particular aspect of work such as curing
of concrete before forms are removed. The licensee has identified the following
safety-related areas where wood will be used:

1. Control Room;

2. Cable Spreading Room;

3. Electrical Auxiliaries Room;

4 East wall of the Turbine Building eetween column lines 41 and 46.

T.he plastic and wood will be fire retardant with the exception of the wood
used as concrete form material. This will not be treated with fire retardant
chemicals to avoid any possible deleterious affects the chemicals may have on
the new concrete. Inasmuch as these materials represent a significant increase
in the quantity of combustible material for the period while the material is
in the area, the licensee has committed to establish a fire watch whose soles

responsibility will be to tour at hourly intervals the areas where these materials
are used. This fire watch will be established wnether the wood and plastic are
fire retardant or not. This fire watch will not be necessary during the times
when a continuous watch has been established in an area for otner purposes.
This fire watch will be instituted when the material enters an area and continue
until it is removed.

|
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This added measure of protection (fire watch patrol) will assure adequate
protection for these areas where wood may, of necessity, have to remain
during offwork periods.

,

As to modification work inhibiting access by the fire brigade to areas
where a fire has been initiated, the proposed modifications and activities
related thereto could inhibit access by:

1. the storage of. construction equipment, materials or tools blocking
ingress and egress to and from areas of the Control Sufiding complex,

2. workers and actual work-in-progress blocking ingress and egress
to and from areas of the Control Building complex,

3. the removal of access ways (e.g., stairwells, ladders) for performance
of modification work.

As previously indicated, construction equipment, materials and tools
will not be stored near safety-related ecuipment or cables. Consequently,
access to such areas will be unaffected from the standooint of storage
of constnJction items. While construction equipment, materials and
tools may be present temporarily in safety-related areas during any
particular work shift, such items must necessarily be of a portable
nature (since they must be removed at the end of each work shift) and
will be stored so they do not block access required for operation or
for firefighting.

As to workers and actual work-in-progress blocking access to any areas
in the Control Building complex, it is to be noted that all modification
work will be closely supervised; in the event that workers are blocking
access, they can simply be directed to move. Also, work in the Cable
Spreading Rocm, the Electrical Auxillary Rooms and the Control Room
will not restrict access to equipment either within these areas or in
adjacent areas because the location of the work is against the walls
out of normal paths to equipment and the tools and equipment to be used
to perform modification work in these areas is small in size (e.g.,
wrenches, nuts, washers). In the case of the work at column N' in the
Electrical Auxiliaries Roem, the work will consist of cutting some
concrete at floor level and therefore will not block access to any safety-,

'

related equipment. The plastic enclosures to be constructed in the
Electrical Auxiliaries Room and whien may also be constructed in the
Control Room and Cable Spreading Room f.o prevent dust and smoke from
entering these areas will be against walls and henca will not impede
access to any safety-related equipment.

1
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Ouring our site visit on June 12-13, 1979, all areas of the Control
Building complex were examined for possible operator / fire brigade access.

problems. Based on that examination and a consideration of the modf-
fication work to be performed, the only area where work-in-progress
will affect access is at elevation 45 feet in the Turbine Building between
columns 41 and 47. In this area, access through this area from tne
railroad bay to the Control Sufiding will be impaire4 temporarily whfie
plates 1 througn 6 are lifted into placa. This impairment of access
will last only for the period of time in which the plates will be lifted
from elevatf ori 45 feet to their point of installation. This will not
restrict access to any safety-related area where access is necessary '

either to operate equipment or to fignt fires because safety-related
equiement is ..ct located in the areas to which access would be impaired.
In addition, other access ways into these areas are available. These,

alternate routes provide access from the outside or the inside around
the work area which is temporarily innibited while the plates are being
lifted into place. Consequently, we conclude that modification work-
in-progress will have essentially no effect on operattr or fire brigade
access.

The proposed modifications were also examined to determine whether there
were any other aspects of the modification work that could restrict
access to various parts of the Control Building complex. To perform
certain parts of the modification work, the steel staimay leading from
the Turbine Building operating floor at elevation 93 feet to the Control
Room viewing gallery will be removed. This stairway provides access
only to the viewing gallery and is not an access way to any safety-related
equipment, corrponents, piping or cables since no safety-related items
are in the viewing gallery area. An alternative access way is available |into the viewing area should access be required to fight a fire in this i

In view of this, the impairment of access to the viewing galleryarea.
by temporary removal of the staimay will have no safety significance
with regard to ingress and egress to and from the area by operators~

or the fire brigade.

Also, pursuant to the modification work, a ladder and steel platform
leading to the Turbine Building roof and tne crane cab at elevation
93' in the Turbine Building will be tampararily removed. However, alter-
nate access to the roof will be provided by means of a temporary ladder.
In view of this, the temporary removal of the ladder and steel platform
will Save no safety significance with regard to access to the Turnine

|
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Building roof by coerators or the fire brigade, Access to the crane
cab is not cecessary for safety-related purposes and therefore a deter-
mination of sucn access is not required.

The final concern related to fire protection is the possible impairment
of fire barriers because of the modification work. Based on our review
of all aspects of the proposed modification work, areas where work may
affect a fire barrier are the areas where holes will be drilled through
existing walls as identified in Section 4.1 above, the floor in the
Electrical Auxiliaries Room at column line N' where holes will be drilled
for anchoring a new wall, at column 41 R and possibly at 46 R, 46
N and 41 N at various elevations where concrete removal for recar
installation will result in penetration of the wall. Penetrations
resulting from the drilling and cencrete removal operations on these
walls will provide a path through which fire could potentially pass.
The Trojan technical specifications require a fire watch patrol to inspect,
on an hourly basis, the areas where a fire barrier is nonfunctional.
The licensee has committed to providing an hourly fire watch whenever
wood is in any of these areas. This commitment is adequate to accomplish
both purposes and a second fire watch need not be established during
periods when such inspection is necessary due to wood being in the area.
In addition, where holes have been drilled for bolt installation, the
licensee has committed to temocrarily seal the holes, until the bolts
are installed, with the same material used to seal the plant's electrical
penetrations of fire barriers. This is in compliance with Trojan Technical
Specification 3/4 7.9, " Penetration Fire Barriers," which covers the
requirements for periods when a fire barrier is impaired or is non- )functional.

It is oJr conclusion that, with the fire watch proposed by the licensee,
adequate fire protection will be provided to compensate for the disabling
of fire barriers and for situations in which there is an increased potential
for fire due to the introduction of ignition sources and comcustibles
and that there is reasonable assurance that the health and safety of
the public will not be affected by the proposed modifications insofar

i

as fire protection at the facility is concerned. '

4.4 Modifications to Safety Systems Recuired for performance of the Control
Bulloing Mootfications

'

We have examined the procesed modifications with a view tavard determining
the need for intentionally taking equipment out of service dJring performance

.
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of part or all of the modification work. We initially cetermined that
the only safety-related equipment which mignt be temporarily taken out
of service was the Battery Room exnaust. This exhaust system provides
ventilation air flow for the Battery Room and serves to remove hydrogen
which may be generated in small quantities wnen the batteries are recharged.

The Battery Room exhaust system is an auxiliary system and is not required
to bring the plant to, or maintain the plant in, cold shutcown, to mitigate
the consequences of accidents, or to process or contain radioactive
materials and limit their release to the environment. Consequently,
the temporary removal of this system from service would not affect the
ability to shut down the plant, mitigate accidents or limit releases
of radioactivity.

On the other hand, the Battery Room exhaust system does serve to assure
that any hydrogen generated during battery recharging is removed from
the room and, for this reason, some means of ventilation is desirable.
Accordingly, the licensee had committed to providing an alternate means
of Battery Room ventilation during the period when the normal system
mi ght be out of service.

The licensee has since stated that the Battery Room exhaust duct will
not be disabled during the modification. We nave reviewed and determined
that the exhaust duct need not be disabled to accomplish any modification
work. Therefore, this matter is of no further concern.

4.5 Effect of Modification Work on Ooerator Actions

The potential concern with regard to modification work affecting operator
actions is the possibility that the storage of construction equipment,
matirials and tools, actual work-in-progress, or the removal of access-
ways during the modification work could impair the access of operators
to safety-related equipment and thus imoair or prevent manual operator
actions necessary for normal operation or to cope with emergencies.
This matter is discussed in Jame detail with regard to fire protection
and fire brigade access.

As indicated in the section on fire protection, constnaction equipment,
materials and tools will not be stored near safety-related equipment
or cables or in safety-related areas. Consequently, operator access
to such areas will be unaffected from the standpoint of storage of
construction items.

.
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Similarly, except for work involving movement of plates at elevation
45 feet in the Turoine Building, work-in-progress will not impair operator
access since worxers and the tools and materials they are using will
simply be moved out of the way if access is required. Moreover, areas
at olevation 45 feet in the Turoine Building wnere access will be impaired
while plates are moved are not safety-related areas containing any equipment
for which access is necessan.

Finally, while the modification work will require the temocrary removal
of both a stairway leading from the Turbine Building operating floor
(elevation 93 feet) to the Control Room viewing gallen and a ladder
and platfor n leading to the crane cab and Turbine Building roof, no
safety-related items requiring operator access are contained in these
areas. Accordingly, temporary removal of these access ways will not
'irroair operator access to any equipment, cables, piping or components
which are necessary for plant operation or which serve a safety-related
function.

4.6 Handling of Heavv t.oads

The Control Building modifications will require the handling of some
heavy steel plates not anticipated or accounted for in the Trojan licensing
review at the operating license stage. To upgrade the Control Building
horizontal shear strength, both ends of the Control Butiding railroad
bay will be sealed with reinforced concrete. To further improve the
horizontal shear strength of the Control Building west wall adjacent
to the Turbine Suilding, a three inch thick steel plate wf11 be attached
to the outer surface of the west wall. The plate will extend from elevation
59'-3" to 97'-3" between columnt 41 and 47, a distance of approximately
33'-6" at its widest point. It will be assembled from eight individual
plates that will be lifted sequentially from a transporter in the Tubine
Building railroad bay, and transported to their mounting positions with
a corrt)ination of tegarary and permanent plant devices. After being
properly positioned, the plates will be anchored to the existing wall
by bolting. All mating edges of individual plates will be joined by
welding to form one continuous plate. The individual plates will range
in weight from 2,700 pounds to 47,000 pounds. The upper plates (identified
as plates 7 and 8) will be of such shace as to permit them to be icwered
into position without disturbing the cables contained in four groups
of cable trays passing between the Control Building Cable Spreading
Room (elevation 77') and the Turbine Building.

!
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Starting with the lowest plate, the first six clates (identified as
plates 1-6), ranging in weignt from 7,000 pounos to 24,000 pounds, will
be sequentially lifted from the transporter and placed on a dolly at
grade level (elevation 45'). The dolly will move the plates directly belcw
the point where they will be lifted into position by the 16 ton capacity
cnain hoists mounted to the Turbine Building crane rail support beams.
Aside from tne support provided the chain hoists by the Turbine Building
crane rail suoport beam, the rigging will be such that each chain hoist,
siing and attachment point on the plate will be indescndant of the others.
For the first six plates, two chain hoists will carry the load. A third. ,

crain hoist, positioned over each plate's center of gravity, will be
provided to serve as a backup in the event of a single failure of either
of the two load carrying hoists.

The safety margins of the load carrying hoists for the first six plates,
with respect to their static load rating, will range between 2.6 and
9.1. Assuming a failure in one of the two lead carrying hoists, the
safety margin for the backup hoist, with respect to its static load
rating, will range from 1.3 to 4.5. It should be noted that the static
load rating of these chain hoists is 20 percent of their ultimate design
load capability. Therefore, the safety mi. gins, with respect to the iultimate load carrying capability of the t.oists, are five times the above. j
This, we believe, is adequate because it provides substantial margin
to failure of the hoists.

The essential systems tSt are located belcw grade and could be affected
by dropping plates 1 f.vo, gh 6 are Train A and 3 fluid lines and electrical |

cables. With the excr .a of the Train 3 elect.-ical conduit, the systems |ran below grade in tt. .st-west direction paralMi to the existing |
'

railroad tracks, and , a located between columns ai and 46. The fluid
Jlines are the service water lines to both Emergency Diesel Generators, !

the service water suction lines for both the turbine and af esel engine
driven Auxiliary Feedwater Pumps and fuel oil supply lines for both
A and B Emergency Diesel Generators. The centerline of the water lines
is located 2'-0" below the raiPoad bay floor (elevation 45') and the
fuel oil lines are 3'-6" below the railroad bay floor. The concrete
conduit containing Train A electrical cables supplies power to the Service
Water, Cormonent Cooling, Centrifugal Charging, RHR, Containment Spray,
and Safety Injection Pumes. These cables range in depth below grade
f rom 5 ' -9" t o 8' -10" . The other concrete concuit contains Train 3 electrical
cables supplying power and/or control for the following Train 8 systems:

1
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Cocoonent Ccoling and Service Water Valves, Engineered Safety Feature
Initiation, Ciasel 'lenerator suesystems such as Fuel 011 Trans'er Pump,
Fuel Oil Valve, and the ' rain 3 diesel air cor:cressor. This conduit

is located between columns 46 and 51 and also is in the area of the
building modifications. It mns in the east-west direction. It is
located dimtly below the southern end of the added Control Suilding
west reinforcea concrete wall. The below-grade depth of the cables
ranges from 4'-8-1/2" to 8'-6".

To provide assurance tilat the essential equipment located below grade
will not be damaged from imact loads in the unlikely event one of the
plates (1-6) should be dropped, a temocrary energy absorber will be
provided at elevation 45'-0". It will be conservatively sized to
accomodate the maxinum kinetic energy cacaole of being developed by
a plate during the handling operations without exceeding the allowable
cogressive stresses on the underlying concrete and rock foundation.
It will consist of a crushable corrugated aluminum stmeture, two three-
inch thick steel plates and an appropriate guide to ensure t the
imact load will be distributed over the energy absorbing material.

From our evaluation of the proposed energy absorber, we conclude that
it has been conservatively designed so as to limit the impact load-
ing such that damage to the pipes and conduits below grade will be
precluded. From this we conclude that the essential systems located
below grade (elevation 45 feet) have been adequately protected in the
unlikely event that any one of the plates numbered 1 through 6 snould
be dropped during the han fling operations.

The last two plates, numcerec 7 and 8, weigh 2,700 pounds and 47,000
pounds, respectively. After installation of plates 1 through 6, plates
7 and 8 are to be sequentially lowt:r;M into position above the four
groups of cable trays which mn between the Control and Turnine Buildings I
at elevations ranging from 77'-0" to 88'-3". To accoglish this, they j
will ce lifted from the transporter in the Turbine Building railroad '

bay (elevation 45 feet) with the 25 ton capacit/ Turbine Building Crane
auxiliary hoist to the Turbine Building operatini floor (elevation 93
feet) and then transported laterally over the Turbine Building operating
floor to a location within the reach of the chain hoists. Three of 1

the 16 ton chain hoists will be attached to plate 7 (2,700 pounds) and
then it will be losered into position. I bars mounted en the installed
and anchored plates 5 and 6 will provide lateral guidance and restraint

|

.
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|
to plate 7 as it is being lcwered into position. To reduce the ircact
load on the previously installed plates in the very unlikely event that

, plate 7 should be cropped, a corrugated aluminum HEXCEL stabilized
and pre-cmshed energy absorber will be mounted on plate 4 below.
The acceptability of the drop of plate 7 is discussed elsewnere in
Section 4. From this we conclude that the electrical cables in adjacent

cable trays have been adequately protected should plate 7 droo while
baing lowered into position and that handling and installation of plate
7 while the plant is coerating is, therefore, acceptable.

After being lifted to the Turbine Building operating floor, plate 8
will be placed on and attached to a temporarily constmeted plate support
frame and roller. Two A-shaped frames will be attached to plate 8 (one
on eacn side) prior to the time that it is transported across the Turbine
Building operating floor. The purpose of these A-shapes frames is to
provide vertical stability and thereby prevent a flat plate drop of
plate 8 onto the cperating floor. To attain additional control over
plate B during further movement, one end of the plate will be attached
to one of the 16 ton chain hoists. By means of light rigging equipment,
the plate will be positioned belcw the Turbine Suilding crane rail and
the row of 16 ton capacity chain hoists. Three additional hoists will
then be attached to independent lifting peints provided on the plate. *

.

Two of the four hoists will carry the it,?d and the remaining two attached
hoists will act as backup or redundant lit?rg devices in the event
either of the two load carrying hoists shouk #411. With respect to
their rated static capacity, the safety margin of each of the two hoists
supporting the 1 cad as well as each of the two backup chain hoists is
1.3. With respect to the ultimate design capacity of the chain hoist,
the static capacity safety margin is 6.5 for each of the lifting and
backup hoists.

To provide additional protection in the unlikely event that plate
8 should drop while being lowered into position, timber cribbing and
stabilized, practushed HEXCEL pads will be placed and supported by the
top edges of plates 4, 6, and 7, prior to handling plate 8. The cribbing
will be removed in 4 inch increments as the plate is lowered in a fashion
to assure that the maxirrum free drop height will not exceed 4 inches
in the unlikely event plate 8 is dropped.

The licansee has analyzed the dropping of plate 8 when it is being
lowered into position to verify that the previcusly installed plates,
bolts and associated stmetures could absorb the kinetic energy.
The analysis shows that the dynamic load in the Hexcel pad will not i

*

.
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exceed 37a,000 scunds assuming a 30% increase in strength cue to the
dynamic load. The imoact velocity is insufficient to make this assumption;
therefore a factor of 1.1 is more appropriate. Use of this factor will
result in an ISP. increase in the deformation of the pad. However, the

licentee assumed a factor of 1.0 in its calculation which is conservati te.
Therefore, the 1-inch Hexcel pad is acceotable. Section 4 addresses
the ability of the structure to withstand this postulated plate crop.

To assure that plate 3 is properly guided in the unlikely event of a
load drop, three one-inch thick plates 2 feet wide and one one-inch
thick plate of lesser width will be securely bolted to previously
installed plates. The upper end of these one-inch thick plates wf11
also be held in the proper position by the Turoine Building floor slab
curb at elevation 93'-0". Notwithstanding the above precautionary measures, -

the licensee has made the conservative assumotion that all cables in ,

'

the upper three penetrations will be severed if plate 8 is croceed.
Should the plant be at power, the licensee stated that the plant could be
brought to a cold snutdown condition by the plant personnel performing
certain manual operations.

The load handling operations will be supervised and carried out by
experienced and qualified Bechtel personnel plus journeymen skilled
in their respective crafts. Prior to plate movements, procedures will
be written, reviewed and approved by qualified Bechtel personnel. The
craftsmen will be familiar with the equipment and procedures. All hoists
will be testad prior to commencing the lift operation. Lead cells will
be incorporated in the load line of the backup or redundant chain hoists
in order to reliably monitor the 1 cad lines to assure that they are
taut but have not assumed an inordinate amount of the load.

Based on our evaluation of the heavy load handling operations (i.e., j
those operations involving the eight 3" thick steel platas that will
be attacned to the west wall of the Control Building), we believe that
all reasonable and practical precautions will be taken to minimize the i

possibility of uncontrolled novement or dropping of plates. As recounted
above, those precautions include the development, review, approval and
implementation of written step-by-step procedures for plate handling
operations, the use of personnel experienced in their crafts and familiar
with the equipment, testing of lifting equipment prior to use, provision
of adequate margins of Tafety in the lifting devices, and the temporary
installation of an energy absorbing device in the railroad bay (elevation
45'-0") prior to the lifting and installation of plates 1 through 6.

*

.
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In addition, plate guidancr! structures will be pr3vided during the
icwering of plates 7 and 8 and a crusnacle type energy aosorption device
will be proviced to limit the impact loads to an acceptable level should
plates 7 or 3 be drooped. With all of these precautionary measures
imolemented the licensee celieves it would be acceptable to install
all eignt plates while the reactor is at ;cwer.

It is the staff's view that the handling of the heavy three-inch thick
plates would be acceptable only if (1) it is demonstrated that the
probability of uncontrolled load movements er load drops leading to
unacceptable consequences is acceptably low, (2) or it is demonstrated
that, even should an uncontrolled load movement or load drop occur,
unacceptable consequences are precluded. Because of the difficulty
of predicting the probability of an uncontrolled load movement or load
drop, the licensee has taken the following approach: (1) implementing
all reasonable measures to preclude an uncontrolled load movement and/or
load drop when handling plates 1 through 8. (2) for plates 1 thecugn
6, installing a temcorary energy absorbing device at elevation 45'-0"
to absorb the resulting kinetic energy of a plate drop and thereby protect
the essential systems located belcw grade and precluding unacceptable
consequences, (3) in regard to plate 7, providing a temocrary plate
guidance structure and impact limiter in the form of crushaole energy
absorber, and (4) in regard to plate 8, utilizing A-shaped frames to
preclude a flat drop of plate 8 onto the Turbine Building operating
floor and utilizing temporary timber cribbing and a crushable energy
absorber to limit the drop height and the resulting dynamic loads to
acceptable levels for a drop of plate 8 during installation between
the Control and Turbine Building walls. Nevertheless, the licensee
has made the conservative assumption that all electrical cables in the
uoper three cable tray penetrations would be severed by a drop of plate
8. With this assumption it is stated the plant can be brougnt to a |
cold shutdown condition with certain manual operations. However, to
avoid the potential of unacceptable consequences due to any plant per-
sonnel's inability to assess the status of the plant and take the required
corrective actions, the licensee has agreed to place the plant in a l
cold shutdown condition prior to the handling and installation of plate
8 and thereby obviate the need for the manual operations required to
achieve a cold shutdown.

If, despite all precautions noted, plate 8 should fall during its |
installation between the Control and Turbine Building walls, it is possible |
that it could contact and damage some cables if, for examole, the plate '

|
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did not drop evenly at both ends. In this event, only train "A" cables
would be affected. The redundant train "B" equipment needed for told

,

shutdown would be unaf fected. Therefore, the maintenance of a cold
shutdown condition would be unaffected since only one train of this
ecuipment is necessary to maintain cold shutdown. Since the plant would
have already been placed in the cold shutdown condition prior to the
lowering of plate 8, the position of the valves for residual heat removal
would already have necessarily been established. The severing of the
"A" cables would not result in the changing of the position of these
valves. The pcwer cables for the train "A" pumps necessary to maintain
cold shutdown are buried in the ground belcw the concrete floor and
would not be damaged. These pumos could therefore be placed in operation
by manual actuation of the breakers from the switchgear room.

It is therefore our conclusion that, although the drce of plate 3 and
its subsequent damage to train "A" cables is a very unlikely event,
the plant would still be maintained in a safe cold shutdcwn condition
should such an event occur.

Consequently, based on our review and evaluation of the proposed plate
handling and installation operations we conclude the following:

1. While the probability of uncontrolled movement or dropping
of plates 1 through a has not been quantified, we believe that all
practical measures will be taken to reduce such an eventuality.
Further, the reliability and safety provided by the proposed lifting
equipment are comparable to that required in NUREG-0554, " Single-Failure-
Proof Cranes for Nuclear Power Plants." Thus, the probability of
dropping any plate will be low, although it has not been shown to
be so low that we can conclude that a plate drop will not occur.

2. For plates 1 through 6, an energy absorbing device will be provided
to adequately protect the essential systens located below grade I

in the unlikely event of a plate drop accident. Therefore, it is
acceptable for the plant to be at power during the handling and
installation of these plates since the energy absorbing device will
preclude damage to the pipes and conduits located below grade.

3. For plate 7, the previously installed plates 1 through 6 and the
installed I bars and energy absorbing device will limit the resulting
dynamic load to an acceptable level and properly guide plate 7 so

|

|
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that damage will not occur to the adjacent electrical cables in
the unlikely event of a plate dr:0 accident. Therefore, it is
acceptable for the plant to be at pcwer during the handling and
installation of plate 7 since no damage affecting the safety of the
plant will occur if plate 7 is dropped.

4. For plate 8, tie analysis shows that the previously ins';alled plates
1 througn 7 plas the guide plates, crushable energy absorber and
timber cribbirig will limit the drop height such that the dynamic.

load will be cept within acceptable levels in the unlikely event
that plate 8 should droo during installation between the Control -

and Turbine Building walls. Mcwever, scme uncontrolled motions may
occur during a drop that could place the electrical cables in the
upper thr5e cable penetrations at risk. Due to the uncertat'1 ties

associated with this event and the fact that, should plate 8 damage
these cables, substantial manual (and as yet undefined) operator
actions might be necessary to bring the plant to cold shutdown, we
believe that the plant sP. auld be placed and held in a cold shutdown
condition from the time ;! ate 8 is lifted by the Turcine Building
crane from the transporter at elevation 45 feet until plate 8 is
secured to the Control Building west wall by all through bolts.

,

No modifications are being proposed to the Emergency Ofesel Generator
exhaust system, but we have reviewed the potential consequences in the
unlikely event of uncontrolled movement of the 47,000 pound plate (plate'

8) while it is being moved into position at the east end of the Turoine
Building wall at elevation 93 feet. During this movement, the potential
exists for the 47,000 pound plate to fall against and disable the two
3 train emergency diesel generstar exhaust systems. The A train emergency
diesel generator would be unaffected by this event because its exhaust
systems are located near the opposite (west) Turbine Building wall.
In addition because the plant will be in cold shutdown condition prior
to the plate 8 handling coerations, damage to Train 3 diesel generator
exhausts should have no affect on the ability to bring the plant to
or maintain it in a cold shutdown condition provided, of course, that
the Train A emergency diesel generator is operable. Prior to handling
plate 8, we believe that it should be verified that the Train A emergency
diesel generator is functionally capable of responding to any demand
for emergency power. For the above reasons, in the unlikely event that
the 47,000 pound plate should fall against the 3 train exhaust system,
we find the consequences acceptable.

.
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As previously mentioned, two A-shaped frames will be attached to plate
8 to preclude a flat plate drop onto the Turbine Building operating
floor while the plate is being trans::orted across the ficor. As indicated,

| in Section 4.11.1 of this SER, tne strmetural adequacy of those A-snaped
frames to preclude a flat plate drop has not been cetermined by the
Staff because the licensee has not finalized the design and connection
details for these frames. Nevertheless, assuming that the final design
of the A-shaped frames is shown to be adequate to preclude a flat plate
drop, we believe that the A-shaped frames should be installed on plate
8 and utilized throughout the transport of that plate over the Turbine
Builcing operating floor. More specifically, the A-frames should remain
attached to the plate as it is brought into position for insertion into
the the slot batween the Control and Turbine Suilding .valls. As plate
3 is brought into this position, the A-frame on the side of the plate
nearest to the Control Building should be removed only when such removal
is necessary to prevent contact between the A-frame and the Control
Building. The A-frame on the opposite side (or west side) of the plate |
should be removed only after all four chain hoists have been secured
to the plate and made taut and the plate is partially inserted into the
slot between the Control and Turbine Building walis. If this procedure
for removal of the A-shaped frames is folicwed, it will provide maxinum
coverage for assuring that a flat plate drop onto the Turbine Building
operating floor will not occur (assuming that the A-frames, once installed,
are adequate to prevent a flat plate drop) since, once the plate is
partially inserted into the slot between the Control and Turbine 2uilding
walls, there is reasonable assurance that a flat plate drop cnto the
Turbine Building operating floor will not occur.

4.7 Construction Generated Dust and Dirt

The control, monitoring and powering of essential systems' is largely
accomplished by electrical maans which in turn require electrical contacts.
When dust, dirt and/or grit is deposited on electrical contacts, the

.

likelihood of making an acceptable electrical contact is very significantly
reduced. Since the Control Building modifications involve the removal
and replacement of concrete, building blocks and dirt as well as the i

drilling of many holes in the concrete, these ocerations have the potential !

of creating significant amounts of these airborne particulates that

* Essential systems for the purpose of this review includes those systems
neeced to bring the plant to cold shutdown conditions and maintain it in
a cold shutdown condition and those systems required to mitigate the con-
sequences of accidents.

.
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were not anticipated or accounted for in the Trojan operating license
revi ew. Therefore, the staff has reviewed the procosed Control Su11 ding
modificatiens to ensure that adequate Teasures have been taken to preclude
essential system malfunction cue to dust, dirt and grit.

The areas housing essential systeas or the essential systens themselves
that potentially crald be impaired by construction dust and dirt are:

(a) Diesel Generator Systecs, located in the Turbine Building at
elevation 45 feet.

(b) Flectrical Auxiliary Room, located in the Control Building at
elevations 61 and 65 feet.

(c) Engineered Safety Feature Switchgear Room, located in the Turbine
Building at elevation 69 feet, and

(d) Control Room located in the Control Building at elevation 93 feet.

4.7.1 Diesel Generator Systems

The potential adverse effects of the Control Building modifications on
reliable operation of the on-site emergency diesel generator's was
reviewed from the standpoint of the quality and quantity of ventilating
and carbustion air available during and folicwing the building nodifica-
tions.

Currently, the air intake system for the emergency diesel generators
relies on an opening to the outside through the railroad bay in the
Control Building. Before the Control Building raf trcad bay is sealed
off at column line R (Control Building west wall), an alternate air
intake system will be provided in the north wall of the Turbine Building
rafircad bay. Therefore, an adequate supply of ventilating and combustion
air will be available thrcughout the modifications.

The licensee addressed the unlikely event of the outside louver for
the relocated air intake being impaired by earthquakes, wind, tornadoes,
rain, ice and snow. The new Turbine Building air intake louver has
been sized (182 square feet) to allow the blockage of 50 percent of
the intake area by snow, ice or debris. The Turoine Building air
intake '9uver has not been and need not be, designed to withstand
abnormal loads, since collapse of the louver would not preclude a 1

sufficient air supoly to the diesel sunerators. If the Turbine Building
railroad bay air intake 1cuyer were to be damaged or were to become
clogged, sufficient air could be temporarily drawn from the Turoine
Building ventilation system through the Turoine Building equipment
hatch at least until the louver is repaired or tne abatruction is
removed from the louver or the Turcine Building railroad bay door
is acened. The total air requirements for both A and 3 train Emergency
Diesel Generators would constituta approximately 10 percent of the
Turbine Building's air flow rate.

.

|
|
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Fu-:her, should debris pass through the Turoine Building air intake
louver, the larger pieces of debris would tend to settle out, because
of the lower velocity of the air in the Turbine Building railroad
bay, before the air is drawn into the individual ciesel generator
cc:martment air intake systems.

The creation of dust and dirt will be controlled during the building
modifications by the use of water sorays and the performance of regular
cleanups. Should it prove necessary, evacuation fans and ducts will
be provided in the respective wort areas. Upon completion of the work,
normal housekeeping will preclude the cresence of residual dust.
All construction work will be suspended during the periodic diesel
generator tests and following all automatic starts of the units.
Consequently, construction generated dust and dirt shculd have no
effect on the quality of the comcustion air for the diesel generators.
Further, it shogd be noted that all electrical relays for the engines,
located within tre diesel generator compartments, are housed within
water-tight ao dust-tight enclosures. Consequently, dust gererated
by the modificetion work should not affect electrical relays and
contacts for the diesel generators.

Based on our review of the proposed modifintions, we conclude that
the diesel generators will not be adversely affected due to insufficient
air supply, dust or dirt during and following the Control Building
modifications and, therefore, the proposed modifications are acceptable
in this regard.

4.7.2 Electrical Auxiliary Roem

The Electrical Auxiliaries Room is located in the Control Building
between elevations 61'-0" and 77'-0" and columns 41 and 51. This
room, which is normally closed and locked, contains safety and non-safety
related equipment. The licensee has provided preliminar9y details
illustrating the concrete modifications to be carried out on the floor
and walls. The following Control Building modifications have been
identified as potential sources of adverse conditions such as dust,
dirt, debris and water that have the potential for degrading the safety-
related equipment housed within the Electrical Auxiliaries room.

(a) At the junction of column lines R and 41, all concrete in the
corner will be removed, between elevations 55'-0" and 77'-0",
in order to join the additional rebars of the strengthened R
line wall to the existng rebars by Cadwelding.

! ,
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(b) A series of 2 inch deep slots (approxi ately 2'-0" long) and
holes will be cut in the floor along column If ne M' from columns
41 to 46 for inchoring the rebar to the top of the N' wall at
elevation 65'.

.

(c) A numoer of holes will be drilled in the R and N line walls in
order to tie the added walls to the existing structure.

The following safety-related eouipment has been identified as being
within the area of influence of the column 41R modifications.

(1) 120 volt preferred instrument AC panels - Y11 and Y13
(2) Plant Static Inverters - Y15 and Y17
(3) Solatron Line Voltage Regulator - Q35 and Q37
(4) Battery Charger - 021
(5) Train A Cable Tray ABA 298 - contains cables associated with

the following train A safety related equipment:

a - Power for Inverter - Y15
b - Power for Battery Charger - 021
c - Power for Inverter - Y17
d - Pmver for Battery Charger - 023
e - Control for CCW and Service Water Valves - CV 3715A, SV 3303,

SV 3287, and SV 3725
f - Control for Pressuri:er Relief Valves PCV 455A, PCV 469 and

CV 8021
g - Control for RCS Valves
h - Control for Safety Injection Valves
1 - Main Steam Line Valves, SIS Test Line Valve
j - Control for Diesel Generator A - G101
k - Control for AFW and CVCS valves MO 3071 and CV 3149 A, 8, C
1 - Control for Turbine Trip - Train A

m - Control for ES 480V LC - 801/B03
n - Control for ES 4 KV peitchgear Al
o - Control for CVCS valves CV 8149 A, B, C
p - Control for Reactor Trip Breakers
q - Power for NIS cab A Control C 31A
r - Power for NIS cab A Instr. C31A
s - Pmver for Process Protection Set - I C36Al
t - Power for Process Control Group I C36A6
u - Power for Diesel Generator - G101
v - Pmeer for Radiation tionitoring Panel - C41A
w - Power for SS Protection Incut Rack - C46A
x - Power for SS Protection Inout Rack - C47A
y - Power for Containment Pressure Instrwnentation
2 - Power for ESF OBA timers, AFW Pump Auto Start Circuitt

aa - Power for C.R. Vent Indication - C254
,

| ab - Power for Safety Injection Status Lamos - C29A
ac Power for Steam Generator 310wdown Sample Valves - SV 2809A,

11A, 80A, 14Aj

|

l
!

?



,. .
.

- 43
,

Removal of concrete in the wall corner at 41 R will cormence with
cutting 1/2" deep vertical grooves at the boundary of the material
to be removed. A 60 pound jack hammer, a chipping hammer, and wire
brush will be utilized in breaking up and removing concrete and exposing
the existing rebar. The existing rebar will be cut and joined by
Cacwelding, to the new rebar. Prior to commencing this modification
the work area will be isolated from the equipment in the Electrical
Auxiliaries room by erecting a dust-tight flame retardant enclosure
from the floor (elevation 65'-0") to the ceiling (i.e., underside-

of the Cable Spreading Room floor-elevation 77'-0"). Therefore, the
dust, dirt, debris and smoke generated during this modification wort
will not degrade the equipment within the Electrical Auxiliaries Room.

As a result of our review of the additional information submitted in
the Decemcer 17, 1979 suomittal (response #7 to staff questions of 9/28/79)
regarding the building modifications at 41R, the staff believes that the
licensee has failed to demonstrate that the pecposed measures will adequately
protect the above safety-related systens from missiles. The above
safety-related equipment may be damaged by missiles generated by the
modification activities or by missiles generated by other outside
conditions because the current missile barriers (existing wall) will
be removed, thereby exposing the equipment.

Based on our review of the described modifications and protective
measures to be taken at column 41R we conclude that (a) the proposed
measures to keep dust, dirt, debris and water within acceptable limits
are acceptable provided the work is periodically monitored and continued
work is contingent upon approval by the NRC Resident Inspector, (b)
the plant should be placed and held in the cold shutdown condition !

throughout all phases of the modification work where essential equipment i
is vulnerable to damage from natural as well as building modification- |work-generated missiles.

The licensee's December 17,1979 response to staff questions indicates
that the design details of the Electrical Auxiliaries room modifications
are not yet finalized. It is possible, as the details are finalized, that
work similar to that described at column 41R may be required at columns
46R, 46N and 41N at various elevations. In the event similar type work Iis required at these other locations, the licensee has committed to

iproviding the same protective measures as those described for 41R.
i
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Considering the present lack of detail regarding the work required
at 46R, 46N and 41N and the specific equipment at risk at each of
these locations, we can only conclude that the positions taken in regard
to the work at 41R would be equally applicable to work at 46R, 46N
and 41N. Consequently, it is the Staff's position that the plant
should be placed and held in the cold shutdown etndition througnout
all phases of the modification work where safety-related cables and
eautement are wJinerable to damage from natural as well as building
modification-work-generated ad ssiles related to concrete removal work
at column lines R and 41, R and 46, N and 46, and N and 41.

A diamond tipped concrete saw and a hand held chipping hammer will
be utili:ed in making the series of 2" deep slots in the Electrical
Auxiliaries room floor along column line N' between columns 41 to
46. Further, a diamond tipped core drill will be used to drill the two
holes, in the bottom of each slot, through the remaining concrete tooping
and the precast floor panels for the placement of the U shaped rette
to be used to anchor the top of the N' wall to the floor slao. Water
will be sprayed on the diamond tipped cutting tools. It acts as a.

lubricant and a cooling medium and also prevents the dust from becoming
ai rcorne. A small hand held chipping hammer will remove the material
between the saw cuts. It will not generate vibratory motion sufficient
to affect any safety-related equipment. The dust, dirt, debris and
excess water will be continuously cleaned up using mops, brooms, dust
pans and a shop vacuum.

'4e conclude the described measures for work done at 41R and column
line N', if properly implemented, will adequately assure that this
modification work will not adversely affect the safety-related equipment
in the vicinity of the work from the standpoint of dust and dirt generation.
Such measures should also be implemented if similar work is required at 46R,
46N and 41N.

|

To provide assurance that the adverse affects of the modification
work activities are held to acceptable Ilmits (e.g., dust, dirt and
debris), the resident NRC inspector will periodically monitor the work.
If in his judgment the measures taken to protect the essential equipment
are inadequate, the work shall be stopped until adequate measures have
been icolemented. ,

,

Anchoring of the three-inch thick steel plates to the Control 3uilding |R line wall will require that holes be drilled icto the west wall of
i

1
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the Electrical Auxiliaries room. Further, anchoring a new wall at
column line N will require drilling into the east wall of the Electrical
Auxiliary Room portion of the Control Building between columns 41
and 46. For the drilling of these holes, a positive feed control drill
will be utilized. To suppress the generation of airborne dust, water
will be directed on the drill. To limit the accumulation of construction
dust and dirt, regular cleanups will be performed.

The licensee has indicated that (1) diamond tipped core crills and 1
water spray will be used (drilling from the outside), and (2) the i

workman, stationed at the breakout area on the inside wall, in addition i
to monitoring when the positive feed drill penetrates the walls, will l

hold a small enclosure against the wall to collect and contair any
generated dust, dirt, decris and water when the breakthrcugh occurs.
In addition to the previously described measures taken to contain and
collect any dust or debris that may be released in the room, the licensee I

has comnitted to employ alternate &quipment to reduce dust level in the
unlikely event that the d4st level thould becoce excessive (that is, j
reach a level at which it could pctentially affect equipment performance).
Filtered ventilating air is supplied to this room through an air intake
located on the Control Building roof at elevation 116', far above
the level at which dust and dirt will be generated from construction
wo rk. Routine surveillance will be made to verify that no dust enters
the room around the door seals as a result of other construction activities
being carried on outside the room.

Based on our review of the submittals and compliance with the requirements
stated herein, we concude that adequate measures will be employed
to preclude dust, dirt and debris levels which could adversely affect
the operation of the equipment within the Control Building Electrical
Auxiliary Roon6 The proposed modifications are, therefore, acceptable
with regard to the control of construction-related dust, dirt and
debris and water in the Electrical Auxiliary Room.

I

4.7.3 Engineered Safety Feature Room

The Engineered Safety Feature Room, located in the Turbine Building
at elevation 69 feet, has no outside air intake system. Ventilation
and cooling are provided by a recirculation system. The room is closed ;

and locked. During the modifications, periodic routine su veillance |of the room will be performed to verify that no dust or dirt has
i
1

.
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entered around the door seals. No modifications will be made to the
room'i existing floor, walls, ceiling or penetrations and, as such, the
modification work will not generate dust or dirt within the room itself.

Based on the measures to be taken to control the generation and accumulation
of dust at the respective work areas and the periodic surveillance for the
entry of dt.st into the Engineered Safety Feature Room, we conclude that
sufficient measures will be taken to preclude any adverse effects on the
equipment within the Engineered Safety Feature Rocm from dust and dirt
generated during the building modifications.

.

4.7.4 Centrol Recm

The Control 3uilding modifications will require the drilling of a number of
holes in the walls of the Control Room. On the west wall, the holes are for
anchoring the three-inch thick plates to the building's outer surface and on
the east wall for bonding of the added reinforced concrete wall. The drilling
of the holes has raised concern about tne possible entry and adverse effects of
construction-generated dust and dirt on the operation of the equipment in the
Control Room. The concern in this regard is that dust could settle on electrical
contact points thereby impairing adequate electrical contact.

The drilling operations will be conducted from the outside wall surface with
drilling equipment using a positive feed control, diamond tipped core drills
and wet drilling techniques. The wet drilling technique will significantly
reduce the generation of dust. In addition, the workman stationed at the
inside wall, to visually observe and alert the driller when the wall has been
penetrated, will also hold a small enclosure over the area to collect and
contain any resulting dust, dirt, debris and water when breakthrough occurs.
Further, regular periodic cleanups will limit the accumulation of dust and dirt.
The licensee has indicated that if, in spite of the above measures, excessive
levels of dust or dirt result from the drilling operations, the licensee ,

1

will use. lighter equipment. In addition, all Control Room electrical
i

equipment housing electrical contacts are located in fully enclosed i

cabinets. The Control Room may be required, under certain conditions,
to be maintained at a slight positive pressure relative to the outside. In
order to maintain the capability of developing and maintaining a slight
positive pressure differential in the Control Room, should it be required,
each hole will be temporarily plugged after being drilled. Further, during
installation of the through bolts to support the steel plate, the sequence of
steps will be such that not more than one hole will be ocen to the atmosphere
at one time. -

|
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We celieve that the above precautionary measures taken during drilling
will limit the amount Of cust entering the Control Room to a level
unere it will nave no adverse effect on the coerability of equipment
and instrumentation.

4.8 Noise and Vibration

Certain activities of the proposed modification work will generate
noise and vibration at the specific site of the work. In order to
determine whether the noise will have any adverse affect on Control
Room operator actions and whether vibration should have any effect
on equipment or components, we have examined the locations of the
wort that could generate noise and vibration relative to the location
of safety-related equipment .-t the Control Rocr.1 as well as the measures
proposed to mitigate the effsets of noise and vibration.

The following proposed modifications will be the potential scurce
of some noise and vibration:

1. Numerous holes will be drilled in the west wall of the Control
Building between columns 41 and 46 from elevations 59'-3" to 97'-3"
for the installation of the steel plates.

There will also be through-wall holes drilled in the east wall
of the Control Su11 ding between columns 41 and 47 from elevations
65'-0" to 95'-6" for structurally connecting the new wall to the
existing wall. The new east and west Control Suilding walls enclosing
the railroad bay between columns 41 and 47 and elevations 45'-0"
and 65'-0" will be structurally attached to the existing walls
using reinforced steel grouted into holes drilled into the existing
s tructu re. The Control Building interior wall along column N'
will be strengthened by the addition of a new reinforced concrete
wall and footing in the railroad bay. Its elevation will be from
below elevation 45'-0" to the underside of the floor at elevation
6 5 ' -0" . It too will be structurally connected to the wall and
existing ceiling utilizing defiled holes and embeds.

2. The concrete in the Control Building corner area at the junction
of columns 41 and R line will be removed in order to expose, partially
remove. and re-install additional reinforcing steel in order to
properly join the existing east-west wall along column 41 to the
newly modified R If ne wall from elevation 65'-0" to 77'-0". Concrete
removal may similarly occur at columns 46R, 46N and 41N at various
elevations.

.
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3. Removal of Control Building concrete blocks will be required.
For example, a new opening will be made in the block wall at column.

line 46 between columa lines R and 0 at elevation 45'-0". A

portion of the Turbine Building floor slabs at elevations 93'-0*
and 59'-0" along column If ne S between columns 41 and 46 will te
removed to provide clearance and eliminate interference with the

new Control Building west wall. The floor slab and railrcad ',pur
foundation concrete will be removed along column line R between
columns 41 and 46.

4 A two-inch wide strip will be removed from the top and bottom
flanges of the existing Turcine Building steel girder at
elevation 93'-0" in order to obtain the required clearance
between the new Control Building west wall and the east wall
of the Turbine Building. .

5. The relocated railroad spur shewn in Figure 3.1-1 of PGE-1020
which is outside of the Control Building will involve the removal
af approximately 350 cubic yards of rock and fill of a natural
depression approximately 250 feet from the point of excavation.

For the performance of all this work, the licensee has committed to
the following:

a. Explosives will not be used for the removal of str ctural material
or earthwork;

b. The tools employed to accomplish the work will have the minimum
noise level consistent with the task;

c. The removal of the earthwork associated with the new railroad
spur will use hydraulic or air operated hammers, small front end
loaders and dump trucks; I

d. Removal of conventional back fill material around the building
will be accomplished using light hand tcols such as shovels. )
Should rock be encountered, light power tools will be used.

|
'As to vibration, it is expected that the most severe vibration-producing

work is that involving the use of air or hydraulic coerated hammers and
small front-end loaders for excavation and fill for the relocated railroad
spur. This excavation and fill work will occur outside existing buildings
at grade level. Similar wort has been performed at the site in the
past and has not resulted in excessive vibration in the structurts.

|
|
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Also, hydraulic operated hammers and light power tools will ce used
for the removal of fill material around buildings and for the removal
of concrete and block at columns 41R (and possibly at 46R, 46N and
alN). While all of this wort as well as the drilling operations may
create some low level of vibration, we believe that vibration resulting
f rem performance of the modification work should have no effect on
the equipment which must be qualified to withstand the severe vibratory
motions from earthquakes up to and including the SSE.

As to noise, the concern in this regard is that constructicit-generated
noise will interefere with operations in the Control Room, either
by drowning out the annunciators or by interfering with operators'
voice connunications. As can be seen from the previous listing of |

work to be performed, with the exception of the drilling of holes
in walls and the removal and replacement of concrete, construction |

|will be carried out at an appreciable distance from the Contrml Room
which is located at elevation 93'. The distance f rom construction
activities mentioned above should serve to substantially reduce the
level of noise reaching the Control Room from the site of the construction |
acti vi ties. Moreover, the existing Control Rocm walls and floor slabs
will serve further to muffle noise coming from construction activities.
Althougn drilling into the Control Room east and west walls wi'' occur,

.!the drilling ope.ation will involve the use of diamond tipJet .cre
drills. This will materially reduce both noise and vibration generated
by drilling because of the large number of tool cutting edges which
provide clean smooth cutting. A water spay on the drill will also
minimize noise and vibration. In addition, the positive feed of the
drill allows noise and vibration to be minimized through low speed
feeding. Finally, drilling will take place from the outside surface of
the Control Building walls. Consequently, the noise from drilling will
be attenuated by the wall itself.

Because of the various factors set forth above, we believe that noise
from construction work will not adversely affect operators' connunications
or the ability of operators to hear annunciators in the Control Room.
Moreover, the licensee has connitted to maintain construction noise
to levels :o as not to interfere with normal voice consunication in
the Control Room. Should the Control Room operator determine that
constmetion noise interferes witn normal voice comunications, lighter
weight tools or other means of material removal will be employed to
reduce noise. We believe that in order to give added assurance that

.
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construction noise will be aintained sufficiently low in the Control
Room, the 1RC Resident Inscector snould be empowered, as a condition
of the proocsed modifications, to require the use of lighter weight
tools or the employment of other means for material removal to recuce
noise, in the event that he determines that construction noise is
interfering with normal voice communications in the Control Room.
Thus, voice communications among the operators is assured, and, since
the sound level of Control Room annunciators is significantly above
that of normal voice communication, the ability to hear annunciators is
also assured. Consequently, we conclude that the proposed modifications
are acceptable from the standpoint of the noise they will generate.

4.9 Insoection of the Control Building Modification Work

The Control Building modification work will be examined by a
construction inspector from the Region V Office of Inspection
and Enforcement and by the Resident Inspector. The inspections
conducted will include examination of quality assurance implementing
procedures, construction procedures, specifications, drawings
and quality records. The actual work-in-progress will be examined,
an'an audit basis, for conformance to the codes and standards
referenced in document PGE-1020, " Report on Design Modifications
for the Trojan Control Building," Revision 4 Section 3.2.2 Applicable
Codes, Standards, Guides and Specifications. The work expected
to be examined will include material receipt, material storage,
drilling and grouting of dowels, reinforcing steel and concrete
placement, concrete testing activities, concrete curing, welding,
filler material control, nondestructive examination of welds,
stud welding, and high strength bolting.

The inspections will be conducted to confirm that the modification
work has been and is being performed in accordance with the approved
design and procedures and that the Quality Assurance program addressed
in the PGE-1020 report has been implemented and followed. The quality
of the materials used will also be assured througn the inspections
conducted. Confirmation of completion of the modification work
will be assessed by the above-described inspections and review of as-
built drawings, quality records and QA reports on completed work.

It is expected that approximately 150 inspector mannours will be
required for this inspection program.

l
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4.10 Work Secuence

The i@!ementation of the previously described modifications will
be as discussed herein. Generally, the installation secuence

,

of the new shear walls will te to work simultaneously on all three ;
walls below elevation 65', to drill bolt holes in the R line wall i

above elevation 65' and to complete the entire N' wall. These
items will be done concurrently. Upon completion of the N' wall
and the concrete reaching its design strength, construction will
resume on the R line wall (excluding plate 3 installation) and
the N line wall above elevation 65'. Total time estimated to
comlete each wall is 2 months for N', 8 months for R, and 6 months
for N.

ore soecifically, excavation of parts of the existing railroadw

sour foundation and exposing existing column foundations at columns
,

N'-41 and N' 46 will corrnence, excluding the use of explosives, I

to begin installation of the new shear wall along N'. This foundation )will be formed and poured. Wall core reinforcing steel will be
Imade continuous along column line 41. The N' wall will then be

formed and ocured. Selcw elevation 65', other wort to be done
concurrently includes the removal of a portion of a non-shear
wall between columns Q and 0 along ifne 46, a short section of
a non-shear wall north of column 46 along R,' installation of 'R
and N line walls up to elevation 65', and drilling of bolt holes
above elevation 65' in the R line wall.

Steel plates are to be installed on the west side of the R line
wall. Preparation to install the steel plates will include the
removal of edges of floor slabs from column line 41 to beyond
column line 46, and temporary removal of platforms, stairs and
other interfering facilities above elevation 93' in the Turbine

.'

Building. Concrete in the R line wall will be poured to El. 59'-3"
and when the concrete in the wall reaches a mininum strength of
2000 psi, steel plate #1 will be raised into place by chain hoists,
through-bolts will be installed, and more concrete will be poured
to about 3" from the top of the plate using the plate as a form.
This concrete will also raise the wall from the previous elevacion
59'-3" to just beneath the elevation 65' slab. Upon the N' wall
concrete reaching its design strength and the installation of
the R If ne wall uo to elevation 65' (concrete between elevations
59'-3" and 65' need not be at design strength) work will progress

!
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above elevation 65'. Plate 42 will then be lifted into position
above plate 41, welded to plate di and the same procedure for
installation of the concrete will be followed. This procedure
will be repeated for all plates (excluding plate 48) with grout
to be used behind plates above elevation 77'. Bolts will then
be tightened to the prescribed torque value and the items temporarily
moved will be replaced.

Concurrently with the R wall, the ?! line wall will be erected
'using common construction :nethods for installation of rebar, tie-

ins to the existing structure, and forming an,d pouring of concrete.
The wall will be poured to elevation 65' before any work above
this level begins. After the wall has been poured to elevation
65', (concrete design strength not required), the work will progress
to elevation 77' and similarly until the wall is completed.

Work other than shear wall erection that will be performed includes
the installation of a louvered section in column If ne 41, west
of column S in the Turbine Building and a new railroad spur to
the Fuel Building. The louvers provide an air supply route to
the diesel generators and will be installed before sealing off
either end of the railroad bay with the new shear walls. The
railroad spur will replace the existing one through the Control
Buf1 ding which is being dismantled. Again, no explosives will
be used for excavation, including excavation of rock. The railroad
spur construction is independent of the other modifications and
can be performed when desired. Lastly, the newly enclosed ratircad
bay will be turned into office and work spaces which will require
installation of a ligntweignt structural ficar system at elevation
55'.

4.11 Effects of Modification Wort - Structural Evaluation

4.11.1 Plate Orcos

As discussed in PGE's responses to NRC Question 5 (9/20/79) and Question
6 (9/14/79), effects of a postulated plate drop on the plates previously
installed and on the existing floors, walls and supporting crane girder
were considered. The crane girder was evaluated fr postulated plate
drop effects, including dynamic effects, and found to be adequate.

4
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! Additionally, the ficor at elevation 93' has been examined for a
postulated drop of plate #8 since it must be transported along the
floor before the hoists are attached. The plate is to be transported
on 2 A-shaped f ames to precluoe a flat plate drop. During transport
of plate 3 on the A frames, it will be no higher than 1 inch above
the floor. As the plate is being maneuvered to seat it onto the plate
support frame, it will be about 2 feet above the floor. During
this operation, a jack will be situated under one ene to preclude
one end from f alling. All of the floor supports were evaluated and
found to be adequate. As for effects on previously installed plates
below and gross wall effects during installation of plates #7
and #8, both plates #7 and #8 will have precrushed Hexcal pads
placed on the platas below to absorb the energy of a postulated
drop and therefore limit the force transmitted to the plates below
to an acceptable level. Additionally, for plate #8, 4" X 4" wood
planks will be stacked vertically on the plates below and held

- by guide plates so that the maximum distance plate #8 can fall
daring installation is 4". The wall was evaluated for this postulated
drop and found to be adequate. Additionally, capacities of numerous
elements that are subject to a postulated plate drop have been
investigated and found to be adequate. In addressing possible
plate drops, the licensee has considered the consequences of such
an occurrence and has instituted numerous safety measures discussed
previously to preclude such an occurrence. We have evaluated
these safety measures in detail. Our evaluation of the safety
measures to be used during the installation of plate 8 has been
based on the assumption that the various safety precautions will
be adequate?v implemented and that the shutdown for plate 8 install-
ation will noc result in an expediticus scheudle that could induce
carelessness in piota iendling.

The staff concludes that should a drop of plate #8 occur while it
is being lowered into place along the wall behind the guide plates
or a drop occur on a corner or edge as the plate is being transported
along the Turbine Building operating floor to the wall, the effects
would not create safety hazard.' The resisting nachanisms to falls
nf these types have been examined and shown to be adequate. Re-
garding plate #7, it too will have a Hexcel pad energy absorbing

* das not been analyted fer the simultaneous occurrence of impact and earthquake
loads.

1
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system installed in the slot between the Control ar i Turbine |
Suildings. The loads induced by a drop of plate 47 have been I

calculated and found to be less than those for plate #8 thus making I

plate #8 the more critical. Therefore, a drop of plate #7 will
be adequately resisted and not create a safety hazard. The above
is contingent upon the following concerns being resolved resolved
before plate installation: (1) cossible " kicking out" of the
jack from beneath the edge of plate 8 as the plate is being lifted
onto the plate support frame, and (2) showing that the A-shaped
frames attached to the plate as it is being transported along
the Turbine Building operating floor will preclude a flat plate
drop. In addition, the staff will require that: (1) the concrete
behind plates #1-6 reach design strength before plates #7 and
43 are installed because the resisting mechanisms to a drop of
#7 or f8 rely on concrete strength, (2) the bolts in plates below
#7 as #7 is being installed and below #8 as fd is being installed
be tightened to the value needed to produce the friction force
relied upt., in resisting a drop of plate #7 or 18, and (3) should
a drop of 37 or f8 occur, plates #1-6 be removed, the wall examined |

'by an NRC inspector for possible damage and, if necessary,. repaired.

4.11.2 Excavations
.

During excavreion, as stated, no explosives will be used. The |
location of underground lines have been identified and hand tools |

will be used when excavating in premiadty to those and to existing I

facilities to insure that they are not damaged. The staff concludes ;

that these measures will give reasonable assurance that no damage i

will be done to existing facilities and underground lines from
excavation work. |

4.11.3 Removal of Parts of Existing Structures

During the installation of the new shear walls, holes will be
drilled into existing structural elements so that the units may j
be tied together. It is also necassary to drill through-holes
in walls in some locations. Checking of as-built drawings and
use of metal detectors to locate the existing rebars will minimize
damage to them. In response to NRC Question #1 (10/2/79), it !

has been shown that a drill operator can detect hitting a recar i

so that drilling can be stopped and minimal damage inflicted on
the rebar. PGE concludes that such damage will have inconsequential
effects on the wall capacity even considering hitting mitiple

1
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rebars. It is concluded by PGi that the reduction in wall area
due to the bolt holes is less than 4% in the horizontal plane,
5% in the vertical plane and 5% in any diagonal plane and these
reductions in shear areas have been considered in evaluating shear
capacities of the existing walls. The staff believes that due
precaution is being taken by the Licensee to locate rebars before
drilling commences and that snculd striking the rebar by the drill
occur, no significant degradation to the Complex will occur.
PGE has demonstrated that the maximum indentation that will occur
in a recar should it be struck by a drill will be about 1/8" (Response
to NRC Question 1 of 10/2/79 submittal). If one bar is struck,
location of the other bars can be better established and result ,

in a lower likelihood of other bars being struck. The staff believes )
that the amount of material removed from the wall is small and
will not significantly degrade the Complex. Additionally, this
removal has been accounted for in evaluating capacities.

|

Face masonry, and in some instances, core concrete will be removed
at various eclumns when tie-ins of the new walls are made. This
will be done along N' at columns 41, 46; along column line R at
columns 41, 46; and along N at columns 41, 46. As discussed in
PGE-1020, Rev. 4. Section 5.3.2.1, the steel columns will be exposed
only after certain modifications have been installed. The Licensee |
states this will result in the capacity of the shear walls in
the Complex to remaining above the capacity required to resist
the .25g SSE using the seismic criteria in PGE-1020.

For the currently proposed wort sequence, it is possible to expose I

columns N-41, N-46, R-41, R-46, N'-41, N'-46 simultaneously below
elevation 65'. The licensee has indicated that no credit was
taken for the steel columns or masonry reinforcing at wall panel
vertical boundaries when calculating the flexural caoacity of
the walls. This is true but both single and dcuble curvature
modes of flexure must stiil be accounted for when calculating -
flexural capacity of ps.1els adjacent to these columns. As is
currently precosed above elevation 65', no columns will be exposed
until the new M' wall is installed and the concrete has reached
design strength. It will then be possible to exoose columns R-41
R-46, N-41, N-46 simultaneously since work on column lines R and
N is scheduled to proceed concurrently. Exposing the columns
affects the ability of a wall to resist a single curvature flexure

,
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i
mode of failure. In calculating the cacacity to resist this moce

|
of failure, reliance is placed on the shear-friction concent whien
utilizes rebars anchored in concrete and crossing a crack ,.'ane
with the concrete in contact. If the column is expcsed, the shear
friction concept no longer holds. Additionally, at N-41 and R-41,

i exposing the colu.tns would affect shear transfer around the corners.
R-41 and R-46 will be exoosed above elevation 65' to elevation
77' only after the the concrete wall along R has been installed
to elevation 65'. At this point, the concrete in this wall will |

be at design strength below El 59'3" but need not be at design |
strength between El. 59'-3" and E1. 65' (the wall is to be erected
i n two pou rs ). Columns N-41, N-46 will be exposed above El. 65'
to El. 77' only after the new N line wall is installed to eleva-
tion 65'; however, it too need not be at design strength. The N
wall would then be poured to E1. 77' and columns between E1. 77'-93'

,

exposed although the wall beneath need not be at design strength.
7his process would be followed to roof level. The licensee believes
that the vertical shear at these locations would be reduced suffi- I

ciently due to the completion of the N' wall and the new concrete '

in the new R wall or N wall being placed to elevation 65', although
still below design strength. It is unclear to the staff how
this vertical and horizontal shear will be sufficiently reduced
along the columns above El. 65 given that the concrete in the new i

ft wall belcw.El. 65' and the R wall between E1.59'-3"-65' need l

not have attained design strength. We believe that walls below :

the level where the columns are to be exposed in R or N should
achieve design strength before the columns are exposed. The number
of columns above El. 65' that can be exposed sinultaneously on
both R and N walls must still be determined. Also, panels adjacent ,

to columns below El.65 must have been evaluated for both single 1

and double curvature flexure. Capacity criteria are considered
in Section 5 of this SER.

)
The licensee has considered temporary additional loads on the

i

structure (such as form work, resteel, newly poured concrete, '

etc.) during constmetion as discussed in response to NRC Questions
3 of 9/6/79 and determined that the load will not be sufficient
to significantly degrade the stmeture. The staff believes that
the Conglex will remain seismically qualified with the temporary

9
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additional loads on tne structure because these loacs should be
'

small relative to the weight of the structure.<

The licensee has also considered the removal of parts of the existing
- structu re. Portions of wall are being removed along column R,

north of 46 and along 46 near Q. Portions of a steel beam along
N near E1. 77' must be exposed. The staff believes that the Complex
will remain seismically qualified due to these removals, because
the wall partions being removed are from non-shear walls and because
no credit was taken for the concrete along tRe beam in the evaluation
of the existing Complex.

.

4.12 CA/0C Recuirements

PGE will be responsible for the administra: ion and control of the
total quality assurance program and nas delegated to Bechtel the
responsibility for quality assurance of engineering, procurement,
and construction activities. The modification work is being
performed in accordance with previously NRC approved Quality
Assurance / Quality Control procedures.

The plates to be installed on the west wall of the Control Building
will be fabricated per ASTM Standard A-36-77 and welded together
per AWS Standard 01.1. Completed welds will be non-destructively
tested by the magnetic particle method.

4.13 Eouioment Qualification Duri 1 Modification Work'

The proposed modifications to the Control / Auxiliary / Fuel 3uilding
Complex will result in a slight frequency increase in floor response.
PGE has committed that equipment, components, and piping required for
safe shutdown, ECCS, or to mitigate the consequences of accidents
which could result in 10 CFR 100 releases will remain seismically
cualified for earthquakes up to and including the SSE throughout
all structural modification work. Any changes needed to insure
this will be performed before the structural modification necessi-
tating the change is made. The floor response spectra for the
modified Complex have been submited by PGE and are discussed in
Section 5 of this Safety Evaluation Report. The seismic acceptance

| criteria of the modified Complex are per PGE-1020 and associated
submittals.

|
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Regarding the seismic qualifications of safety-related mechanical
equipment, the effect of the response spectra for the mocifiec

comolex will be evaluated to determine whether there will be an
increase in loading. If an increase occurs, the new load will
be evaluated against allowables and if an overstress Occurs, the
element will be strengthened.

Safety-related piping will be analyzed using the response spectra
for the modified complex to assure adequate restraint. Additional
restraints will be installed as required.

Also, electrical equipment, cable trays and car. trol equipment
will be reviewed and modified as needed to insure seismic qualf-
fication under the final response spectra for the modified complex.

In view of the fact that the systens described above are seismically
qualified for interim operation of the as-built Control Building
Complex SSE response spectra and will remain so during the modification
work and that they will be seismically qualified for the SSE response
spectra for the modified Cocplex prior to commencement of any work
affecting the response spectra, it fo11cws that the safety systens des-
cribed above will be seismically qualified while modifications to the
Coeplex are being performed. This conclusion is contingent upon the
completion of the review of safety-related equipment and instrumentation
as discussed in PGE's 7/6/79 response to NRC Question #29.

4.14 Comof f ance with Technical Soecifications Durina Modification Work

Prior to undertaking any particular phase of the modification
worto Bechtel will prepare detailed work plans for the work to
be accomplished. These worx plans will be reviewed by the PGE
on-site QA staff to ensure that the planned activity is consistent
with the Technical Specifications and the plant's administrative
procedu res. If 'any inconsistencies are found, necessary changes
will be made before embarking on the activity to assure that
Technical Specification requirements are met. This review should
be adequate to provide assurance that no Technical Sca tification
violations related to the modification work will occur while the
modifications are in progress. The Technical Specifications are
only peripherally related to the modification wort, inasmuch as
the Technical Specifications primarily involve equipment operability,
operating ifmits, etc., whereas the modification work primarily

.



. .

- 59 -

involves the construction of new shear walls and therefore has
little direct bearing on equipment and operating limitations.
Therefore the on-site QA staff review for Technical Specification
compliance during the modification work shculd be straight-farward.

The NRC staff has conducted a review of the Trojan rechnical
Specifications as th9Y relate to the modification wort. There
are several activities to be performed which relate to Technical
Specification requirements--fire protection, fire barrier integrity,
and control room ventilation.

With respect to fire protection, it is possible that some fire hose
stations may have to be temocrarily disabled during the modification
wo rk. In this event, Technical Specification 3.7.8.3 requires
that another equivalent-capacity fire hose be routac to the unprotected
area.

The cadification work will also involve the drilling of holes through
walls and removal of portions of walls whi'n serve as fire barriers.

When this is done, Technical Specification 3.7.9 requires compensatory
action. If the fire barrier protects areas with a comoustible loading
of more than one Ib./sq. ft. of equivalent wood, a continuous fire
watch must be posted; or a fire detector installed, a temporary
fire barrier (1 hr. rating) erected, and a fire watch patrol
established.

If the fire barrier protects 'rees with a combustible loading
of less than or equal to one 10./sc,. ft. of equivalent wood, a fire
watch patrol to inspect the area at least once per hour must be
established and either a fire detector or a temporary fire barrier

' (1 hr. rating) must be installed.

The modification work will also involve the drilling of holes in the-
Control Room east and wrist walls. This could affect the ability of
the control room emerger.cy ventilation system to maintain a positive
pressure in the Control Roca under emergency conditions (chlorine
gas release or radiation) and thereby affect Control Room habitability.
Technical Specification 4.7.6.i,d.3 requires that the ability of the
Control Room emergency ventilation system to maintain at least 1/8"
water column (W.C.) be demonstrated at least once every 18 months.
The Technical Specifications also do net allcw the licensee to alter
a system such that a test would be unsuccessful shculd it fall due.

.

. - - , - __



.

. .

- 50 -

|

The licensee is aware of these requirements, and will control
the hole drilling activity such that only one 3" hole will ce
open at one time. Further, the hole will be plugged with a proformed
*ireproof plug immediately after the hole is drilled. Also, during :

the installation of plate 8, each hole will be unplugged one at |
a time and a seal installed innediately following tne installation

,

of each bolt to preserve the leakage integrity of the wall. The i

preformed plugs will be tapered and inserted from the interior
so that any positive pressure in the Control Room would tend to
seat the plug and thereby form a tighter seal.

Based en the above, we conclude that the ability to maintain a i

positive pressure in the Control Room will be preserved during
the modification work.

Based on discussions with the licensee and a review of responses
to staff questions, it is clear that the licensee is aware of
the Technical Specification reouf rements regarding fire barriers
and Control Room emergency ventilation, and is providing measures
to assure that these requirements are met. The Technical Spect-
fication regarding fire hose stations has not been previously
discussed since whether or not a fire hose station need be disabled
will depend on detailed work plans yet to be developed. Also,
there may be other Technical Specifications that could be impacted
by the modifications, depending again, on the exact content of
the work plans. The PGE QA staff review should be an adequate
adninistrative means to assure compliance with all Technical
Specification requirements during the modification work. The
licensee has not identified any Technical Specifications which
would, of necessity, be violated by the modification program,
and no relief from any Technical Specification has been required
or granted.

We conclude that there is reasonable assurance that Technical
Specifications will be adhered to during the modification work.

.
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5.0 Evaluation of the Modified Ccmelex and the Adecuacy Thereof

As discussed in Section 3.2.1.1 of tnis SER, entitled, "Inout Criteria,"
the evaluation of the modified Complex is being performed with sai;mic
input criteria which are basically in accordance with that specifi"1
in the Trojan FSAR Section 3.7.1, as referenced by Technical Specification
5.7.1. The acceptability of the deviations from the initial seismic
input criteria has been discussed in Section 3.2.1.1 of this SER.
Therefore, the use of this seismic input criteria provides an ad.auate
basis for the determination of the adequacy of the modified Complex.
As discussed in Section 3.2.2.1.3, it is the seismic load combinations
which govern for the determinations as to the adequacy of the proposed
modifications to the Complex.

section 3.2.1.3 of this SER, entitled, " Seismic System Analysis," discusses'

the conformance of the seismic analysis of the modified Complex to the
criteria delineated in Section 3.7.2 of the Trojan FSAR, as referenced
by Technical Specification 5.7.1. Those Sections of this SER which ;

re erred to this Section for further discussion regarding the acetstability :
of the analysis of the modified Complex were: )

I(1) 3.2.1.2.1 regarding the acceptability of the analytical models
and the allowable stresses for the modified Complex.

(2) 3.2.1.2.6 regarding the acceptability of the variations in structural
properties considered in the analysis of the modified Complex and
the adequacy thereof.

(3) 3.2.1.2.7 regarding the acceptability of the vertical amplification
factors assumed for determination of structural forces.

(4) 3.7.1.2.12 regarding the acceptability of the resistance of the
modified Conglex to earthquake induced overturning moments.

(5) 3.7.1.2.18 regarding adequacy of the considerations of the effects
of the assumed occurrence of five (5) OBE's of 0.15 g with ten
(10) effective full stress cycles on the strength of the modified
Corplex and the induced frequency shifts in the derived floor response
spectra.

1
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Secticn 3.2.2.1 of this SER addresses the design bases for the modified
Comclex. As' stated in that Section, this SER Section will discuss the
details and acceptability of the design bases for the modified Complex
axcluding subsection 3.2.2.1.7 - Structural Preoperational Testing, which ;

has been covered sufficiently in Section 3.

5.1 Analytical .u delo

The mathematical model of the modified Complex is a linear elastic 3-0
finite element model. The specific details of this model are discussed
in PGE-1020 and the associated PGE submittals. While this model gives
an accurate representation of stiffness and mass distributions for the
modified Complex, the implicit assumptions of linear elastic behavior
and total connectivity between the boundaries of the adjacent elements
preclude the analyses using this model from accounting for the potential
nonlinear behavior of the structure directly. The nonlinear structural
response is due to the design deficiencies in the Complex necessitating
the development of design criteria for the in-situ walls througn testing.
The testing which was done indicates certain degrees of nonlinear behavior.
However, it was not extensive enough to ascertain the behavior of the
modified Complex. It is necessary for the analytical model to accurately
capture the behavior which would be expected for the modified Complex
in order for it to predict meaningful structural responses, namely forces
in structural elements, displacements and floor response spectra.

In an attempt to account for the stiffnesses which would be exhibited
by the walls in the modified Complex, the stiffnesses of the individual
elements were modified per the criteria presented in PGE-1020 and the
associated PGE submittals. The adequacy of these is discussed later.

The acceptability of the techniques for performing the response spectrum
and time history analyses of the modified Complex, given the adequacy
of the structural model, has been discussed in Section 3 of this SER.

.

!
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5.1.1 Adecuacy of Assumed Stiffnesses

The assumed stiffnesses are derived from the shear wall test program ,

which is described in Appendix A of PGE '1020. The elastica 11y cal-
,

culated stiffnesses are reduced by a stiffness reduction facter
using the methods as described in PSE-1020 and the associated PgE
submittals. As stated therein, the stiffness reduction factors
for the in-situ walls are a function of the amount of steel rein-i

forcement present in the wall, the shear stress ar.d the normal stress
acting on the wall, and the number of cycles of stress to which
the walls are subjected (this is addressed in a later subsection
of this SER). The stiffness reduction factors are derived from
comparisons of the secant modulit of the test specimens to the initial
elastic modulus considering the above variables. These factors
are then aoplied to the elastic modulit of the elements representing
in-situ walls. The elastic modulti of the in-situ walls, which
are a function of the strengths of the masonry and concrete, are
determined on the basis of the as-built material properties, rather
than design values for these properties. This provides a more repre-
sentative estimate of structural response.

,

5.1.1.1 Adecuacy of the Assumed Wall Reinforcement Ratics for Stiffness
Derivations

The reinforcement ratios which were assumed for the in-situ walls
considered the encased steel frame to contribute to the reinforcement
ratio for the continuous vertical steel, as discussed in the 12/17/79
PGE response to the 10/2/79 NRC question 8, the 7/6/79 PGE response
to question 45 and the 7/10/79 PGE response to question 46. These
responses and Appendix 8 of PGE-1020 describe how the columns in
the test specimen were considered in deriving the stiffness degradation

ifactors considering this effect. '

The method for accounting for the encased frame for the in-situ walls
was explicitly described in the latter of the referenced questions.
The methods by which the stiffness degradation factors were derived

ifrom the test specimens, including the way in which the columns in the '

test specimen were factored into this derivation, is appropriate-
However, neither the results of the test specimen, nor the additional
information presented by PGE validates the approach for the consideration
of the encased frame for the in-situ walls. The method used to account
for the encased frame has implicit in it:

(1) That the individual wall panels will behave in single curvature.
If the individual wall panels behaved in double curvature,

! |

|

.
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wnicn is one of the cases assumed for capacity deter,ination,
this contribution would not be developed.

(2) That the slip that will develop in the beam-column connection
will be sufficient to develop twice the AISC alicwaole capacity.
The first assumption has not been substantiated since the mode
of behavice of the walls in the modified Comolex has not been
defined. However, it may be single curvature, doubla curvature,
or somewhere in between. The testing crogram was not extensive
enough to better define the behavior ai the walls in this regard.
If behavior is not quantifiable, then behavior for all reasonably
postulated modes of behavior must be evaluated and found acceptable.

The second assumption seems to be invalidated by the 12/22/79 PGE
response to MRC question 6 of 10/2/79 and the 2/13/80 PGE submittal.
The 2/13/80 submittal indicates that slip at the connections is
about .01" or less, assuming even single curvature. The 12/22/79
PGE response indicates that at this level of slip, only the frictional
connection resistance is mobilized which is not obvious as being
twice the AISC connection capacities for the Complex. Additionally,
the 12/21/79 PGE response to NRC question 2 of 10/2/79 indicates
4 connections in the Complex with ultimate capacities which are
less than this value of 2.

The above factors must be resolved in order to substantiate that
the effect of the encased frame is appropriately considered.

5.1.1.2 Adecuacy of Assumed Shear Stresses for Stiffness Derivations

Given known normal forces and reinforcement ratios for the system
of walls modeled in STARDYNE for the modified Complex, the chosen
procedure for iterating using the STARDYNE model as described 1.-
Section 2.2.1.3 of Appendix 3 to PGE-1020 to determine the finai
shear stresses and corresponding stiffnesses for the various walls
is appropriate, using the relationships developed from the test
data for stiffness reduction factors as a function of shear stress,
normal stress and reinforcement ratio. However, as discussed in
Section 5.1.1.1 and 5.1.1.3 of this SER, the reinforcement ratios
for the panels and the normal forces acting on the panels in light
of the nonlinear dependence of stiffness degradation factor on this
parameter, must be appropriately considered.

:
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5.1.1.3 Adecuacy of Assumed Normal Forces for Stiffness Determinations

The stiffnesses are proportional to the amount of normal force acting
on the wall. This normal force is affected by the amount of dead
load acting on the wall, the vertical earthquake component, and
the shifting normal forces during the course of an earthquake cue
to gross overturning.

The dead load assumed to be acting on the walls was the direct
dead load as uiscussed in PGE-1020 and the associated PGE submittals.
However, the encased steel frame will carry a portion of this dead
load. The amount of dead load which is carried by the frame is
influenced by the construction sequence of the walls, and the ensuing
creep and shrinkage of the walls. In the 9/5/79 PGE response to
NRC question 27, an analysis was submitted demonstrating that for
the conditions assumed in that example, a reduction in dead load
of 10% due to creep and shrinkage was predicted. Arguments presented
in PGE-1020 and the 12/22/79 PGE response to the 10/2/79 NRC question
23 indicate that this would be comoensated for by an increase in
dead load on the walls d2 ring an earthquake. However, this does
not seem viable considering the encased nature of the steel framing
and is therefore inappropriate. In fact, if the stiffness of the
walls were to degrade, the opposite effect would tend to occur.
Furthermore, using this method for accounting for the reduction
as in the September PGE response, calculations made by the Staff
indicate that this percentage reduction can be substantially higher
and vary throughout the Complex. This is due to the dependence
of this percentage on column size, beam size, wall dimensions, wall
material properties, and level of dead load stress. In addition,
the assumed value for shrinkage strain was not considered adequately.
A better approximation for this phenomenon, given all the uncertainties
inherent in the calculation of a numerical value, is twice the value
assumed by PGE in their determinations. _This would further increase
the percentage of the direct dead load being carried by the encased
frame. Also, the stiffening of the beam by the encasement in concrete
was not addressed. Further, the effect of the 30*F change in mean
temperature of the wall on dead load reduction for exterior walls,
discussed in the 12/21/79 response to the 10/2/79 NRC question 10 -

has not been addressed. The strain due to this effect would be
about 50(.00055)(.01)=275 u in/in (even neglecting the biaxial nature

.
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of this affect in the wall), wnicn is even .cre significant than
the shrinkage strain of 140 u in/in. Even consideration of a 25*F
mean wall temoerature drop would result in strains greater than
those considered for shrinkage. Increasing the stiffness of the

beam would cause additional load to be transferred into the frame.
The method presented in the PGE September respcnse (i.e. , using
the nethodology for a beam on an elastic foundation) seems to be
reasonable in light of the in-situ conditions of frame encasement
and continuity of reinforcement past the beam. Hcwever, the appro-
priate conditions for each of the in-situ wall panels ust be con-
sidered.

In an attempt to account for shrinkage strain twice that initially
assumed in their 2/13/80 response, PGE presented an analysis
using a different approach than the one described above. Different
beams were considered also. This analysis concluded that a dead
load reduction of 30". was possible. Mcwever, the analytical model
assumed that the wall was rigid and that the beam and wall were
not constrained from separating. This is not realistic considering
the in-situ walls and is not necessarily conservative as comared
to the method considering a beam on an elastic foundation. The
table presented below shows the differences between the two methods.
A percentage greater than 100% would igly that some amount of tansion ;

may exist in a wall.- Additionally, this response addressed the
effect of a 30% dead load reduction on capacities but not on the
assumed stiffnesses.

The effects of the vertical earthquake component have been considered
to reduce the direct dead load on the walls by 13% based on an assumed
conservative vertical amplification factor of 30%. This is based !

upon consideration of the OBE with a peak horizontal grcund acceleration I
of 0.15g. Applying this aglification factor to the SSE would result 1

in a dead load reduction of 1.3 (2/3 (.25))100=22%. If the actual I

amplification factor of 1.16 is considered, this percentage of dead |
load reduction becomes 19%. This would result in a further reduction
in dead load under the SSE condition of (1-(1.19)/(1.13))=7% beyond
that considered for the 08E. This further adds to uncertainty but
should not be important if all other factors were adequately considered
in a reasonably conservative manner.

The gross bending moments due to an earthquake would cause a shift of
normal force present on the wall from side to side in the Comlex,
with stiffnesses of walls increasing with increasing normal forces

.___ _ - --_ __
--
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TABLE: Comoarison of Dead Load Reductions

Method 1 - 3eam on Elastic Foundation
Method 2 - Beam on Rigid Founcation (" Strength of Materials" II - Timoshenko

Ch III #6)
*

CREEP Afic SHRI.'!KAGE:

C: = .86 -6 in
in all cases, restrained shrinkage strain over 40 yrs = 140 x 10 17i

% load transferred from
wall to columns

Method 1 Method 2,

CASE 1
d24 x 68 beam t wall = 26"
span = 19.25' W14 x 142 col. (18.6")
sigma n = 100 psi 14. ".* 18%*

CASE 2
W24 x 68 beam t wall = 25"
span = 19.25' W14 x 142 col. (32.5%)
sigma n = 50 psi 27.9%* 25%*

CASE 3
W24 x 68 beant t wall = 35"
span = 31' W14 x 142 col. (73%)
sigma n = 10 psi 71 %* 25%*

'

CASE 4
T x 280 beam t wall = 23"

span = 30' W14 x 142 col. (13.7%)
sigma n = 100 psi 10.3%* ---

CASE 5
W36 x 280 beam t wall = 28"
span = 30' W14 x 142 col. (24%)
sigma n = 50 psi 20.6%* ---

CASE 6
W36 x 230 beam t wall = 23"
span = 30' W14 x 142 col. (106.5%)
sigma n = 10 psi 103.2%* ---

inatcates due to shrinkage only*

( ) indicates due to creeo and shrinkage

Licensee proposes using 30% total for creep and shrir.kage under tiethod #2.

*
.

|
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and vice versa. The stiffnesses are nenlinear functions of the
normal stress. The 2/13/80 PGE submittal addressed this effect in
a simplified manner. This effect was estimated to reduce the overall
stiffness of the Complex by about 18%. Additionally, it must be
substantiated that any tensions induced in the walls are not detri-
mental to the stiffness of the panel over a numeer of cycles since
all specimens tested in the test program had only comoression
induced in them.

.

5.1.1.4 Sinole vs. Double Curvature Senavior

The test program was not sufficient to establish the behavior of
an ensemblage of shear walls. Only single shear piers were tested,
with double curvature behavior being investigated for most specimens.
Use of stiffness degradation factors if adequately derived from the
test specimen in the STARDYNE model seems reasonable if the connect-
ivity between the elements assumed in the analysis was maintained
in reality. However, the precise made of failure has not been
established. In order to preclude a single curvature failure of
the elements of the structure, shear friction mechanisms are relied
upon for resistance. For these mechanisms to be invoked, relative
slippage must take place between elements. These required relative
displacements must be shown to be compatible with the overall displace-
ment behavior of the Complex. It has not been demonstrated that
this slippage will or will not occur. In other words, the slippage
may or may not take place. Therefore, both cases must be considered
as a possible made of behavior. In the 2/13/80 PGE submittal, it
was estimated that an additional 30% increase beyond the calculated
STARDYNE displacements is necessary to invoke this mechanism under
the calculated earthquake forces. This would indicate a reduction
in stiffness of (1-1/1.3)=23%. In addition, if temperature (where
present) and shrinkage effects were adequately described by the
model for dead load reduction presented by PGE in this response,
then such effects would have to be overcome before the connection
would act and would require additional displacement beyond that
needed to develop shear friction if this separation was greater
than needed for snear friction.

,
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5.2 Adecuacy of Struccural Responses - Forces and Disolacements

The parameters which influence the resultant forces and displace-
ments determined from the analytical model were discussed in
Section 5.1 of this SER. The variations in parameters discussed
therein must be adequately accounted for in order to assure that
the new and existing elements have been evaluated and designed for
the forces and disolacements whicn could potentially occur,
accounting for the uncertainties in the behavior of the modified
Complex. The adequacy to resist these must be determined.

5.2.1 Cacacities of New Structural Elements

The allewable stresses (loads) for the new structural elements
are being determined per the criteria discussed in PGE 1920
and associated submittals. The use of these acceptance criteria
in the referenced FSAR load combinations would be acceptable,
if it can be substantiated that forces were determined consider-
ing the previously discussed variabilities. Additionally, the
2/13/80 PGE submittal indicates that their analyses to date show
that stiffnesses will decrease (causing increased displacements)
due to overturning moments and single carvature behavior, yet
did not demonstrate that the new structural elements (walls and
plates) were capable of withstanding these effects. No slippage
has been accounted for in the model. It must be considered since
it cannot be precluded.

Coefficient of Friction Between Steel and Concrete

The ifcensee proposes using a coefficient of friction (u) of 0.7
between steel and concrete when calculating frictional resistance.
The frictional resistance is relied upon to transmit seismic forces
into the steel plate and to resist sitding between the columns
and spread footings. The value of 0.7 is obtained from the ACI
318-77 code and tests by Mattock.

The staff believes that use of u=.7 requires further justification.
In the ACI 318-77 code, u=.7 is suggested for use in calculating shear
friction of steel to concrete using the shear friction method
which utilizes dowels attached to the steel and embedded in the
concrete crossing the crack perpendicular to the cra'ck plane.
Per ACI 318-77 commentary, the applied shear is resisted by friction,
shearing off of protrusions on the faces, and dowel action of bars
crossing the crack plane. Stated in the ACI 318-77 commentary.

|
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*in the shear friction nethod of calculation, it is assumed that

all the shear resistance is eue to friction between the crack
faces. . It is therefore necessary to use artifically high values
of the coefficient of friction u in the shear friction equation
in order that the calculated shear strengths shall be in reasonably
close agreement with test results." This indicatas that the coca
believes 0.7 is high to account for friction alone. The referenced
paper by Mattock has shear studs crossing the plane so that value
obtained is also not for friction alone. Since the plates at
Trojan are assumed not to slip, the other mechanisms empicyed
by the code to obtain an equivalent u cannot be empicyed. Oowel
action would only be valid after slip has occurred. In a paper
by the Portland Cement Association *, tests were performed to obtain
u for steel-grout and steel-concrete interfaces with no steel
studs or bars crossing the crack plane. Compression forces were
applied externally. It was fcund that for the concrete-steel
face, peak u with dry faces and normal stress equal to 60 psi
was .69. For the same arrangement but with wet faces, peak u
was .68, approxirately the same. However, if normal stress on
the wet faces increased to 100 psi, u decreased to .54. A conclusion
of the paper was. that u decreases as normal force increases.
At Trojan, it is estimated by PGE that stress innediately under
the bolt is 1120 psi and at 6-1/2" away is 600 psi. Because the
plate is assumed not to slip and the. stress'es at Trojan are high,
0.7 requires further justification. It appears that perhaps the
ACI shear friction approach was used elsewhere where no slip has
occurred to develop dowel action. This may be the case at the
N ifne wall where concrete is placed against hardened concrete
(concrete bicek in this case) and ACI recommends u=1. This problem
would be alleviated by the installation of shear keys in the existing
wall.

5.2.2 Cacacities of Existing Structural Elements

For the existing elements in the modified Complex, excluding the
comcosite and masonry shear walls encasing the steel frame,
PGE-1020 Section 3.2.2 indicates that the codes, standards,
guides and specifications remain as described in the FSAR.

Raccat 5. G., Russell, H. G., " Tests to Evaluate the Coefficient of Static
Friction 3etween Steel and Concrete," Construction Technologies Laboratories,
Division of the Portland Cement Association, February 1979.

|
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One of the recuirements when the modifications were ordered was
that the existing shear walls be brougnt back into conformance
with the Uniform Suilding Code - 1967 version, as referenced in
the Trojan Operating !.icense. To accomolish this, PGE concucted
a testing program to determine the strengths of the in-situ )walls, considering the encasement of the steel frame. The short- ;

comings of this testing program were mentioned previcusly. An !

additional shortccming was that the specimens with emoedded j
columns were embedded so that their full yield strength could be i

develooed instead of imposing limitations on their strength to
represent the in-situ beam-columns connections. Sections 106 !
and 107 of the USC-1967 provide for testing as an alternative
to substantiate Code requirements. Testing is approoriate.
Mcwever, it mst be sufficient to substantiate all assumptions
regarding strength and behavior. Any significant uncertainties !
remaining as a result of the testing should be either accounted
for or dismissed by additional testing. As discussed in Section
5.1 of this SER, it has not been determined that the unce .ainties
in the analyses have been sufficiently addressed. The effects of
these uncertainties on rebar strain must also be considered and
the impacts on those already reported assessed.

5.2.2.1 Cacacity Deceminations

For the walls in the modified Coglex, three distinct failure modes
are possible, namely:

(a) flexure failure
(b) sliding failure
(c) diagonal tension (shear) failure

Each of tnese mechanisms must be investigated for its resistance
capacity, with the mode with the lowest capacity being the controlling
capacity. Additionally, as discussed later, the consideration of
the indivichal wall panels for capacity determination is considered
appropriate. Each panel mst be able to develop its required resistance
in order for capacities to be consistant with the mass and stiffness
distributions assumed in the analytical model. Each element should
be capable of carrying the forces calculated and relied upon to
be withstood, namely shear, tension and mcment. It is not obvious
that this is met for each panel in the Ccglex and that must be verified
by PGE.

*
.
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Flexural Failure

The vertical cracking at the column lines which is observed in the |
as-built structure indicates that examining a single segment of the j
wall bounded oy two adjacent columns and two adjacent floor levels j
is a reasonable model for estimating the flexural capacity of the
wall system. The procedure for considering only continucus vertical
reinforcing steel in the calculation of flexural caoacity when double j
curvature behavior is assumed, and of considering the contribution 1

lfrom continuous vertical steel, any horizontal steel continuous
past the columns, and the encased beam-column connection in the
calculation of flexural capacity when single curvature behavior
is assumed is reasonable. The icwer cf the capacities from either
of these assumptions should be taken as controlling. However,

i

the dead weight contribution must consider all the variabilities )
in normal stress as discussed in Section 5.1 of this SER. The adequacy I

of the PGE consideration of the dead load has not been established.
Therefore, the consideration of the effects of overturning coments,
as discussed in the PGE 2/13/80 submittal, cannot be determined
to be adequate.

.

The single curvature mode of behavice requires substantiation that |

the displacements required to develop the necessary resistance l

mechanisus along element interfaces are compatible with the overall
behavior of the structure. This was addressed in the 2/13/80 PGE I

submi ttal . An estimate was made of the increased displacements !
required to deveico the resistance mechanisas considering single
curvature behavior of the Complex. The comparison of vertical shears
along the column lines for the present model of the Complex for
the factored OBE to the capacities ind' cates that the capacities I

at elevation 93' on wall R and down to elevation 61' along column I

ifne 46 on wall N are exceeded. The acceptability of these has I

not been substantiated. Additionally, these comparisons did not
consider that the vertical shear resistance would be reduced somewhat
if a capacity reduction factor of .9 was considered to reduce the l

column connection contribution. The basis for this reduction is
that the bending capacity of the overall Complex is being evaluated
and the Complex can be considered essentially in the same manner
as a reinforced concrete beam for which a caoacity reducticn factor
of 0.9 is appropriate per the ACI and UBC Codes.

l
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Horizontal shear capacities were investigated per the method presented
in the PGE 7/6/79 response to question 43. Proviced that the
in-situ conditions where openings are encountered were properly
considered, this response indicates that there is adequate capacity
to resist the factored OBE.

Dead Icad was found to contribute only 5". or less to the overall
shear capacity for this made of behavior. However, it is necessary
to ensure that this effect does not adversely impact individual
wall panel capacities.

Sliding Failure
,

1

As indicated by the test data, sufficient resistance to sliding cust i

be developed such that the wall is able to develop required shear I
resistance. The resistance to sliding is developed by the vertical I

reinforcement in the wall, the normal stress acting on the wall and
any columns which are fully eccedded in the wall. It is reasonable
to assumed that for vertical reinforcement emcedded in the core
and the grout a shear friction coefficient of 1.4 will develop if it
is constmeted such that any joints can be considered to be cast
monolithically. This would not be cpropriate for any walls where dry-
pack was used at the top. The effect of normal stress (force) can
be considered to have a shear friction only on the area of the wall
composed of grout and concrete which can be considered to be cast
monolithically. The mortared area cannot be relied upon for this
same resistance contribution due to its lack of aggregate. (This
is also the basis for the inappropriateness cf the 1.4 shear friction
coefficient for the rebar where drypack has been used.) This
conclusion is substantiated by examining the figure attached to
the 5/29/79 PGE response to question 41. At higher values of
the quantity 1.4(pfy+N) for the composite specimen, the shear
resistance to sliding was less than this term where a large
contribution to this term was coming from the applied normal force.
Also, specimen 01 (no core concrete) failed below this value for
a lower value of this term which is felt to be due to the higher
ratio of mortar area to grout area (which is assumed to be equivalent
to core concrete) than for the composite specimen. Work by Hatzinikolas

|
also indicatas that the shear friction coefficient for mortar
is less than 1.4, the icwer bound of his test data being .75.
Therefore, the relationship 1.4 (efy+N)=V as proposed by PGE to
consider this effect is not considered appropriate. An appropriate
relationship must be developed and its impact nust be shown to

|
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not adversely impact the walls. This must also consider the appecoriate
applied normal force considering the oossible variations discussec
p revi ously. The consideration of columns which are fully emcedded
in a wall panel by the method presented by PGE is appropriate;
however, it should be looked at on a panel-by-panel basis.

Diaconal Tension (Shear) Failure

Given that the flexural and sliding modes of failure are prevented,
the limitation of the shear stress on a double block panel or pier
to 150 psi, and on a composite panel or pier to 300 psi, is reasonable
since the reinforcement ratics in the in-situ walls are greater than
or equal to those in the A, B and 0 specimens.

5.2.3 Adecuacy of considered Disolacements

The elastic displacements calculated frcm the STARDYNE model may
be increased due to:

(a) degradation of the stiffness of the walls,
(b) develocment of shear friction along the eclumn lines if this

mechanism were invcked,
(c) the effects of gross overturning moments,
(d) the development of the frictional resistance to sliding of

the wall panels.

Although (a) and (d) above were considered in the analytical model
by deriving the stiffnesses for the various wall elements in the
analytical model, they are subject to the items discussed in Section
5.1 of this SER.

In the 2/13/80 PGE submittal, the effects of item (b) on resulting
displacements of the current analytical model were addres:ed;
however item (c) was not.

5.3 Adecuacy of the Oerivation of Floor Resoonse Saectra

Concerns over the adequacy of the parameters influencing the stiffness
incorporated into the analytical model have been addressed in
Section 5.1 of this SER. Therefore, the calculated center frequencies
of the floor response spectra for the modified Complex cannot be
determi ned. The variation in these frecuencies of -10% as discussed
in Aapendix 3 to PGE-1020 seems reasonable, given tie items
addressed. (The adequacy of the additional 20% reduction in frequency

.
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to account for the assumed occurrence of 5 09E's of 0.15 g is
discussed in a later subsection of this SER.) Hewever, as discussed
elsewhere in Section 5, additional uncertainties exist. In the
2/13/30 PGE submittal, estimates are made of additional sotential
frequency shifts cue to gross bending and the development of shear
friction to resist gross bending of the Comolex. It was estimated
in this response that !5ese could cause an additional 16.6% frequency
reduction but proposed that these would be covered by the 20%
assured for cyclic effects. This is not acceptable to account
for these effects since stiffness degrades as a function of the
logarithm of the numcer of cycles. Figure 21-1 of the 12/21/79
PGE response to NRC question 21 of 10/2/79 indicates that the
majority of the cyclic ddgradation takes place within the first
10 full cycles of stress.

5.6 Creec and Shrinkage Values

The licensee originally used an unrestrained shrinkage strain
of 100 x 10-6 in/in and a restrained shrinkage strain of
70 x 10-6 in/in for the existing composite walls when calculating

' the distribution of wall dead load to the embedded steel frame.
For calculation of bolt tension losses in the existing walls,
a restrained shrinkage value of 200 x 10-6 in/in is used. For

* the new walls, an unrestrained shrinkage value of 174 x 10-6
in/in was calculated for use in determination of bolt losses but
355 x 10-6 in/in is used. 250 x 10-6 in/in is used for wall shrinkage
when calculating dead load distribution. The creep coefficient
(Ct) used in the new and existing walls is .86 for dead load distri-
bution effects and 1.6 for bolt losses. The shrinkage values
differ because they apply to different circumstances and the licensee
has used different margins depending on the circumstances. After
discussing with the staff the resistance supplied by the bicek
in obtaining restrained shrinkage, the licensae new proposes using
140 x 10-6 in/in instead of the original 70 x 10-6 in/in.

The staff concludes that with the inclusion of this new restrained
shrinkage value, the above numbers seem reasonable even considering
possible variations with the exception listed meicw. An important

|
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parameter used in calculating unrestrained snrinkage values is
the ultimate snrinkage vaiue which is a function of varicus
parameters such as aggregate type, volumetric centent of the
aggregate and water-cement ratio. If nothing is known abcut the
concrete, the ACI suggested value is 300 x 10-0 in/in. In calcu-
lating the ultimate unrestrained shrinkage, the Itcensee has used
990 x 10-6 in/in for the existing walls. which is a conservctive
value, and for the new concrete 500 x 10-6 in/in, because the
licensee preocses using a icw-shrink aggregate. This value,
althougn not conservative, is compensated for by the value the
licensee assumed for the minimum thickness coefficient in the,

calculations. In the case of creep, the creep coefficient is
dependent upon the ulttaate creep value which the licensee has
assumed to be 1.5 for both new and existing walls. The ACI
reconnends using Cu=2.35 if nothing is known about the concrete.

, Even if the low shrink aggregate does not reduce Cu to 1.5, this
' non-conservatism would be compensated for because the Itcensee

has assumed a value twice as large as calculatad when considering
bolt losses. In the calculation of dead load transfer from the
wall to steel frame, changing Cu frem 1.5 to the suggested value.
of 2.35 has little significance when using the beam on elastic
foundation approach.

The shrinkage calculation example given for the existing wall
is for a wall 30" thick. Shrinkage will increase as wall thickness
decreases (unrestrained shrinkage for 30" wall is about 128 x
10-6 in/in but for 24" wall is about 200 x 10-6 in/in). This
matter needs to be addressed.

It should be noted that the phenomena of creep and shrinkage is
highly complex and there exists wide variations in measured values.
It becomes more complex when one considers the non-hemogeniety of
the actual walls. It becomes an important parameter due to the
encased steel frame and the substantial effects of dead load.

I
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5.7 Adecuacy of the Bumcino cost i

I
'fe have reviewed the PGE analysis of the bumping post and do !

not feel that inelastic ceformation of the bumping post can be
relied upon for energy dissipation. This is based ucen PGE ,

considering that buckling of the compression memoers occurs based |

uoan the actual curve estaolished by the Column Research Council
(CRC). (This is what is used when the factor of safety is taken
out of the AISC Code equation). The effective length assumed for
these members is not certain. The predicted stresses are only
within 11 1/2% of the curve derived value. Review of the test,

data for these type members used to establish the CRC aJrve in
the intermediate effective-length range indicates that the test
specimen always failed belcw the curve in the range of the -

calculated stresses. Therefore, there is not reasonable assurance
that the menter will not buckle. Furthermore, recent testing by
Popov indicates that strength drops off rapidly after buckling
with increased deformation in the intermediate effective length
range such that the elasto-plastic behavior assumed in PGE's
analysis is not valid. This conclusion was reinforced in con-
vers,ations with the manufacturer of the bumping post. It is
concluded that once the AISC allowables are exceeded, the limits
of behavior cannot be relied upon with reasonable assurance.
Given the low velocities at which a flatcar was indicated to i

be stopped at the Code allowable levels, the possibility for
heavier loads on the flatcar, and that the locomotive weight
(on the order of 300 to 400 kips) was neglected, the administrative
controls imposed on the train movement must be relied upon to
prevent impact of a train with the wall as discussed in PGE-1020
and the associated PGE submittals.

The bumping post would be located about 33 feet from the normal
spotting position of the railroad car in the railroad bay of
the Turbine Bufiding. Ccasidering the slow speed of the train,
this distance should be adequate to allow the train to stop
before impacting the post, and provide an adequata allowance for
any movema'at inaccuracies.

The flatcar would be in full view of the train engineer, so the
position o' the car will be observable, and any approach to either
the bumping .'ost or the end of the Turbine Building railroad bay
cavi ous. In addition, the rail bed from the derailer at the
security fence to the Turbine Building railroad bay is level,
which would simolify train maneuvering.

|
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The accidental approach of a train to the railroad bay from the
main track is prevented by 2 derailers located both cutsica and
inside the security fence.

Based an the above we have concluded that administrative controls
will be adequate to prevent a train impacting the bumping post or
the Centrol 3uilding west wall.

,
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5.3 Buildina Disolacement - Effects on Ecuicment

For interim operation, the effects of Control Building story-to-story
displacement and the relative displacement between the Turbine
and Control Buildings and between the Control Suilding and the
Containment were evaluated. In that evaluation, the effects of
such deflections due to earthouakes on safety-related cables and
piping within the Control Building and between the Control Building
and the other buildings were assessed and found to be acceptable.
Interstory displacements of 0.5* were evaluated. The differential
displacement between the Centrol and Turbine Building was taken
to be 2.5" at all elevaticns above grade level. The relative
displacement between the Control Building and Containment Building
was 0.76". Cable runs were found to have adequate slack to accomc-
odate these displacements. The review of piping systems disclosed *
that one piping run between the Control and Turbine Building (service
water to the switchgear room coolers) might be affected, but that
the resultant water flow from a broken or leaking pipe wculd not
cause flooding problens, and that the switchgear room could be
adequately cooled, if needed, by alternate means. Therefore,
the effects of both interstory and relative building d.isplacements
were found acceptable. It was also found that substantially higher
displacements could be safely accommodated. Inasmuch as these
same displacements would be less after the modifications to the
Trojan plant than for interim operation (discussed in Section
5), the conclusions reached for interim operation would be equally
valid following the modifications.

.
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5.9 Gasecus waste System

We have reviewed the licensee's submittal with regard to reevaluation
of equipment, components and piping in the radioactive gaseous
waste system previously seismically qualified in accordance with
the FSAR. The license's position is that the waste gas compressor,
waste gas surge tant, gas collection header exhaust filter and
decay tank piping downstream of the first isolation valve and
piping associated with the above equipment need not be seismically
reevaluated with response spectra for the modified complex.

Regulatory Guide 1.143 and Branch Technical position ETSB 11-1
reQJire seismic design of those portions of the gaseous radioactive
waste system that are intended to store or delay the releases of gaseous
radioactive waste. The waste gas compressor, waste gas surge
tark, gas collection header ernaust filter, and decay tank piping
downstream of the first isolation valve and piping associated
with the above equipment are not designed to store or delay the
gaseous radioactive waste, and therefore, do not require seismic
requalification.

We find the licensee's submittal concerning the subject system
acceptable, and, therefore, these items do not have to be seismically
requalified.

.
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5.10 lait read Sour After Modifications

The existing railroad spar enters the Turoine Butiding at the west
end of the butiding between column lines 41 and 46 and proceeds east
through the Turbine Building, through the Control Building (entering
at e.olumn line R and exiting at column line N), parallel to the Auxiliary
Building, and into the Fuel Building (entering at column line 0) where
it terminates. The prooosed modifications involve closing of the
existing railroad bay openings in the Control Building by the addition
of walls at the existing railrcad bay openings at column lines R and
N between column lines 41 and 46. Consequently, the existing railroad
spur will terminate in the Turbine Building, with a rail stop installed
in tnat building just west of the west wall of the Control Suilding.
The existing track in the Control Building ratircad bay will be removed
and the existing railroad bay will be converted to office space.
An a.if tfonal railroad spur will oe added running cutside the Control
and Tviine Buf1 dings and this spur will join the existing spur at
a point next to the Auxiliary Building where the existing spur runs
between the Control Building and the Fuel Building.

The existing railroad spur was taken thrcugh the Control Building
as a matter of convenience and efficiency. $1nce it was necessary
that railroad cars enter the Turbine Building (to facilitate
the movement of large pieces of equipment onto the Turbine Butiding
operating floor through the Turbine Building railroad bay) and also
the Fuel Building (for movement of fuel casks), the most convenient
and efficient path for the railroad spur was threugh the Turbine and
Control 9u11 dings and into the Fuel Building. The 45' elevation of I

the Cont 71 Suilding merely provides a path for the track between
the Turbine and Fuel Buildings but the capability of moving railroad
cars through the Control-Building is net needed for any purpose, and
in point of fact, there are no existing provisions (e.g., cranes)
or need for loading or unloading railroad cars in the Control Building
railroad bay. Consequently, the removal of the track through the
Control Building will have no safety-related impact with regard to
removing the capability of having railroad cars pass through the Control
Building since there is no need for railroad cars to pass through
the Control Building and since the capability to move railroad cars
into both the Turbine Building and :he Fuel Building where they may
be needed will be retained with the relocated and socified railroad
spu rs.
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5.11 Sliding Ecuioment Hatch in Control Building

Pursuant to the procesed xdifications, an existing equioment
hatch at elevation 65' on the east wall (column line N) of the
Control Building approximately mi@sy between column lines 41
and 46 will be reduced in size from 8 feet high by 7 feet wide
to 4 feet high by 4 feet wide. This equipment hatch was provided
in the original design of the Control Su'ilding to allow movement
of equicment into and from the Mechanical and Electrict1 Auxiliary
Rooms at elevation 61' and the Battery Rooms at elevation 65'.
The large accessway provided by the existing hatch allows such
equipment as motor-generator sets, transformers, switchgear cabinets,
cooling units and battery chargers to be brought into and removed
from this elevation of the Control Building easily without the
need for disassembly of the equipment.

Although the equipment hatch is being reduced in size, it is
not being eliminated and will still be useable for transferring
some equipment into and out of the Control Building at this elevation.
Nevertheless, after the modifications, it may be necessary to
disassemble some equipment to a greater degree than was previously
necessary in order to fit it through the smaller equipment hatch
or to move equipment to or from this area by use of the Control
Building elevator or Auxiliary Buf1 ding access ways. Whf16 this
would be more inconvenient than moving equipment througn the
existing hatch without disassembly, we can identify no safety
significance from this. The existing hatch is not useable for
fast, emergency transfers of equipment into and out of the Control
Building since the existing hatch is 20 feet above grade and
use of the hatch for transferring equipment requires special
preparation and handling procedures. Nor is the existing hatch
used for personnel access to the Control Building since the hatch
is 20 feet above grade and is closed with a steel door and a
heavy missile shield. Consequently, the proposed reduction in
the size of the equipment hatch will have no safety significance
with regard to personnel or equipment access to the Control Building.

'
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5.12 Imcac: of Wall Failures on Safety-Related Ecuic=ent

The Staff has not yet been able to conclude that the wall capacities
calculated and reported by PGE are appropriata. Untti we are able
to conclude that wall capacities have been adequately determined,
we believe that capacity to force ratics recorted by the licensee
are subject to change and possibly to a reduction. Nevertheless,
based on reported capacity to force ratios, there are two walls within
the modified Control Building, identified as walls 6 and 3, wnich.

have capacity to force ratios in the event of an SSE of less than
one. As to these walls, the question arises at this time as to whether
wall degradati:n signt occur during an earthquake resulting in the
impact of debris from the wall on safety-related equipment.

During the staff site visit of June 12 - 13, 1979 these walls were
examined to determine the likelibcod of safety-related ecuipment being
damaged by debris falling from these walls. Based on this examination,
safety-related equipment was found to be (1) 1ccated sufficiently
far away from the walls that it would not be impacted by falling debris
or (2) located sufficiently high on the wall itself that any debris
would either not impact the equipment or would have such a short
distance to fall before impact that it would not pose a potential
for damage to the equipment.

I
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5.13 Effects of Comoleted Modifications on Fire Protection

Each of the areas in which modification wort is to be performed
was evaluated to determine if tne modifications, once completed,
would have any detrimental effect on fire protection for these
areas. The completed modifications do not result in an incressa
in comcustible materials in any of these areas since the only
additional material which will remain after the modifi, cations
is either cencrete or steel which are not comoustibles.

The 34difications will not result in decreased accassibility for the
fire brigade to fight fires in any safety-related area nor will they
increase the difficulty in reaching or fighting fires in such areas.
The modifications could potentially affect access only in the following
areas:

1. At the east wall of the Control Building, along column If ne N,
above elevation 65', where the equipment hatch is reduced in
size from 3' high by 7' wide to 4' high by 4' feet wide.

2. At elevation 45', column line R between column lines 41 and 47
where a concrete wall will be erected.

Reduction in the size of the G741pment hatch will have no effect
on access for fire fighting or e,ergency operator actions since such
access never has been provided by the hatch. This opening goes
to the outside of the Control Building and is at elevation 55',
20' above grade. Moreover, the hatch is covered by a closed
steel door with a metal missile shield bolted to the inside. The
hatch was not intended as a fire brigade access way and has not
been used or relied upon for that purpose.

Because of the addition of a wall at column line R as described in
2 above, access by this means between the Turbine Building and the
Control Building through the railroad bay area will be blocked off.
Access to the Turbine Building from the Control Buf1 ding through the
railroad bay is not required since other access ways which would normally
be used in any event are available. A new access door into the Control
Building from the Control Suilding section of theirailroad bay will
be provided. Access from outside the buildings into each of these
areas will still be available after the modification. Access through
these areas to safety-related equipment or for fire brigade
memcers is not required. Thus, access to safety-related areas has
not been affected by the new wall at column line R.

,
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Devices for detecting or ex*.inguishing fires will not be blocked
or in any way incaired by the modifications. The fire barrier
between the Turbine Building and the Centrol Building formd
by the Control and Turbine Building walls in that area will remain
intact as a fire barrier upon comoletion of the :nodifications.

Based on the foregoing, we concluce that the level of fire protection
for the facility will not be diminished as a result of the cogleted
modi ficatiens.
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5.0 License and Tee $nical Scecification Changes

5.1 Technical Scecifications

5.1.1 As discussed in Section 4.10, no Technical Scecification changes
are required dJring the modification work itself.

5.1.2 Secause of the reliance placed upon the bolts to provide shear
transfer between the new and existing structural elements in the
west wall of the Control Building, the staff has concluded that
an inservice inspection program should be implemented to provide
assurance that bolt tension will be maintained throughout the life
of the plant. Accordingly, the staff requested that an appropriate
program be proposed by PGE. We have reviewed the licensee's response I

and find the prooosed program acceptable with modifications as des-
cribed below (PGE letter of 12-17-79, Q.7 NRC Questions 9-14-79). We
therefore, plan to incorporate this program (in Technical Specification
format) into the Technical Specifications with any amendment author-
izing PGE to proceed with the modifications. The modifications to the
proposed program are:

1. At each inspection, 5 bolts should be removed and inspected. The
condition of the tape should be noted, as well as the condition of
the bolt with tape removed to ensure that the tape and bolt will
continue to perform their functions with the design safety margins
present in the bolt.

2. Beginning with the third year inspection, a time history of bolt
preload vs. time should be developed to assure that the existing
bolt preload is not predicted to drop below the initial bolt pre-
load (1-2r > .75Xo) during the balance of the next inspection
interval (2 years or 5 years thereafter).

3. If the sample average preload droos below .75Xo, the circumstances should
be reported pursuant to Technica ?pecification 6.9.1.8.1.

6.1.3 In the Design Features section of the Technical Specifications, Technical
Specification 5.7.1 should be modified following comotetton of the modi-
fications to both accJrately describe the revised seismic design of the
Control / Auxiliary / Fuel Building complex and require that it be main-
tained. This is consistent with the requirements for other seismic,

category I structures and the requirements for the Control Building design

.
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prior to the identified design deficiencies. At the present
time, this Technical Specification, as it relates to the Control
Builcing shear walls, is waived by License Condition 2.C.(10)(a)
pursuant to the Licensing Soard's Partial Initial Decision of
December 21, 1978, and Amencment No. 35 issued on December 22, 1978.

The staff croposes that Technical Specification 5.7.1 be revised
to read as follows, to be effective upon completion of the modi-
fications:

*5.7.1 Those structures, systens, and components identified as
Categor/ I items in Section 3.2.1 of the FSAR shall be designed and
maintained to the original design provisions contaiaed in Section 3.7
of the FSAR (except for the Control / Auxiliary / Fuel suilding Complex)
with allowance for normal degradation oursuant to the applicable
Surveillance Requirements. The Control / Auxiliary / Fuel Building Complex
shall be designed and maintained to the design provisions etatained f-
PGE-1020, as revised through Rev. 4*, with allcwance for no. mal degra-
dation pursuant to the applicable Turveillance Requirements".

6.2 License Conditions

6.2.1 In the event that the proposed modifications are authori:ed, the staff I

recommends the imposition of a license condition requiring that all
authorized modification work be performed in accordance with the des-
criptions, procedures, and commitments set forth in PGE-1020 as revised
thrcugh the latest revision and as supplemented by licensee's letters
submitted in response to staff questions and certain interrogatories
identified below. Any deviations or changes from these documents should
be made only in accordance with 10 CFR 50.59.

In addition, the staff recommends that approval in the form described
above be subject to certain additional conditions. These conditions are
necessary because the determination of adequacy of certain activities
related to the modification work is dependent on them. In
some cases, these recommended conditions are at variance with, or

-

To cecome effective upon completion of the modifications to the Control*

Building.
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sucolementary to, actions commited to by the if censee, and
therefore these further license conditions would make clear
that these requirements supersede any conflicting licensee state-
ments.

6.2.2 In the event that the procosed modifications are authorized, the
staff recontends that the follcwing be added to Facility Operating
License No. NPF-1:

" Control Building Modifications

The licensee is autnorizeo to and shall proceed with modifications
to the Control Building in order to substantially restore the
originally intended design margins. The modification program shall
be accomplished in accordance with PGE-1020, " Report on Design Modi-
fications for the Trojan Control Suilding", as revised througn Rev-
ision No. 4, and as supplemented by licensee letters dated February 23,
March 28, June 22, June 29, July 5, 6 and 10, August 13, September 5
and 26, Novemoer 21, Decemoer 17, 21 and 22,1979; January 28, and
February 13 ,1980, and as further supplemented by " Licensee's Responses
to Interrogatories Dated August 27, 1979 From the State of Oregon"
dated September 17, 1979. Any deviations or changes from the foregoing
documents shall be accomplished in accordance with the provisions
of 10 CFR 50.59.

,

The modification program shall be further subject to the following:

(a) The modification program shall be completed by not later than
twelve months from the date of this amendment. When complete,
license condition 2.C.(10), relating to interim operation pending
completion of modifications is cancelled.

(b) For the installation of steel plate No. 8, the plant shall
be in the cold shutdown condition (Modes 5 or 5) from the time
that the plate is lifted from the Turbine Sufiding railroad
bay at elevation 45' until the plate has been set in place
with all bolts made snug. Prior to this evolution, diesel
generator A shall be started and proper operability verified.

(c) Solid steel cable tray covers shall be installed over cable ,

trays in work areas where cable damage is possible from accidental l
'dropping of steel plate washers daring their installation.

(d) A fire watch patrol shall be established whose sole responsibility
shall be to make at least hourly inspections of all safety-related areas l

1
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where concustible materials (e.g., wood framing, planking,
plastic, etc.) related to the modification work must remain ini

the work area (not required for areas in which a continuous fire
watch is present).

(e) Scaffolding and timber planking shall be installed against the
R-line wall in the Cable Spreading Room during the installation
of the steel plate washers at each Iccation where wasners are to
be installed. The planking shall be placed and constructed to
limit the maxieum height of a dropoed washer to three feet or less.

(f) Any constmction work in the diesel generator coc:bustion/ ventilation
air pathway which could potentially generate dust, dirt, or debris
shall be temporarily halted when any diesel-generator is in oper-
ation.

(g) In the event that either the Shift Supervisor or NRC Resident Inspec-
tor determines that construction noise is resulting in noise levels
in the Control Room of such magnitude as to interfere with normal
connunications, the constmetion activity shall be halted until
alternate means are devised (e.g., lighter weight tools, other means
of concrete / block removal, etc.) to proceed with the wort with
acceptably reduced Control Room noise levels.

(h) In the event that the NRC Resicent Inspector determines that the con-
stmetion activity in the Electrical Auxiliaries Room or Control Room
is generating excessive dust, dirt, or debris or the use of water is
being improperly controlled, construction work shall be halted until
aporopriate corrective measures have been taken.

(1) The plant shall be placed in the cold shutdown condition (Modes 5 or 6)
during periods when, due to open walls (e.g., concrete bicek removal
at 41R, elevation 65', or equipment access hatch modification at
column line N, elevation 65') in the Control Butiding at or above
elevation 65', safety-related equipment is vulnerable to either external
missiles or missiles from construction equipment (e.g., Jackhammers).

(j ) During hole drilling in the east and west walls of the Control Building,
personnel shall be stationed on thi opposite side of the wall from the
driller to monitor the drill penetrttion. Continuous voice connuni-
cations shall be maintained between the defl1 operator and the monitor.

;
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(k) Fire blankets (Claremont Weld Shield 800-24 or FacriCate 15da-
white) shall be used over all cables in arear where Cadwelding,
welding or cutting will be performed.

(1) The Battery Room exhaust duct shall not be disaoled unless an
alternate, equivalent means of Satter/ Room ventilation is first
p rovi ded.

(m) Prior to the installation of plates 1 through 5, a temorary energy
,

absorber shall be installed to preclude exceeding the allowable l
comressive strength of the underlying concrete in the event of an

'

accidental plate droo.

(n) An energy absorter shall be placed on plate 4 prior to the install- I

ation of plate 7.

(o) A 1-inch-thick precmshed, stabilized HEXCEL pad and timoer
cribbing shall be used for energy absorption during the installation
of plate 3.

(p) The work area at 41R (elevation 65') shall be protected by a dust- i
tight flame-retardant enclosure. Similar protective measures shall I

be aoplied at any other locations in the Electrical Auxiliaries Room
or Control Room where wall removal is necessary.

(q) Piping systems within the Control / Auxiliary / Fuel Building Complex ;

required for safe shutdown or to maintain off-site doses from acci. |
dents to within 10 CFR 100 guideline values shall remain teismically '

qualified for earthquakes up to and including the SSE throughout all
stmetural modification work. Any changes to piping systems necessary )to ensure that this condition is met shall be performed before the
structural modifications are made. |

(r) The licensee shall perform three grout tests for each size
and orientation of reinforcing steel (rebar) to be grouted
into the existing walls and hole size (considering both depth
and radius) in which they are to be grouted prior to proceeding
with actual constmetion (grouting of rebar). These tests
shall be designed to demonstrate that the yield strength of
the rebar can be developed by the grout. If any test result
is unsuccessful the NRC shall be notified.

|
.

| |
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7.0 Schedule for Modification Work

As indicated in Figure 4-1 of PGE-1020, PGE estimates that
the modification work will require 31/2 months plus an
additional 5 weeks for the installation of plate 8. The total
time for completion of the modification program is therefore
slightly less than 10 months. The schedule shewn in Figure
4-1 does not establish a definite time in the work sequence for
the installation of plate 3. Rather, PGE precoses to install
this plate during the first cold shutdcwn following completion of
all work which must be done in advance of this activity.

The staff has reviewed this modification work schedule and believes
it to be a reasonable estimate of the time that will be neeced to
complete the modification work. However, the staff is not in favor
of leaving the installation of plate 8 (the last construction acti-
vity needed to finally complete all modifications) for the first cold
shutdown after all necessary preparations have been made because the
occurrence of this event is too indefinite.

If, for exanole, the plant is refueled in Acril 1980 as planned, the
next refueling would most likely fall in April 1981. If the plate
were ready for installation, it would be installed then. However,
should it not be ready for installation at that time, the next
certain cold shutdown would probably occur in April 1982, another
refueling cutage. Almost a year could elapse before plate 3 is
installed. This is not censistent with the staff's desire that the
seismic design margins for the complex be restored as soon as is
reasonably possible.

The staff believes, therefore, that the license should be conditioned
to require that the modifications be ccmoleted by a fixed date tied to
the date of authorization, and not left to be completed at some indef-
inite time in the future.

The staff has therefore concluded that it would be reasonable to require
that the modification program be complete not more than 12 months from
the date that authorization to connence wort is obtained by PGE. This
fixed period of time is about 2 months longer than the period of time
established by PGE to complete all wort, and would alicw some margin for
contingencies and schedular flexibility while at the same time providing
a fixed date to be finished.

,|
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3.0 Environmental Consideration

The proposed mocifications were evaluated to determine wnether
they would entail environmental impacts of any sort. Specifically,
the modification wort was examined with regard to the pctential
for socioeconomic imoacts, environmental effects frem the work
itself, connitment of resources, and the generation of effluents
and wastes.

With regard to socioeconomic effects (i.e. , impacts on local
and area-wide services and service facilities), the number of
additional workers over and above those normally onsite was
considered. The licensee has indicated that a maximum of 25
additional workers will be onsite at any one time for a period
of about six months for performance of the modification work.
The type of work involved will require general construction personnel
and laborers, riggers, welders, cement finishers, etc. Except for
the 3echtel personnel involved in the modification work, the
type of trades required should be available frem the local labor
pool. That being the case, there should be no need for large
numbers of workers moving into the area. Moreover, the total
number of additional workers required for the modifications is
rather small, especially when compared to the normal compliment
of employees onsite (150) and the number of workers occasionally
onsite for refueling (300 or more). Consequently, the affect
of the additional workers for the modification on local services
should be nil. Similarly, the additional worxers should have a
negligible effect on traffic in the vicinity of the plant because of
their small numbers. While some construction materials will be
delivered to the site for the modification work, this also should

have no noticeable affect on traffic in the area since it is
very similar to the type of traffic which normally is present on
roads in the :it e vicinity.

A substantial portion of the modification work itself will be
performed inside existing buildings and thus will have no noticeable
effect on the outside environs. Certain limited excavation work
will take place outside, at the east side of the Control Building
(N line wall), as will the relocation of the railroad spur. All of

|
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this outside work will be performed within the perimeter fence in areas
wnich have been previously disturbed by construction and which are overlain
by gravel. Thus, none of the nodification worx will involve disturcance
of trees, vegetatian or animal habitats. Rcck and other material
removed for the railroad scur relocation will be used to fill
an existing material depression or for a proposed embankment,
all within the perimeter fence controlled by the licensee. All
of the outside work is located at least 500 feet from the nearest
body of water and in level areas overlain with gravel so that
runoff from the rain should not result in suspended solids problems.
Activity in the plant area from construction eculpment and construction
work outside will result in the generation of some dust and noise.
However, this is not appreciably different in nature from heavy
equipment movement and construction activities which continually
take place at the plant site for normal maintenance and operation.
Because of this and of the fact that virtually all of the vehicle
traffic and construction activity will take place in existing
disturbed areas within the perimeter fence, additional environmental
imoacts from dust and noise due to the modifications should benegligible.

The proposed modifications will require the use of about 350 cubic yards
of concrete, 38 tons of reinforcing steel and 73 tons of steel plate.
All of these materials will be permanently committed to plant structures
in which they are being installed. None of these materials are scarce,
all are readily available in abundant supply and the amounts of these
materials required for the proposed modifications are extremely small
fractions of the quantities of these resources that are consumed
annually in the United States. Consequently, the amounts of materials
required for the proposed modifications are insignificant and do
not represent a significant irreversible commitment of material resources.

Some minor solid wastes such as scrap building materials may be
generated because of the proposed modifications. Since the proposed
modifications are not of major proportions, the amount of solid
waste generated should be small and readily acconnodated by the
existing collection and disposal procedures for uncontaminated waste
generated by normal plant operation and maintenance. Sanitary
facilities for the additional workers will be provided by temporary
connections to the existing plant water and sanitary sewer systers.
Thus, no additional plant water or sewer systens will be required for
the modifications. In addition, the limits on types and amounts of

l

l

l

- - - -
'|



_-

. .

..
,

.. -

- 94 .

effluent releasei set forth in the facility's Technical Specifications
will not be changed or affected by the proposed modifications.

Based on our evaluation, as summarized above, we have concluded
that the procesed modifications will not result in significant
environmental impacts and that the imoacts, if any, will be negligible.
In view of this and of the fact that authorization of the proposed
modifications is not ert:mpassed within any of the actions set
forth in 10 CFR 551.5(a) as recuiring preparation of an Environmental
Impact Statement (EIS) or within any of the actions set forth
in 10 CFR 551.5(b) as requiring preparation of an Environmental
Impact Appraisal (EIA) and publication of a Negative Declaration
(ND), we have concluded that this action falls within 10 CFR
551.5(d)(4) and that neither an EIS nor an EIA/ND need be precared
in conjuncticn with authorization of the proposed modifications.

9.0 Conclusion

Based on the foregoing, the staff is unable to conclude at this time
that the Control Su11 ding modifications proposed by pGE meet the intent
of the Order for Modification of License of May 26, 1973, which required
that modifications be made to bring the facility into substantial
concliance with the operating license.

Whereas quite a few aspects of the proposed modification and activities
associated with the modification have been reviewed and found acceptable,
questions, nevertheless, remain regarding the determination of forces,
displacements, floor response spectra, capacity determination and
work sequence. Resolution of these items are critical to reaching
the central question of structural adequacy of the proposed modifications.
At this point, the staff cannot determine that the above factors have
been adequately accounted for. Therefore, uncertainty remains regarding
the structural behavior of the proposed modified structure and therefore
its structural adequacy.

Date: February 14, 1980
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