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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 ¢f the Division of Operating Reactors, Office

of Nuclear Reactor Regulation.

A.1l My nawe is Drew Persinko. I am a Structural Engineer in tie Engineer-
ing 3ranch of the Division of Operating Reactors, Office of Nuclear

Reactor Regulation.

Q.2 Have you prepared statements of professional qualifications?

A.2 Yes. 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.”

Q.2 What are your responsibilities with regard to the NRC Staff's review of

the proposed aodifications to the Trojan Comtrol Building?

A.3 (Mr. Herring) As a Senior Structural Engineer, I have prime responsi-
bilicy 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 modificatious on the response of safety related
systems, piping, equipment and compounents are adequately accounted

for.

(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. e

What is the purpose of this testimony?

The purpose of this testimony is to present the Staff's basis for requir-
ing wmodifications * the Trojan Control, Auriliary 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 licemse. 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.
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Thi. testimony is also intended to provide responses to the struc-
tural questions set forth by the Licensing Board at the Prehearing

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

Coalition for Safe Power (CFSP) Contention 22.

I. REASONS FOR REQUIRING MODIFICATIONS

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?

(Mr. Herring) Yes. The Order required substantial restoratiom of

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

Why is restoration of margins necessary?

(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 assess’ng the

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

requirements.

How have seismic design requirements changed since the time Trojan

was licensed?

(Mr. Herring) A chromology of basic seismic design requirements,
including those from around the time Trojan was designed to the

present, is set forth below.
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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:

PRICR TO 1960 Uniform Building Code Requirements

- Static seismic coefficient applied to
structures

1960 - 1964 - Ground motion described by Housner's
averaged ground response spectra.
- Single degree of freedom systems were used
for the evaluation nf seismic responses.
- Horizontal and vertical earthquake responses
were not combined.
1965 - 1967 - Ground motion described by Housner's averaged

ground responses spectra (in some cases
Houiner 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.
% = 2-1/2% for steel 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 gemerally used for
response decermination.
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Ground morion 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 s0il springs and in
some cases assuming material damping.

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

Modal damping values for the soil-structure
system to represent contributions from both
material and radiation damping limited to
102 of critical damping.

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.

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

Finite element procedures were required in
the calculation of soil-structure interaction
for deeply embedded 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.

Layered soils accounted for in an elastic hal?
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 scil-structu.e interaction analyses
results.

How do current design requirements compare to those used for plants

such . jan?

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

with regard to the definition of seismic loads.

Why are older plants such as Trojan not required to be backfitted

to meet curren. requirements?

(Mr. Herring) There are conservatisms in the design of the struc-
tures 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 anmalysis
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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o Three input componeats.

Three input components of an earthquake (2 horizomtal
and 1 vertical) are considered. Botr horizontal
earthquake components are assumed to be equal.

3. Loading combinatioms.

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.

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 are reduced as a
function of the amount of inelastic action in comparison
with those calculated elastically. 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 b»ehavior. 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 ducrility 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 mecharical resistance.

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 found

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.

28-day concrete strength (structural omly).

Designs are usually based upon the 28-day design strength of
concrete. Concrete continues to gain strength with increasing
time beyond 28 days. Additionally, the strength at 28 dayre
often exceeds the called-for design strength.
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C. Static strength vs. dynamic resistance.

Code material strengths are based upon static load tests.

Since dynamic loads contain a limited amount of energy and are
appiied 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
beams 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 deformatiom, 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.

£. Ductility to failure.

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 enmergy absorption
normally counted on in design.

8. Minor axtachments absorb energy.

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

Does damping increase with increased nonlinear behavior of the

structure’?

(Mr. Herring) Yes, in the sense that "dampiag" is used to refer to
increased energy absorbtion of the structure with increased ocnlinear

behavior.
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Can that increased "damping" be relied upon in de%ermining co~

formance with the Trojan design criteria?

(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.

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

used for capacity determinations for the modified Complex?

(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.

Your testimony for interim operation indicated that the structure
was capaple of resisting earthquakes in excess of 0.25g and, in
fact, as high as 0.35g. What was the basis for your judgment in

thie regard?

(Mr. Herring) That judgment was based upon a 0.35g earthquake as

defined by the Trojan FSAR seismic input criteria and an assessment



Q.14

A.ls

Q.15

A.l5

Q.16

A.1l6

- 10 =

of capacity based upon extrapolition of test data in existance at
the time which was not directly applicable to Trojan. It was also
based upon allowing for emergy absorption through inelastic be-
havior of the structure. Only the structure was considered. 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.

Does the Ccmplex in its present configuration have appropriate
margins to substantially meet the FSAR commitments?

(Mr. Herring) No.

Are the margins which are present adequate to provide for operation
of the facility for the remaining duratiom of its operating license?

(Mr. Herring) No.

Explain why they are not.

(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 modificatioms could be

made to substantially restore the margins suggested by the initial
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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.

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

(Mr. Herring) As I discussed at the December 28, 197% .earing
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 Februarvy 14, 1980

Please id-ntify and describe the significance of the unresolved
items with regard to structural adequacy of the proposed modifi-

catious that are listed in the YER.

(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) Method of accounting for the encased steel frame in
deriving stiffnesses (SER §5.1.1.1, p. 63). 1Ian this
regard, the effect of double curvature benavior 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 thé deam-columm
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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.

Dead Load Determination (SER 8§5.1.1.3, p.65). Stiff-
ness of the structural elements is proportional to the
normal forces on the elements and the ncrmal 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 comsidered;

(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.

Eacli of these matters will affect the dead load in walls.
Without properly determined dead loa., normal forces and,
therefore, stiffnesses cannot be correctly determined.

Gross Bending Moment Effects on Stiffness (SER §5.1.1.3,
pp. 66, 68). Gross bending moments from an earthquake
will 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 ocly for com=-
pression, not fur temsion effects). The effect on stiff-
ness of temsion and cycles of temnsion from the gross
bending moments must be quantified before stiffness of
the modified Complex can be adequately kmown.
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Single vs. Double Curvature Mode of Failure (SER 85.1.1.4,
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

acccunted for.

Capacities of new structural elements (walls and plate) -
slippage and the coefficient of friction between steel and
concrete (SER 85.2.1, 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, in

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 plate, required justification. Similarly,

the resistance to sliding between columns and 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 slipéa;e and

friction assumptions mice are justified.

Capacities relied upon can be daveloped (SER §5.2.2.1,
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 temsion
(shear) modes of failure. This must be verified for
each element of the moaified Complex before a conclusion
on the capacity of the modified Complex may be reached.
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(7) Flexure Moda of Failure and Flexural Capacities (SER §5.2.2.1,
pp. 72-73). For a proper determinaction 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 forczes and
the effects on flexure loads and capacities
can be determined;

(b) Cead load effect on flexure capacity of ind¥~-
vidual wall panels. While the dead load
contributes only 6% of overall flexure capacity
for the entire structure and, thas, 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 ind. *idual wall panels could be more
significant. Such effects on individual panels
had to be examined;

(e) 1If 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
requirad 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 demonstratad.

(8) Sliding Mode of failure and sliding capacities (SER 85.2.2.1,
p-73). TShaar friction contributes to the resistance to sliding
failure. The licensee's formulation of the shear fri:tion re-
sistance to sliding failure was inadequate and gave ..o large
a resistance for .ae Trojan walls. An appropriate relation-
ship for the shear frictionm resistance to sliding had to be used
before a correct determination of capacity against sliding -ould
be made. Also, this resistance mechanism is affected bv the

matters discussed in items (2) and (3) above.
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(9) Displacements as affected by stiffness, frictional resistance
to sliding and gross overturning moment effects (SER 85.2.3,
p.74). The elastic displacements determined from the STARDYNE
model may be increased by stiffness degradaticn, frictiomal
resistance to sliding and gross cverturning 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 rega~. 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 §5.3,
Pp. 74, 75). The floor response spectra for the modified
Complex is dependent upon stiffness and stiffness degradationm.
Before final floor response spectra could Le properly derived,
the unresolved matters regarding stiffness as described in
items (1), (2), (3) and (4) had to be satisfactorilvy resolved.

(11) Cyclic effects (SER §5.5). 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 n;difiod Complex to
withstand multiple earthquakes could be finallv determined.

(12) Shrinkage values considered, the methed »f consideration and the
increase in shrinkage with decreasing wall thickness (SER 35.6,
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 adequatelv accounted for.
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(13) Final capacity to force ratios and wall degradation (SER
§5.12, p.83). The unresclved 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 degradatiocn on equipment in the
vicinity of those walls can be finally determined.

As to unresolved item 2(a), provide the bases for your determinaticn,

as expressed in the SER, that up to 140 x 10°°

in./in. is an appropri-
ace value of restrsined shrinkage strain to be use in calculating
the maximum dead load reductions ro be expected for the existing

walls.

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 extermally applied
loads and temperature faposed 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,
humidity, member thickness, slump, cement content, 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, complications arise due to the introduction
of the masonry aythes which sandwich the concrete core. The above
references do not address specifically this situation and therefcre -

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 obtaining 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

wall system at the block - air interface. Thus, the block behaves
differently than the rebar and any restraint it offers is difficult

to estimate considering long term effects.

Taking the 70 x 10-6 in./in. as calculated by the licensee and count-
ing the masonry in overall wall thickness but not as restraint, one
obtains 123 x 10-6 in./in. Taking a two dimensional effect into
account through Poissons ratio of u = .15 yields a restrained strain

of 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 .21 was previously indicated by PGE as being appropriate for

the in-situ walls.
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Thus a value of restrained shrinkage strainm of 140 x 10~ in./in.

appears to be a reasonably conservative value. Additiomally,

although even discontinuous core steel will provide restraint to
shrinkage above that relied on above, substantial reliance cannot
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
(vertical 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.

w

what reliance can be placed on bond between concrete in a

wall and the steel columns at Trojan?
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Although there may be some bond between the columns and the
concrete, 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 often thought of as chemical adhesion batween
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 Nilsom in "Design of
Concrete Strctures” 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
wit' sandblasted surfaces was connected to concrete slabs by means
of bolts or studs and was in contact with the slab. The concrete
was cast arcund the bolts and was in coantact with the W8 x

48 as it cured. One test wvas to determine 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 members is due to frictior resulting

from the weight of the slab rather thaa natural boand." A
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conclusion of the report is that "lictle or no bond exists
between concrete -labs and steel beams." Pushout tests to
determine bond between concrete and rolled steel were performed
by Bryson and Mathey for differeat 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 columas 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 between sandblasting and normal mill scale

before concrete is replaced.

Bresler staces that this type of bond is reliable, however,
where concrete slabs are supportec omn I[~-beams, the boand is
considered unreliable. It would appear ~hat shrinkage of
concrete placed uniformly around a cowpletely 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 mascnry

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 Ll and L2
exhibited higher strengths due to bond. The specimens failed

in single curvature by yielding of the embedded columas 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 Dy 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 differeat coefficients of theinal
expansion for concrete and steel, .00055 and .00065 ia./in./100°F,

respectively, This too would eff:ct bond.

For zhese reasons, although trere may be bond between steel
columns and concrete at Trojanm, it is aot 2 reliable mechaniswm

eitiher for strength or as a source of conservatism.
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Did the 3echtel test specimen in themselves demonstrate that

the in-situ walls are capable of withstanding without delamina-
tion the simultaneous application of in-plane (horizomntal and
vartical) and lateral seismic loading, in appropriate combination

with other loads?

No.

Wwhy not?

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 sigui-
ficant differences from that in the test specimen. First of
all, the force from the beam-columa counnectiom for the in-situ
walls must be transmittea through the core to the outer wythes,
unless the beam is in contact with all wythes which is aot 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. These were not represented in the test specimens.
No test specimens had a beam embedded in the core nor hcrizoatal
steel continuous past the columns to an adjacent panel. Ouly
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 suhmittal, PGE Exhibit 25 Q.) For the
in-sity walls, the encased steel beams provide different mechan-
isms for transfer of shear force at the cocmbined steel/concrete,
concrctclconctctc_and masonry/concrete interfaces which were

a0t 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 panely could

be sustained without inducing delamination. In the tes” program.
no lateral loads were applied which would induce delamination.
It is recognized tnat the purpose of the testing program was

to test only in-plane capacity. To conclude from the test
program that delaminatiom will not occur in the in-situ walls

would ignore these additiomal, 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 Problea”.
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Comment on the adequacy of the analysis submitted in the 2/13/80
PGE submittal (PGe Exhibit 25 Q) regarding wythe interface shear
stresses in composite walls resulting from resistance to in-plane

loads.

The referenced PGE response relates to the ability of the multi-
wythe vall system to transfer shear stress at the junctionm 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 %o be most critical anma is
analyzed. It is important to remember that what we actually
have at Trojan in many walls is a coacrete 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 abili"y 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 dres

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

possible to have the masonry wythes dehave independently of the




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 columms to simulate the in-situ walls. In the test, load was
applied to all three wythes simultaneocusly. 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 beea 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-testing 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 lare enmough area is
exposed at the interface to arrest this failure. The reinforcing
ties would not provide for a large resistance through 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 vhere the steel beam is completely encased by
concrete and the concrete axtends over the top of the mas-ary

wythes would lessen this interface stress.

The 150 pei 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 coacerns raised above,
namely, delamination due to embedded beams 2nd 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."

Do you agree with the use of friction coefficients agaiast
initial slip of 0.7 for the steel plate against grout and

1.0 for the new concrete placed against the existing walls?

No. This is discussed in detail in Section 5.2.1 of Staff

Exhibit 13 A (SER).

What is currently being used by PGE?

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 concrete/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 thanm
the 0.7 and 1.0, respectively. Since the steel plate on the
R wall is being roughened and the existing coucrete block

face on the N line wall is being bish hanmered to increase
frictional resistance, we feel that these reduced coefficients

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

what is the effect of using these lower coefficients of friction?

The effec:s of the use of these reduced coefficients of frictionm
.re to reduce zapacity to force ratios to l.4 for the unfactored
OBE, rather than 2, not considering the 2ffects of gross bending,
dead load reduction and the neglect of the en‘ased steel frame.
Consideration of these effects would reduce the 1.4 to somet ing
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 sumewhat less than 1.4 on the R line
wvall. Furthermore, these friction coefiicients would increase
to those initially » ~sed if some slip takes place. Therefore,

the proposed bolting arrangements are adequate.
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Has the licensee provided final structural displacements for the

factored OBE loads?

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 a2a implicit criteria of the FSAR. Furthermore,
additional considsration 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 %S¢ assured that the displacement level

at vhich the required resistance is reached is attainable

or else the required resistauce 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.
1f 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 de shown to

develop with the current analyses which assume no building

impact.

Has this been satisfactorily addressed by PGE?
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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 oreclude
building contact given the loading of the Complex with the

factored OBE loads.

What is the status of resolution of the unresolved matters that you

have identified above in response to questiom 18?7

(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 (PGE Exhibit 25 U), PGE
Exhibit 32 for identification, and the April 14, 1980 submittal
in response to additional Staff questions, we have determined
that all of the matters previously identified as unresolved

are now resolved. Specifically:

(1) As to the method for accounting for the eucased 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 PGE
Exhibit 25 U, PGE Exhibit 32 for identification and the
licensee's April 14, 1980 submittal demonstrate that the
modifications are adequate even neglecting the comntribution

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

(2) and (3) Dead load determination and grosa bdending soment
effects on stiffness. In the licensee's analyses referenced

ab e, the licensee accounted for the effects of 140 x 10-6
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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 most likely experience
axial growth which would more thao offset any portulated
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
maincained 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.

As to single and double curvature, both of these modes of
behavior have been aczounted for in the determination of capa-
cities, frequency shifts in response spectra and displacements,

and the effects have been shown to be acceptable.

Capacities of new structural elements. Revised capacity to

force ratios for the new structural elements (new walls and
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the steel plate) were determined and these elements themselves
were shown to have capacity to force ratios for the unfactored
OBE of gireater 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.

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.

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 respounse 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 blo." walls.
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Displacem ' as affected by stiffness, frictional resistarce
to sliding and gross overturning momeat effects. PGE
Exhibits 25 U and Exhibit 32 for identification as

well as the criteria set forth in other PGE subamittals

in the Phase II proceeding demonstrate that, considering
2ll effects raised by this open item, the elastic displace-
ments increase by a factor of 2.1. The Control Building
cax displace 9.52 times the elastic displacements without
building zontact 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
acequately 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 stiffnees degradation

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

in item (11) of this response.

Floor response spectra as affected by stiffness. The
elastically calculated frequencies based upon consideration
of wall degradation per PGE-1020, Appendix B criteria

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

high side. This is adequate to accouat for the effects

on stiffness and stiffness degradation identified in

this unresolved item.
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Cyclic Effects. Standard Review Plan (SRP) Sectionm
3.7.3.11.2 states "During the plant life at least one
safe shutdown eartl.quake (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 issumed.” Even
though these are explicitly applicable to piping, equipment
and components, as discussed in the SER, it was felt

to be reasomable and somewhat coumservative to apply

these to the structure, comsidering the cyclic degradationm
indicated by the test data and the corresponding effects
on frequency shifts of the floor response spectra.

PCF only analyzed the effects of five (5) OBEs without
additionally considering the effects of onme (1) SSE

shich is required by this SRP Sectiom, all haviag tea
(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, 1380 PGE sub-

mittal.

There is no effect on the peak broadeniang of comsidering
the one (i) SSE in additiom to the five (5) OBEs. Presently,

the peak is being broadened 16.6% to the low side to
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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 Staff believes to be appropriate for 60 full stress
cycles. The 312 peak broadening to the low side, in

addition to the initial 10%, for a total of 412 is acceptable.
Consideration of the lower percentages calculated above

would only indicate about one half of one perceat reduction

in the amount alrsady considered, which is aegligible,

Shrinkage increase with decreasing wall thickness. This
matter was adequately accounted for through demonstratiom

that the consequences of 140 x 10-6 in./in., shriakage, were

it ¢ occur, were acceptabie and that the growth of the

valls from crackiag will more than offset the shrinkage
effects. The 140 x ).C).6 in./in., which is appropriate for

a J0-inch wall, is also representative of the entire structure

which consists mostly of 30-inch walls and some walls of
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greater thickness (for which shrinkage would be less than
140 x 10.6 in./in.) and some walls of lesser thickness (for

6

which shrinkage would be greater tham 140 x 10™° ia./ia.).

(13) Final capacity to force ratios. 1% 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 counsidered in PGE Exhibit 25 U, PGE
Exhibit 32 for identification and the licensee's April L4,
1980 submittal. We find the results of these additiomal
studies acceptable and that the intent of the Order of
May 26, 1972 is met. Furthermore, the maximvm rebar
strains, per the April 14, 1980 PGE submittal, in any panel
would be about 3 times the yield strain which are not
excessivi and would ot result in detrimental cracking

of the wall. This matter is resolved.

LICENSING BOARD QUESTIONS

Q.21 At the Prehearing Conference held in this proceeding oz March 11,
1980, the Licensing Board set forth a number of questions bearing
on the structural adequacy of the modified Complex. With regard to
the criteria for determining whether the proposed modifications

will substancially restore the seismic margins and bring the Control
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Bullding into substantial compliance with the Trojan license, the
Board asked:

(1) What are the criteria that we should use to assure that
the Control Building is brought irto substantial com-
pliance and the intended margins met? (Tr. 3531).

(2) On what basis will it be determined that the modified
structure will have increased seismic capacity to
safely resist the 0.15g OBE forces with the margins
inherent in the original design criteria? (Tz. 3531-32).

(3) How do you assure yourself that you have met the original
design criteria and are in substantial compliance with

that criteria as set out in the technical specifications?
(Tr. 3532).

Please respond to these Licensing Board questionms.

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 mat, as determined by the NRC Staff review. Rather than
demorstrating 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

-

walls. Given the required seismic input definicion, 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 whem 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 inmitially, and the
sensitivity of the stiffnesses and canacities to the parameters
contributing to them, as indicated by the testing program. It
should be noted that FSAR Sectiom 3.8.1-5.1 specifically states
that the structural steel framing for the Comtrol, Auxiliary

and Fuel Buildings was inicially intended to carry only vertical
loads, while the lateral loads due to earthquake, wind, and tormado
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 preseat in the original design but wvas

not relied upon is aow being relied upom, it cijiires a careful
assessment of the structural response and the capacity to force

ratios for the walls.

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 statement of the
criteria by which it will be judged whether the proposed modi-
fications will substantially restore the desired and intended
seismic margins and briag sudstantial cowmpliance with the Trojan

license (PGE Exhibit 30, Response to Dr. McCollom's aquestions
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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 criteri: to
be and indicate whether this differs frcm that set forth by the

licensee.

In essence, it is the Staff's view that proposed modificationa
will substantially restore the intended seismic margins and
bring substantial compliance with the Trojan license require-~
ments if it is demonstated that such proposed modifications
bring substantial compliance with the seismi: design require-
ments of the Trojan FSAR as referenced by Technical Specifica~
tion 5.7.1 or, wvhere substantial literal compliance with those
rejuirements is not or cannot be met, that acceptable compensa-
tory equivalent requirements are met with all uncertainties
associated with meering these 2lternate 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:




.

(1) There is a difference of opinion as to how much credence
can be placed in STARDYNE to jvstify departures from Code
criteria. It is the Staff's view that, while STARDYNE
is a sophisticated analytical tool that can be used to
accurately predict the elastically determined forces in
the Complex, the use of STARDYNE alome 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 ooinion between the Staff
and the licensee as to the degree to which uncertaiaties in
structural behavior and uncertainties in extrapolating
results from the licensee's test program must e accounted

for.

However, these "differerces of opinion" are anot issues or matters
which would preclude a findirg rhat 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 ftest program results, despite the licensee's view
that, in many respects, the?e limitations and uncertaiaties

need not be considered. The licensee's analyses have shown that
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wvhile some capacity to force ratios for individual wall panels

for the unfactored OSE 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 spect~a and e uipment
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 opinion
as to the degree to which uncertainties had to be accounted for,
the licensee 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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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 comstruction
when there was no Uniform Building Code requirement

appropriate for that kind of comstruction? (Tr. 3533).
Please respond to this Licensing Board question.

As indicated in the PGE submittals regarding the proposed Comtrol
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

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 mascnry block walls were designed
using the lcad 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".

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 allows accounting €or, the more sophisticated
analyses of the seismic forces  rovided by the STARDYNE
analysis. (Tr. 3533)

Please provide your responses.

Sectiors 106 and 107 of UBC 19€7 allew for the determination of
structural stcengths based upon testing. This provision is also
{ncluded in Section 104 of ACI 318-63. Additiomally, much of the
design criteria within the codes are established through the evalu~-
ation of the results of testing programs. Guidance is not givea in

either the UBC or the ACI Codes regarding acceptable methods of
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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 1, 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 various 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.
Limitactions on the chosen analytical technique should be recognized

and adequately considered in determining the final load on a particular
element for design purposes. Appropriite 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. analvses are adequately

accounted for in the evaluation and designs of the structural elements.
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The Licerving Roard 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).

P?lease respond.

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 upit shear stress capacities for the flexural modes are inde-
pendent of wall thickness. Therefors, 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 1is 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 (wall) thickness. The exact
percentage increase depends on the magnitude of the other contrib-
uting factors (i.e. vertical reinforce~ent ratio, embedded coluin

capacity).
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The diagonal tension capacity is a function of horizontal 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 (wall) thickness, the
exict percentage increase depending on the magnitude of the other

contributing factors.

Each of these criteria is investigated and relied upon for each in-
situ wall (see March 17, 1980 PGE submittal in response to Staff's

March 7, 1980 requests for additional information). The fore, this
addition2l element of conservatism alluded tn in the initial version

of PGE-1020 is no longer present.

Determine if there is any reasor 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~
35).

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
developed based on the results of these test specimens are adequate

for the in-situ walls. No scaling factor is necessary.
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Also with regard to the test 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 evaluationms.

(Tr. 3535)
The effects of higher frequency cyclic loading should reduce the
stiffness degradation relative to that demonstrated by the licensee's
test program i{n which specimens were tested in a psuedo-static manner.

However, the eff{ects of higher frequency loading cannot be quantified

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

The Licensing Board made a number of inquiries with regard to the
seismic analyses for the modified Compiex and input to those
analyses. Specifically

(5) How do you conclude that the earthquake ground response
spectra has a vertical ground acceleratiou that's two-
thirds of the horizomtal acceleration? (- 3532).

As stated in Sectiom 3.2.1.1.1 of the Staff's SER, the design response
spectra and peak ground acceleration are specified in Sectiom 3.7.1.1
of rhe 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 ORE response spectra. as
well as the peak ground accelerations to be assumed for the OBE and
SSE in the vertical directiom, namely 0.lg vertically for the OBE

(or 2/3 of the 0.15g horizomtal acceleration), and 0.17g verticaliy

for the SSE (or 2/3 of the 0.25g horizomtal accelerationm).



Accordingly, the vertical ground accelerations are two-thirds of
the horizeontal 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 perceat
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 202. 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 .1g = .13g or 13%g. This vertical

-

motion fluctuates between I 1373, and is thus the basis for a 137

dead load reduction to account for vertical earthquake motionm.

If an amplification of 167% (claimed by the licensee to be more
representative such that the use of 137 dead load reduction is
"conservative" relative to this more representative value) is used,
this is reduced to about 0.12g (1.16 x 0.1g) or 12%g, thus indicat~-

ing that the degree of "comservatism” is not substantial (i.e. 133).

LD

.<% (11) Show how the structural steel columms 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
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capacities for single curvature flexure behavior and sliding. Ino
addition, the beam~column connections are relied upon to resistc

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.

Provide an evaluation of the temperature coefficient of expansion
effects that might take place between the steel plate and the con-
crete wall to which it is bound and tensioned once the concrete

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

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 analvses of the

effect of the plate on wall capaci:cy.

Show whether there are any tension effects in the bolts that in=-

fluence wall strength. (Tr. 3534).

In the analysis of the effect of the steel plate on stremeth of the
Contrel Building west wall reliance is placed om 75% of the initial
bolt preload to resist shear forces in the building. The 252
allowance was based upon-comsideration of the losses in bolt tension

which will occur over time due to bolt relaxation, concrete creep
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and shrinkage and temperature effects. Accordingly, it is
nec.isary to assure that, on the average, 752 of bolt
preload is available and that this level of prelnad is

unifora.

To provide such assurance an in-service inspection program
should be required. Various in-service inspection programs
for the bolts have been proposed by the licensee and
commentad 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)-Jed that it will provide assurance that

the required bolt temsion and the level of uniformity

of preload will be maintained throughout the -amainder

of the plant's operating life. It is the Statf'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 staced:

(18) Determine if there is any for.seeable possibility of an
impact on the rail stop in the Turbine Building 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 comstruction of the wall where it would ia-
pact the Control Buildimg. (Tr. 3534).

Pleaae respond.

A.J2 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 Contzol
Building west wall for a train traveling at very low speeds. At
higher speeds and weights, the rail stop alcone 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 pemetration nor have the consequences of such
penetration been evaluated. Rather, as set forth in Sectiomn 3.7 of
the Staff's SER and in "NRC Staff Testimony of Charles M. Trammell,
IIT 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 that will result in damage to

the Control Building.

CFSP CONTENTION 22

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?

An earthquake will cause displacements of structures and compcnents.
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 diiplaccncnts 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.

Why are such relative displacements a concern?

Dependisny on the magnitude and the direction of the displacements

for each building, building comtact 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 elavations, thereby
asgsuring that building comtact would not occur. The concerm with

installation of the steel plate on the west wall of the Control
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Building under the modifications is that the three-inch thick plate
will reduce the gap available between the Control and Turbine
Buildings at elevations 92' and 69' where Turbize 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 he 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-S5) 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 *“e steel plate and the added walls from the modi~-

fications have on displacement of structures?

A.36 The steel plate and added walls chould have no effect at all on
displacement of the Turbine Building. The plate and added walls
will stiffen the Control Building Complex in the N-S direction and
will thus cause displacements in that direction to be lecs for the
modified Complex than for the as-built Complex. The addition of
walls and the plate will not significantly stiffen t*2 Complex in

the E-W direction, however, and, therefore, displacements in that
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direction will 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 ruanning parallel to

the E-W direction.

What assurance is there that the material removal that you described

will prevent contact between the Control and Turbine Buildings?

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 elevaticn 99' was adequate to
maintain clearance between the buildings with margin. While dis-
placements in the E-W direction will uot 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
modifications are adequate (per the April 14, 1980 PGE submittal)
due to all uncertainties, the margins 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 matte:s previously identified,
vhat is your conclusion with regard to the adequacy of the
proposed modifications to substantially restore the seismic
margins and bring the Control Buildiang 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 3Juilding

into substantial compliance with the requirements of the Trojan

license.

while the Staff sind the licensee disagree somewhat as to the
need to account for uncertainties (as indicated by statements
made by the lizensee in testimony) the licensee has gzone 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 %o 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 om an evaluation
of structural adequacy alone, as was the case in the evaluations
performed by Professors Holly and Bresler and Dr. Laursem, but
also on an evaluation of the effects of the behavior of the
modified Complex on equipment, components and piping in the

Complex.

If the proposed modifications are approved and implemented, is

any further license requiremeant needed, in your view?

Yes. Technical Specificatiouns 5.7.2.1 and 5.7.2.2, as proposed
by the liceansee 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, 1973,
while at the same time providing a small allowance for changes

to structures which are below any threshold requiring any further

NRC review.
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is described in PGE-1020, as supplemented ind amended.
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be issued today as scheduled. [t is therefore possible that further review
could resolve some of the currently unrescived items. On the other hand,
considering the lengthy Staff review tc date, it is also possible that these
unresolved items will remain due to differing professional opinions between
the NRC Staff and the °GE/Becntel engineers.

Sincerely,
‘V /'
-t (000 4% r

A. Schwencer, Chief
Jperating Reactors 3ranch #)
Division of Operating Reactors

Enclosure:
Safety Evaluation Report

cc: w/enclosure
See next page
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UNITED STATES
WUCLEAR REGULATCRY COMMISSION
NASHMINGTON, O. C. 20588

SAFETY EVALUATION 8Y THE OFFICE OF NUCLEAR REACTOR REGULATIC

RELATING TO DESIGN MODIFICATIONS TO THE CONTRCL SUILDING

TROJAN NUCLEAR PLANT

OCCKET MO. S50-344

3ackground and Summary

On April 13, 1978, Portland General Electric Company (PGE or
licensee), operator of Trojan Nuclear Plant, orally infaormed
the NRC of potential design errors related %0 the shear walls
of the Control Building at the facility. PGE and Sechtel Power
Corpcration (architect-engineer for the facility) investigated
the matter and confirmed, in a letter dated April 28, 1978, that
design errors did, in fact, exist and that the Contral Building
walls did not conform to the design criteria as set forth in
the Final Safety Analysis Repert (FSAR) for the facility.
Additional details and the licensee's assessment of the impact
of these design arrors 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.

dhile the plant was shut down for refueling in April 1973,
Sachtel 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. [t was during
this design review that the non-conformancas with tiie FSAR
criteria were identified.

Tha2 Control Building is composed of a structural steel framing
system with steel bdeams and columns supporting reinforced concrete
floor slabs, with shear walls designed to resist lateral seismic
forces. The major shear walls are locatad around the perimeter
of the building, and generally consist of a reinforced concrete
core placed batween two layers of reinforced grouted masonry
block. The two-block layers generally sandwich the structural
steel frame so that the reinforced concrete core is partially

or completeiy interrupted by the steel Trame memters.



4 detaiied NRC staff reviaw of 2GE's investigation and analysis
of May 5, 1973 revealed the “ollowing design errors:

1. The steel rainforcement in the reinforced concrete core
of the walls was generally discontinucus ina, therefare,
the concrete core could not be relied upon to resist
shear to the axtent assumed in the approved design.

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

As a result of these identified design errors, the NRC staff
concluded that the Control 3uilding did not comply with the
requirements of the Trojan license in that the shear walls do

not have the intanded design margin to the extent required by the
FSAR to resist Trojan's Operating 8asis Earthquake (0BE) of 0.15g
nor the Safe Shutdown Earthquake (SSE) of 0.29g.

As a result of the identification of the non-conformances, a
detailed reevaluation of the Control 3uilding in its existing
configuration was performed by PGE to assess the as-built
capability of the structure to withstand the Operating 3asis
£arthquake and the Safe Shutdown farthquake. The NRC staff
determiried that there had been a reduction in consaivatism and
design margins, with respect to the Control Building seismic
capability, below the level intended and desired for the 33 years
remining 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 Contro!
Building. PGE indicated its intent to make such modifications.

The NRC staff also determined that, based on data supplied oy

PGE, there was adequate assurance of safety until Control Builaing
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.
{n 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 sublic, orovided that no modifications to the Centrol
Building were made that would reduce the strength of the axisting
shear wails. Also, since the MRC staff had zoncluded on the

best available information that the 0BE capabiliiy for the Control
3uilding had been reduced %o 0.1'g (0.15g was establishea for

the facility), actions that would otherwise be required for a 0.1%g
2arthquake would have to be taken in the event that a 2.113 peak
ground acceleration earthquake were %0 occur at the plant site.

Having made these determinations, the Acting Director of the Office

of Muclear Reactor Regulation on May 26, 1978, issued an Order

dealing with this matter. The Order, which offered an oppertunity

for hearing, was to be effective June 26, 13978, or on a date specified
in an Order made following a hearing, if one were held in connection
with the Order.

The May 26, 1978 QOrder called for:

*Oesign modifications to restore the seismic design
margins originally intended to the Control 3uilding
with the Control 3uilding brought into substantial
compliance by June 1, 1979,

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

*Oetailed 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 3uilding has been brought
imto 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 acceleratian shouid occur at the site
and that subsequent restart would require prior NRC
approval. The Order noted that since the facility - shut
down at the time - did not conform with existing license
requirements, ft could not be operatead without viclating
the license.
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In offering an oppcituni’y €for a hearing, the Jrder defined the
issues that could be rzised: (') whether interim operaticn prior
to the modifications required by the Jrder should be permitled,
and (2) whether the scooe and timeliness of the modifications
required by the Order to bdring the facility into substantial
compliance with the license are adeguate from a safety standpoint.

Numerous requests for 2 hearing were received, anc 2 hearing

was ordered. The hearing was divided into twe phases. Phase

[ of the hearing addressed the question of interim operation,

and was originally scheduled %o bSegin Septemoer 5, 1378. However,
on August 22, PGE advised NRC of new informaticn resulting from

a new finite-element analysis wnich differed in several respects
from information previously provided. Accordingly, the hearing

on interim operation was postponed, iand subsequently held October 23
to Novembir 3, and Decemper 11 to 14, at which time the new
information was considered.

On Decamber 21, 1978, the Atomic Safety and Licansing Board issued
a Partial [nitial Decision relatina to interim cperation (Phase ![)
of the facility. That decision authorized intarim operation, with
conditions, pending further hearings on the nature of modifications
to the Control Suilding to bring it into substantial compliance
with the requirements of the operating license (Phase [I). The
conditions prohibited iny modifications that would reduce the
strength of existing shear walls; required plant shutdown in the
avent an earthquake exceeding 0.08g should occur at the site;

and required modifications to scme pipe supports and restraints
prior to operation in order to ensure qualification af related
piping systems %0 2arthquake levels up 0 the Safe Shutdown Sarth-
quake (0.25g).

A conforming amendment was issued on December 22, 1978, and plant
operation resumed on Dacember 30, 1878,

On January 17, 1379, 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 Report addresses those issues ancompassad
by Phase [ 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 compliance with the license
are adequata from a safety standpoint.
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The Trojan facility is currently in an cpe~ational status, governed
by the intarim restrictions imposed Sy the Atomic Safety and
Licensing Board in its 2artial [nitial Necision (Interim Jperation)
descrided above.
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Description of Modifications

As shown on the attached Figures ! and 2, the Control 8yilding
modifications consist of the additison of three new reinforced
concrete shear walls across the 2xisting 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 33'-3" and 37'-3" with high-
strongth steel bSolts.

To facilitate handling, fabrication and 2rection, the steel plate
will Se 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 nieces have been designed so that, when assempled,
the openings are formed around the cables, making it unnecassary
to remove them for plate installation.

The new 2ast wall would extend above the railrocad bay to elevation
95'-6" and be fastened %o the existing east wall with reinforcing
steel and high-strength steel dolts.

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

The existing diesel generator compustion air path consists of the
open railroad bay of the Control Building. Because this path would
be closed of f 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 relccated
t0 the west of the louvered diesel air intake.

The raflroad spur, which presently runs through both the Turtine
and Control Buildings to the Fuel Bufiding, would be terminated
in the Turbine Building. A railroad bumping post would be
placed at the end of the line.

A second railrcad spur would Se added to maintain railway service
to the Fuel Building.
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The modifications are dessrised in more cetail in Section 3.2
af PGE<1020, "Report on Jesign “odifications for the Tro:an Control
8uilding,*
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3.0
3.1
3.1.1

SEISMIC STRUCTURAL CRITERIA

Original Desicn Criteria

Jriginal Seismic Analysis Criteria

The seismic analysis criteria for the Trojan Nuclear Plant are delineatad
in detail in Section 3.7 of the Trojan “luclear 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 analysis techniques which were incarporated in the design of the
facility and accepted by the NRC.

Section 3.7.1 of the Trojan FSAR defines the seismic input criteria
aoplicable to the Control/Auxiliary/Fuel 3uilding Comlex. These

criteria define the input in terms of peak ground accelerations for

the Operating 3asis Sarthquake (0BE) and the Safe Shutdown Carthquake
(SSE), along with the associated ground response spectra and damping
values. The ground response spectra are defined in Figures 3.7-1

and 3.7-2. The damping values are defined in Table 3.7-1. The peak

ground accelerations are 0.15g and 0.25¢ for the 0BE and SSE, respectively.
The following areas are specifically addressed:

FSAR Sections

[nput Criteria
Design Response Spectra
Derived Spectra
Percentage of Critical Damping
Site Dependent Analysis
Depths of Bedrock
Soil Interaction

W Wi
.
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The requirements for the seismic analysis of the Complex 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 “he
bases for these requirements. Specifically, the items addressed in this
section are:

FSAR Sections

. e g Sefsmic System Analysis

el sdsl Seismic Analysis of Category [ Structues
SJ.2.2 Criteria for Lumping Masses

< P i Validity of Fixed-3ase Models

3.7.2.4 Finite Slement Analysis

P 5 1 Response Spectra Multi-Mass Method
3.7.2.6 Sffects of Sxpected Variations of

Structural Properties
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FSAR Sections (Continued)

- P Vertical Response Loads

: 3 g Torsional Modes of Vibration

e W 5 N Comparison Setween Response Spectrum
and Time History Methods

3.7.2.10  Seismic Analysis of Dams

3.7.2.11 QDesign Control

3.7.2.12 Qverturning ‘oments

31.7.2.13 Simplified Seismic Analysis Methods

3.7.2.14 Criteria for Composite Damping

3.7.2.15 Criteria for Modal Period Yariation

3.7.,2.16 Damping Faczors

3.7.2.17 Seismic Analysis of Category [[ Structures

3.7.2.18 Earthquake Cycles

3.1.2 Qriginal Seismic Design Criteria

The Design Criteria applicable for the original design of the Control/
Auxiliary/Fuel 3uilding Complex are delineated in Section 3.8.1 of the
Trojan FSAR. [n general, this section defines the appropriate load
combinations and corresponding acceptance criteria, design documents,
materials and their specifications, and the precperational testing.
Specifically contained in this section are:

FSAR Sections

3.8.1 Structures Other than Containment

3.8.1.1 Design 2ases and Structure Jescription
3.8.1.2 Desiqn Documents

Sllelsd Load Combinati~ns

3.8.1.4 Analytical Methods

3.8.1.5 Oesign Methoas

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.
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Conformance of the Modified Complex with the Original Design Criteria

The structura! analysis, evaluation and design of the modified

Complex are described in detail in PGE-1020 anad tne associated

°GE submit - als. They are avaluatad in detail in Section 5 of

this Safe.y Svaluation Report. This section generally compares

the ana' sis and design criteria for the modified Complex to that
which v 458 committed to in Sections 3.7 and 3.8 of the Trojan FSAR,

as refirenced by and incorporated into the Trojan Technica! Specifica-
tions.

Seism.< Analysis Criteria

[np. . Criteria (FSAR Section 3.7.1)

Jer gn Response Soectra (FSAR Section 3.7.1.1)

Th 5 section of the Trojan FSAR defines the peak ground accelerations
in the horizontal and vertical directions, along with the associated
ground response spectra, for the 0BE ani SSE. These ground response
spectra are those which were incorporated ints the seismic analyses
of the modified Complex. Therefore, this FSAR commitment is being
met.

Jerived Spectra (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 Dy the ground response spectra and is the same time
history which has been previously found acceptable under Phase [ of
the Control Building Proceeding. The frequency intervals now being
used for ~alculating floor response spectra are those previously
accepted uyder Phase [ of the Control 8uilding Proceeding and are

:n con:o:mnnce with current practice as delineated in Regulatory

\Jufd. -122.
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Percentage of Zritical Damping /FSAR Section 3.7.1.3)

The percentage of critical damping being assumed for the analysis

of the structure were previously defined as 1 cercant 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 0BE analysis and 5 percent of critical damping for the

SSE analysis, although that results in computed QBE and SSE stressas
in the structure which are essentially the same. This assumption of
working stress level damping for the JBE and yield point level
damping for the SSE is in conformance with current criteria which
are delineated in Section ? 7 of the U.S.N.R.C. Standard Review
Plan. The numerical values of damping are in conformance with
Section 3.7.1.3 of the Trojan FSAR. Therefore, this FSAR commitment
is being met.

-

Site Dependent Analysis (FSAR Section 3.7.1.4)

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

Deoths to Bedrock (FSAR Section 3.7.1.5)

This is unaltered by the proposed modifications to the Ccmplex.
Soil Interacticn (FSAR Section 3.7.1.6)

A fixed b » mode! 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.

Seismic System Analysis (FSAR Section 3.7.2)

seismic Analysis of Category [ Structures (FSAR Section 3.7.2.1)

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
L0 fn the seismic analysis of the modified Complex, with modal
responses being coabined by the SRSS method with appropriate
consideration of closely-spaced modes. However, the analytical
mdels, and referenced illowable stresses described in

this FSAR Section have been supercaded by those descrited in
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PGE-1020 and the associated PGE submittals. The acceptability

of these is discussed in Sections 3 ana 3 of this Safety Zvaiuation
Report. The seismic lcad combinations ysed in the analysis of

the modified Complex are the same as those referencad in this
section of the FSAR.

Criteria for Lumping Masses (FSAR Section 3.7.2.2)

The inftial 3-0 fixed-base beam-stick mode! of tnre Complex consistad
of essentially four sticks represanting the Control 3uilding,

the Auxiliary Building, the Fuel 3uilding Hold-up Tank Enclosure,
and the Fuel 3uilding Spent Fuel Pool. The masses of the structures
were lumped at each floor level for 2ach stick. B2eam alements
representing the structural elements suppcrting the floors connected
the masses. The sticks were tied together laterally through beam
elements representing the commen flocr slabs.

The STARDYNE mode! of the modified ¢ 1lex, as discussed in PGe-1020,
contained the same basic floor alev ins as the initial model;
however, all shear walls and floor . ibs were modeled using finite
elements. This representation provided a mnore accurate regresantation
of the mass magnitudes and their distribution for the modified

Comlex than did the initial mode!. Floor response spectra are
generated for both the 0BE and SSE conditions for the modified

Complex using this STARDYNE model. The QJA/QC procedures discussed

fn this saction of the FSAR have been superceded by those describded

in PGE-1020 wnich are procedures currently accepted by the NRC.

Validity of Fixed-B8ase Models (FSAR Section 3.7.2.3)

This FSAR section demonstrated that fixed base models were valid for
the analrses of structures. The validity of a fixed base model of
the Comp lex was further addressed in Phase [ of the Contral Building
Proceeding. 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 sancticn the use of a fixed-
272« model. Therefore, this FSAR commitment continues to be met.

Finite Element Analysis (FSAR Section 3.7.2.4)

This FSAR section stated that the finite alement analysis technigue was
not used. However, this technique nas been used for the saismic
analysis of the modified Complex.
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3.2.1.2.6
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Response Spectra Mylti-Mass Method (FSAR Section 2.7.2.5)

This method was not used to generate floor response spectra in

the initial seismic analysis and has not Seen used for generation
of the flocor response spectra for the modified Complex. Therefore,
this FSAR commitment continues 0 be met.

Effects of Expected Variations of Structural Properties (FSAR

Section J./.<.0)

This section referenced 3C-TOP-4, "Seismic Analysis of Structures

and Equipment for Nuclear Power Plants," Bechtel Corporaticn

(April 30, 1971) for the method used in accounting for variations

of structural properties and damping. This area 1s discussed

in PGE-1020 and the associated PGE submittals, and Section S of

this Safety Svaluation 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 3C-TOP-4A
¢riteria. This Bechte! topical repart has the same title as 8C-TOP-4
Sut is the NRC approved topical version and is dated November

1974, Further widening of the peaks is performed %o account for
potential effects of the assumed occurrence of five earthquakes

of the 0BE level.

Vertical Response Loads (FSAR Section 3.7.2.7)

This section requires that the analyses for the horizontal and

the vertical directions be performed using the ground resgonse
spectrum curves. The forces, moments and resulting stresses were
combined assuming a simultaneous occurrence of the vertical and
horizontal motions. This is being met since the structural forces,
noments and resulting stresses are obtained by combining the vertical
earthquake response with each of the horizontal responses absolutely
and taking the greatest of the two resultants as the resultant

force, moment or resulting stress that must be resisted.

Agditionally, 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
amplification 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
Comlex. Therefore, these FSAR commitments are net.
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Torsional Modes of Vibration (FSAR Section 3.7.2.3)

The initial analysis and the analysis of the mocdified Complex
consider torsional response. Therefare, this FSAR commitment
is met.

Comparison BSetween Response Spectrum and Tira History Methods

[FSAR Section . Tudall

This FSAR section provided a compariscn of the results abtained

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 indicatad 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 compariscn was =.2vided for the unmodified
Complex, using the new artifical time history, in the October 27,
1378 response %0 the NRC guestions of Qczovcer 18, 1378. This
comparison indicated good agreement between the response spectrum
and the time history analys‘s results. A similar comparison was

not provided for the modified Complex; however, this is not deemed
necessary. The analysis of the modified Complex would provide
similar good agreement since the modifications will not significantly
alter the response of the structure. Therefore, this FSAR commitment
is met.

Seismic Analysis of Dams (FSAR Section 3.7.2.1Q)

This matter was not applicable to the Trejan Plant. This remains
unalitered by the oroposed modification to the Complex.

Design Control (FSAR Section 3.7.2.11)

The appropriate design controls for the modifications to the Complex
are covered by °GE's QA/QC program which is approved by the NRC.

The QA/QC procedures are descrided in PGE-1020. Therefore, this
FSAR commitment is met.

Qverturning Moments (FSAR Section 3.7.2.12)

This FSAR section required that overturning moments for the Complex
be calculated using response spectrum analyses and :hat the
stapility of the structures be checked by comdbining the overturning
moment with the dead 10ad of the structure and the vertical
earthquake affects. As discussed in PGE's 2/12/30 submittal and
Section 5 of this SER, this has been done.
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Simplifie¢ Seismic Analysis Methods (FSAR Section 3.7.2.13)

As for the initial criteria, the analysis of the medified Complex
is in conrormance with the criteria described in FSAR Section
3.7.2.1, which is discussed in Section 2.2.1.2.1 of this report.
Therefore, tnis FSAR commitment is met.

Criteria for Composite Damoing (FSAR Section 3.7.2.14)

The damping values for the OBE and SSE are the same for 211 elements
of the modified Complex in all modes of vidbration. Therefore,
it is not necessary to account for composite damping.

Criteria for Modal Period Variation (FSAR Section 3.7.2.15)

[n the predominant range of modal frequencies for the modified
Complex, the ground response spectra values for acceleration are
assentially constant. Therefore, the freguency variation does

not have a significant effect on the structural forces, dis-
placements and accelerations. However, the modal frequency variations
are accounted for in broadening of the floor respconse spectra.

This is further discussed in Section 3.2.1.2.6 of this SER.

Damping Factors (FSAR Section 3.7.2.16)

The damping values used in the analysis of the modified Complex
are in accardance 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.

Seismic Analysis of Category [l Structures (FSAR Section 3.7.2.17)

The Complex is considered as Seismic Categury [. Thersfore, this
section is not applicable to the modified Complex.

3.2.1.2.18 Earthquake Cycles (FSAR Section 3.7.2.18)

As statad in this FSAR section, the original design of the Complex
was such that it was not necessary to consider cyclic loading in the
design. The modified Complex, as substantiated dy the testing
program on the sample walls, may experience cyclic degradation
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3iven the occurrence of J8E level earthquakes. These potential
degradations are Jeing accounted for Dy considering the occurrence

of five (5) JBE's, each resulting in the structure 2xperiencing

ten (10) effective full stress cycles. This is discussed further

in PGE-1020 and the therin referenced December 21, 1973 PGE submittal,
and Section 5 of this SER. The choice of five (5) CBE'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 ?lan
Section 3.7.3.1[.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 %o

the modified Complex due %o higher damping present in the structure
than in the subsystems and components resulting in the st:ucture
experiencing somewhat fawer total cycles than the subsystens and
components. However, the degree of canservatism cannot be reasonably
quantified. I[n summary, a different apprcach is being takan than

that initfally taken to meet the intent of this section; namely,

that the cyclic effects of earthquakes he considered.

Seismic Design 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 descrided 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

design criteria which were applicable %o the Complex initially are given
in Trojan FSAR Section 3.8.1.

Structures Other Than Containment (FSAR Section 3.8.1)

Jesign Bases and Structure Descriotion (FSAR Section 3.8.1.1)

This FSAR section provides the design bases for “he structures
comrising the Complex; name'y, the Control Bui 'fng, the Auxiliary
8uilding 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 2 the
Control Building design deficiencies are the seismic and wind,
including tornado, loadings since protection of the Complex against
these avents is required. As was detarmined under the avaluations
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performed under Phase [ of the Control 2yilding Proceeding, wind
and tornado criteria were not the limiting loaas on the Complex
due %0 the Control 3vilding design deficiencias 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 2dequacy
of the modified Complex to withstand seismic loadings, in conjunction
with other appropriate loads, is discussea in detai! 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 2GE-1020. The
clearances between the structures remain unchanged excapt for

the gap between the Turbine 3uilding and Control Building at the
Control 3uilding R line wal! at elevations 33' and 53’ where the
gap is reduced to 2.0" and 2.5" after modification, and at Turbine
3uilding column S41 where the gap is 4 inches. The idequacy

of the clearances for the modified Complex is discussed in Section
S of this SER.

3.2.2.1.2 2esign Documents (FSAR Section 3.3.1.2)

3.2.2.1.3

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 these documents

to provide for adequate design and evaluation of the modified
Complex is discussed in Section 5 of this SER.

Load Combinations (FSAR Section 3.8.1.3)

This FSAR section provides the loads, and load combinations and
caorresponding 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 structural elements and the
new structural slements for the Control 3uilding 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 lcadings 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 iccurately in the initial design phases Sut are now known
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and may appropriataly Se used. The certinem. governing lcad
combinations which are deing addressad in the analyses sf the
nodified Complex existing walls and proposed nedifications o
resist gross lateral loading of the modified Complex are:

1.4 (D+L+E)sU
1.0 (D+LeE' )=y

where O = Dead load of structure and equipment olus other permanent
loads contributing stresses, such as soil or hydraostaic
loads.
L = Live load
€ = 0BE load rasulting from ground surface acceleration of 0.15g
£'s SSE load resulting from ground surface acceleration of 0.25¢
U = Required ultimate load capacity

Analvtical Methods (FSAR Section 3.8.1.4)

This FSAR section essentially commits that classical theory, emirical
aquations and numerical methods were used as necessary in the

initial analysis of the Complex. Further, it commits that Toads

3nd 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 °GE submittals. Their adequacy fis
addressed in Section S of this SER.

Design Methods (FSAR Secticn 3.3.1.3)

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

Identification of Construction Materials (FSAR Secticn 3.8.1.68)

This FSAR section describes the materials used in the construction

of the facility. The materials to be used for the modifications

*5 the Complex are described in PGE-1020 and the associated PGE
submittals. The materials comorising the walls and slabs in the
existing elements of the Complex have deen descriled in the documents
subm” *ted under °hase [ of the Contral 3uilding ?roceeding. They

are . ~=what d4if€erent than those listea in this F3AR section

in that the FSAR did not give she Slaock strengths and grout strengths
and did not list where 3000 psi concrete was used rather than

*he 3000 2si concrete specified therein.
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Section 3.3.3 of the Trojan FSAR is referenced as fully descriding
the quality control procedures, construction practices and materials.,
Those €or the proposed modifications to the Zomplex are Jescribed

in PGE-1020, tne associated “GE submittals, and Section 5 of this
SER. The JA/QC procedures are governed by PGE's YRC approved

QA program.

3.2.2.1.7 Structuyral Preqperational Testing °rocedures (FSAR Section 3.8.1.7)

No structural preoperational testing of the Complex was initially
performed. ‘on2 is required farr the modified Complex. However,
ihe FSAR commitment to periodically visually inspect the structures
during the plant life for apparent structural deterigraticn such

3s large cracks and excessive deflecticon is still required for

the modified Complex. Further, inservice inspection of the pre-
tensioned bolts connecting the new structural eiements to those
existing in the Control 3uilding is Seing required as discussed

in Section 6§ of this SER.
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1.0 Modifization Work and £ffects on Plant Qperaticn and ¢n
Sa?o:zoﬁeiatod tquioment

The sroposed modificatiun work has been evaluated in cetail %o
determine how damage to safety-related equinment could possidly
occur from performance of this work during cperation of %he plant
and to ascertain the adequacy of the protacticn proviced against
such damage. BSased on this evaluation, we have detarminet that the
areas of concern are those aspects of the modification work
involving:

1« drilling holes through walls,

2. bolt assembly installation,

3. walding and cutting cperations (addressed in section on
fire orotection),

4. modifications to safety systems required for performance of
the Control 3uilding medificaticns,

5. effects on operator actions,

S. steel plate installation,

7. construction generated dust ana dirt,

3. noise and vidration due to modifization work,

9 work sequence,

10. effects of modifications (structural assessment), and

11. compliance with Technical Specifications dquring 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.

g£ach of the ireas 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 e performed
by the NRC.

4.1 Hole Orilling

To provide for bolting steel plates to the west wall of the Contral

Building as well as to provide for bolting the new wall at column

Tine N to the existing structure, it will be necessary %y drill holes

through the west and east walls between coiumn lines 41 and 47 and

in the Slectrical Auxiliaries Room to insert rebar for the attachment
‘ of the new wall at column line %',
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Such drilling could potentially affect safety-related cables, cacle
trays, equipment and/or conduit at the following Tocations:

1. the west wall aof the Contro! Suilding/east wall of the Turdine
3uilding netween elevaticns 77' ang 33' where four Danks of caple
trays and conduits pass through the walls from the Control 3uilding
to the Turdine 3uilding,

2. the west wall of the Electricz] Auxiliaries R0om, bHetween a2lavations
55' 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 Room between eiecvations 77' and
33" where safety-related cables in trays and conduits are located
near the inside of the wall,

~+ the Control Room west wall tetween alevaticns 33° and 37'3" where
several safety-related conduits are located near the inside of the
wall,

S.. the east wall of the Control Room between elevations °?' and 95'6"
between column lines 41 and 46 (no safety-related equ pment or cablas
are at this location),

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

/« the 2ast wall of the Electrical Auxiliaries Room between elevations
55' and 77' (no cable trays near the wall, cne electrical cabinet
near the wa'l), and

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

For 2ach of these areas, the licensee will detarmine the location of

each hole to be drilled by surveying. The survey methods o De used
aorovide a precise location of the holes by means of tape measurements

from existing column lines and by means of a survey transit whare it is
necessary to establish additional points of raference. This method should
allow the Tocation of holes with sufficient accuracy to prevent camage %0
all but the imbedded concduits discussed saeparately delow.
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Once the location of the hole is astablished an the side of the wall

from which drilling is %o Se done, the locaticn of the hole on the ocoposite
side of that wall wil! be accurately established using the same survey
mnethods described above and marked pricr to the sommencement of drilling.
The holas must be located where there are no obstructions and where
there 15 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 %0lt. This requires a horizonta! distance from the wall

t0 the nearest cable, cable tray or conduit at the hole location to

be at least five inches to accommocdate the 'arge washer (approximately

2 3/8 inches thick), a small washer (approximately 1/4 inches thick),

the nut (approximately 1 3/4 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 accommodate the washer
against the wall. Consaquently, prior %0 drilling 2 particular hole,

the surveying cperations will be perfaormed %o assure that the hole Tocation
is such as to allow at Jeast these minimum d1stancas 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 %o penetrate
through the wall and then continue %0 travel at least an additicnal

five inches defore any contact with cable, conduits or cable trays could
occur.

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

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 dril]l can advance. This provides for a slow positive control aover
the 4rill preventing any punch-through once the wail is penetrated and
thereby preventing any damage to cable trays, conduits or equipment

o the opposite side of the wall. For each hole t2 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.

[n addition, personnel will be staticned at the cpposite side of the

wal! 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 communications or by sound or battery powered
telephones to assure that the drilling is terminated as soon as the drill
canetrates the wail.
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Zacn of the areas identifiad in items 1 througn 3 above were closaly
2xamined Sy mempers of the 'RC staff during a site visit on June 13-14,
1%279. For the areas descrided in item 1, drilling will e parallel

%0 the four danks of cable trays and conduits which pass through the

walls from the Control 3uilding %0 the Turbine Building. Sufficient

space must be provided between the l'ocation of holes to e drilled and

the existing cable t-ays/canduit which pass through the walls %o accomm-
3date the drilling equipment as well as the width of the washer (9 inch
radius) ard nut which will ultimately be installed on the bolt. This

space is sufficient %o assure that drilling in this area will not result

in contact between the drill and the catla trays/conduit which pass

through the wall For the areas descrided in items 2 through &, 5 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 hoie location,
along with the positive drill control and the communications between

the driller and personnel monitoring the drilling, will assure that

the drill will not contact cable trays, cables or conduit. For items

§ and 3, there are no safety-related 2quipment, cables and conduit on

the opposite side of the wall and floor where drilling is to be accomplished.
Based ca this evaluation and on our examination of the areas where drilling
will take place, we conclude that the measures discussad above can he
practically impiemented and that they will prevent any damage to safety-
related cables, cable trays and conduits from drilling.

One exception to the abov -described method for accurately predetermining
hole locatien to prevent damage to conduits containing safety-related
cables is at the west wall of the Control 3uilding near column line

46 on column line R where two conduits, each cantaining two cables,

ire embedded in the concreta.

The locaticn of these conduits can be determined approximately by finding
where the conduits enter and leave the wall; then, marking their approximate
'ocation by drawing straight lines between these points. [t is, there-
fore, unlikely that one of the conduits would de contacted. [f one

of the conduits were struck, the rigid steel conduit would provide
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Therefore, it fs our conclusicn that adeguate measures ire being taken by

tne instailation of passive neans (steel cable tray covers and scaffold
timber planking) and direct supervision of the work %0 protect cables against
damage during the d0't assamtly installation while the plant is cperating.

Fire 9ctantial and Praotectinn During Modifications

The propcsed medification work may potantially affect fire protection at
the facility Secause of (1) the sossible intraduction of ignition scurces
from the modification work; (2) the possible accumulation of combustidle
materials from the modification work; (3) the potential impairment of

fire brigade access t0 areas of the facility due %o storage of construction
2quioment and/or materials, work-in-progress or other aspects of the
mnodifications; and (4) impairment of fire barriars.

ignition scurces that will te introcuced by the modifications are Cadwelding,
electric arc welding and cutting by electric arc or oxyacetylene :orch.

such sources raise 2 posiible ccncern with regard to %he jotential for
tgnition of combustible materials.

Areas where Cadwelding, welding or cutting will de performed which may
contain compustible materials sucn as electrical cable insulation, wood
and plastics, etc. are in the Turdbine Building above elevation 53' along
the R Tine wall (division A cables here), and the Slectrical Auxiliaries
Room at elevations 55' 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
protaction plan provide that it fs the joint responsidility of the Cognizant
Supervisor, the Safety Supervisor and the Shift Supervisor to review

and avaluate proposed work activities to identify potential transient

fire loads 2 other potential sources of danger. Prior to the initiation
of any Cadvelding, weiding or cutting work in the plant, a welding or
cutting permit must be cbtained by the responsible supervisor. This

permit reqiires, among octher things, that combustible matarials in the

area where welding or cutting is %0 take place be removed or that potentially
combustible materials such as the fnsulation on installed slectrical cables
%e protected from welding and cutting operations. The permit also requires
that a trained fire watch (one or more plant
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perscnnel trafined in fire-fighting) aguipped with a fire extinguisher

or hos2 be gresent in the work ar2a. The fire watch must remain in

the area for 10 minutes after completion of the welding or cutting to
assure that no fire or smoldering has occurred. With regard %o physical
fire protection for the cables, the licensee nas committad %o using
Clarement Jeld Shield 300-24 or FabriCote 1524-white fire Dlankets over
all cables in the area where welding and/or cutting will be done. These
are designed %o stop welding and cutting slag and sparks from penetrating
the bHlanket and reaching items Jrotectad dy the dlankets. Based on

our avaluation of the gualification test procedure and the test results
and report for theie Dlanket materials, we have concluded that the fire
blanket material provides adequate protection of combustidles from welding,
Cadwe'ding and cutting operations. [n addition, the licensae has committed
%o remove wood form meterials prior $0 commencement cf any welding or
cutting operations and .n store other necessary flammable material

such as rags in seif-clos.ng containers which will de removed from the
irea at the and of 2ach worc day. 3oth the use >f protective blankets
and the stationing of fire watches in areas where welding and cytting
operations are being performed have Deen found acceptable dy the staff

as adequate protection in preventing fires or detecting and extinguishing
fires from the performance of such work during plant cperation. 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 cperations

as will some dust from concrete removal. To protect the equipment in

the Slectrical Auxiliaries Rocm from the work at column 41 R, an enclosure
of fire retardant plastic and woed will be constructed around the work

area w~ith fans provided to direct any smoke and dust outside. [f such

work is necessary in the Control Room or Cable Spreading Room, 2 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. OQther
plastic sheeting will bde removed from any safety-related area at the end of
the work shift.

Secause the modifications require construction equipment, materials

and tocls to be brought into areas where modification work is to be
performed, this will result in the temporary introduction and use, while
work 1s actually being performed, of minor combustibles such as weod,

rags, rubber tires on dollies, and the like. However, aside from wood used
for concrete forms and wood and plastic used for dust enclosures,
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thigs will not result in the accumulation of combustidles and an increase

in the potential for fires in safety-related areas because:

. Plant procedures require safety-related areas %o de free of permanent
matertal storage at all times and equisment, materials, tools and
combustidlas will not be stored near safety-related equipment, come
ponents, cablas or piping either during work periods or nonework
periods.

2. While equisment, materials and tocls for zonstructicn may bde bdrought
intc safety-related areas during work periods, they are required
t0 be removed at the aend of each work shift; consequentiy, safety-
related areas will not be used for storiage of combustible materials
or equipment for any unattended period of time.

For these reascns, the propesad modification will not result in accumulation

of miscellaneous combustible materials that could increase the sotential

for fires that could affect safety-reiated equipment, components, piping

or cables. There are, however, areas where wood raming, planking,

concrete forms and plastic will be necessarily in place for the period

of time required to complete 2 particular aspect of work such as curing

of concrete before forms are removed. The licensee nas identified the following
safety-related areas where wood will Se used:

I. Control Room;

2. Cable Spreading Room;

3. Electrical Auxiliaries Room;

4. East wall of the Turbine Building setween column lines 4! and 46,

The 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 aveid any possible deleterious affects the chemicals may have on
the new concrete. [nasmuch 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 sole
responsidility will 2e to tour at hourly intervals the ireas where these materials
are ysed. This fire watch will De established whether 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 astablished in an area for other Jurnoses.

This fire watch will be instituted when *he material enters an area and continue
unti] it is removed.
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This added measure of protaction /fire watch patrol) will assure adequate
arotection for these areas where wood may, of necessity, have %o remain
during offwork periods.

As %o modification work fnhibiting access 3y the fire brigade %o areas
where 4 fire has deen initiated, the proposec modifications and activities
related therets could fnnibit access bdy:

1. the storage of construction equipment, materials or tools blocking
fngress and egress to and from areas of the Contral 2yilding complex,

2. workers and actual work-in-progress hlock ing ingress and agress
t0 and from areas of the Control Byilding complex,

J. the removal of access ways (e.g., stairwells, ladders) for serformance
of modification work.

As previously indicated, construction equisment, materials and tools

will not be stored near safety-related equipment or cables. Consequently,
access to such areas will De unaffected from the standpoint of storage

of construction items. While comstruction equipment, materials and

tools may be present temporarily in safety-related areas during any
particular work shift, such ftems must necessarily Se 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 firefignting,

As to workers and actual work-in-progress Slocking access o any areas
tn the Contral Building complex, it is %o be noted that all modification
work will be closely supervised; in the svent that workers are olock ing
access, “hey can simply be directed %o move. Also, work in the Cable
Spreading Room, the Slectrical Auxiliary Rooms and the Contral Room

will not restrict access %0 equipment aither within these areas or in
adjacent areas decause the location of the work is against the walls

out of normal paths to equipment and the tools and equipment to bde used
to perform modification work in these areas is small in size (e.q.,
wrenches, nuts, washers). [n the case of the work at column N' in the
flectrical Auxiliaries Room, the work will consist of cutting some
concrete at floor level and therefore will not block access o any safety-
related squipment. The plastic enclosures %o e constructed in she
Clectrical Auxiliaries Room and whicn may also e constructed in the
Control Room and Cable Spreading Room o arevent dust iand smoke from
entering these areas will be against walls and henca will not impede
access 0 any safety-related equipment,
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Juring our site visit on June 12-12, 1379, all areas of the Control
3uilding complex were examined for possinle operator/fire Srigace access
sroblems. B3ased on that examination ind a consideration of the modi-
fication work to be performed, the only area where wOrk-in-progress

w111 affect access fs at elevaticn 45 fset in the Turbine 3uilding detween
columns 41 and 47. I[n this area, access through this area from the
railrcad bay to the Control 3uilding will de impaired temporarily while
plates 1 through 5 are lifted into place. This impairment of access
will Tast only for the period of time in which *he plates will Se lifted
from alevation 45 feet to their point of installation. This will not
restrict access %o any safety-related iarea where access is necessary
@fther to operate equipment or to fignt fires teciuse safety-related
equioment is ot located in the areas %o which access would Se impaired.
[n aadition, other accass ways into these areas are available. These
alternate routes provide access from the outside or the inside around
the work area which is temporarily inniCited while the plates are bteing
lifted into place. Consaquently, we canclude that modification work-
in-proqress will have essentially no effact on operat:r or fire brigade
iccess.

The proposed modifications were also examined to determine whether there
were any other aspects of the modification work that could restrict
access %o varfous parts of the Control 3uilding complex. To perform
certain parts of the modification work, the steel stairway leading from
the Turdbine Buiiding operating floor at elevation 93 faet to the Contral
com viewing gallery will be removed. This stairway provides access
only %o the viewing gallery and is not an access Way ta any safety-related
equipment, components, piping or cables since no safety-related items
ire in the viewing gallery area. An alternative access way is availaple
fnto the viewing area should access de required %o fight a fire in this
area. [n view of this, the impairment of access to the viewing zallery
Sy temporary removal of the stairway will have no safaty significance
with reqard to ingress and egress =2 and from the area Dy operators

or the fire brigade.

Also, pursuant to the modification work, a ladder and stee! platform
'eading to the Turbine 3u11d1n? roof and tne crane cab at elevation

92' 1n the Turbine Building will de temorarily removed. However, alter-
nate access to the roof will be provided by means of 2 temporary ladder.
[n view of this, the temporary removal of :he ladder and =tsel alatform
#1171 '1ave no safety significance with reqard %0 access %o she Turdine



3uilding roof by ocerators or the fire brigade. Access tc the crane
cab is not recessary for safety-related surposes and thersfore a detar-
nination of such access is not required.

The final concern related to fire protection is the possible impairment
of fire barriers because of the modification work. 3ased on our review
of all aspects of the proposed modification work, areas where work may
affect a fire bDarrier are the areas where holes will de drilled through
axisting walls as identified in Section 4.1 above, the flser in the
Electrical Auxiliaries Room at column Tine N' where holas will Se drilled
far anchoring 2 new wall, at column 41 R and pessibly at 46 R, 46

N and 41 N at various elevations where concreta removal for rebar
installation will result in penetraticn of the wall. Penetrations
resulting from the drilling and concreta removal aperaticns an thesa
#alls will provide a path through wnich fire could potentially pass.

The Trojan technical specifications require a fire watch patral to inspect,
on an hourly basis, the areas where a fire barrier is nonfuncticnal.

The Ticansee has committed to providing an hourly fire watch whenever
wocd is in any of these areas. This commitment is adeguate t2 accomplish
Soth purposes and a second ‘ire watch need not bde established during
periods when such inspection is necessary due to wood being in the area.
[n addition, where holes have bSeen drilled for bolt installation, the
Ticensee has committed to temoorarily seal the holes, until the belts

are installed, with the same material used to seal the plant's electrical
2enetrations of fire darriers. This is in compliance with Trojan Technical
Specification 3/4 7.9, “Penetration Fire 3arriers,” which covers the
requirements for periods when 2 fire harrier is impaired or is nen-
functional.

[t is our conc'usion that, with the fire watch proposad by the licensee,
ddequate fire protection will 2e provided to compensate for the disabling
of fire barriers and for situations in which there is an increased potential
for fire due to the irtruduction of ignition sources and comoustibles

and that there is reasonable assurance that the health and safety of

the public will not te affected by the propesed modifications insofar

as fire protecticn at the facility is concermed.

1.4 Modifications to Safety Systems Required for Performance of the Contral
uliding Moditications

e nave examined the proposed modifications with a view toward determi ning
the need for intenticnally taking aquisment out of service during Jerformance
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2f part or all of the modificasion work. We initially determined that

the anly safety-related eguipment which miznt Se tamporarily taken out

of service was the 3attery 20om exhaust. This exhaust systam provides
ventilation air flow for the Battery R00m ind sarves to remove nydrogen
which may e generated in small quantities wnen the battaries are recharged.

The 3attery Room exhaust system is an auxiliary system and is not required
t0 5ring the plant to, or maintain the plant in, cold shutdown, to mitigate
the consequences of accidents, or to process or contain radiosactive
materials and 1imit their release to the anvironment. 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 radiocactivity.

On the other hand, the Battery %com exhaust system does serve %0 assure
that any hydrogen jeneratad during battery recharging is removed from
the room and, for this reason, some medans of ventilation is desirable.
Accordingly, the licensee had committed to providing an altarnate means
of 3attery Room ventilation during the pericd when the normal system
might be out of servica.

The licensee has since stated that the Battery Room exhaust duct will

not be disabled during the modification. We have reviewed and determined
that the exhaust duct need not be disabled to accomplish any modification
work. Therefore, this matter is of no further concern.

Effect of Modification Work on Operator Actions

The potential concern with regard to modification work affecting operator
actions is the possibility that the stcrage of construction equipment,
mat rials and tools, actual work-in-progress, or the removal of access-
ways d@uring the modification work could impair the access of operators

to safety-reiated equipment and thus impair or prevent manual Jperator
actions necessary for ncrmal operation or to cope with emergencies.

This matter fs discussed in jome detail with regard to fire protection
and fire brigade access.

As indicated in the section con fire protection, construction aguipment,
materials and tools will not be stored near safety-relatad equipment
or cables or in safety-related areas. Consequently, operator iccess
to such areas will be unaffected from the standpoint of storage of
construction items.
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Simlarly, excest for work invelving movement of plates at slavaticn

45 feet in the Tumine S8uilding, work-in-progress will not impair operator
access since worxers and the tools and materials they are using will

simply be moved cut of the way if access is required. Moregver, areas

at olevation 45 feet in the Turdine Building where access will be 1mpaired
wnile plates are moved are not safety-related ireas containing any aquioment
for which access is necessary.

Finally, while the modification werk will require the temporary removal
of both a stairway lTeading from the Turbine 3uilding sperating floor
(elevation 93 feet) to the Control Ro0om viewing gallery and a ladder
and platform leading to the crane cab and Turbine 3yilding roof, no
safety-related items requiring operator 2ccess are contained in thesa
areas. Accordingly, temporary removal of these access ways will not
‘mpatr operator access to any equipment, cables, piping or components
which are necessary for plant operation ar which serve a safety-related
function.

4.5 Hand1ing of Heavy Loads

The Control Building modifications will require the handling of scme

heavy steei plates not anticipatad or accounted for in the Trojan licensing
review at the operating license stage. To upgrade the Control 8uilding
horizonta! shear strenqgt®, both ends of the Control 3yilding railroad

bay will be sealed with reinforced concrete. To further improve the
herizontal shear strength of the Control 3uilding west wall adjacent

tc the Turdine Cuilding, a three inch thick steel plate will de attached

t0 the outer surface of the west wall. The plate will axtend from elevation
59'-3" to 97'-3" between columns 41 and 47, 2 distance of approximately

33" -8" at its widest point. [t will he assembled from aight ingfvidual
plates that will be lifted saquentially from a “ransporter in the Tubine
8uilding railroad bay, and transported to their mounting positions with

a combination of temporary and permanent plant devices. After being
properly positioned, the plates will be anchored tc the existing wall

by bolting. A1l mating edges of individual plates will be joined by
welding to form one continuous plate. The 'ndividual plates will range

in weight from 2,700 pounds to 47,000 pounds. The upper plates (identified
as plates 7 and 3) will de of such shape as %o sermit them %0 be lcowered
inta position without disturbing the cables contained in four groups

of cable trays passing between the Contral 3uilding Cable Spreading

Room (elevation 77') and the Turdine Building.
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tarting with the lowest plate, the first six slates (identifiad as

slates 1-6), ranging in weignt from 7,000 pounds o 24,000 sounds, will
%e sequentially lifted from the transporter and placed on a dolly at

gracde level (elevation 45')., The dolly will nove the plates directly Selcw
the point where they will bde Tifted into position by the 16 ton capacity
chain hoists mounted to the Turbine 3yilding crane rail support beams.
Aside from the support provided the chain hoists by the Turdine 8uilding
crane rail suoport beam, the rigging will be such that each chain hoist,
siing and attachment point on the plate will de indspendent of the cthers.
For the first six plates, two chain hoists will carry the load. A third
crain hoist, pesiticned over each plate's center of gravity, will de
provided to sarve as a backup in the avent 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, wil! range between 2.6 iand

3.1. Assuming a failure in one of the two 1nad carrying heists, the
safety margin for the Backup hoist, with respect to its static load
rating, will range from 1.3 to 4.5. [t should be noted that the static
load rating of these chain hoists is 20 percent of their yltimate design
load capability. Therefore, the safety m ~gins, with respect to the
ultimate load carrying capability of the hoiits, are five times the above.
This, we delieve, is adequate because it provides substantial margin

to failure of the hoists.

The essential systems *~-t are located below grade and could be affected
by dropping plates | *.ough 5 are Train A and 3 fluid lines and alectrical

cables. With the exc- A of the Train 3 elecy-ical conduit, the systems
run below grade in %! st-west direction paralie: to the existing !
railroad tracks, and : located between columns 47 and 46. The fluid

lines are the service water lines to both Zmergency C‘esel Generators,

the service water suction lines for both the turdine and aiesel engine
driven Auxi’iary Feedwater Pumps and fuel oil supply lines for Soth

A and 3 Emergency Diesel Generators. The centerline of the water lines

is Tocated 2'-0" below the rai'-cad bay floor (elavation 45') and the

fuel of] Tines are 1'-6" below the railroad bay floor. The concrete
conduft containing Train A electrical cadles supplies power to the Service
Water, Component Cooling, Centrifugal Charging, RHR, Containment Spray,
and Safety [njection Pumps. These cables range ‘n depth below grade

from 5'-3" to 3'-10". The aother concreta conduit contains Train 3 electrical
cables supplying power and/or control for the following Train 8 systems:
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Component Zcoling ind Service Water Valves, Zngineered Safety Feature
Initiation, Ciasel Senerater subsystems such as Fuel Ji1 Trans€er 2ump,
Fuel 011 /alve, and the Train B diesal air compressor. This conduit

is located between columns 46 and 31 and also is in the area of the
sutlding modifications. [t runs in the east-west girection. [T is
located dire=tly below the southern end of the added Control Suilding
west reinforceq zoncrete wall. The below-3rade depth of the cables
ranges from 4'.3.1/2" 20 3'-8".

To provide assurance that the essential equipment locatad below grade
w111 not be damaged from impact loads in the unlikely event one of the
plates (1-6) should Se dropped, 3 “emporary energy absorter will Ge
arovided at elevation 45'-0". [t will %e conservatively sized %o
accommodate the maximum kinetic energy capaole of deing develcped 2y

a plate during the handling operations without exceeding the alliowable
compressive stresses on the underlying concrete and rack foundation.

[t will consist of a crushable corrugatad aluminum structure, *wo three-
inch thick steel plates and an aporopriate quide ¢ ensure t the
impact load will be distributed over the enerqy absording materral.

From our evaluaticn of the proposed energy absorter, we conclude that
it has been conservatively designed so as %o limit the impact lcad-
ing such that damage to the pipes and conduits below grade will be
precluded. From this we conclude that the essential systems locatead
below grade (elevation 45 feet) have been adequately protectad in the
unlikely event that any one of the plates numbered ! through § s.auld
be dropped during the hantiing operations.

The last two plates, numberea 7 and 3, weigh 2,700 pounds and 47,000
pounds, respectively. After installaticn of plates 1 through 5, plates
7 and 2 are to be sequentially lowe: c1 into pesition above the four
groups of cabie trays which run between *he Control and Turdbine Buildings
at elevations ranging from 77'-0" to 88'-3". To accomplish this, they
will te 1ifted from the transporter in the Tu~hine Building railroad

bay (elevation 45 feet) with the 25 ton capacit, Turbine Suildiag Crane
auxiliary hoist to the Turdine 3uilding operatiny floor (elevation 33
feet) and then transported laterally over the Turdine 3uilding operating
floor to a location within the reach of the chain hoists. Three of

the 16 ton chain hoists will be attached to plate 7 (2,700 pounds) and
then it will be lowsered into position. I sars mounted cn the installed
and anchored plates 5 and 6 will provide lateral guidance and restraint
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to plate 7 as it is deing 'owered into position. To recduce the impact
1cad on the srevisusly installed plates in the very unlikely avent %that
plate 7 should be aropped, a corrugated aluminum 4EXCEL staoilized

and pre-crushed 2nerqy adsorber will be mounted on plate 4 Selow.

The acceptability of the drop of plate 7 is discussed alsewnere in
Section 4. From this we conclude that the elactrical cables in adjacent
cable trays have been acdequately protected should plate 7 drop while
sving lowered into position and that handling and installation of plate
7 wnile the plant is cperating is, tharefore, acceptable.

After being 1ifted to the Turbine Builaing operating floor, plate 8

will be placed on and attached to a temporarily constructad plate support
frame and roller. Two A-shaped frames will be attached to plate 3 (one
on each side) prior to the time that it is transported acrass the Turbdbine
8uilding operating flocr. The purpose of these A-shapea frames is %o
provide vertical stability and thereby prevent a flit plate drop of

plate 8 onto the cperating floor. To attain additional control over
plate & during further movement, one end of the plate will be attached

to one f the 16 ton chain hoists. B8y means of light rigging equipment,
the plate will be positioned below the Turdine Suilding crane rail and
the row of 16 ton capacity chain hoists. Three additional heoists will
then be attached to independent lifting peints provided on the 2late.

Two of the four hoists will carry the 1o d and the remaining two attached
hoists will act as backup or redundant lir.‘rg devices in the event
either of the two load carrying hoists shouls “ail. With respect to
their rated static capacity, the safety margin of eacn of the twc hoists
supporting the lcad as well as each of the two backup chain hoists fis
1.3. With respect to the ultimate design capacity of the chain hoist,
the static capacity safety margin is 5.5 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
stapilized, precrushed HEXCEL pads will be placed and supported by the
top edges of plates 4, 6, and 7, prior to handling plate 3. The cribbing
will be removed in 4 inch increments as the plate is lowered in a fashion
tn assure that the maximum free drop height will not exceed &4 inches

in the unlikely event plate 3 is dropped.

The 1icensee has analyzed the dropping of plate 8 when it is being
lowered into position to verify that the previocusly installed plates,
polts and associated structures could absord the kinetic energy.

The analysis shows that the dynamic lcad in the Yexcel pad will not
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exceed 374,000 pounds assuming 3 3C% increase in strength cue 20 the
dynamic load. The ‘mpact velocity is insufficient to make this assumption;
therefore a factor of 1.1 is more appropriate. Use of this factor will
result in an 13% increase in the deformation of the pad. However, the
licen.ee assumed a3 factor of 1.0 in its calculation which is conservati:e.
Therefore, the l-inch Hexcel pad is acceptable. Section 4 addresses

the apility of cthe structure to withstand this postuiated plate drop.

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 e securely 0lted %o previously
installed plates. The upper end of these one-inch thick plates will

also be held in the sroper position by the Turbine 3uilding floor slab
curh at elevation 93'.0". Notwithstanding the above precauticnary measures,
the licensee has made the conservative assumption that all cables in

the upper three penetrations will be savered if plate 8 is aropped.
Should the plant he at power, the licensee stated that the plant could be
brought to a ¢old snutdown candition by the plant personnel performing
certain manual cperations.

The load handling operations will be supervisad and carried out by
axperianced and qualified 3echtel personnel plus journeymen skilled

in their respective crafts. Prior %o plate movements, procecures will

be written, reviewed and approved by qualifiea Bechtel persornel. The
craftsmen will be familiar with the squipment and procedures. All hoists
will be testad prior 2 commencing the 1ift operation. Lcad cells will
be incorporated in the load Tine of the backup or redurndant chain hoists
in order to reliably monitor the lcad lines to assure that they are

taut but have not assumed an inordinate amount of the load.

3ased on our evaluation of the heavy load handling operations [i.e.,
those operaticns involving the eight 3" thick steel platas that will

be attached to the west wall of the Control 3uilding), we Selieve that
all reasonable and practical precautions will be takan to minimize the
pessibility of uncontrolled movement or dropping of plates. As recounted
above, those precautions include the development, review, approval and
implementation of written step-by-step procedures fui plate handling
operations, the use of personnel experienced in their crafts and familiar
with the equipment, testing of 1ifting equipment prior toc use, provision
of adequate margins of safety in the lifting devices, and the temporary
installation of an enerqgy absording device in the railroad bay (elevation
45'-0") prior %3 the 1ifting and installation of plates 1 through 5.



In addition, oiate guidancn structures w#ill be privided during the
lowering of plates 7 and 3 and a crusnaple type 2nergy 20sorption device
will be provided %o limit the impact 1ocads %o an acceptable level should
slates 7 or 3 Je cropped. With all of thesa pracauticnary measures
implemented the licensee nDeliaves i1t would de acceptadbls t2 install

a1l eignt plates while the rezctor is at sower.

[t is the staff's view that the hancling of the heavy three-inch thick
olates would be acceptadble only if (1) it is demonstrated that the
probability of uncontrolled load movements cr 1cad 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 ar load
drop, the licensae has taken the following approach: (1) implementing
all reascnable measures %o preclude an uncontrolled load mcvement and/or
load drop when handling plates 1 through 3, (2) for plates 1 through

3, installing a temporary energy absording device at elevatign 45'.Q"
t0 absord the resulting kinetic energy of a plate drop and thereby protect
the essential systems located belcw gracde and precluding unacceptadble
consequences, (3) in regard to plate 7, providing a temporary piate

qu idance structure and impact limiter in the form of crushacle energy
absorber, and (4) in regard to plate 3, utilizing A-shaped frames %o
preciude a flat drop of plate 8 onto the Turdine Byilding operating
floor and utilizing temporary timber cridbbing and a crushable energy
absorber to limit the drop height and the resulting dynamic loads %o
acceptatle levels for a drop of plate 3 during installation between

the Control and Turbine 3uilding walls. Nevertheless, the licensae

has made the conservative assumption that all electrical cables in the
Jpper three cable tray penetrations would be saverad by a drop of gslate
3. With this assumption it is stated the plant can be brougnt to a
cold shutdown condition with certain manual operations. However, %0
avoid the potential of unacceptable consequences due %o any plant per-
sonnel's inability to assess the status of the plant and take the required
corrective actions, the licensae has agreed to place the plant in a
cold shutdown condition prior to the handling and installation of plate
8 and thereby cbviate the need for the manual cperations required to
achieve a cold shutdown.

[f, despite all precautions noted, plate 3 should fall during its
fnstallation between the Control and Turbine Suilding walls, it is possible
that it could contact and damage some cables if, for exammle, the plate
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414 not 4drop evenly at both ends. I[n this event, only train "A" cables
would be affected. The redundant train ‘8" aquipment needed for tola
shutdown would Se una‘*“ected. Therefore, the maintenanca of a cold
shutdown condition would de una“fected since only one train of this
squipment is necessary %0 maintain cold shutdown. Since the plant would
have already Seen placed in the cold shutdown condition pricor to the
lowering of plate 2, the position of the valves for residual neat removal
would already have necessarily Seen establisned. The savering of the

“A" cables would not result in the changing of the positicn of these
talves. The power cables for the train "A" pumps necessary to maintain
cold shutdown are buried in the ground below the concreze floor and
would not be damaged. These pumps could therefore be placed in operation
5y manual actuation of the breakers from the switchgear rocm.

[t is therefore our conclusion that, although the drip of plate 3 and
its subsequent damage %o train “A" cables is 2 very unlikely event,
the plant would still be maintained in a safe cold shutdown condition
should such an event occur.

Consequently, based on our review and evaluation aof the proposed plate
handling and fnstallation operations we conclude the following:

T. While the probability of uncontrolled movement or dropping
of plates 1 through 3 has not been guantified, 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-0S54, "Single-Failure-
Proof Cranes for Nuciear Power Plants.” Thus, the probadbility of
dropping any plate will be low, although it has nct been shown 23
be so low that we can conclude that a plate drop will not occur.

2. For plates 1 through 5§, an energy absorbing device will de provided
t0 adequataly protect the essential systems located below grade
in the uniikely 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 5 and the
installed I bars and 2nergy absorbing device will limit the resulting
dynamic load to an acceptable leve! and properiy guide plate 7 so
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that damage will not occur %o the adjacent electrical cabies in

the unlikely event of a 2late drap accident. Therefore, 1% is
accentable for the plant to te at power during the handling and
installation of plate 7 since no damage affecting the safety of the
alant will occur if plate 7 is dropoed.

4. For plate 3, ti1e analysis shows that the osreviously installed plates
1 through 7 plus the guide olates, crushable energy apsorser and
timber cribbing will limit the drop height such that %he dynamic
load will be cept within acceptanie l'evels in the unlikely event
that plate 3 should drep during installation between the Contral
and Turdbine 3uilding walls. 4Yowever, scme uncentrolled moticns may
accur during a drop that could place the electrical cables in the
upper thrve cable penetrations at risk. 0OJue to the uncertainties
associated with this event and the fact that, should plate 8 damage
these cables, substantial manua! (and as yet undefined) asperator
actions might be necessary %G bring the plant to ¢old shutdown, we
beliave that the plant srould e placed and held in a cold shutdown
candition from the time ;'ate 8 is lifted by the Turdine 2uilding
crane from the transporter at elevation 45 feet until plate 8 is
secured to the Control 3uilding west wall by all through bolts.

No modifications are being proposed to the Emergency Oiesel Generator
axhaust system, dut we have reviewed the potential consequences in the
unlikely avent of uncontrolled movement of the 47,000 pound plate (plate
3) while it is being moved into pesition at the east end of the Turdine
3uilding wall at elevation 33 feet. Ouring this movement, the potential
exists for the 47,000 pound plate %o fall against and disable the two

3 train emergency diesel generitor exhaust systems. The A train emergency
diesel generator would be unaffected 5y this event because its exhaust
systems are located near the cpposite (west) Turdine 8yilding wall.

[n addition because the plant will be in cold shutdown conditian prior

to the plate 8 handling ocerations, damage to Train 3 dissel jenerator
exhausts should have no affect on the ability %o 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 nandling
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 amergency power. For the above reasons, in the unlikely event that
the 47,000 pound plate should fall against the 3 train exhaust systam,

we find the consequences icceptable.
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is previously mentioned, *we A-shaped frames #1i1 e attached to plate

3 %0 preclude a flat plate drop cnto the Turbine 3uilding operating
floor wnile the plate is being transported across the floor. A4s indicatea
in Section 4,11,1 of this SER, the structural adequacy of those A-shaped
frames %o preclude a flat plate drop has noct been detarmined by the

Staff because the licensee has not finalized the design and connection
details for these frames. ‘levertheless, assuming that the final design
af the A-shaped frames is shown =0 be adegquate %0 preclude a flat plate
drop, we delieve that the A-shaned frames should be installed on plate

8 and ytilized throughout the transport of that plate over the Turbine
3utlaing operating floor. More specifically, the A-frames should remain
attached to the plate as it is drought into pesition for insertion into
the the slot between the Control and Turbine Suilding walls. As plate

3 1s brought into this pesition, the A-frame an the side of the plate
nearest to the Control 3uilding should be removed only when such removal
's necessary to prevent contact between the A-frame and the Caontral
3uilding. The A-frame on the opposite side (or west side) of the plate
shou'd be removed only after all four chain noists have bDeen secured

to the plate and made taut and the plate is partially inserted into the
slot between the Control and Turbine Building walis. [f this procedure
for removal of the A-shaped frames is followed, it will provide maximum
coverage for assuring that a flat plate drop onto the Turdine Building
operating floor will not occur (assuming that the A-frames, once installed,
are adequate to prevent a flat plate drop) since, once the nlate is
sartially inserted into the slot between the Control and Turbine Building
walls, there is reasonable assurance that a flat plate drop onto the
Turbine Suilding operating floor will not ozcur.

Construction Generated Just and Jire

The contral, monitoring and powering of essential systems® is largely
accomlished by electrical means which in turn require alectrical contacts.
dhen dust, dirt and/or grit is deposited on elactrical contacts, the
likelihood of making an acceptadie electrical contact is very significantly
reduced. Since the Control 3uilding modifications involve the rumoval

and replacement of concrete, building dlocks and dirt as well as the
drilling of many holes in the concrete, these ocarations have the potential
of creating significant amounts of these airborne particulates that

* Lssential 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 systams required %o nitigate the con-
sequences of accidents.
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were not anticipatad or acsountad for in the Trojan operating license
review. Therefore, the staff has reviewed the praposed Control 3uilaing
mcdifications %0 ensure that adequate measures have been taken to praclude
essential system malfunction cue to dust, dirt and grit.

The areas housing essential systems or the essential systems themselves
that potentially crild be impaired by construction dust and dirt are:

(a) Qiesel Generator Systems, located in the Turoine 3uflding at
elevation 45 fzet.

(b) Flectrical Auxiliary Room, located in the Control 3uilding at
elevations 51 and 55 feet.

(¢) Engineered Safety Feature Switchgear Room, located in the Turbine
Building at elevation 59 feet, and

(d) Control Roem located in the Control 3uilding at elevation 33 feet.

Jiesel Generator Systems

The potential adverse effects of the Control Building modifications on
reliable operaticn of the on-site emergency diesel generators was
reviewed from the standpoint of the quality -and quantity of ventilating
and combustion air available during and folicwing the building modifica-
tions.

Currently, the air intake systam for the emergjency diesel generators
relies on an cpening to the outside :nrou?h the railroad bay in the
Control Building. B3efore the Control Building railroad bay is sealed

off at column line R (Contral Byilding west wall), an alternate air

intake system w#ill be provided in the north wall of the Turbine Building
railroad bay. Therefore, an adequate supply of ventilating and combustion
air will be available throughcut the medifications.

The licensee addressed the unlikely event of the ocutside louver for

the relocated air intake being impaired by earthquakes, wind, tornadces,
rain, ice and sncw. The new Turbine 3uilding air intake louver has

been sized (132 square feet) to allow the blockage of 50 percent of

the fntake area by snow, ice or debris. The Turdbine 3uilding air
fntake '~uver has not been and need not de, designed %o withstand
acnormal loads, since collapse of the 'ouver would not preclude a
sufficient air supply to the diesel yenerators. [f the Turbine 3uilding
railroad bay air intake louver were %0 be damaged or were =0 become
clogged, sufficient air cculd be temporarily drawn from the Turdine
Suilding ventilation system through the Turoine 3uilding equipment

hatch at least until the louver is repairad or the cb:truction is
removed from the louver or the Turtine Suilding ratlroud bay door

is coened. The total air requirements for doth A and 3 train tmergency
Diesel Generators would constituta approximately 10 percent of the
Turdine 3uilding's air flow rate.
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fu=her, should dedbris 2ass through the Turoine 3uilding air intake
louver, the large~ pieces of dedbris would %end %2 settle out, because
of <he lower velocity of the air in the Turbine 3uilding railroad
bay, before the air fs drawn into the individual qiesel generator
compartment afr intake systems.

The creation of dust and dirt will De controlled during the buflding
modifications By the use of water sprays and the perfarmance of regular
cleanups. Should it prove necessary, evacuation fans and ducts will

be provided in the respective workx areas. !Upon completion of the work,
normal housekeeping will preclude the oresence of residual dust.

411 construction work will be suspended during the periodic diesel
generator tests and following all automatic starts of the units.
Consequently, constructicn generated dust and dirt should have no
effect on the gquality of the combusticn air for the diesel generators.
Further, 1% shc "4 de notad that all electrical relays for the engines,
located within tie diese! generator compartments, are housed within
water-tight 3 dust-tight enclosures. Consequently, dust gererated

by the modificczion work should not affect electrical relays and
contacts for the diesel generators.

8ased on our review of the proposed modifi-itions, we conclude that

the diesel generators will not be adversely affected due to insufficient
air supply, dust or dirt during and following the Contrael Building
modifications and, therefore, the proposed modifications are acceptable
fn this regard.

Electrical Auxiliary Room

The Electrical Auxiliaries Room is located in the Control 3yilding
between elevavions 51'-0" and 77'-0" and columns 41 ind S1. This

room, which fs normally c'osed and Tocked, contains safety and aon-safety
related equipment. The licensee has provided preliminary details
illustrating the concrete modifications to be carried out on the floor
and walls. The following Control 3uilding modifications have been
identified as potential socurces of adverse conditions such as dust,

dirt, debris and water that have the potential for degrading the safety-
related equipment housed within the £lectricail Auxiliaries room.

(a) At the junction of zolumn lines R and 41, all concrete in the
corner #ill be removed, betw2en elavations 35'-0" and 77'-0",
in order %o join the aaditional rebars of the strengthened 2
Tine wall to the existng rebars Sy Cadwelding.



‘) A series of 2 inch deep slots (approximately 2'-0" long) and
holes will e cut in the floor alcng column 'ine "' from columns
41 to 46 for inchoring the rebar %o the %op of the N' wall at
elevation 63',

(¢) A number of holes will %e drilled in the R and N line walls in
order %0 tie the added walls to the existing structure.

The following safety-related equipment has been identified as deing
within the area of influence of the column &1R modifications.

120 volt preferred instrument AC panels - Y11 and Y13

Plant Static [nverters - Y15 and Y17

Solatron Line Voltage Regqulator - Q35 and Q37

Battery Charger - 021

Train A Cable Tray ABA 298 - contains cables associated with
the following train A safety related equipment:

e
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Power for Inverter - Y15

Power for Battery Charger - 021

Power for [nverter - Y17

Power for Battery Charger - 023

Control for CCW and Service Water Valves - CV 3715A, SV 3303,
SV 3287, and SV 3725

Contro} for Pressurizer Relief Valves PCV 453A, PCV 469 and
cv 302

Control for RCS Valves

Control ¥or Safety [njection Valves

Main Steam Line Valves, SIS Test Line Valve

Control for Diesel Generator A - G101

Control for AFW and CVCS valves MO 3071 and CV 3149 A, 8, C
Control for Turdine Trip - Train A

Control for ES 4380V LC - 801/803

Contral for £S5 4 XV switchgear Al

Control for CVCS valves CV 8149 A, 8, C

Control for Reactor Trip Breakers

Power for NIS cab A Control C 31A

Power for NIS cab A Instr. C31A

Power for Process Protection Set - [ CI6A]

Power for Process Contral Group [ C36A6

Pcwer for Diesel Gensrator - G101

Power for 2adiation “onitoring Panel - C31A

Poawer for 35 Protaction Input Rack - C445A

Power for SS Protection [nput Rack - 2474

Power for Contiinment Pressurs [nstrumentation

Power for ESF DBA timers, AFW 2ump Auto Start Circuit

“ manouw
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2a - Power for C.R. Vent Indication - (254
ab - 2ower for Safety [njection Status Lamps - (2°A
ic « ower for Steam Generator 3lowdown Sampla Valves - SV 2809A,

114, 80A, 144



Removal of concrete in the wall corner at 41 R will commence with
cutting 1/2" deep vertical jrocves at the boundary of the material

t0 be removed. A 50 pound jack hammer, 2 chipping hammer, and wire
brush will be utilized in breaking up and removi~7 concrete and expesing
the existing rebar. The existing rebar will BSe cut and joined by
Cacwelding, to the new repar. Prior to commencing this modification
the work area will be isolated from the egquipment in the Electricai
Auxiliaries room by erecting a dust-tight flame retardant enclosure
from the floor (elevation 65'-0") to the ceiling ({.e., underside

of the Cable Spreading Room floor-elevation 77'-0"). Therefore, the
dust, dirt, debris and smoke generatad during this medification work
will not degrade the equipment within the Slectrical Auxiliaries com.

As a result of our review of the additicnal information submitted in

the Decemter 17, 1979 submittal (response #7 t¢ staff questions of 9/28/79)
regarding the building modifications at 41R, the staff pelieves that the
licansee has failed to demenstrate that the proposed measures will adequately
protect the abcve safety-related systems from missiles. The above
safety-related equipment may be damaged by missiles generated by the
modification activities or by missiles generated by other qutside

conditions because the current missile barriers (existing wall) will

be removed, thereby axposing the equipment.

3ased on our review of the described modifications and protective
measures tQ be taken at column 41R we conclude that (a) the proposad
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
is vulnerable to damage from natural as well as building modification-
work-generated missiles.

The licensee's December 17, 1979 response %0 staff questions indicates
that the design details of the Clectrical Auxiliaries room modifications
are not yet finalized. [t 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

is required at these uother locations, the licensee has committed to
providing the same protactive measures as “hose described for 41R.



Considering the present lack of detail regarding the worx regvired

at 46R, 46N and 41N and the specific equipment at risk at each of

these locations, we can only conclude that the positiocns taken in resard
%0 the work at 4R 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 fn the cold shutdown candition throughout

31! phases of the modification work where safety-related cables and
equipment are winerable to damage from natural as well as building
modification-work-generatad missiles 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 a2 hand neld chipping hammer will

be utilized in making the serias of 2" deep slots in the Electrical
Auxiliaries room floor along column line Y' between columns 41 to

46. Further, a diamcnd tipped core drill will be used 20 drill %he two
holes, in the bottom of each slot, through the remaining concreta topping
and the precast floor panels for the placement of the U shaped rebar

%0 be used to anchor the top of the N' wall to the floor slao. Water
will be sprayed on the diamond tipped cutting tcols. [t acts as a
lubricant and a cooling medium and also prevents the dust from becoming
atrogrne. A4 small hand held chipping hammer will remove the material
Setween the saw cuts. [t will not generate vibratory motion sufficient
to affect any safety-related equipment. The dust, dirt, debris and
excess water will de continucusly cleaned up using mops, brooms, dust
pans and a shop vacuum.

We conclude the descrided measures for work done at 41R and zglumn

Tine N', if properly implamented, 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 dire generation.
Such mla:gr!s 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 limits (e.g., dust, dirt and
lebris), the resident NRC inspector will periodically monitor the work.
[f in his judgment the measures taken to protect the aessantial aquipment
ire nadequate, the work shall be stopped unti] adequate measures have
been implemented. "

Anchoring of the three-inch thick steel plates to the Control 3uilding
R Tine wall will require that holes be drilled irto the west wall of
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the Zlectrical Auxiliaries room. Further, anchoring 2 new wall at

column line N will require drilling into the east wall of the flectrical
Auxiliary Room portion of the Contral 3uilding between columns <)

and 46. For the drilling of these holes, a positive feed control drill
will be ytilized. To suppress the generation of airborne dust, water
will be directad on the drill. To limit the accumylation of construvtion
dust anc dirt, reqular cleanups will be performed.

The licensee has indicated that (1) diamond tipped core arills and

water spray will be used (drilling from the outside), and (2) the

A4orkman, stationed at the breakcut area on the inside wall, in addition

t0 monitoring when the pesitive feed drill penetrates the walls, will

hold a small enclosure against the wall %o collect and contairn any
¢eanerated d.st, dirt, debris and water when the breakthrough occurs.

[n addition to the previcusly described measures taken to contain and
collect any dust or debris that may de released in the room, the licensae
has committed to employ aiternata equipment %o reduce dust level in the
unlikely event that the dust level chould beccme excessive (that is,

reach a Tevel at which it could pctentially affect equipment performance).
Filtered ventilating air is supplied to this room through an air intake
located on the Control 3uilding roof at elevation 116', far above

the level at which dust and dirt will be generated from construction

work. Routine surveillance will be made to verify that no dust entars

the room around the docr seals as a result of other construction activities
being carried on outside the room.

3ased on our review of the submittals and compliance with the requirements
statad herein, we concude that acdequate measurss will be employed

to preclude dust, dirt and deoris Tevels which could adversely affect

the cperation of the equipment within the Control 3uilding Electrical
Auxiliary Room. The proucsed modifications are, therefore, acceptable
with regard to the controil of construction-related dust, dirt and

dedbris and water in the lectrical Auxiliary Room.

4.7.3 [Engineered Safaty Feature Room

The Sngineered Safety Feature Room, located in the Turdbine 3uilding

at elevation 59 feet, has no outside air intake system. Ventilation
and cooling are provided by 2 recirculation system. The room is closed
and Tocked. OJuring the modifications, periodic routine su=ve:llance

of the room will de performed to verify that no dust or dirt nas
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entared around the door seais. No madificaticns will be made %o the
room’ 5 existing floor, walls, ceiling or penetrations and, as such, the
modification work will not generate cust or dirt within the room itself.

3ased on the measures %o be taken to contral the generation and azcumulation
of dust at the respective work areas and the ceriodic surveillanca “or the
antry of dust into the Zngineered Safety Feature 2com, we conclude that
sufficient measures will be taken %0 preclude iany adverse affects on the
equipment within the Engineered Safety Feature Rocm from dust and dirt
generated during the building modifications.

Control Room

The Control 3uilding medifications w#1!1 require the drilling of a number of

noles 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 cuter surface and on

the east wall for donding of the added reinforced concrete wall. The arilling
of the noles has raised concern about tne possitle entry and adverse effects of
construction-generated cust and dirt on the operation of the equipment in the
Control Rocm. The concern in this regard is that dust could settle on electrical
contact points thereby impairing adequate electrical contact.

The drilling cperations 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
recuce the generation of dust. [n addition, the workman stationed at the
inside wall, to visually observe and alert the driller when the wall has been
penetrated, will also hold 2 small anclosure over the area %0 collect and
contain any resulting dust, dir:, debris and water when oreak through occurs.
Further, reqular periodic cleanups will limit %he accumulation of dust and dire.
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

will use lignter equipment. In addition, all Control R0om 2lectrical
equipment housing electrical contacts are located in fully enclosed

cabinets. The Control Room may Se required, under certain conditions,

to be maintained at a slight positive pressure relative %o the outside. In
order to miintain 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 ifter being drilled. Further, during
fastallation of the through boits <o suppert the stee! slate, the saquence of
steps will De such that not more than one hole will be cpen %o the itmosphers
at cne time. »
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Je celiave that the abcve 2recauticnary measures taken 2uring drilling

~

will limit the amount of cust entering the Ccntrol Rcom %2 a level

unere it will nave no adverse effect on the cperability of egquioment
and instrumentation.

Yoise and Vibration

Certain activities of the proposed modification work will generate

ncise and vibration at %he specific site of the work. [n order to
determine whether the noise will have any adverse affect on Contraol

Room aperator actions and whether vibration shouid have any effect

on 2quipment or components, we have examined the locations of the

worx that could generate nnise and vibration relative to the location

af safety-related equipment .:* the Contral R00r as well as the measures
oroposed to mitigate the effects of noise and vidration.

The following proposed modifications will be the potential scurce
of some noise and vibration:

1. Mumerous holes will be drilled in the west wall of the Control
3uilding between columns 41 and 46 from elevations 59'-3" o 37'-3"
for the installation of the steel plates.

There will also be through-wall holes drilled in the sast wall

of the Control 3uilding between columns 41 and 47 from elevations
§5'-0" to 95'-6" for structurally connecting the new wall to the
existing wall. The new 2ast and west Control 3uilding walls enclosing
the railroad bay between columns 41 and 47 and 2levations 45'.0"
and 55'-0" will be structurally attached to the existing walls
using reinforced steel grouted into heoles drilled into the existing
structure. The Control 3uilding interior wall along column N'

will be strengthened by the addition of a2 new reinforced concrete
wall and footing in the railroad bay. I[ts elevation will be from
below alevation 45'-0" to the underside of the floor at 2levation
65'-0". It too will Se structurally connected t2 the wall and
existing ceiling utilizing drilled holes and embeds.

2. The concrete in the "antrol 3uilding corner area at the junction
of columns 41 and R line will be remcved 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 Tine wall from elevation 63'-0" to 77'-0". Concrets
removal may similarly occur at columns 46R, 46N and 41N at various
alevations.
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J. Removal of Control 3uilding concrete Hlacks will e required.
For axample, 2 new cpening will e mace in the 31ack wall at column
iine 46 between columi lines R and 0 at elevation 45'-0". A
portion of the Turdine 3uilding floor slabs at elevations 33'-J"
and §3'-0" along ¢column line S tetween columns 41 and 46 wil! e
removed to Jrovide clearance and eliminate interference with =he
new Control 3uilding west wall. The floor slab and railreid Lpur
foundation concreta wi!l be removed alcng column line R betw:en
columns 41 and 46.

4, A two-inch wide strip will be removed from the top and bottom
flanges of the existing Turtine Building steel girder at
elevation 33'-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 re'ocated railroad spur shown in Figure 3.1-1 of PGE-1020
which is outside »f the Control 2uilding will involve the removal
Jf approximately 13S0 cubic yards of rock and fill of a natyral
depression approximately 250 feet from the joint of excavation.

For the performance of all this work, the licensee has committed to
the following:

3. Explosives will not be used for the removal of str-ctural material
or 2arthwork;

5. The tools employed to accomplish the work w~ill have the minimum
noise level consistent with the task;

c. The removal of the earthwork associatad with the new railrsad
spur will use hydraulic or air cperated hammers, small front end
Toaders and dump trucks;

d. Removal of convertional back fill material around the building
will be accomplished using light hand toals such as shovels.
Should rock be encountered, light power %00ls 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 operated hammers and
small front-end loaders for excavation and fill for the relccated railread
spur. This excavation and fi11 work will occur outside existing buildings
at grade level. Similar work has deen performed at the site in the

past and has not resuited in excessive vidration in the structures.
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Also, hydraulic operated nammers and light power tccls will ce used
for the removal of fill material around buildings 2nd for the removal
of concrete and Slock at columns 41R (and possidly at 46R, 46N and
41N). wWhile ail of this work as well as the drilling operations nay
create some low level of vioration, we believe that vibration resulting
from performance of the modification work should have no ef€ect on

the aquipment which must be qualified to withstand the severe vidbratory
motions from 2arthaquakes up %o and including the SSE.

As to noise, the concern in this regard is that construction-generated
noise will interefere with operations in the Control Room, either

by drowning out the annunciators or by interfering with operators’
voice communications. 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, constructicn

will be carried out at an appreciable distance from the Control Rwom
which is located at elevation 93'. The distance from construction
activities mentioned above should serve to substantially reduce the
level of noise reaching the Control Rw00om from the site of the construction
activities. Moreover, the existing Control Room walls and floor slabs
will serve further to muffle noise coming from construction activities.
Although drilling into the Control Room east and west walls w° ° occur,
the drilling oper~ation will involve the use of diamond tipjec .cre
drills. This will materially reduce both noise iand vibration jenerated
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. [n 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 Controcl Building walls. Consequently, the nofse from drilling will
be attenuated by the wall itself.

Secause of the various factors set forth above, we believe that noise
from construction work will not adversely affect operators' communications
or the ability of operators to hear annunciators in the Control 0om.
Moreover, the licensee has committed to maintain construction noise

to levels 30 as not to interfere with normal voice communication in

the Control Room. Should the Control Room operator determine that
construction noise interferes witnh normal voice communications, !ighter
weight tools or other means of material removal will be employed to

reduce noise. We delieve that in order to give added assurance that
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construction noise will Se maintained sufficiently low in the Control
00om, the 'RC Resident [nspector snould be empowered, as i1 condition

of the propcsed modifications, %o require the use of lighter weignt
togls or the amployment of other means for material remeval to reduce
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 00m annunciators is significantly above
that of normal voice communication, the ability to hear annunciators is
also assured. Consequently, we conclyde that the proposed modifications
are acceptable from the standpcint of the ncise they will generate.

Inspection of the Control Building Modification Work

The Control Building modification work will be examined by a
construction inspector from the Region ¥ Office of [nspection

and Enforcement and by the Resident [nspector. The inspections
conducted will include examination of guality assurance implementing
procedures, construction procedures, specifications, drawings

and quality records. The actual work-in-progress will Se examined,
on’'an audit basis, for conformance to the codes and standards
referenced in document PGE-1020, “Report on Design Modifications

for the Trojan Control Suilding,” Revision 4 Section 3.2.2 Applicabla
Codes, Standards, Guides and Specifications. The work expected

to be examined will include material receipt, material storage,
drilling and grouting of doweis, reinforcing steel and concrete
placement, concrete testing activities, concrete curing, welding,
filler material control, nondestructive examination of welds,

stud welding, and high strength boliting.

The inspections will be conducted to confirm that the modification
work has been and is Seing performed in accordance with the approved
design and procedures and that the Quality Assurance program addressed
in the PGE-1020 report has been implementad and followed. The quality
of the materia's used will also be assured througn the inspections
conducted. Confimmation of completion of the medificaticn work

will be assessed by the above-described inspections and reviaw of as-
built drawings, quality records and QA reports on completad work.

[t is expected that aporoximataly 150 inspector mannours will be
required for this inspection pragram.
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isrk Secuence

The imp'ementation of the previously described modifications will
%e as discussed herein. fGenerally, the installation sequence

of the new shear walls #ill Se to work simultanecusly an all three
walls below elevation 55', to drill bolt holes in the R line wall
above elevation 533' and %o complate the entire N' wall. These
items will be done concurrently. lpon 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 astimated %0
complete each wall is 2 months for N'; 8 months for R, and § months
for N.

More specifically, axcavation of sarts of the existing railroad
sour foundation and exposing axisting column foundations at columns
N'"=4]1 and N'-46 will commence, excluding the use of axplosives,

%0 degin installation of the new shear wall along N'. This foundation

will be formed and poured. 4#all core reiaforcing steel will be
made continuous along column line 41. The N' wall will then be
formed and poured. 3elow elevaticn 85', octher work to be done
concurrently includes the removal of a portion of 2 non-shear
wall between columns Q and J along line 46, a short section of

3 non-shear wall north of column 46 along R, “installation of R
and N Tine walls up to elevation 65', and drilling of bolt holes
above 2levation 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 edjes of floor slabs from column line 41 to beyond
column Tine 46, and temporary removal of platforms, stairs and
other interfering facilities above elevatiaon 233' in the Turbine
8uilding. Concrete in the R line wall will be poured to £1. 39'.3"
and when the concrete in the wall reaches a minimum strength of
2000 psi, steel plate #7 #ill be raised into place by chain hoists,
through-bolts will 2e installed, and more concrete will be poured
to about 3" from the top of the plate using the plate as a farm.
This concrete will also raise the wall from the previous eleva.ion
39'-3" to just beneath the elevation 65' slab. Upon the N' wall
concrete reaching its design strength and the installation of

the R Tine wall up t2 elevation 53' (concrete between alevations
59'-3" and 55' need not de at design strength) work will progress
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atove elevation 83'. Plate #2 wiil then he lifted iato position
above plate #1, welded to plate #1 and the same jrocedure for
installation of the concrete will be followed. This procedure

#111 be repeated for all plates (excluding plate #8) with grout

to be used benhind plates iabove alevation 77'. 30lts will then

be tightened to the prescribed torgue value and the items temporarily
moved will bSe replaced.

Concurrently with the R wall, the " Tine wall will be aerectad

using common construction nethods for installation of rebar, tie-
ins to the existing structure, and forming and pouring of concreta.
The wall will be poured o elevation 65' before any work above

this level begins. After the wall has been poured tc elevation

§5', (concrete design strength not required), the work will progress
to elevation 77' and similarly until the wall is completed.

dork other than shear wall erection that will be performed includes
the installation of a louvered saction in column line 41, west

of column S in the Turbine Building and a new railroad spur to

the Fuel Building. The lcuvers provide an air supply route to

the diesel generators and will be installed before saaling off
either end of the raiiroad bay with the new shear walls. The
railroad spur will replace the existing one through the Control
Building 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 railroad
bay will be turned into office and work spaces which will require
;ggta]iation of a lightweight structural floor system at elevation

4.1 Effects of Modification Work - Structural Evaluation

4.11.1 Plate Orops

As discussed in PGE's responses %o NRC Question 5 (9/20/79) and Question
§ (9/14/79), effects of a postulated plate drop on the plates previously
fnstualled and on the existing floors, walls and surparting crane girder
were considered. The crane girder was evaluated ¢+ postulated plate
drop effects, including dynamic effects, and found %0 be adeguate.
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idaitionalily, the floor at elavation 33' nas been axamined faor a
sostulated drop of 2late #8 since it must be transported aleng the
flcor before the hoists are attached. The plata is to be transoorted
on 2 A-shaped f -ames %o preclude a flat plate drsp. Juring transport
of plate 3 on the A frames, it will %e no higher than 1 inch above
the floor. As the plate is Seing maneuvered to seat it 2nto the plate
support frame, it will be about 2 feet above the floor. Ouring

this operation, a jack will be situated under one ena to preclude

one and from falling. All of the floor supports were avaluated and
found to be adequate. As for affects on previously installed plates
below and gross wall affects during installation of plates #7

and #8, both plates 47 and #8 will have precrushed Hexcel pads

olaced on the platas below %0 absord the energy of a postulated

drop and therefore limit the force transmitted to the platas below

to an acceptable level. Additicnally, for plate 48, 4" X 4" wood
planks will be stacked vertically on the plates below ind held

oy quide plates so that the maximum distance plate #8 can fall

during installation is 4", The wall was evaluatad for this postulatad
drop and found to be adequate. Additionally, capacities of numerous
elements that are subject to a postulated plate drop have been
fnvestigated and found to be adequate. [n addressing possible

plate drops, the liceniee 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 %o De used during the installation of plate 3 has been

Sased on the assumption that the various safety precautions will

be adequate'v implemented and that the shutdown for plate 3 install-
atfon will no. result in an expeditious scheudle that could induce
carelessness in piave nandling.

The staff concludes that should a drop of plate #8 occur while it

s being lowered into place along the wall behind the quide plates

Or a drop occur on a corner or edge as the plate fs being transported
along the Turdbine Building operating floor to the wall, the effects
would not create safety hazard.* The resisting mechanisms to falls
af these types have been examined and shown to be adequate. Re-
jarding plate #7, it too will have a Hexcel pad energy absorbing

¥ das not been analyzed “or the simultaneous cccurrence of impact and g2arthquake
loaas.
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system installed in the slot between the Control ar‘ Turbine
3uildings. The loads induced by a drop of plate #7 have been
calculated and found to be less than those for plate #8 thus making
plate #8 the more critical. Therefore, a drop of plate #7 will

ce adequately resisted and not create a safety hazard. The above
is contingent upon the following concarns being resolved resclved
before plate installation: (1) nossible "kicking out” of the

jack from Seneath the edge of plate 8 as the plate is being liftad
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 8uilding operating floor will preclude a flat plate
drop. [n addition, the staff will require that: (1) the concrete
hehind nlates #1-6 reach design strength before plates #7 and

#3 are installed “ecause the resisting mechanisms to a drop of

#7 or #3 rely on concrete strength, (2) the bolts in plates below
#7 as #7 is being installed and below #8 as #8 is being installed
be tightened to the value needed to produce the friction force
relied upen in resisting a drop of plate #7 or #8, and (3) should

a drop of 27 or #8 occur, plates #1-8 be removed, the wall examined
by an NRC inspector for possible damage and, 17 necessary, repaired.

Excavations

OQuring excav:~‘on, as stated, no explosives will be used. The
location of underground lines have been identified and hand tools
will be used when excavating in proxiui®y to those and to existing
facilities to insure that they are not damaged. The staff concludes
that these measures wi!l give reascnable assurance that nc damage
will be done to existing facilities and underground lines from
excavation work.

Removal of Parts of Existing Structures

Ouring the installation of the new shear walls, holes will de
drilled into existing structural elements so that the units may

be tied together. [t 1s also neceassary to drill through-holes

in walls in some locations. Checking of as-built drawings and

use of metal detectors to locata the existing redars will minimize
damage o them. [n response to NRC Question #1 (10/2/79), it

has bSeen shown that a drill gperator can detect hitting a repar

s0 that drilling car e stopped and minimal damage inflictad on

the rabar. PGE concludes that such damage will have inconsequential
affects on the wall capacity even considering hitting mltiple



repars. [t is concluded by °G. that the reduction in wall area

due to the dalt holes is less than 4% in the horizontal nlane,

% in the vertical plane and 5% in any diagonal 2lane and these
reductions in shear areas have bdeen considered in evaluating shear
capacities of the existing walls. The staff believes that due
precaution is being taken Dy the Licensee tc locate rebars bdefore
drilling commences and that snould striking the rebar by the drill
occur, no significant degradation %o the Complex will occur.
°GE has demonstrated that the maximum indentation that will accur
in a recar should it be struck by a drill will be aocut 1/8" (Response
to NRC Question 1 of 10/2/79 submittal). I[f one bar is struck,
Tocation of the other bars can be bettsr established and resuylt
in a Tower likelihood of other bars being struck. The staff believes
that the amount of natarial removed from the wall is small and
will not significantly degrade the Complex. Additionally, this
removal has been accounted for in evalyating capacities.

Face masonry, and in some instances, core concrete will bHe removed
at various columns 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 5.2.2.1, the steel columns will be exposed
only after certain modifications have been instailed. The Licansee
states this will resylt in the capacity of the shear walls in

the Complex to remainina above the capacity required %0 resist

the .25g SSE using the seismic oriceria in PGE-1020.

For the currently proposed work sequence, it is possible to expose
columns N-41, N-46, R-41, R-46, N'-41, N'-46 simultaneously zelow
elevation 65'. The licensee has indicated that no credit was
taken for the steel columns or masonry reinfaorcing at wall panel
vertical boundaries when calculating the flexural canacity of

the walls. This is true but both single and double curvature
modes of flexure must st'i] de accounted for when calculating
flexural capacity of paiels adjacent to these columns. As is
currently prmoosed above elevation 33', no columns will be exposed
umtil the new N' wall is installed and the concrete has reached
design strength. [t will then be possible to expose columns R-41,
R-46, N-41, N-46 simuitanecusly since work on column lines R and

N is scheduled to proceed concurrently. Expesing the columns
affects the ability of a wall to resist a single curvature flexure
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mode of failure. I[n calculating the capacity %o resist this mode
of failure, reliance is placed on the shear-friction concant which
utilizes rebars anchored in concret2 and crossing a crack .'ane
with the concreta in contact. [f the column is expcsad, the shear
friction concept no longer hoids. Additionally, at N-41 and R-41,
exposing the columns would affect shear transfer around the corners.
R-41 and 2-46 wil! be exposed above elevation 53' o elevation

77' only after the the concrete wall 2long 2 has been installed

to elevation 65'., At this point, the concrete in this wall will

5e at design strength Selew £1. S3'3" but need not Se at design
strength between £1. 33'-3" and £1. 65' (the wall is to be erected
in two pours). Columns N-41, N-46 will be exposed atave E1. 65'

to E1. 77" only after the new N line wall is installed to eleva-
tion 65'; however, it %00 need not be at design strengch. The N
wall would then be poured to £1. 77' and columns between £1., 77'-33'
exposaed although the wall deneath need not be at design strength.
This process would be followed %o rocf level. The licensee believes
that the vertical shear at these locaticns would be reduced suffi-
ciently due to the completion of the N' wall and the new concrete
in the new R wall or N wall being placad %o elevation 55', although
still below design strength. [t is unclear to the staff how

this vertical and horizontal shear will be sufficiently reduced
along the columns above E£1. 635 given that the concrete in the new

N wall delow Z1. 63" and the R wall between £1.59'-3"-55"' need

not have attained design strength. We believe that walls below

the level where the columns are %o be exposed in R ar N should
achieve design strength before the columns are exposed. The number
of columns above Z1. 53' that can be exposed simultaneocusly on

both R and N walls must still pe determined. Also, 2anels adjacent
to columns below £1.65 must have been evaluated for both single

and double curvature flexure. Capacity criteria are considered

in Sectioi S of this SER.

The licensee has considered temporary additional lscads on the
structure (such as form work, resteel, newly poured concrete,

etc.) during construction a: discussed in response to NRC Questions
3 of 9/6/79 and determined that the load will not be sufficient

to significantly degrade the structure. The staff believes that
the Complex will remain seismically qualified with the temparary
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additicnal loads on the structure Lacause thesa 10aas shouid be
small relative tQ the weight of the structure.

The licensae has alsoc considered the removal o7 parts of the axisting
structure. Portions of wall are deing removed aleng column R,

north of 46 and along 46 near Q. Portions of 3 steel beam along

N near £1. 77' must be axposed. The staff beliaves that the Complex
will remain seismically qualified due %o :these removals, because

the wall portions Seing remgved are from non-shear walls and Secause
no credit was taken for the concrete along tfe Seam in the evaluation
of the existing Complex.

CA/QC Requirements

°GE will be responsible for the administra-ion and contrel of the
total quality assurance program and nas delegatad to 3echtel the
responsibility for quality assurance of engineering, procurement,
and construction activities. The modification work is being
performed in accordance with previously RC approved Quality
Assurance/Quality Control procedures.

The plates to be installed on the west wall of the Control 8uilding
will be fabricated per ASTM Standard A-26-77 and welded together
per AWS Stancard 01.1. Completed welds will 2e ncn-destructively
tested by the magnetic particle method.

Equipment Cualification Ouri. 71 Modification Work

The proposed modifications to the Cortrol/Auxiliary/Fuel 3uilding
Comlex wiil result in a slight freguency increase in floor response.
PGE has committed that equipment, components, and piping required for
safa shutdown, ECCS, or to mitigate the consequences of accidents
which could result in 10 CFR 100 releases will remain seismically
qualified 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 medification necessi-
tating the change is made. The floor response spectra for the
modified Complex have been submitad by PGE and are discussed in
Section 5 of this Safety Evaluation Report. The seismic accaptance
¢riteria 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 moaifiea
complax will Se avaluataa o detarmine wnether there will 2e an
increase in 1nading. [f an increase occurs, the new load wil!l

be evaluated against allowables and if an overstress accurs, the
eleament will bSe strengthened.

Safety-related oiping will 2e analyzed using the response spectra
for the modified complex S0 assure adegquate restraint. Additional
restraints will be installed as required.

Also, electrical equipment, cable trays and cortrol equipment
will be reviewed and modified as needed o insure seismic quali-
fication under the final response spectra for the modified complex.

In view of the fact that the systems described above are seismically
qualified for interim operaticn of the as-built Control 3uilding

Complex SSE response spectra and «ill remain so during the modification
work and that they will be seismically qualified for the SSE response
spectra for the modified Complex prior to commencement of any work
affecting the response spectra, it follows that the safety systems des-
cribed above will be seismically qualified while modifications to the
Complex are being performed. This conclusion is contingent upon the
completion of the review of safety-related equipment and instrumentation
as discussed in PGE's 7/6/77 response tc NRC Question #29.

Compliance with Technical Specifications DJuring Modification Work

Prior to undertak ing any particular phase of the modification

woiv Bechtel will prepare detailed work plans for the work %o

Se 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
procadures. [f 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
De adequate %0 provide assurance that no Technical Spesification
viclations related %o the modification work will accur while the
modifications are in progress. The Technical Specifications are
only peripherally related %o the modification work, :nasmuch as
the Technical Specifications primarily involve equipment aperability,
operating limits, etc., whereas the modification work primarily
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involves the construction of new snear walls and therefore has
little direct bearing on equipment and operating limitations.
Therefore the on-site QA staff review for Technicai Specificaticn
compliance during the modification work should be straijnt-forward.

The NRC staff has conducted 3 review of the Trojan Technical
Specifications as they relate %o the modification work. There

are sevaral activities %o be performed which relate %o Technical
Specification requirements--fire protection, fire Darrier integrity,
and control room ventilation.

With respect %o fire protaction, it is possible that some fire hose
stations may have to be temporarily disabled during the modification
work. In this event, Technical Specification 3.7.3.3 requires

that another equivalent-capacity fire nose be routad to the unprotected
area. ‘

The mudification work will also invelve the drilling of holes through
walls and removal of portions of walls whi'n sarve as fire barriers.
When this is done, Technical Specification 3.7.9 requires compensatory
action. [f the fire barrier protects areas with a compustible loading
of more than one 1b./33. ft. of equivalent wood, a continuous fire
watch must be posted; or a fire detector installed, 2 tamporary

fire barrier (1 hr. rating) erected, and a fire watch patrol
established.

[f the fire barrier protects ‘ress with a combustible loading

of less than or equal %0 one 1b./sq. ft. of equivalent wood, a fira
watch patrol to inspect the are2 at least once per hour must be
established and efther a fire detector or 3 tamporary fire barrier
(1 hr. rating) must be installed.

The modification work will also involve the drilling of holes in the
Control Rcom east and west walls. This could affect the ability of
the control room emergercy ventilaticn system to maintain a positive
pressure in the Control 0cm under emergency conditions (chlorine

gas rejease or radfation) and thereby affect Control Room habitability.
Technical Specification 4.7.5.1.4.] requires that the apility of the
Control Room emergency ventilation system %o maintain at least 1/8"
water column (W.C.) be demonstrated >t least once every 13 months.

The Technical Specifications also do not allow the licensee to alter

3 system such that a test would be unsuczessful should it fall due.
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The licensee is aware of these requirements, and will contral

the hole drilling activity such that only cne 3 nole will 2e

open at one tima. Further, the hole will be plugged with a3 preformed
*ireprocf plug immediately after the hole is drilled. Also, during
the installation of plate 3, each hole will be unplugged cne at

a time and a seal instailed ‘mmediately following tne installation

of each bolt to preserve the leakage intagrity of the wall. The
preformed plugs will be tapered ind inserted from the intarior

s0 that any positive oressure in the Control R00m would %and %o

seat the plug ana thereby form a tighter seal.

8ased on the above, we conclude that the ability to maintain a
pesitive pressure in the Contrcl oom will De preserved during
the modification work.

8ased on discussions with the licensee and 3 review of responses
to staff questions, it is clear that the licensee is aware of

the Technical Specification requirements regarding fire barriers
and Control Room emergency ventilation, and is providing neasures
to assure that these requirements are met. The Technical Speci-
fication regarding fire hose stations has not been previcusly
discussed since whether or not a2 fire hose station need be disabled
will depend on detailed work plans yet to be developed. Also,
there may bDe 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 adegquate
administrative means to assure compliance with all Technical
Specification requirements during the modification work. The
licensee has not identified any Tecnnical 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 reascnable assurance that Technical
Specifications will be adhered to during the modification work.
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tvaluaticn of the Modified Complex and the Acdeguacy Thereaf

As discussed in Section 3.2.1.1 of this SER, entitled, “Input Ciiteria,”
the evaluation of the modified Complex is bSeing performed with sai.mic
input criteria which are basically in accordance with that specifi-~d

in the Trojan FSAR Section 3.7.1, as referenced by Technical Specification
S.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 ar._juate
basis for the determination of the adequacy of the modified Complex.

As discussed in Section 3.2.2.1.3, it is the seismic 1cad combinations
which govern for the determinations as to the adequacy of the proposed
modifications to the Complex.

Section 3.2.71.3 of this SER, entitled, "Seismic Systam Analysis," discusses
the conformance of the seismic analysis of the modified Complex %o the
criteria delineated in Section 3.7.2 of the Trojan FSAR, as referenced

5y Technical Specification 3.7.1. Those Sections of this SER which
re.erred to this Secticn for further discussion regarding the acccatability
of the analysis of the modified Complex were:

(1) 3.2.1.2.7 reyarding thé 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 t e 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 reqarding the acceptability of the resistance of the
modified Complex to earthquake induced overturning moments.

(§) 3.7.1.2.18 regarding adequacy of the considerations of the affects
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
Complex and the induced frequency shifts in the derived floor response
spectra.



« 82 -

Sectirn 3.,2.2.1 of this SER addresses the design dases for the modified
Compliex. A4s’stated in that Section, this SER Section will discuss %he
details aud acceptability of the design basas for the mocdified Complex
axcluding subsection 3.2.2.1.7 - Structural Precperational Testing, which
has been covered sufficiently in Section 3.

Analytical Mode!

The mathematical mode! of the modified Complex is a linear alastic 3-2
finite element model. The specific details of this model are discussed
in PGE-1020 and the associated PGE submittals. While this model gives

in accurate representation of stiffness and mass distributions for the
modified Complex, the implicit assumpticons of linear elastic behawior

and total connectivity between the boundaries of the adjacent alements
preclude the analyses using this mode! from accounting for the potential
nonlinear Sehavior of the structure directly. The qoniinear structural
resgonse fs due %o the design deficiencies in the Complex necessitating
the cevelopment of design criteria for the in-situ walls through testing.
The testing which was done indicates certain degrees of nonlinear dehavior.
However, it was not extensive enough to ascartain the behavior of the
modified Comlex. [t is necessary for the analytical mode! %o accurately
capture the behavior wnich 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.

[n an attempt to account for the stiffnesses which would be axhibited
by the walls in the modified Complex, the stiffnesses of the individual
alements were modified per the criteria presented in PGE-1020 and the
associated PGE submittals. The adequacy of =hese is discussad later.

The acceptability of the techniques for performing the response spacirum
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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Adegquacy of Assumed Stiffnesses

The assumed stiffnesses ar2 derived from the shear wall test program
which is described in Appendix A of PGE-1020. The elastically cal-
culatad stiffnesses are reduced by a sti¥fness reduction facter

using the methods as described in P3E-1020 and the associated PGE
submittals. As stated therein, the stiffness reduction factors

for the in-situ walls are a3 function of the amount of steel rein-
forcement present in the wall, the shear stiress and 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 subsecticn

of this SER). The stiffness reduction factors are derived from
comparisons of the secant modul!ii of the test specimens tc %he initial
elastic modulus considering the above variables. These factors

are then aoplied to the elastic moaulii of the elements representing
in-situ walls. The 2lastic modulii of the in-situ walls, which

are a function of the strengths of the masonry and concrete, are
determined on the 2asis of the as-built material properties, rather
than design values for these properties. This provides 2 more repre-
sentative estimate of structural response.

5.1.1.1 Adeguacy of the Assumed Wall Reinforcement Ratios for Stiffness
5¢r1vat!ons

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 im the 12/17/79
PGE response to the 10/2/79 NRC question 3, the 7/6/79 PGE response

to question 45 and the 7/10/79 PGE response %0 question 46. These
resnonses and Appendix 8 of PGE-1020 describe how the columns in

the test specimen were considered in deriving the stiffness degradation
factors 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
from 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
fnformation presented 3y °GE validataes the approach for the consideration
of the ancased frame for the in-situ walls. The method used o account
for the encased frame has implicit in it:

(1) That the individual wall panels will behave in single curvature.
{f the individual wall panels behaved in doublie curvature,
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wnich is one of the cases assumed for capacity detarminration,
this contribution would not e developed.

That the slip that will develsp in the heamecoiumn connection

will be sufficient %o develop twice the AISC allowable capacity.

The first assumption has not been substantiated since the mode

of bdehavior of the walls in the modified Complex has not teen
defined. However, it may e single curvature, doubla curvature,

or somewhere in between. The %2sting orogram was act extansive
anocugh %o better define the behavior J. the walls in this regard.

[f behavior is not quantifiable, then behavior for all reasonably
postulated modes of behavior must be avaluated and found acceptabdbie.

The second assumption seems %0 be fnvalidated by the 12/22/79 PGe
response to MRC question 5 of 10/2/79 and the 2/13/80 PGE submittal.
The 2/13/30 submittal indicaces that slip at the connections is
about .01" or less, assuming even single curvature. The 12/22/79

PGE rasponse indicates that at this level of slip, only the frictional

connection resistance is mobilized which is not cbvious 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 ultimata capacities which are

less than this value of 2.

The above factors must be resolved in order %o substantiate that
the effect of the ancased frame is appropriately considered.

Adequacy of Assumed Shear Stresses for Stiffness Derivatians

3iven known norma! forces and reinforcement ratiaos for the system
of walls modeled ‘n STARDYNE for the modified Complex, :he ch:;en
procedure for fterating using the STARDYNE model as described -
Section 2.2.1.3 of Appendix 3 to PGE-1020 o determine the fina,
shear stresses and corresponding stiffnesses for the various walls
is appropriate, using the relationships develcped from the test
data for stiffness reduction fictors as a function of shear stress,
normal stress and reinforcement ratio. However, as discussed in
Section 3.1.1.1 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
parametar, must De appropriately considered.
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Adequacy af issumed ‘orma! Forces for Stiffness Detarmminations

The stiffnesses are proporticnal tc 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 2arthquake due

£0 grass overturning.

The dead load issumed to be icting on the walls was the direct

dead l'oad as uiscussed in PGE-1020 and the associated PGE submttals.
However, the encased stee! frame will carry a3 portion of this dead
lcad. The amount of dead Toad which is carried by the frame is
influenced by the construction sequence of the walls, and the 2nsuing
creep and shrinkage of the walls. [n the 3/5/79 PGE responsa %0

NRC question 27, an analysis was submitted demonstrating that for

the conditions assumed in that example, 3 reducticn in dead lcad

of 10% due to creep and shrinkage was predicted. Arcuments Jresented
in PGE-1020 and the 12/22/79 PGE response to the 10/2/79 NRC guestion
23 indicate that this would be compensated for Dy an increase in

dead load on the walls during an earthquake. However, this does

not seem viable considering the encased nature of the steel framing
and is therefore inappropriate. [n fact, if the stiffness of the
walls were to degrade, the opposite effect would tend %o 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 Cumplex. This is due to the dapendencea

of this percentage on column size, beam size, wall dimensions, wall
matarial properties, and level of dead load stress. [n additisn,

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 2y PGE in their determinations. This would further increase
the percentage of the direct dead Toad Seing 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 7ot been addressed. The strain due to this affect would be

about 30(.00055)(.01)=275 u in/in (aven neglecting the biaxial nature
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of this affect in the wall), which is even more significant than
the shrinkage strain of 140 y in/in. Even consideration of a 25°F
mean wall temperature drop would result in strains greater than
those considered for shrinkage. [ncreasing the stiffness of the
beam would cause additional lcad to be transferred into the frame.
The method presented in the PGE September respcnse (i.e., using
the methodoloqy for a beam on an elastic foundaticn) seems %o be
reasonable in light of the in-situ conditions of frame encasement
and continuity of reinforcement past the Seam. However, the appro-
priate conditions for each of the in-situ wall panels must be con-
sidered.

[n an attempt to account for shrinkage strain twice that initially
assumed in their 2/13/80 response, PGE prasented an analysis

using a different approach than the one descrided above. Cifferent
beams were considered also. This analysis concluded that a dead
load reduction of 30% was possible. However, 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 compared

to the method considering a beam on an elastic foundation. The
tacle presented below shows the differencas bDetween the two methods.
A percentage greater than 100% would imply 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 aeffects of the vertical ea:rthquake component have been considered
t0 reduce the direct dead Toad 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
of 0.15g. Applying this anplification factor to the SSE would resuit
in a dead load reduction of 1.3 (2/3 (.25))100=22%. [f the actual
amplification factor of 1.16 is considered, this percentage of dead
Toad reduction becomes 19%. This would result in 2 further reduction
in dead load under the SSE condition of (1-(1-.19)/(1-.,13))=7% beyond
that considered for the 0BE. This further adds to uncertainty but
should not be important if all aother factors were adequately considered
in a reasonably conservative manner.

The gross bending moments due %0 an garthquake would cause a shift of
ncrmal forgce present on the wall from side to side in the Complex,
with stiffnesses of walls increasing with increasing norma! forces
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TABLE: Comparison of Dead Load Reductions

“ethod 1 - 3eam on Elastic Foundation
Method 2 - 3eam on Rigid Founsation ["Strength of “aterials” [[ - Timoshenko
Ch [I1 #6)

CREEP AND SHRIMKAGE:

:: s -36 .6 u

in all cases, restrained shrinkage strain cver 40 yrs = 140 x 12 7n

% load transferred from
w211 %0 columns

“Yethed | Method 2

CASE 1

#cd x 58 beam * wall = 26"

span = 19.25' W14 x 142 col. (18.6%)

sigma 2 = 100 psi 14.5%* 13%°
CASE 2

Wed x 58 beam t wall = 25"

span = 13.25' W14 x 142 col. (32.5%)

sigma n = 50 pst 27.9%* 25%*
CASE 3

W3 x 58 dbeam t wall = 35"

span = 31' W14 x 142 col. (73%)

signa n = 10 psi ne* A 2l
CASE & '

"B x 280 beam t wall = 28"

span = 30' W14 x 142 col. (13.7%

sigma n = 100 psi 10.3%* -
CASE S

wab x 280 beam t wall = 28"

span = 30' W14 x 142 col. (24%)

sigma n = 50 psi 20.6%* .-
CASE 6

wab x 280 beam ¢t wall = 28"

span = 30° W14 x 142 col. (106.5%)

sigma n = 10 psi 103.2%* -

* indicates due %o shrinkage only
() indicates cdue to creep and snrinkage

Licensee proposes using 0% total for creep and shrinkage under Methed #2.
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ind vice versa. The stiffnesses are ncnlinear functions of the
normal stress. The 2/13/80 PGE submiztal addressed this affect in

2 simplified manner. This affect was estimated %0 recuce the averall
stiffness of the Complex by about 18%. Adgitionally, it must bde
substantiated that any tensions induced in the walls are not detri-
mental to the stiffness of =he panel over a number of cycles since
a1l specimens tested in the test program had only compression

induced in them.

Single Vs. Double Curvature Z2enavior

The test program was not sufficient tc establish the behavior of

an ensemblage of shear walls. Only single shear jiers wer: tested,
with double curvature behavior being investigated for most specimens.
Jse of stiffness degradation factors if adequately derived from the
test specimen in the STARDYNE mode! seems reasonable if the connect-
fvity Detween the elements assumed in the analysis was maintained

in reality. However, the precise mode of failure has not been
established. [n order to preclude 2 single curvature failure of

the elements of the structure, shear friction mechanisms are relied
upon for resistance. For these mechanisms %o be invoked, relative
slippage must take place between elements. These required relative
displacements must be shown to be compatible with the overall displace-
ment dehavior of the Complex. [t has not been demonstrated that
this slippage will or will not cccur. [n other words, the slippage
may or may not take place. Therefore, both cases must be considered
ds a possible mode of behavior. [n the 2/13/80 PGE submittal, it
was estimated that an additional 30% increase beyond the calculated
STARDYNE displacements is necessary %o invok2 this mechanism under
the calculated earthquake forces. This would indicate a reduction
in stiffness of (1-1/1.3)#23%. [n addition, if temperature (where
present) and shrinkage effects were adequately descrided by the
mode! for dead load reduction presented by 2GE in this response,
then such effects would have to be cvercome 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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Acequacy of Strucsural Responses - Forzes and Jisplacements

The parametars which influence the resultant forces and displace-
mernts determined from the analytical model wer2 discussed in
Section 3.1 of this SER. The variations in parametars discussed
therein must be adequately accounted for in order to assure that
the new and existing 2laments have deen evaluated and designed for
the forces and displacements whicn could potentially occur,
accounting for the uncertainties in the behavior of the modified
Complex. The adequacy %0 resist these must be determined.

§.2.1 Capacities of New Structural :Zlements

The allowable stresses (loads) for the new structural alements
are being determined per the criteria discussed in PGE-"J20

and assoctated submittals. The use of thesa acceptance criteria
in the referenced FSAR load combinations would be acceptable,

if it can be substantiated that forces wer2 determined consider-
ing the previously discussed variabilities. Additionally, the
2/13/80 PGE submittal indicates that their analyses %o date show
that stiffnesses will decrease (causing increased displacements)
due to overturming moments and single curvature behavior, yet
did not demonstrate that the new structural elements (walls and
plates) were capable of withstanding %hese effects. No slippage
has been accounted for in the model. [t must be considered since
it cannot be precluded.

Coefficient of Friction 3etween Steel and Concrete

The licensee propeses using a coefficiant of friction (u) of 0.7
Detween steel and concrete wnen calculating frictional resistance.
The frictional resistance is relied upon to transmit seismic forces
into the steel plate and to resist sliding 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 ue=.7 requires further justification.

[n the ACI 318-77 code, u=.7 ‘s suggested for use in calculating shear
friction of steel tc concrete using the shear friction method

which utilizes dowels attached to the steel and embedded in the
concrete crossing the crack perpendicular to the crack plane.

Per ACI 318-77 commentary, the applied shear is resisted by friction,
shearing off of protrusions on the faces, and dowel action af bars
crossing the crack plane. Stated in the ACI 313-77 commentary,
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in the shear friction method of caiculation, it is assumed that
all the shear resistance is cue %0 friction detween the crack
faces. [t is therefore necessary to use artifically high values

of the coefficient of friction u in the shear friction aquation

in order that the calculated shear strengths shall be in reascnably
close agresement with test results.” This indicatas %hat the coce
believes 0.7 is high to account for friction alone. The referenced
paper Dy Mattock has shear studs crossing the plane so that value
obtained is also not or friction alone. Since the plates at
Trejan are assumed not to slip, the other mechanisms employed

Dy the code to obtain an equivalent u cannct be amployed. OJowel
action would only be valid after slip has occurred. [n a paper

by the Portland Cement Asscciation”, tests were performed %o obtain
u for steel-grout and steel-concrete interfaces with no steel

tuds or bars crossing the crack plane. Compression forces were
applied axternally. [t was found %hat for the concreta-steel

face, oeak u with dry faces and normal stress aqual t¢ 50 psi
was .69, For the same arrangement bHut with wet faces, peak u
was .63, approximately 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 immediately 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 stresses at Trojan are high,
0.7 requires further justification. [t 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 Tine wall where concrete is placed against hardened concrete
(concrete block in this case) and ACl r~ecommends u=1. This problem
uo#%d be alleviated by the installation of shear keys in the existing
"‘ -

Capacities of Existing Structural tlements

For the existing elements in the modified Complex, excluding the
composite and masonry shear walls encasing the steel frame,
PGE-1020 Sectfon 3.2.2 indicates that the codes, standards,
guides and specifications remain as described in the F3AR.

v iapbat, S. 3., Aussell, H. G., “Tests to Evaluate the Coefficient of Static
“riction 3etween Steel and Concrete,” Construction Technologies Laboratories,
Oivision of the Portland Cement Association, Fepruary 1979.
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One of "he requirements when the modifications were orzered was
that the axisting shear walls be drought back inta conformance
with the Uniform 3uilding Code - 1367 version, as referenced in
the Trojan Operating License. To accomplish this, PGE concucted
3 testing program to detarmine the strengths of the in-situ
walls, considering the ancasement of the stee! frame. The short-
comings of this testing program wer2 mentioned previously. An
additional shortceming was that the specimens with embedded
columns were embedded so that their full yield strength could be
developed instead of imposing 'imitations on their strength to
represent the in-situ bSeam-columns connections. Sections 106

and 107 of the UBC-1967 provide for testing as an alternative

to substantiate Code requirements. Testing is aporcoriate.
However, it must be sufficiant %0 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 additicnal testing. As discussed in Section
3.1 of this SER, it has not been determined that the uncertainties
in the analyses have been sufficiantly addressed. The effacts of
these uncartainties on rebar strain must also be considered and
the impacts on those already reported assessed.

5.2.2.1 Capacity Determinations

For the walls in the modified Complex, three aistinct failure modes
are possible, namely:

(a) flexura failure
(b) sliding failure
(¢) dtiagonal tension (shear) failyre

Each of these mechanisms must be investigated for its resistance
capacity, with the mode with the lowest capacity being the contrelling
capacity. Additionally, as discussed later, the consicderation of

the individual wall panels for capacity determination is considered
appropriate. Each panel must be able to develop its required resistance
in order for capacities to be consistent with the mass and stiffness
distributions assumed in the analytical model. £ach element should

be capable of carrying the forces calculated and reiied upen to

Se withstood, namely shear, tension and moment. [t is not obvious
:ha;réhfs is met for each panel in the Tomplex and that must be verified
by PGE.



Flexural Failure

The vertical cracking at the column lines which is cbserved in the
as-built structure indicates that examining 2 single segment of the
w#all bounded 3y *wo adjacent columns and two adjacent floor levels

fs a reasonable mode! for estimating the flexural capacity of the
wall systam. The procedure for considering only continucus vertical
reinforcing steel in the calculation of flexural capacity when doubie
curvature behavior is assumed, and of considering the contribution
from continucus vertical steel, any horizontal steel continuous

past the columns, and the 2ncased Seam-column connection in the
calculation of flexural capacity when single curvature behavior

is assumed is reascnable. The lower f the capacities from either

of these assumptions should Se taken as controlling. However,

the dead weight contribution must consider all the variabpilities

in normal stress as discussad in Section 3.1 of this SER. The adeguacy
of the PGE ccnsideration of the dead load has not been established.
Therefore, the consideration of the effects of overturning moments,
as discussed in the PGE 2/13/80 submittal, cannot be detarmined

to be adequate.

The single curvature mode ¢f behavicr requires substantiation that
the displacements required to develop the necessary resistance
mechanisms along element interfaces are compatible with the overall
behavior of the structure. This was addressed in the 2/13/30 PGE
submittal. An estimate was made of the increased displacements
required %o develop the resistance mechanisms considering single
curvature behavior of the Complex. The comparison of vertical shears
along the column lines for the present mode! of the Complex for

the factored 0BE to the capacities ind‘cates that the capacities

at elevation 33' on wail R and down to elevation 61' along column
Tine 46 on wall N are exceeded. The acceptability of these has

not been substantiated. Additicnally, these comparisons did not
consider that the vertical shear resistance would de reduced scmewhat
if a capacity reduction factor of .9 was considered to reduce the
column connection contribution. The basis for this reduction is

that the bending capacity of the overall Comiex is being avaluated
and the Complex can be considered essentially in the same manner

as a reinforced concreta beam for which 2 ciracity reducticon factor
of 0.9 is appropriate per the AC! and UBC Ccdes.
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dorizontal shear capacities were investigated zer the method presented
in the ?GE 7/5/79 response %0 question 43. 2rgviced that the

in-situ conditions where cpenings are encountered were properly
considered, this response indicates that there {s adequate capacity

to resist the factored 08E.

Dead load was found =0 contribute only 5% or l1ass %0 the cverall
shear capacity for this mode of behavior. However, it is necessary
to ensure that this affact does not adversely impact individual
wall panel capacities.

Sliding Failure

As indicated by the test data, sufficient resistance to sliding must
be developed such that the wall is aple %o develop required shear
resistance. The resistance %o sliding ‘s developed by the vertical
reinforcement in the wall, the normal stress acting on the wall and
any columns which are fully embedded in the wall. [t is reascnable
to assumed that for vertical reinforcament empedded in the core

and the grout a shear friction coefficient of 1.4 will develop if it
is constructed such that any joints can be considered to be cast
monolithically. This would not be i~propriate for any walls where dry-
pack was used at the tcp. The effact 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
monalithically. The mortared area cannot be relied upon for this
same resistance contribution due to its lack of aggregate. (This

fs also the basis for the inappropriateness of 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 Zerm where 2 large
contribution to this term was coming from the applied normal force.
Alsa, specimen 01 (no core concrete) failed delow this value for

a Tower value of this term which is felt %o be due to the higher
ratio of mortar area to grout area (which is assumed to be equivalent
t0 core concrete) than for the composite specimen. Work by Hatzinikolas
also indicatas that the shear friction coefficient for mortar

is Tess than 1.4, the lower bound of his test data being .7S.
Therefore, the relationship 1.4 (gfy+N)sV as proposed by PGE %o
consider this effect is not considered appropriate. An appropriate
relationsnip must Se develcped and its impact must be shown %o
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not adversely impact the walls. This must also consider the appropriite

applied normal force considering the Jossidle vartations discussed
arevicusly. The caonsideration of columns which are fully embedded
in a wall panel 3y the method presantad by °GL is appropriate;
however, it should be lockad at on a2 panel-dy-panel Hasis.

Jiagonal Tension (Shear) Failure

Given that the flexural and s1iding nodes of failure are preventad,
the limtation of the shear stress on a double bleck pane! ar pier

to 150 psi, and orn 3 composite panel or pier to 300 ;si, is reascnable
since the reinforcament ratios in the fn-situ walls are greater than
or equal %o those in the A, 8 and 0 specimens.

Adequacy of Considered Displacements

The elastic displacements calculated from the STARDYNE mode! may
Se increased due to:

) degradation of the stiffness of the walls,

) develooment of shear friction along the column lines if this
mechanism were invoked,

(¢) the effects of gross overturning moments,

(d) the development of the fricticnal resistance to sliding of

the wall panels.

(a
(b

Althoush (2) and (d) above were considered in the analytical mode!
Dy deriving the stiffnesses for the various wall elements in the
analytical medel, they are subject %o the items discussed in Section
S.1 of this SER.

[n the 2/13/80 PGE submittal, the effects of item (b) an resulting
displacements of the current analytical model were addressed;
however ttem (c) was not.

Adequacy of the Derivation of Floor Response Spectra

Concarns over the adequacy of the parametars influencing the stiffness
incorporated into the analytical medel nhave been addressed in

Section 5.1 of this SER. Therefore, the calculated center frequencies
of the floor respunse spectra for the mocified Complex cannot de
determined. The variation in these frequencies of -10% s discussed
in Appendix 8 to °GE-1020 seems reascnable, given the items

iddressed. (The adequacy of the additional 20% reduction in frequency
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%0 accoumt for the assumed cccurrence of 5 08E's of J.15 g s
discussed 11 a latar subsection of this SER.) However, as discussed
elsewhere in Section 3, additional uncertainties axist. [n the
2/13/30 PGE submittal, estimates are made of additicna! 2otential
frequency shifts due %0 gross bending and the development of shear
friction to resist gross Sending of the Compiex. [t was estimated
fn this responsa that *Y“ese could cause an additional 16.5% freguency
reduction but proposed that these would be covered by the 20%
2ssured for cycliic effects. This is not acceptable to account

for these effects since stif¥fness degrades as a function of the
logarithm of the numper of cycles. Figure 211 of the 12/21/79

PGE response %0 MRC question 21 of 10/2/79 indicates that the
majority of the cyclic degradation takes place within the firse

10 full cycles of stress.

Creen 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=8 1in/in for the existing composite walls when calculating
the aistribution of wall dead load %o the embedded stee! 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 106 in/in is used. 280 x 10-6 in/in is used for wall shrinkage
when calculating dead Toad distridbution. The creep coefficient

(Ct) used in the new and existing walls is .36 for dead load distri-
Sution effects and 1.6 for bolt losses. The shrinkage values

4iffar decause they apply %o different c.rcumstances and the licensee
has used different margins depending on the circumstances. After
discussing with the staff the resistance suppliied by the dlack

in obtaining restrained shrinkage, the licensae ncw 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 axcaption listed seiow. An important
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2arameter used in calculating unrestrained shrinkage values is
the ultimate shrinkage value which 1s a function of various
Jarameters such as aggregate type, volumetric contant of the
aggregate and water-cement ratio. [f nothing {3 known about the
concrete, the AC! suggested value is 300 x 10-6 in/in. [n calcu-
lating the ultimate unrestraived shrinkage, the 'icansee has used
390 x 10-6 in/in for the existing walls, which is a conservitive
value, and for the new concrate 500 x 13-8 in/in, because the
licensee proposes using 3 low-shrink iggregate. This value,
31though not conservative, is compensated for Dy the valuye the
Ticensee assumed for the minimum thickness coefficient in the
calculations. In the case of creep, the creep coefficient is
dependent upon the ultimate creep value which the licensee has
assumed to be 1.5 for Soth new and existing walls. The AC!
recommends using Cus2.35 if nothing is known about the concrete.
Even if the low shrink aggregate dces not reduce Cu %o 1.5, this
fon-conservatism would be compensated for 2ecause the licensee
has assumed 3 value twice as large as calculatad ~hen considering
belt losses. I[n the calculation of dead !oad transfer from the
wall to steel frame, changing Cu from 1.5 to the suggested value
of 2.35 has little significance when using the beam on alastic
foundation approach.

The shrinkage calculation example given for the existing wall

is for a wall 20" thick. Shrinkage will increase as wall thickness
decreases (unrestrained shrinkage for 3C* wall is about 128 x

10=6 in/in but for 24" wall is about 200 x 10-6 ia/in). This
matter needs to be addressed.

[t should be noted that the phenomena of creep and shrinkage is
highly complex and there axists wide variations in measured values.
[t becomes more complex when one considers the non-homogeniety of
the actual walls. [t becomes an important parameter due %3 the
encased steel rrame and the substantial effects of dead load.



Adequacy of the Bumpina °ast

ie have reviewed the PGZ analysis of the bumping 2¢st and 40

not feel that inelastic ceformation of the bumping post can bde
relied upon for energy 4issipation. This is basad yoon 2GE
considering that Suckling of the compression mempers occurs based
upon the actual curve astadblished by the Calumn Research Council
(CRC). (This is what is used when the factor of safety is taken
out of the AISC Code egquation). The effective Tength 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 curve in
the intermediate effactive-length range indicates that the test
specimen always failed Selow the curve in the range of the
calculated stresses. There'ore, thers s not reascnable assurance
that the member will not buckle. Furthermore, recent testing Dy
Popov indicates that strength drops off rapidly after buckling
with increased deformation in the intermediate affactive length
range such that the elasto-plastic behavior assumed in PGE's
analysis is not valid. This conclusion was reinforced in con-
versations with the manufacturer of the bumping post. [t is
concluded that once the AISC allowables are exceeded, cthe limits
of dehavior cannot be relied upon with reasonable assurance.
Given the low velocities at which a flatcar was indicated to

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 assocfated PGE submittals.

The bumping post would be Tocated about 33 feet from the normal
spatting position of the ~ailroad «ar in the railroad bay of
the Turbine Buflding. Considering the slow speed of the train,
this distance should be adequate to allow the train to stop
before impacting the post, iand provide an adequa.> allowa ce for
any moveme'rt inacciracies.

The flatcar would be in full view of the train engineer, so the
position of the car «ill be observable, and any approach to 2ither
the bumping ~ost or the end of the Turdine 3uilding railroad bay
obvious. [n addition, the rail bed fron the derailer it the
security fence to the Turbine Suilding railroad day is lTevel,
which would simplify train maneuvering.
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The accicental approach of a train %o the railroad Say from the
main track is creventad by 2 derailers located Scth cutsice and
fnside the security fenca.

Based on the above we have concluded that administrative controls
w111 2a adequate %0 prevent 2 train impacting the Sumping post or
the Contral 3uiflding west wall.
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8yilding Displacement - Effects on Squipment

For interim operation, the effects of Control 3uilding story-to-story
iisplacement and the relative displacement detween the Turbine

and Control 3yildaings and between the Control 3uilding and the
Containment were avaluated. [n that avaluation, the effects of
such ceflections due to earthquakes on safety-related cables and
piping within the Contre]l Building and between the Control 3uilaing
and the other buildings were assessed and found to be acceptable.
[nterstory displacements of 0.5" were evaluated. The differential
displacement between the Control and Turbine Building was taken

to be 2.5" at all elevaticns above grade level. The relative
displacement between the Control 3uilding and Containment Suilding
was 0.78". Cable runs were found to have adequate slack to accomr-
cdate these displacements. The review of piping systems disclosed
that one piping run between the Control and Turdine Building (service
water to the switchgear room coolers) might be affected, but that
the resultant water flow from a broken or leaking pipe weould not
cause flooding problems, and that the switchgear room could be
adequately coolad, if needed, by alternate means. Therefore,

the affacts of both interstory and relative buflding displacements
were found acceptable. [t was also found that substantially higher
displacements couia be safely accommodated. [nasmuch 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 operaticn would be a2gqually
valid following the modifications.
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3aseous wWaste System

Je nave reviewed the licensee's submittal with regard to reevaluatisn
of equipment, ccmponents and piping in the radicactive gasecus

waste system previously seismically qualified in accordance with

the FSAR. The license's position is that the waste gjas compressar,
w#aste gas surge tank, gjas collection neader axhaust filter and

decay tank piping downstream of the first isolation valve and

21ping associated with the above equipment need not be seismically
reevaluated with response spectra for the modified complex.

equlatory Guide 1.143 and 3ranch Technical 2osition STS8 111

require sefsmic design of those portions of the gaseous radisactive
waste system that are intended %o store or delay the releases of gaseous
radicactive waste. The waste gas compressor, waste gas surge

tank, gas collection header 2xhaust filter, and decay tank piping
downstream of the first isolation valve and piping associatad

with the above equipment are not designed to store or delay the

Jaseous radiocactive waste, and therefore, do not require seismic
requalification.

We find the Ticansee's submittal concerning the subject system
acceptable, and, therefors, these items do not have %o be seismically
requalified.
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2ailroad Spur After Modifications

The existing railrcad spur enters the Turdine 3uilding at the west

end of the building detween column lines &' and 46 and proceeds east
through the Turbine 3uilding, through *he Control 3uilding (entering

at ~olumn line R and exiting at column line N), paralle! %o the Auxiliary
3uilding, and into the Fuel 3uilding (entering at column line 0) where
it termnnates. The propcsed modifications involve closing of the
existing railrcad bay openings in the Control 3uilding by the addition
of walls at the existing railrcad bay openings at column lines R and

' Setween column lines 41 and 46. Consequertly, the existing railroad
sour will terminate in the Turbine 3yilding, with a rail stop installed
in that building just west of the wast wall of the Control 3uilding.
The existing track in the Contral Building raiircad bay will Je removed
and the existing railroad bay will de converted to office space.

in 3 .itional railroad spur will oe added running sutside the Control
and T. 9ine 3uildings and this spur will join the existing spur at

3 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 through the Control Suilding

as a matter of convenience and efficiency. Since it was necessary
that railroad cars enter the Turbine 3uilding (to facilitate

the movement of large pieces of equipment onto the Turbine Building
operating floor through the Turbine 3uilding railroad bay) and also
the Fuel Building (for movement of fuel casks), the most convenient
and efficient path for the railroad spur was :hrough the Turbine and
Control 3uildings and into the Fuel Building. The 45' elevation of
the Cont,~7 3uilding merely provides a path for the track between
the Turbine and Fuel 3ufldings but the capability of moving railread
cars through the Contral 3uilding is act needed for any purpose, and
in point of fact, there are no exiscing provisions (e.g., cranes)

or need for loading or unloading railroad cars in the Control 3uilding
railroad bay. Consaguently, 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
8utlding since there is no need for railroad cars %o pass through
the Control Building and since the capadbility to move railrgad cars
fnto both the Turdine Building and the Fuel 3uilding where they may
Se needed will be retained with the relocated and moaified railrgad
spurs.
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Sliding Equipment Hatch fa Control Building

Pursuant to the proposed mcdifications, an existing equicment
hatch at elevation 55' on the 2ast wall (column line M) of the
Control Building approximately midway detween column lines 4]

and 46 will be reduced in size from 3 feet high Sy 7 feet wide

t0 4 feet high by 4 feet wide. This equipment hatch was provided
'n the original design of the Control Byilding to aliow movement
of equioment into and from the Mechanical and Zlectrics! Auxiliary
2ooms at elevation §1' and the 3attery 2coms at elevatis 55°,

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 Srought into and removed
from this elevation of the Control 3uilding 2asily without the
need for disassembly of the equipment.

Althougr the equipment hatch is being reduced in size, it fis

not being el:minated and will 2111 be uyseadble for transferring

some equipment into and cut of the Control 3uilding at this alevation.
Nevertheless, after the medifications, it may Se necassary %o
disassemble some equipment to a greater degree than was previcusly
necessary 1n order to fit it through the smaller aquipment hatch

or to move equipment %o or from this area dy use of the Control
3uilding elevator or Auxiliary 3uilding access ways. while this
would be more inconvenient thin moving equipment through the
existing hatch without disassembly, we can identify no safety
significance from this. The existing hatch is not useadble for

fast, emergency transfers of equipment into and out of the Control
3uilding since the existing hatch is 20 feet above grade and

ise of the natch for transferring equipment requires special
preparation and handling procedures. Nor is the existing hatch

used for personnel access %o the Control 8uilding since the hatch

is 20 feet above grade and is closed with a steel door and a

fieavy missile shield. Consequently, the proposed reduction in

the size of the equipment hatch will have no safety significance
with regard to personne! or aquipment access to the Control 3uilding.
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(mpact of Wal! Failyres an Safety-Related Sauisment

The 5taff nas nct yet been able %o concluce that the wall zapacitias
calculated and reportad by PGE are appropriata. Until we are able

to conclude that wall capacities have Seen adequately determined,

we Delieve that capacity %o force ratios reported by the licensee

are subject to change and possidly %0 a reduction. Nevertheless,

Dased on reported capacity to force ratigs, there are two walls within
“he modified Control 3uilding, identified as walls 6 and 3, which

nave capacity <o force ratios in the event of an SSE of less than

one. As to these walls, the gquestion arises at this time as %o whether
wall degradaticn might occur during an earthquake resulting ia the
impact of cebris from the wall on safety-related equipment.

During the staff site visit of June 12 - 13, 1979 these walls were
examined to detarmine the likelthcod of safety-related equipment deing
damaged by debris falling from these walls. 3ased an this examination,
safety-related equipment was found o0 be (1) laocated sufficiently

far away from the walls that it would not be impacted by falling debris
or (2) located sufficiently high on the wall itself tmat any dedris
would either not impact the aquipment or would have such a shore
distance to fall before impact that it would not pose a potential

for damage to the equipment.
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tffects of Completed Modifications an Fire Prataction

Sach of the areas in which modification work is to be performed
was evaluated to determine if tne modifications, ance completad,
would have any cetrimental effect on fire protaction for these
areas. The completed modifications do not result in an incraasa
‘n compustible materials in any of these areas since :he only
additional material which w*l1 remain after the modifications

is etther concrete cr steel which are not compustibles.

The modifications will not result in decreased accassibility for the
fire Drigade to fignt 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 snly in the following
areas:

1. At the east wall of the Control Building, along coiumn line N,
atove elevation 53', where the equipment hatch is reduced in
size from 3' high by 7' wide to 4' high by 4' feet wice.

2. At elevation 45', column line R hetween column lines 41 and 47
where 3 concrete ~all will be erectad.

Recduction in the size of the <~ .ipment hatch will have no effect
on access for fire fighting or cvergency cperator actions since such
iccess never has Deen provided by the hatch. This opening goes
S0 the ocutside of the Control Building and is at elevation 53',
20" above grade. Moreover, the hatch is covered by a closed
teel door with a metal missile shield bolted %o the inside. The
hatch was not intanded as a fire brigade iccess 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 mears between the Turdine 8uilding and the
Comtrol 3uilding through the railrcad bay area will be blocked off.
Access to the Turbine 8uilding from the Control 3uilding through the
railroad bay fs not required since other access ways which would normally
de used fn any event are avaflable. A new access door inta the Control
3uilding from the Control 3uilding section of the:railroad bay will

Se provided. Access from outside the buildings into aach of thesa
areas will still be available after the modification. Access through
these areas o safety-related equipment or for fire brigade

mempers is not required. Thus, access to safety-related areas has

not deen iffacted dy the new wall it column line R.
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Cevices for detacting or axtinguishing fires will nct Se Slocked
or in any ~ay impaired by the modifications. The fire barrier
Setween the Turbine Suilding and the Control 3uilding formed

by the Control and Turdbine 3uilding walls in that area will remain
intact as a fire barrier upon ccmpletion of the modifications.

3ased on the foregoing, we concluge that the level of fire protaction
€or the facility will not e diminished as a result of the completed
modifications.
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License and Tectnical Specificatica Changes

Technical Specifications

As discussed in Section 4,10, no Technical Specification changes
are required during the modification work itself.

Jecause of the reliance placed upon the bolts %o provide shear
transfer Detween 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 implementad to provide
assurance that bolt tension will be maintained throughout the life

of the plant. Accordingly, the staff requested that an appropriate
srogram be aroposed by PGE. We have reviewed the licensee's response
and find the proposed program acceptable with medifications 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 Spgecifications with iny 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 inspectad. 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
presant in the bolt.

2. BZeginning with the third year inspection, a time history of bolt
preload vs. time should be developed to assure that the existing
bolt preload is net predicted to drop below the initial bolt pre-
load (X-2e~> .75X0) during the balance of the next inspection
interval (2 years or 5 years thereafter).

3. [f the sample average preload drins bdelow .75X0, the circumstances should
be reported pursuant to Technica ‘pecification 5.9.1.8.1.

[n the Design Features section of the Technical Specifications, Technical
Specification 5.7.1 should be modified following comletion of the modi-
fications to both accurately describe the revised seismic design of the
Control /Auxiliary/Fuel 3uilding complex and require that it be main-
tained. This is consistent with the requirements for other seismic
category [ structures and the requirements for the Control 3uilding design
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oricr to the identified design deficiancies. At the present

time, this Technical Specification, as it relates %o the Control
3uilaing shear walls, is waived by License Condition 2.C.(13)(a)
sursuant to the Licensing 3card's Partial [nitial Decision of
December 21, 1979, and Amendment No. 35 i1ssued on Decamber 22, 1378,

The staff oroposas “hat Technical Specification 5.7.1 be revised
+0o read as follows, %o de effective upon completion of the modi-
fications:

"$.7.1 Those structures, systems, and components identified as
Category [ items in Section 3.2.1 of the FSAR shall be designed and
maintained to the original design srovisions contai~ed in Section 3.7
of the FSAR (except for the Control/Auxiliary/Fuel suilding Complex)
with allowance for norma! degradation pursuant %o the applicable
Surveillance Requirements. The Control/Auxiliary/Fuel 3uilding Complex
shal! be designed and maintained %o the design provisions ¢Latdined
PGE-1020, as revised through Rav. 4*, with allowance for noimal cegra-
dation pursuant %o the applicadle Surveillance Requirements”.

License Conditions

[n the event that the proposed modifications are authorized, the staff
recommends the imposition of a license condition requiring that all
autherized modifization work be performed in accordance with the des-
¢riptions, procedures, and commitments set forth in PGE-1020 as revised
through 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.

[n 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. I[n

some cases, these recommended condiiions are at varianca with, or

* 10 decome ertective upon completion of the modifications to the Control
8uilding.
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supplementary %2, actions commited %0 by the licensee, and
therefore thesa further license conditions would make clear

that these requirements supersede any conflicting licensee state-
ments.

in the event that the procosad modifications are authorized, the
staf’ recommends that the fallowing be added to Facility Qperating
License No. ‘IPF-1:

Contral 8uilding Modifications
The 'icensee 1s authorized to and shall proceed with modifications

to the Control 3uilding in order to substantially restore the
originally intended design margins. The modificaticn program shall

be accomplished in accordance with PGE-1020, “Report on DJesign Modi-
fications for the Trojan Control 3uilding”, as revised througn Rev-
tsion MNo. %, and as suprpiemented by licensee letters dated February 28,
March 28, June 22, June 29, July 5, 6 and 10, August 13, September S
and 25, Novemper 21, Decemper 17, 2! and 22, 1379; January 28, and
February 13, 1980, and as further supolemented by “Licensee's Responses
to interrogatories Dated August 27, 1379 From the State of Oregon”
dated September 17, 1379. 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 ve further subject to the following:

(a) The modification program shall be complated by not later than
twelve months from the date of this amendment. When complate,
Ticense condition 2.C.(10), relating to interim operation pending
completion of modifications, is cancelled.

(b) For the installation of steel plate No. 3, the plant shall
be in the cold shutdown condition {Modes 3 or 5) from the time
that the plate is lifted from the Turbine 3uilding 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 cperability verified.

(¢) Solid steel cable tray covers shall be instailed over cable
trays in work ireas where cable damage is possible from accidental
dropping of 3teel plate washers during their installation.

(d) A fire watch patrol shall be established whose sole responsibility

shall be to make at Teast hourly inspections of all safety-related ireas
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where compustible materials (e.g., weod framing, nlanking,
olastic, etc.) relatad to the modification work must remain in
the work area (not required for areas in which a continuous fire
watch is present).

Scaffolding and timber planking shall be installed against the
R-l1ine wall in the Cable Spreading Raom during the installaticn

of the steel nlate washers at each location where wasners are to
be installed. The planking shall e placed and constructad to
Timit the maximum height of a dropoed washer to three feet or less.

Any construction work in the dissel zenerator compustion/ventilation
air pathway which could peotantialiy generate dust, dirt, or debris
shall be temperarily halted when anv dieseli-generator is in oper-
ation.

[n the event that either the Shift Supervisor or NRC Resident [nspec-
tor determines that construction noise is resulting in noise levels
fn the Control Room of such magnitude as to interfers with normal
communications, the construction activity shall be halted umtil
diternate means are devised (e.g., lighter weight tools, other means
of concrete/block removal, etc.) to proceed with the work with
acceptably reduced Control Room noise levels.

[n the event that the NRC Resicent [nspector determines that the con-
struction activity in the Electrical Auxiliaries Room ar Control Room
s ganerating excessive aust, dirt, or dedbris or the use of water is
being improperly controlled, construction work shall be halted until
aporopriate corractive measures have deen taken.

The plant chall be placed in the cald shutdown condition (Modes 35 or 6)
during periods when, due to cpen wélls (e.g., concrete block removal

at 41R, elevation 55', or equipment access hatch modification at

column Tine N, alevation 65') in the Control 8uilding at or above
elevation A5', safety-related equioment is winerable %o either extaernal
nissiles or missiles from construction equipment (@.3., jackhammers).

Juring hole drilling in the east and west walls of the Contrsl 3uilding,
sersonnel shal! e stationed on the opposite side of the wall from the
driller to monitor the 4ril! senetrition. Continuous voice communi-
cations shall de maintained >etween “he 4rill operatar and the monitor.
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Fire blankats (Claremont Weld Shieldq 300-24 or FapriCote 1584-
“hite) shall de used over all cablas in areas where Cacdwelding,
welding or cutting will be performed.

The 3attery 00om 2xhaust duct shall not be disapied unless an
alternate, equivalent means of 3attery Room ventilation is first
provided.

Prior %o the installation of plates 1 through 5, 2 “emporary energy
absorber shall be installed to preclude exceeding the allowable
compressive strenqgth of the underlying concrete in the event of an
accidental plate drap.

An energy absorder shall be placed on plate 4 prior to the install-
ation of plate 7.

A l-inch-thick precrushed, stabilized HEXCEL pad and :imber
cridbing shall bSe used for energy absorption during the installation
of plate 3.

The work area at 41R (elevation 65') shall be protected by a duste
tignt flame-retardant enclosyre. Similar protective measures shall
be appiied at any other locations in the Slectrical Auxiliaries Room
or Control Room where wall removal is necessary.

Piping systems within the Control/Auxilfary/Fuel 8uilding Complex
required for safe shutdown or to maintain off-.site doses from icci-
dents to within 10 CFR 100 guideline values shall remain -esismically
qualified for earthquakes up to and including the SSE throughout all
structural modification work. Any changes %o piping systems necessary
L0 ensure that this conditfon is met shall be performed tefore the
structural modifications are made.

The licensee shall perform three grout tests for 2ach size

and orientation of reinforcing steel (rebar) to be grouted

into the existing wails and hole size (considering Soth depth
and radius) in which they are to be grouted prior tc procseding
with actual construction (grouting of rebar). These tasts
shall be designed to demonstrate that the yield strength of

the rebar can be developed by the grout. [f any test resylt

is unsuccessful the NRC shall bde notified.
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Schedule faor Mogification Work

As indicated in Figure 4.1 of 2GE.1020, PGE estimates that

the modification work will require 3 1/2 months plus an
additional 5 weeks for the installation of plate 3. The tota!
time for completion of the modification program is therefore
slightly less than 10 nonths. The schedule shown in Figure

4.1 does not astabliish 3 definite time in the work sequence faor
the instailation of plate 3. Rather, ?GE proposes to install
this plate during the first cold shutdewn following completion of
all work which must be dene in advance of this activity.

The staff has reviewed this modification work schedule and believes
it to be a reasonadle estimate of the time that will ce needed %o
complete the modification work. However, the staff is not in favor
of leaving the installation of plate 3 (the last construction actie
vity needed to finally completa all medifications) for the first cold
shutdown after 211 necessary preparaticns have Zeen made decause the
occurrence of this event is tco indefinite.

[f, for example, the plant is refueled in April 1980 as planned, the
next refueling would most likely fall in April 1981, [f 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, ancther
refueling outage. Almost 2 year could elapse before plate 3 is
installed. This is not consistent with the staff's desire that the
seismic design margins for the complex be restored is soon as is
reasonably possible.

The staff believes, therefaore, that the license should be conditioned
to require that the modifications be completed 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 %o require
that the modification program be compiete not more than 12 months from
the date that authorization to commence work is obtained by °GE. This
fixed period of time is about 2 months ionger than the periad of time
established Dy PGE to completa all work, and would allow some margin for
contingencies and schedular flexidility while at the same time praviding
a fixed date to be finished.
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Environmenta!l Consideration

The propcsed modifications were evalyated o Jetarmine whether
they woulad entail envircnmental impacts of any sort. Specifically,
she modification work was examined with regard %0 the pctential

for socioceconomic impacts, environmental affects from the work
itself, commitment of resources, and the jeneraticn of effluents
and wastes.

dith regard to socioecsnomic 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 Jerformance of the medification work.

The type of work involved will require general construction personnel
and laborers, riggers, welders, cement finishers, etc. Zxcept for
the 3echtel personnel involved in the medification work, the

type of trades required should be available froem the local labor
pool. That being the case, there should be no need for large
numbers of workers moving into the area. Moregver, the total
number of additicnal workers required for the modifications is
rather small, especially when compared %o the normal compliment

of emloyees 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 workers should have a
negligible effect on traffic in the vicinity of the plant because of
their small numbers. While some construction materials will De
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 t. the type of traffic which normally is present on
roads in the :iie vicinity.

A substantial portion of the modification work itsalf will De
performed inside existing buildings and thus will have no noticeable
affect on the ocutside environs. Certain limited excavation work
will take place outside, at the east side of the Control 3uilding

(N line wall), as will the relocation of the railroad spur. All of



this outside work ~111 2e performed within the perimeter fence in areas
which have deen previcusiy disturded by construction and which are overlain
oy gravel. Thus, ncne of the modification workx will involve disturtance
of trees, vegetatiin or animal habitats. Rcck and other mazarial
removed for the railroad spur relocation will be used o i)l

an axisting material depression or for 2 proposed embankment,

31T within the perimeter fence controlled by the licensee. All

of the outside work fs located at least 300 feet from the nearest

Sody of water and in level areas gverlain with gravel sa that

runoff from the ~ain should not result in suspended solids sreblems.
Activity 1n the plant area from construction equioment and constriction
work outside will resylt in the generation of some dust and noisa.
However, this is not appreciably different in nature “rom heavy
aquipment movement and construction activities which continually

take place at the plant site for normal maintanance and speration.
3ecause of this and of the fact that virtually all of the venicle
traffic and construction activity will take place in existing

a1sturded areas within the perimeter fence, additional anvironmental
impacts from dust and noise due to the modifications should be
negligible.

The proposed modifications will require tie use of about 150 cubic yards
of concrete, 18 tons of reinforcing steel and 73 sons of steel plate.

ATT of these materials will be permanently committed to plant structures
'n which they are deing installed. None of thesa materials are scarce,
a1l are readily availadle in abundant supply and the amounts of these
materials required for the proposed modifications are extremely small
fractions of the quantities of these rescurces *hat 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 irreversidle commiiment of matarial 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 accommodated by the
existing collection and disposal procedures for uncontaminated waste
jenerated by normal plant operation and maintenance. Sanitary
facilities for the additional workers will Se provided dy temporary
connections to the existing plant water and sanitary sewer systoms.
Thus, no aaditional plant watar or sewer systems wil! Se required for
the medifications. [n addition, the limits on tyres ind amounts of
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affluent releases set forth in the facility's Technical Specificaticns
will not be changed or affected by the oraopcsed modifications.

Based on our evaluation, as summarized above, we have concluded

that the prooosed modifications will not result in significant
envircnmental impacts and that the impacts, if any, ~il11 be negligible.
In view of this and of the fact that autherization of the proposed
modifications is not erzompassad within any of the actions set

forth in 10 CAR §51.5(a) as requiring sreparation of an Zavircnmental
[mpact Statement (EIS) ar within any of the actions set farth

fn 10 CFR §51.5(b) as requiring preparation of an Environmental
[mpact Appraisal (EIA) and publication of a Negative Declaration
(ND), we have concluded =hat this actian falls within 10 CF
§51.5(d)(4) and that neither an £IS nor an Z[A/ND need be srepared

in ¢onjuncticn with autherization of the aoroposed modifications.

Conclusion

3ased on the foregoing, the staff is unable to conclude at this time
that the Control 3uilding modificaticns proposed by PGE meet the intent
of the Order for “odification of License of May 26, 1973, which required
that modifications be made to bring the facility into substantial
compliance with the operating license.

Whereas quite a2 few aspects of the proposad medification and activities
associated with the modification have been reviewed and found acceptable,
questions, nevertheless, remain regarding the determination of forces,
displacements, floor resgonse spectra, capacity determination and

work sequence. Resolution of these itams are critical to reaching

the central question of structural adequacy of the proposed modifications.
At this point, the staff cannot determine that the itove factors have

been adequately accounted for. Therefore, uncertainty remains regarding
the structural dehaviaor of the proposed modified structure and therefore
its structural adequacy.

February 14, 1980
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