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OFFICE OF NUCLEAR REACTOR REGULATION,
REGARDING THE SUPPLEMENTAL STARDYNE ANALYSTIS
AND ITS EFFECT ON THE STRUCTURAL CAPACITY
OF THE TROJAN CONTROL BUILDING

INTRODUCTION
On August 22, 1978, the NRC was first notified by the Portland Gzneral
Electric Company (PGE) of the preliminary results of a confirmatory
analysis that had just been completed. These results indicated that
the total seismic base chear forces for the Control Building were
greater than those used in the previous reevaluation. It also indi-
cated a different distribution of the seismic forces to the shear walls
than had been assumed previously. This confirmatory analysis consisted
of performing a response spectrun modal analysis of a STARDYNE 3-D
finite element representation of the Control/Auxiliary/Fuel Building

complex.

A meeting was held on August 28, 1978 to discuss the preliminary resu’ts
of this analysis. PGE, Oregon, Bechtel and the NRC were represented at
this meeting. The preliminary results uresented by PGE at this meeting
were later documented in a submittal from PGE dated September 1, 1978.

Final results and an evaluation of the results of the STARDUIL analysis
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were docurented in 2 submittal frem PGE dated September 20, 1973, zlong
with responses to a set of NRC questions which were generated as a
result of the August 28, 1978 meeting. Documentaticn rzgarding further
questions raised by the NRC Staff after a review of the September 20,

1978 submittal are given in additicnal PGE submittals dated October 4, 6,
10, 13 and 15, 1978.

LICENSEE EVALUATION OF THE STAPDYNE ANALYSIS

A description of the STARDYNE 3-D finite element modei of the Control/
Auxiliary/Fuel Building complex is contained in the document attached to
the PGE September 20, 1978 subtmittal entitled "Trojan Control Building
Supplemental Structural Evaluation, September 19, 1978." Also contained
in this document is a comparison of the results of the forces derived
from the original seismic analysis, the reevaluation of the original
seismic analysis, and an additional confirmatory TADS analysis. The
STARDYNE 3-D finite element analysis results, considering the structure
as fixed-base, were used for this evaluation as it was determined that
the flexible base STARDYNE analysis predicted loads which . not
considerably higher than the fixed base results, and these higher loads
would tend to be reduced if radiation damping was considered for the
foundation. The STARDYNE results were somewhat higher than those pre-
dicted by the reevaluation of the original and the TABS analyses, but
were less than those used in the original design. Additionally, this
STARDYNE model simulated the major walls and floor slabs with plate
finite elements having elastic properties representative of the actual

B

walls and floor slabs. Therefore, this radel indicated a more realistic
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distribution of forces to the various walls and Tlour siats than did the

previous anaiyses.

Given the better defined, yet higher Control/Au:iliary Building wall
loadings, a reassessment of the actual behavior and capacities of these
walls was performed using the Schneider and Derkeley test results for
reinforced grouted masonry shear piers and the Portiand Cement Assoc-
jation test results on reinforced concrete shear panels. This reassess-
ment resulted in a set of criteria which was applied to determine wall
capacities and structural behavior. Thesa criteria and the results of
their application are described in the previousl, referenced submittais.
Additionally, the walls of the Fuel Building were reassessed, given the
forces indicated by the STARDYNE analysis, and were found to meet the
appropriate FSAR approved acceptance criteria, ramely ACI 318-62. Also,
the shear transfer capability at the wall-slab and sidewall-endwall
interfaces was investigated and found to be adequate. The shear capacity
of the slabs was evaluated in accordance with the shear friction pro-
visions of ACI 318-71. The wall-slab interfaces with the wall were
found to have adequate dowel capacities except in the lTower elevations
of the west wall for which a conservative contribution from shear friction
due to dead load would provide the necessary resistance in addition to
the dowels. Shear transfer at the side wall-end wall interfaces was
found to be adequate considering the dowel capacity of the rebar and

the beam-to-column connecticn capability while neglecting any shear

transfer by the concrete.
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direction and 0.2 inches in the N-S direction. A survey ¢f the Control,
Auxiliary and Fuel Buildings concluded that larger interstory displace-
ments than anticipated (i.e. greater than 1 inch between flcers) could

be tolerated. The maximun interstructure displacements determined from
their analyses, about 2.4 and 2.49 inches betwean the Control and Turbire
Buildings in the N-S and E-W directions, respectively, at the top cof the
Control Building and about 0.76 inches of separation between the Control

Building and Containment at Elevation 77', were found tc be tolerable.

The implications of the STARDYNE analysis results on the floor response
spectra, including the effect of the maximum estimated nonlinear structural
benhavior were also addressed. The Control Building elastic floor resgonse
spectra correspending to the STARDYNE analysis werz derived from the
original response as described in the prevously referenced submittals.

The STARDYNE predicted loads on the west wall of the Control Building

and the shear stress vs. shear strain derived from the PCA and Berkeley
test data were again used in this evaluation. The impact of the response
spectra as modified to correspond to the STARDYNE analysis, including
estimates of the effects of nonlinear behavior, on the safety related
equipment, components and systems (especially that required for ECCS and
safe shutdown) in the Control, Auxiliary and Fuel Cuildings was assessec.
The Control Building cable trays and their supports were reanalyzed and
found to meet the appropriate original FSAR criteria. A reanalysis of

the only safety related piping in the Control Building resulted in the
addition of only two seismic restraints. This portion of the reevalu-

ation concluded that there is reasonable assurance that the safety
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related components, cqnipment and systems in the Control, Auxiliary and
Fue! Buildings would nct be affected by the rasponse spectra derived

from the STARDYNE reevaliuation.

An evaluation was alsc made of the earthquake accaleration level at

which significant nonlinear behavior would begin, corresponding to 2
percent qamping for the structure. Their calculations were performed
using the wall capacitiés which did not consi/2» the effects of vertical‘
earthquake (which is required tc ba combined >y absolute sum with the
horizontal component according to the licensed criteria) or the refined
dead load distributions, and took wall loadings from the STARDYNE analysis
which did not approximately limit wall loadings to their capacities
(especially capacities controlled by bending moment). This evaluation
indicated an earthquake acceieration level of about 0.10 "g" to 0.12 "g"
as the point where the more significant walls (those controlled bv shear
rather than bending moment capacity) reach the assumed cracking nominal

shear stress level,

MRC EVALUATION

The NRC has reviewed the referenced information submitted by the licensee,
and highlighted in the previous discussions. The Staff's evaluation and

conclusions are presented in the following discussions.

The STARDYNE 3-D finite element analysis was reviewed. The fixed-base
modal analyses of this structure using the FSAR defined response spectra
considered modes up to a frequence of 18.7 Hz.with cerresponding modal

effective we! 1t: 1. % N-S and E-U directions of 94 percent and 91



percent, respactively, of tha total weight., Therefere, modas higher

than 13.7 Mz should not contribute significantly to the re<ponse. Mad2)
responses ware combined using the SRSS technicua, considering closely
spaced modes to be combined by the "107 grouping nothed,” which is
acceptable under current criteria. Use of the 7l ed-base STARDYNE
model, rather than the flexible base STARDYNL nodel, i3 acceptable
since the differences in response between these two models was not
significant when radiation damping from the foundation t.r the flexible
base model was conservatively neglected. Also, U.S.N.8.C. Standard
Review Plan, Section 3.7.2 indicates that fixed-based analyses are
acceptable if the shear wave velocity for the foundaticn madium is
greater than or equal to 3500 fps, which is lower than the Trojan in-

situ shear wave velocities.

The STARDYNE model simulated the major shear walls and floor slabs with
plate finite elements having elastic properties representative of the
actual walls and floor slabs. This provided a better reprecantation

of the structure than did the original seismic structural model. A
comparison of the total M-S base shears obtained from the STARDYNE
analysis and the reevaluation of the original analysis for the entiras
Control/Auxiliary/Fuel Building complex (19580 KIPS and 18480 KIPS,
respectively) indicates that the results of the models do not differ
substantially. (It should be pointed cut that the large capacity avail-
able in the E-W direction in. excess of the applied lcads indicates trat
the N-S direction is more critical due to the higher loading relative

to the capacity. Behavior in the N-S dircction was, thirefore, focusic
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As dalineated in the licensee's submittals, a ncw set of criteria (o

~

datermine wall capacity was determined from the original Schneider
criteria by accounting for the increased shear capacity of the test
specimens due to compressive stresses J=veloped in themn from the test-

ing apparatus, along with other considarations. Cemparison of the

capacities predicted by this "modified Schreidar criteria” with the
Schneider and Berkeley test results indicates good, somewhat conser-
vative agreement. The initial compariscn with the Berkeley data was
made from specimens with H/L of about 1. Additional preliminary
Berkeley test results for walls with H/L = 0.5 indicate that the basic
modified Schneider criteria are conservative whcn appiied to these
additional specimens even when applied to a test cpeciien with no
horizontal rcinforcement. This test specimen had a capacity which was
much greater than the 150 psi Trojan 1imit. It should be noted that the
composite Trojan walls have been indicated to be stronjer than the
blocks in the test specimens. Bending moment was considered to limit
a wall's capacity if this indicated a Tower shear capability of the

wall than the modified Schneaider criteria.

Wall capacities were computed and compared to the loads derived from the
STARDYNE linear elastic analysis which allowed members to roach their
total elastic stiffness-derived loading, irrespective of capacity. Given
the large ratios of capacity to lcad for the members parallel to the E-U
direction due to an E£-W earthquake (except for a few minor members with
capacities controllad by moment), this direction was not evaluated in

detail. The positive marains and the fact that the stiffness of the



Fuel Builcing (which 1s luadad w21l belcw its capacity; would 2 expacted

cr

to have a greater stiffening effect on the curplex in the £-i direction
than in the N-S direction should preclude any significant inelastic
behavicr from developing which would significinziy effect the response

~

in that direction. The lower ratios of capacity tu lead for the members
parallel to the N-S direction due to an earthcusle in the N-S direction
would indicate potentially greater nonlinear benavicr thzn for the E-W

direction. Thus, this direction was considered in dz2tai’,

The N-S direction was evaluated to study the effects ¢f redistribution
of forces among the walls for cases of limiting the capacities of large
walls, limiting vertical shear transfer and limiting the capacities of
all wallc in the system. This last case is considercd to be the most
realistic since t'.e members governed by shear behavicr were not loaded
beyond their capacity in the analysis. Those membars which exceedad
their capacity in the initial STARDYNE analysis were ¢overned by more
ductile bending moment behavior. Limiting tihe loading of the bending-
moment behavior-controlled members in this analysis more correctly
simulated actual behavior. These analyses indicated a good capability
for redistribution of forces to the various walls. For the most
realistic case mentioned above, the lowest ratio of capacity to lcad
for the most critical N-S wall between Elevations 45 and 77 was determined
to be %%%% = 1.153 and was associated with the west wail of the Control
Building tetween Elevations 45 and 61. The capacity rere considered
vertical earthguake components and the revised dead lozd. Vertical

shear transfer, and shear transfar at the ficor slabs ind ual)l inteavrfigsg









compiex in accerdance with those spzcifizd ia tie ULS.N.R.C. Standard
Revics Plan Scctien 3.8.5. Given the informatiun on the fou salion
supplied by the licensee, the method of analysi:z which deterained the
resistance of the complex 4sing loads derived fron the lincar elastic
seismic response spectrum analysis, and the face ti:t the building
base shears deternined from the STARDYNE analyzes i¢i1e less Lhan these
used for the original design, there is reasonable assuyrance that the

structure is stable.

Maximun reinforcement steel strains were estimated Trcw the results of
the STARDYNE analyses. The estimate of approximately 6 times the yield
strain is less than that evaluated in the testimony regarding the initial

reevaluation and is therefore acceptable.

The estimates of the maximum N-S interstory displacements within the
complex and displacements between the Control Buiiding and Containment
and the Control and Turbine Buildings should be an upper limit. Firstly,
the Control Building displacements were conservatively estimated by
considering elastically calculated stresses in tiaz west wall of the
Control Building (the shear controlled wall most highly loaded relative
to its capacity) in conjunction with an average stress-strain curve for
the Control Building structure. (It should be noted that the concrete
compressive st~ ns for the PCA tests were about 3000 psi &nd the as-
built str.© . ¢ ne Trojan core concrete is about 6000 psi. Therefore,
the Troja: cores ::ould be somewhat stiffer than incicated by the PCA

tests.) Energy dissipation in nonlinear behavier, any stiffening effects
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of the Control Suilding walls which were loacdzd lass with raspect €0
their ultimate caspacities, and stiffening effocts from tis interconnzcted
Fuel Building (which remains essentially elastic based on the compariscn
of factored OBE loads to member capacity in thisz structure) were conser-
vatively neglected. Secondly, the relative displacemznts were added
absolutely. The minimum Control Building displace ents in the less
critical E-W direction from an E-W earthquake were also estimated using
the stresses for the North wall of the Control Uuilding which is repre-
sentativaly stressé& relative to its capacity. /s mentionad before,
this direction is loaded substantially lower, rc¢l. tive to the capacity,
than the N-S direction and the estimated displcczvznts in this direction
were about a factor of 10 lower than those in thc =S direction. The
shear stress ve. shear strain curve derived from .nz Herkeley and PCA
cyclic shear wall tests was used in both evaluations. Therefore, the
effects of small cracking on the initial elastic shear modulus were
considered. Also, this stress-strain curve included the effects of
shear modulus reduction at the onset of nonlincar behavior (assumed to
be at a shear stress of 100 psi for the composite walls). The predicted
maximum displacements were found to be tolerable. This evaluation
demonstrates that there is adequate assurance that increasced dispiace-
ments resulting from noniinear behavior of the Control Buiiding will

not have any adverse effects on public safety.

The implications of the STARDYNE analysic results on the floor respense
spactra, including the effects of the maximum estimated nonlinear struc-

tura) behavior, were assessed. Spectra corresponding to the STARDYNE
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analysis were derived from the response spectra derived in the
original analysis a: described in the Saptauder 20, 1978 and
October G, 10, and 13, 1978, responses ts .20 questions. Further
investigation has indicated that ancmaiies between the original
and STARDYNE dynamic structural models indicate that differences
between the original and STARDY.E floor res onse spectral

shapes nsy exist (i.e., STARCY.E implias -2tential spectral
peaks which were not indicatad Ly the orizinal anaiysis).
However, the magnitudes of the differencaes betuczen the stectra
cannot be quantified with accegtable tolarances at this time.

As indicated by letter datad Octover 16, 1573, from tiue licensze
to the MRC, these anomalies ana the effaects of thase z2nomalies
upon the safety-related corporents, equipricnt, piping and systems
required to prevent an accident or mitigatz the conscquences of
an accident are under additional continued investigation. In
cases where the response spectra anomalies indicate noncompliance
with the seismic design critaria of the operating license,
suitanle modifications or requalification will be performned

to reestalblish the original license requirenents prior to
resumntion of plant operation. This will be performed for all
such identified equipnent locatad above elevation 45' in the
Control, Fuel, and Auxiliary Building compyex. This information
will be revie.ed by the NRC Staff. We will advise the Doard of

our fiacin-a.
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CONCLUSION
Based upcn the NRC review and evaluation of the information resulting
from the supplemental STARDYNE analyses and submitted Ly the licenscze,
the previcus NRC conclusion that there is ad>juate assurance that the
structure, in its existing confiquration, can withstand the effects of
an SSE, irc'uding the less severe OBE, at the Trojan site remains un-
changed. However, tie previously stated earthcuzke level at which the
plant should be shut down and inspected (0.11 g Er.A, which prior testi-
mony indicated was approximately the level at which nonlinear behavior
of the significant shear walls might begin) hzs been altered by the
supplemental information. This refined earthquaks level should be
established according to the facility OBE seismic criteria at 0.08 g
EPGA. The Staff continues to conclude that the originally intended
margins of safety have been reduced and that the previously stated
applicabl2 codes are not satisfiad. Contingent upon the satis-
factory completion of our review of the information to be sub-
mitted by the licensee regarding their investigation of the floor
response spectra, as outlined above, we have thus concluded that
interim overation for the approximately one-year period necessary
to effect structural remairs and improvements is appropriate;
however,the original structural safety margins should be restored
to the extent practicable in order to ensure 2dcguate protacticn
of the health and safety of the public during the long-term

operation of the facility.



This evaluation, which w3 concluced that interim operation should te
permitted, has not considered the effects on interim cperaticn of on-
aoing modifications to the Control Building since the proposed modifi-
cations are not known in detail at this time. Prior to the time rodi-
fications are authorizéd. the Staff will asscss whether modifications or
portions thereof will require the facility to Le shutdoun prior to and

during their performance or other appropriate actions taken.



