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1 INTRODUCTION AND GENERAL DESCRIPTION

1.1 Introduction

The Nuclear Regulatory Commission's Safety Evaluation Report (SER) (NUREG-0892)

in the matter of the Washington Public Power Supply System's (WPPSS) application
to operate the Washington Public Power Supply System Nuclear Project Number 2
(WNP-2) was issued in March 1982. At that time, the staff identified items

that were not yet resolved with the applicant. These items were. categorized

as:

(1) Outstanding items which needed resolution prior to the issuance of an
operating license.

(2) Items for which the staff had completed its review and had determined
positions for which there appeared to be no significant disagreement
between the applicant and the staff. Further information was needed,

however, to confirm these positions.

(3) Items for which the staff had taken positions and would require implemen-
tation and/or documentation after the issuance of the operating license.
These would be conditions to the operating license.

The SER issued in March 1982 did not include the WNP-2 geology and seismology

review. This SER supplement provides the NRC staff's evaluation of the geology
and seismology sections of the applicant's Final Safety Analysis Report (FSAR).
This supplement also contains NRC staff evaluation of the open items that have
been resolved and addresses changes to the SER that resulted from receipt of
additional information from the applicant.

.

Copies of this SER supplement are available for inspection at the NRC Public
Document Room, 1717 H Street. NW, Washington, D.C., and at the Richland City
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Library, Swift and Northgate Streets, Richland, Washington. Single copies may
be purchased from the sources indicated on the inside front cover.

,

!

The NRC Project Manager assigned to the operating license application for WNP-2
is Dr. Rajender Auluck. Dr. Auluck may be contacted by calling (301) 492-9778

*

or writing:

Dr. Rajender Auluck, P.E.
Division of Licensing
U.S. Nuclear Regulatory Commission

Washington, D.C. 20555

1. 7 Summary of Outstanding Items

In Section 1.7 of the SER, the staff identified outstanding issues that were
not resolved at the time of issuance of the SER. In this supplement the staff
discusses the resolution of a number of these items previously identified as
open. The items identified in Section 1.7 of. the SER are listed below with
the status of each item. If the item is discussed in this supplement, the
specific section is identified. The resolution of the remaining outstanding
issues will be discussed in future supplements to the SER.

Item Status Section

(1) Geology and seismology Resolved 2.5

(2) Internally generated missiles Awaiting further --'

information

'
(3) Tornado missile protection for Under review --

diesel generator (DG) exhausti

i
(4) Turbine missiles Under review --

(5) Component supports Resolved 3.9.3.3

(6) Equipment qualification Awaiting further --

information
,

(7) Condensation oscillation and chugging Resolved 6.2
load specifications

.
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Item Status Section

(8) Pressure interlocks on emergency core Awaiting further --

cooling injection valves information

(9) Modification of automatic Awaiting further --

depressurization system logc information

(10) Standby service water system Awaiting further --

instrumentation and control (I&C) information
design

(11) Engineered safety feature reset Resolved 7.3.2.7
control

(12) Remote shutdown system I&C design Resolved 7.4.2.3

(13) Control system failures Awaiting further --

information

(14) Adequacy of station electric Awaiting further --

distribution system information

(15) Quality group classification for the Awaiting further --

DG auxiliary systems information

(16) Diesel engine cooling heater preheat Resolved 9.5.5 (SER)

(17) Diesel engine lube oil system's ability Resolved 9.5.7
preclude dry starting (Tech Spec)

(18) Blockage of the DG combustion air Awaiting further --

intake and exhaust system information

(19) Shift supervisor training program Resolved 13.2.2.5

'

(20) Administrative procedures: Resolved 13.5.1.4
,

limitation on working hours

(21) Criteria for testing hot pipe Awaiting further --

containment penetrations information
|

(22) Emergency planning program Awaiting further' --

information

(23) Control room design review Awaiting further --

information

(24) Anticipated transients without scram Awaiting further --

(ATWS) information

(25) General Design Criterion (GDC) 51 Resolved 6.2.7
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Item Status Section

(26) TMI II.E.4.2 (operability of Awaiting further --

purge valves only) information

(27) TMI II.K.3.2.8, qualification of Resolved 6.3.6
accumulators on ADS valves

(28) Pipe break in the BWR scram system Awaiting further --

information

(29) Steam bypass from a stuck open Aw'aiting further --

wetwell-to-drywell vacuum breaker information

1. 8 Confirmatory Issues

In SER Section 1.8, the staff identified 22 confirmatory issues that were not
resolved at the time of issuance of the SER. To that list, the staff has added

the following concern:
.

#1.9 License Conditions
1

In SER Section 1.9 the staff identified 12 license conditions. During its
subsequent review, the staff changed this list of license conditions as

,
,

follows:

Item Status Section

(13) Remote shutdown system Addition 7.4.2.3

r.

|

|

.
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2.5 Geology and Seismology

The WNP-2 site is on the Hanford Reservation within the Pasco Basin, a physio-
graphic and tectonic subdivision of the Columbia River Basalt Plateau Tectonic
Province, which the applicant calls the Columbia Plateau Tectonic Province.
The Hanford Reservation is also the site of the Department of Energy's Basalt
Waste Isolation Project, for which a comprehensive program of geological,
geophysical, and hydrologic studies of the basin was initiated in 1977. These
studies will continue at least for 5 years after the issuance of this SSER,
during which time new geological and geophysical information and interpretations
will be released periodically by DOE. This SSER, therefore, represents the
sta*f's best judgment based on present knowledge of the region. Updated SSER d

wii, be issued whenever any significant new information becomes available. The
staff has requested that the applicant maintain a continuing interaction with
COE and provide new information and interpretations to the staff.

As a result of regional and site investigations performed by the applicant
since the issuance of CP-SERs for WNP-2 in 1972 and for WNPhand -4 in 1975,
and the efforts of 00E since 1977, the knowledge of the arer. has been greatly
enhanced. The increasing amount of new information has changed some of the
ideas about the area and, therefore, this OL-SSER may contain information and
interpretations that differ from those described in the CP-SERs for the afore-

mentioned sites. It should be noted, however, that none of the changes alter
the staff's CP-SER conclusions concerning the safety of the site. Moreover,
the new information has increased the staff's confidence that the site will not
be subjected to any hazards"that would pose a problem to the health and safety
of the public.

For this SSER the staff has reviewed all available relevant geologic and seis-
mologic information obtained since the issuance of the CP-SER and CP-SSER in
1972, as well as the CP-SER and CP-SSER for the WNP-1 and -4 sites in 1975

(which reviewed and updated the information because it is on virtually the same
site), in accordance with the newly revised SRP (NUREG-0800, July 1981).

|
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In the CP-SER for WNP-2 and for WNP-1 and -4, the staff and its advisor, the

U.S. Geological Survey (USGS), concluded:

(1) Geologic and seismologic investigations and information provided by the
applicant, and required by Appendix A to 10 CFR 100, provided an adequate
basis for determining that no capable faults exist at the plant site or

within 8 km (5 mi).

(2) Ground motion values of 0.25 and 0.125g used as the zero period limit of
appropriate response spectra for the safe shutdown earthquake (SSE) and
operating basis earthquake (CBE) are adequately conservative. This con-
clusion was based upon the following considerations, as stated in the
CP-SER of WNP-1 and -4: '

M MW

!

:

|

!
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A. The maximum random earthquake in the Columbia Ba' sin

Tectonic Province can be as great as intensity VII
i and can result in that intensity at the site;

I

8. The Rattlesnake-Wallula Lineament represents the
most significant seismically active structure.

We view it as having the potential of generating
earthquakes of intensity VIII at a distance of

little more than 10 miles from the site.
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After careful review of (1) the new information as provided and evaluated by the
applicant, (2) the letter reports from USGS and Dr. D. B. Slemmons, attached to
this SSER as Appendices G and H, the staff concludes that there is no basis for
altering its conclusions stated in the CP-SER concerning the safety of the site
of WNP-2.

Some differences from interpretations and information in the CP-SERs (based on
recent information) include the following:

(1) Capable faults have been found in the site vicinity and region (described
in Section 2.5.1.1.2).
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(2) The Rattlesnake-Wallula alignment is regarded as a continuous, capable,
faulted structure at or near the surface for a distance of approximataly

120 km (discussed in Section 2.5.1.1.2).

(3) The free field ground motion from swarm earthquakes in the immediate
vicinity of the site was found to exceed the SSE in the high frequency
range (above 10 Hz). (The derivation of this ground motion is discussed in
Section 2.5.2.4.2 of this SSER, and the significance of exceeding the SSE

is discussed in SSER Section 3.7).

For this review, the staff has evaluated the FSAR and subsequent documents and

information including excavation mapping, the trenching and drilling program,
anc new determin tions on faults in the site vicinity. The staff has concluded

that the applicant has (1) performed site and regional geologic and geophysical
investigations, (2) reviewed all available pertinent literature, and (3) pro-
vided the staff with all information necessary to evaluate, assess, and support
the applicant's conclusions concerning the safety of WNP-2 site from the geo-
logic and seismologic standpoint. In acdition, the applicant has met the

requirements of

GDC 2 with respect to protection against natural phenomena such as
faulting.

10 CFR 100 (Reactor Site Criteria) with respect to the identification of
physical characteristics such is geology (faulting) and seismology (near-
site events) used in determining the suitability of the site.

* 10 CFR 100, Appendix A (Seismic and Geologic Siting Criteria for Nuclear
Power Plants) with respect to obtaining the geologic and seismic informa-
tion necessary to determine (1) site suitability and (2) the appropriate
design of the plant. In complying with this regulation, the applicant also
meets the staff's guidance in Regulatory Guide 1.132, " Site Investigations
for Foundations of Nuclear Power Plants," applicable to the development of
geologic and seismologic information relevant to the stratigraphy, lith-

.

ology, geologic history, and structural geology of the site, and Regulatory
Guide 4.7, " General Site Suitability for Nuclear Power Stations."

.
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* The applicant did not use the Regulatory Guide 1.60 response spectrum
at the CP stage. As discussed in OL-SER Section 3.7, the applicant's
response spectrum has been found to be equivalent to Regulatory Guide 1.60.*

The following sections present the staff's review of the geologic and seis-
mologic information and bases for the staff's conclusions.

..

Z.5.1 Geology

Because of the rapid progress in the acquisition of geologic information of the
area, the staff reviewed the present state of knowledge of the stratigraphy and
tectonics to provide a background for the conclusions reached in its evaluation
of the geologic safety of the site.

Some of the conclusions reached for which the following section provides the
background and justification are

(1) The main deformation of the region culminated between 10 and 5 million
years before the present (MYBP).

(2) The region is still undergoing north-south compressive strain but at very
low rates.

(3) There is evidence that some of the sedimentary deposits that are post-
Ringold Formation (10 8 MYBP) and pre-Missoula flood deposits are more
than 700,000 years old.

(4) The clastic dikes within the Missoula flood deposits were probably injected
by high hydraulic pressures into the contemporaneously deposited sediments,
making them Pleistocene in age.

(5) A variety of age-dating techniques have increased confidence in dating
faults and capping materials.

! 07/15/82 2-4 WNP-2 SSER SEC 2
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(6) Some surface faults on Gable Mountain, the Central Fault, South Fault, and
North-Dipping Reverse Fault, 14 km from the site, are considered capable,
but of relatively low seismic potential.

(7) The Southeast Anticline Fault is capped by unfaulted Ringold and is,
therefore, not capable within the meaning of Appendix A to 10 CFR 100.

(8) Subsurface faults within B km of the site identified by the staff and the
USGS on seismic reflection profiles most likely do not project to the
surface as suggested by 140 drill holes and trencning done during the early
stages of construction.

(9) Umtanum Ridge may be part of an imoricate thrust zone of primary faulting
but is most likely not capable.

(10) The dominant structure of seismic significance to the site, the Rattlesnake-
Wallula Alignment (RAW) of the Cle Elum-Wallula Zone of Deformation (CLEW),
is a continuous,120-km-long, most likely right-lateral strike-slip fault,
capable at its southern half and assumed capable in the northern half.

*

(11) The Cold Creek Lineament is not a tectonic structure.

2.5.1.1 Regional Geology

The Columbia River Basalt Plateau Province is surrounded on three sides by older
terrains: to the north, the Okanogan Highland which includes rocks from the
Precambrian Era (600+ MYBP), through the Mesozoic Era (240-63 MYBP), and was

deformed in the late Cretaceous (138-63 MYBP) to early Tertiary time (63-2 MYBP);
to the east, the Precambrian rocks of the Northern Rocky Mountains Province and
the Mesozoic Idaho Batholith north and south respectively; to the south, the
Blue Mountains, exposing Paleozoic (570-240 MYBP) and early Mesozoic rocks,

,

| deformed in late Cretaceous to late Cenozoic time (63 MYBP W ), and capped
_ _

| by relatively undeformed Columbia River flood basalt:. On the west, the Cascade

| Mountains expose only Cenozoic-age rocks of volcanic and sediuntary origin.

|
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The Columbia River Basalt Plateau consists of a thick sequence of Miocene-age
(24-5-MYBP) ficod hasalts and sedimentary interbeds overlying Precambrian to
early Tertiary rocks, and is, in turn, overlain by sediments of Pliocene
(5-2-MYBP), Pleistocene (2M-10,000-YBP), and Holocene (10,000-YBP present) ages.
Deformation of the region due to north-south compression preceded and accom-
panied the outpouring of the Tertiary flood basalts, which were extruded
between 16.5-6 MYBP, and produced faults, folds with associated faults, and
subsiding basins.

The Pasco Basin, one of the basins formed curing the early deformation, is
underlain by 3000 m of Miocene-Pliocene-age basalts and sedimentary or volcani-
clastic interbeds that exhibit varying degrees of deformation. Overlying the
bedrock is 220-360 m of Pliocene-age fluvio-lacustrine sediments, Pleistocene-
age fluvio glacial and aeolian deposits, and Holocene surficial units.

2.5.1.1.1 Stratigraphy and Methods of Age Dating

2.5.1.1.1.1 Basalt Formations

The bedrock of the area is the Yakima Basalt Subgroup of the Columbia River
Basalt Group. It consists of three basalt formations; from oldest to youngest,
they are the Grance Ronde, Wanapum, and Saddle Mountains Basalt. All of these
formations have two or more members, each of which comprises several basalt
flows. The Grande Ronde Basalt, extruded 16.5-14.5 MYBP, is the most extensive.
It underlies almost all of the Columbia River Plateau and Pasco Basin, is the
thickest of the basalt formations, and makes up 35% of the Yakima Basalt
Subgroup. The Wanapum Basalt, the second most voluminous, was extruded between
14.5-13.6 MYBP. Its various members are the most extensively exposed of all
basalt units in the anticlinal ridges of the Yakima fold belt. The Saddle
Mountains Basalt, the youngest of the basalt formations, was extruded 13.5-6
MYBP and makes up only 5% of the Yakima subgroup.

The two younger basalt formations contain significant discontinuities between
flows in the form of clastic interbeds generally referred to as the Ellensburg
Formation.
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2.5.1.1.1.2 Sedimentary Units

The Ringold Formation of Late Miocene to Pliocene age, which overlies the
basalt in the Pasco Basin, is interpreted from fossil and paleomagnetic data to
be 10 ' MY old and because of consistent thinning on anticlinal bedrock highs,
to have been folded with the underlying basalts. A gradual decrease in deforma-
tion upward in the section is noted in borings in the basin. This mainly

fluvially derived deposit is divided into four textural units: a basal gravel

which rests conformably on the basalts in tne Pasco Basin; a lower sand-silt-

clay unit above; a middle, well-indurated, conglomerate cemented with calcium
carbonate and silica; and an upper sand-silt-clay unit. The thickness of the

Ringold Formation in the Pasco Basin varies in three ways: (1) from the center
of the basin outward towards the edges it thins from a maximum of 360 m to 0;
(2) within the basin it varies with the subsurface basalt topography as the
area was deforming during deposition; and (3) in places the Ringold was chan-
neled, dissected or completely eroded, causing younger sediments to rest
directly on the basalts.

d
It hag been assumed by the applicant (Woodward-Clyde, 1981a) that there was no
sedimentary record from the end of Ringold deposition 3 MYBP until the late
glacial-melt floods towards the end of the Pleistocene. Flood gravels dated at
about 200,000 YBP by caliche rinds on basalt clasts are present on the west and
east of the Pasco Basin and were thought to be the oldest post-Ringold sediments.
However, recently the staff was provided with two reports r a paleomagnetic
studies of post-Ringold, pre-Missoula gravels in the Pasco Basin (1) under the
Skagit/Hanford site, and at various surface locations on the periphery of the

..

basin ar.d (2) at the Southeast Anticline Fault (Sierra Geophysics,1982a and

b). The studies indicate the presence of reversed magnetization of some of the
gravels, suggesting an age of greater than 730,000 years, which is the time of
change from the Matuyama Reversed Polarity epoch to the Brunhes Normal Polarity.

These studies are discussed further in Section 2.5.1.1.1.3.
.

Aeolian deposits resting directly on basalt to the east of the Pasco Basin,
and not found in the same locations as the Ringold, were originally thought to
be the time equivalent of the Ringold. However, bone fragments in one loess

..

07/15/82 2-7 WNP-2 SSER SEC 2
.

4

.w+,. . . =

--- g



. - -.....

a o

exposure was identified as Pleistocene in age. Because of the presence of very
thick petrocalcic soils developed in the loess, it is assigned to an earlier
age than the dominant Palouse loess, which is correlated with the time of
Wisconsinan glaciation (75,000 - 10,000 YBP) of the midcontinent.

The Palouse Formation is more widespread than the pre-Palouse loess and is
distinguished by three separate soil horizons developed within the formation.
These have not been dated but are interpreted--because they underly the catas-
trophic flood gravels of the late Pleistocene--to be of early Wisconsinan age
(75,000-35,000 YBP). A younger, lighter colored loess overlies the eroded
surface of the Palouse loess in most places.

The youngest Pleistocene flood deposits are the Missoula ficod gravels, known
as the Pasco Gravel, and the slackwater fine grained Touchet beds. These fine
sand and silt beds are recognized by their distinctive rhythmic succession
similar to the Bouma turbidite sequence and by the presence of clastic dikes
thought to have been injected into the Touchet beds under high hydraulic
pressure during the Missoula floods. The age of the gravels has been determined
by the presence of a layer of Mount St. Helens set "S" ash, which was dated at

13,000 YBP.

The last Pleistocene deposits were loess and alluvium and are also dated at
12,000 YBP by volcanic ash that underlies the loess. The ash overlies eroded

Touchet beds. Holocene deposits consist of loess and alluvium, the latter
confined to present river courses. While resembling Touchet beds from which
most of the sediment was derived, the Holocene alluvium may be distinguished by
a lack of rhythmic structure, restriction to present stream valleys, and the
absence of clastic dikes.

2.5.1.1.1.3 Age Dating of Stratigraphic Units

The applicant has undertaken many absolute and relative age-dating methods for
the site area and region because the gaps in the geologic record have led to an
absence of cross-cutting evidence in some instances that could bracket the time
of critical events, such as a fault. All of the methods provide increased

07/15/82 2-3 WNP-2 SSER SEC 2

.- . --- .- -

_- ,__ _



_ ._. ,_ ___ .- _. __.. . .. . _ _ _ . _ . _ _ _ _ _ . . . __

,,

l
i

.

insight into the knowledge of the age of stratigraphic units in this area.
Some of the techniques, however, have limitations in their use in the Pasco

Basin.

Therefore, in areas where clear cross-cutting relationships are not known, the
staff relies on varied sources of information to form its judgments of the
timing of events critical to its determination of the safety of the site. Some

of these sources and techniques are briefly reviewed below.

Two paleomagnetic studies (Sierra Geophysics, 1982a and b), one for the South-
east Anticline investigation and one at the Skagit/Hanford site, have provided
evidence that sedimentary units of 730,000 YBP are present in and around the
Pasco Basin. This fills the large gap in the stratigraphic record between
10 2-MY-old Ringold and 200,000 yr-old Pleistocene sediments. Because of the

,

possible lensoid character of the sediments dated, extrapolation from one
locale to another may require more detailed stratigraphic correlation of the
units in the area before the information can be used on a regional basis.
However, the presence of undeformed units of 730,000 YBP increases the staff's

confidence in the safety of the site and the surrounding region.

k lassis h
The Ringold Formation is dated at 10 2 MYonffassilandpaleomagneticinforma-
tion and is deposited as stream sediments in the low-lying Pasco Basin.
Althoughitisnotpresentonthevariousanticlinalridgesoutsidethe/asin,
it is present throughout the basin and proved valuable in determining the
noncapability of the Southeast Anticline Fault (Golder,1982).

The pre-Wisconsinan flood deposits of 200,000-yr age are limited in extent and
restricted to two localities at the southwest edge of the Pasco Basin. But they
overlie the Ringold Formation within the basin and therefore may be useful in
proving noncapability of faults at depth that may be found close to the site.

The late Pleistocene or Missoula flood deposits have volcanic ash marker beds
that limit the age to between 13,000 and 19,000 YBP. This can give insight
into ages of faults even if they are too young to meet the 35,000 yeb criteria
of noncapability in Appendix A to 10 CFR 100. The presence of the clastic dikes
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is useful in determining relative ages of deformation, if the hydraulic injec-

tion hypothesis during catastrophic flooding is accepted as the mechanism of
their emplacement. The applicant has provided convincing arguments and evidence

to support this mechanism (Woodward-Clyde 1981a), including (,

(1) The dikes are restricted to the Pasco gravels and Touchet rhythmic beds
and underlying strata. None have intruded younger sediments.

,

(2) The dikes appear to have intruded from above downward into the strata,
with only a few intruding upward.

(3) All dikes occur below the maximum level of the Missoula flood waters.,

(4) Dikes are found frequently truncated by younger flood deposits.

The staff concludes from this line of reasoning that the dikes formed during
the late Pleistocene meltwater floods.

Another tool in the rock record that has been used in an effort to constrain
time of faulting in the area is isotopic dating of caliche rind en basalt

gravel and calcrete soils which record the weathering process. Uranium-thorium
isotopic dating techniques have been applied to the rind and/or soil of un-
faulted units capping faults, such as the Finley Quarry Faults, giving probable
ages of between 75,000 and 200,000 YBP (Woodward-Clyde, 1981c).

Where faults in the area are uncapped because of erosion or nondeposition,
their ages are determined based upon the weight of geologic evidence, including
the degree to which different units have been folded or offset within the
sequence, the relationships of the folding and faulting processes to each
other, and other information that may shed light on the relative time of an

event. These are described in the relevant sections.

2.5.1.1.2 Regional Structure and Tectonics

Much new information is now available about the structural history and

tectonics of the Columbia River Basalt Plateau and surrounding region because

i
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of the investigations at the Hanford Reservation. This information includes
subsurface data from drilling, geophysical studies, and reflection and refrac-
tion seismology. Some details of the structure, tectonics, and ages of deforma-
tion are not yet available and are, therefore, subject to interpretation.

The information now available indicates that the tectonic character of the area
has not changed through time and that the area is still undergoing north-south
compression, at very low strain rates. This which may be localized mainly along
the eastern boundary of CLEW, known as the Rattlesnake-Wallula Alignment (RAW),
and the ridges at the northeast and southwest edges of the Yakima fold belt.
Some of the evidence for ongoing tectonic activity includes (1) the capability
of faults associated with east west trending folcs to the southwest (Toppenish
Ridge) and the northeast (Gable Mountain), (2) the microearthquake swarms asso-
ciated with Saddle Mountain at the north end of the Pasco Basin, and (3) offset
of late Pleistocene and possibly Holocene sediments along RAW (Shannon and
W11s u , ??79). For further discussion of microearthquake swarms and the
seismic potential of Toppenish Ridge and Gable Mountain, see Section 2.5.2 and
Appendix H of this SSER.

2.5.1.1.2.1 Yakima Fold Belt

The Pasco Basin is surrounded on three sides by the anticlinal ridges of the
Yakima fold belt, which appear to have been developed at least in part during
deformation that was contemporaneous with basalt extrusion. Investigations in
the Pasco Basin and vicinity suggest that the peak of deformation was in the
late Miocene, between 10 and 5 MYBP, with evidence of waning deformation
through the deposition of the Ringold Formation and continuing to the present.
Several folds in the belt have thrust faults associated with them. The faults

| were originally interpreted by the applicant to be the results of the relative
! low ductility of the basalt that resulted in brittle behavice during folding,

causing faults to develop. The applicant has reevaluated this position and now
regards at least some of the faults to be primary, i.e., not the effects of

| folding (WNP-2 FSAR).

I

;

i
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Umtanum Ridge, with several reverse faults associated with the overturned fold,
is now thought by the applicant's consultants to be part of an imbricate thrust
zone partially detached from the basement. The zone includes Frenchman Hills

and Saddle Mountains. This is a departure from the original interpretation of
primary folding, with faulting being secondary to the folding process. Drilling
into the basal fault has shown no displacement of Quaternary deposits. The
applicant has further indicated that 6-MY-old basalts were not involved in the
thrusting and/or folding of this structure. The staff concludes that the fault
is most likely not capable and therefore does not affect the design basis of the
plant.

2.5.1.1.2.2 Gable Mountain Faults

Gable Mountain, part of the eastern extension of Umtanum Ridge that rises above
the sediments in the Pasco Basin, contains five faults. A detailed investiga-
tion of the folds and faults of Umtanum Ridge-Gable Butte-Gable Mountain per-
formed by NESCO (Northwest Energy Services Co.) for the Skagit/Hanford PSAR,
and referenced by the applicant in the WNP-2 FSAR, was undertaken to improve
the data base and to resolve differences of coinion concerning the relation-
ships of these structures. The study included photogeologic analysis, mapping,
trenching, drilling, and geophysical investigations.

At the CP stage of investigation, two surface faults were known on Gable Mountain:
the Central and West Faults. The recent investigation for Skagit led to the
discovery of three more faults: the North-Dipping Reverse Fault; the South

, Fault, which was originally mapped as an extension of the Central Fault, and the
D8-10 Fault. Trenching led to the recognition of displacement of Missoula-age
gravels (19,000-13,000 YBP) along the Central Fault.

Gable Mountain is a west-northwest-trending anticline deformed by second genera-
tion folds that cross the main fold axis obliquely. The capability of faults
associated with this structure is of concern because Gable Mountain, which comes
within 14.6 km (9 mi) of the site, is the closest surface structure. Discussion

; and details of the new and reevaluated faults follow.
|
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Central Fault: The closest knowri caoable fault to the site, the Central Fault,'

is 18 km (11.5 mi) to the northwest. A steeply dipping reverse fault, this
structure crosses the Gable Mountain fold trend between the east and west anti-
clines at a high angle, strikes east-northeastward, and dips to the southeast.
Drill cores indicate a maximum cumulative stratigraphic displacement of 60 m
(200 ft). The offset of 19,000-13,000 yr-old glacial flood deposits observed
in the trenches occurs only at the base of the sediments and appears to be no

more than 6 cm (0.2 ft) of reverse movement. The staff'has seen the trenches
and concurs with the applicant's assessment of the amount of the latest displace-
ment. The rate of cisplacement is estimated to be 7.62 cm (3 in.)/13,000 yrs
or 6 x 10 " cm/yr.

The observed length of the fault is 335 m (1100 ft), but the total length esti-
mated by the applicant is 3 km (2 mi). This estimate is based in part on the
evidence in the trenches, where the amount of ai? set decreases to zero to the

north. The south end of the fault is not constrained by definitive techniques,
but drill core evidence suggests that the fault dies out southward. Because
the fault cannot be traced beyond the fold, it is assumed to be asscciated with
the folding process.

Thus the maximum length of the fault is assumed to be the width of the Gable
Mountain fold that it crosses. The staff accepts this assessment of the fault

length as reasonable on the basis of the geologic information available,
including the observed dying out of surface displacement in the trenches.

The applicant interprets the Central Fault as originating as a tear fault in
the brittle basalt during folding, which implies a minor secondary tectonic
structure of shallow depth and, therefore, of relatively little seismic signift-

cance. The applicant also hypothesizes an alternative and nontectonic origin
for the latest displacement, involving hydraulic uplift caused by extremely
high fluid pressures during the catastrophic late glacial floods.

That the region was once subjected to high fluid pressure is recognized in the
presence of clastic dikes in the Missoula floed deposits, and, therefore, non-

tectonic offset on the fault is conceivable. However, the fact that the region
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is still undergoing tectonic strain in the form of north-south compression--as
indicated by the presence of microearthquake swarms in part of the area, his-
toric and recent macroearthquakes, and young faults on Toppenish Ridge and near
Wallula Gap--argues for the tectonic capability of the Central Fault. The staff
therefore considers it prudent and in the interest of conservatism to assume
the displacement to be of tectonic origin.

Discussion of the maximum magnitude earthquake likely to occur on the Central
Fault will be found in Section 2.5.2 and in Appendix H of this SSER.

North-Diccine Reverse Fault: A previously undetected buried fault striking east-
west with a regionally anomalous dip to the north was encountered during the
drilling program. The fault is actually a zone of numerous imbricate thrusts
that displaces the limb of the West Anticline. Reverse dip-slip displacement
is interpreted from drilling data to be 135 m (445 ft). Although the fault can
be traced for 610 m (2000 ft) along the south flank of the West Anticline of the
Gable Mountain structure, it is interpreted to be the lenijth of the West Anti-
cline, 6.6 km (4 mi), because of the assumption that the fault was generated by
folding of brittle basalt layers.

There is no direct information on the age of latest movement. However, the
structural relationship of the North-Dipping Reverse Fault to a probable capable
fault such that--in the judgment of the staff--movement on one (the South Fault
discussedbelow)[slikelytocausemovementontheother,indicatestothe

'

staff that the fault should also be considered capable, in accordance with
Appendix A to 10 CFR 100.

South Fault: On the south limb of the Gable Mountain West Anticline is the
curvilinear east-west trace of the South Fault, about 45 m (1500 ft) south of
the southern termination of the Central Fault and 350 m (1150 ft) north of the
projected surface trace of the essentially parallel North-Dipping Reverse
Fault.

Originally mapped as a continuation of the Central Fault, thehuth-fipping
South Fault is now viewed by the applicant as separate and unconnected with
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that fault. This view is based on information obtained from trenching, drill
cores, and down-hole geophysical logs done for the Skagit/Hanford application.

Based on drill hole data, the South Fault is apparently confined to the hanging
wall of the North-Dipping Reverse Fault, terminating downward at the basal
shear zone of the north-dipping reverse imbricate thrusts, about 61 m (200 ft)
below the surface. Cumulative dip-slip displacement on the fault is about

15 m (50 ft).

The observed length from trench and drill core data is 518 m (1700 ft), but the
maximum length is interpreted to be the length of the West Anticline, 6.6 km
(4 mi), partly because of its association with the North-Dipping Reverse Fault.
The South Fault's confinement to the hanging wall of the North-Dipping Fault,
and its opposite dip, has led to the interpretation that it is a minor anthi-

thetic fault related to the folding of the West Anticline of Gable Mountain.

Slickensides on clastic dikes injected along the fault piane indicate a young
age for the faulting, as the dikes are thought to have derived from glacio-
fluvial sediments correlated with Missoula flood deposits 19,000 - 13,000 YBP.

Based on this observation, the staff concludes that the South Fault is capable

according to the guidelines of Appendix A to 10 CFR 100. Discussions of the,

seismic significance of this and other Gable Mountain faults are ineSection 2.5.2
and Appendix H of this SSER.

) West Fault: Another small surface fault, the West Fault, was previously mapped

as a reverse fault. Trenching for the Skagit/Hanford investigation of Gable
Mountain has provided information that snows the fault to cross the West Anti-
cline striking N34 E with normal, down-to-the-west, cumulative displacement of

|

7.6 m (25 ft). The fault is inferred to be 0.8 km (0.5 mi) in length, occur-

ring mainly across the hinge area of the west fold where the maximum displace-
ment is observed. These relations suggest to the applicant that the faulting
is the result of differential strain along the fold hinge. Although no minimum

age for the fault could be determined because of the absence of cover materials
younger than the basalts, the small size of the fault, especially compared to

) the Gable Mountain faults determined to be capable, is considered by the
:
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applicant to render the fault of no seismic significance. The staff concurs
with this assessment for the reason stated. Further discussion of this is in
Section 2.5.2 of this SSER.

0B-10 Fault: A buried fault about 1.6 km (1 mi) south of the east end of Gable
Mountain was identified by drilling and investigated by geophysical techniques.
It appears to be a 0.8 km (0.5 mi) north-south striking fault across the hinge
area of the East Anticline, with a maximum stratigraphic displacement of 50 m
(165 ft). Although minimum age data are lacking, the applicant considers this
fault to be of no seismic significance because of its small size, as with the
West Fault). The staff concurs with this assessment. Further discussion of
this is in Section 2.5.2.

All of the foregoing faults on Gable Mountain were investigated by NESCO for
Skagit, and described by the applicant from a report on Gable Mountain by
Golder Associates (Golder, 1981a); they are characterized by the applicant as
secondary and genetically rel.ated to the folding process. Although this obser-
vation has not beer, clearly demonstrated, the dying out of the fault north and
south on the fold limbs, the gradual increase of stratigraphic throw to a maxi-
mum at the fold hinge, and the anomalous orientations of the faults with respect
to the regional strain (north-south compression) do support the secondary nature
of the faulting on Gable Mountain. The staff, therefore, accepts this
interpretation.

The seismic significance of the Gable Mountain faults, however, is of concern
because at 16 km (10 mi) from the plant, they are the closest known capable
faults to the site. Estimates of the maximum magnitude earthquake that may be
expected to occur on any of these faults are discussed in Section 2.5.2 and in

Appendix H of this SSER. They are considered conservative because the staff
has determined them to be capable despite such factors as: (1) the possible
nontectonic origin of the latest movement on the Central Fault and (2) the
possible secondary origin of the faults with folding the primary response to
regional strain, the staff considers that these factors have some merit.

A~

A related, en echelon structure, the Southeast Anticline, is bounded on the
eastern limb by a fault that was encountered in a drill core recently. The
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applicant undertook an investigation to determine the geometry, age, and struc-4

tural relationships of the fault (Golder,1982). The investigation included an
extensive drilling program to determine the dip direction and angle, which strata
were involved in the faulting, and the amount of offset. A full report of this
investigation has provided evidence that the fault is capped by unfaulted lower
Ringold. This limits the age of faulting to more than 10 MYBP, the estimated
age of the oldest Ringold. The applicant concludes, therefore, that the fault

is not capable according to the cefinition in Appendix A to 10 CFR 100.

The staff, on a visit to the site area, viewed the cores of the Southeast Anti-

cline Fault and observed the brecciated zones of tne basalt in the cores. Cores
of Ringold determined by the applicant to overlie the upward projection of the
fault were coherent and showed no sign of deformation. Accordingly, the staff
concurs with this assessment and finds the Southeast Anticline Fault not capable.

! 2.5.1.1.2.3 Cle Elum-Wallula (CLEW) Zone of Deformation

!

The Cle Elum-Wallula (CLEW) Zone of Deformation is a broad zone trending
northwest-southeast in which the Yakima fold belt appears to have been folded

and subsequently deformed. Folds outside the belt to the northeast and south-

west trend roughly east west, while within the belt the sinuous axial traces
trend northwest-southeast.

On the west, the deformed folds are bounded by the Cleman-Snipes Lineament
from at least the west side of Cleman Mountain at the north end, southeastward
through the west side of Snipes Mountain, to Horse Heaven Hills, which truncate
the lineament. This linear feature parallels the eastern boundary.

The eastern boundary, the Rattlesnake-Wallula alignment (RAW), which is 19.5 km

| (11.9 mi) from the site, has several features suggesting ongoing deformation.

! They are the Wallula Gap Fault and its southern extension, which has indications

| of a youthful age and therefore probable capability (described later in this '

section and in the report from the staff consultant, D. B. Slemmons, attached

as Appendix H of this SSER).

|
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Three fundamental considerations concerning CLEW with respect to the WNP-2

site are: (1) the capability of faults within and at the eastern boundary, the
hW, (2) the length of RAW for purposes of maximum magnitude estimates, which
involves determination of whether RAW consists of short fault segments or one
long through going fault, and (3) the nature of the fault (strike-slip, reverse
slip, or reverse-oblique).

The staff concludes, based on evidence presented in the following sections and
in Appendix H, that

(1) RAW is demonstrably capable south of Wallula Gap and is assumed to be
capable from Wallula Gap northwest to the bend in Rattlesnake Mountain.

(2) RAW is approximately 120 km (72 mi) long and is assumed to be continuous
at or near the surface.

(3) RAW is most likely a right lateral strike-slip fault with some component
of reverse-oblique motion.

(4) The Cold Creek Lineament is not a tectonic structure, and, therefore, not
a part of the CLEW / RAW Zone of Deformation.

Several faults and fault-like features occur within and at the boundaries ofi

the zone. Most faults parallel the folds but a few younger faults and linear
features within CLEW cut across the trend of the folds such as the Moxee Valley
and Wenas Valley linear structures. The most significant features are discussed
below.

Moxee Valley and Wenas Valley Faults: In a remote-sensing study of the region
done for the WNP-1 and -4 PSAR, two series of possibly related linear structures
were identified using Landsat imagery and aerial photography (Glass, 1977,
Appendix 2R-K). In the report, parts of both linear zones were described as
possibly offsetting Holocene alluvium.<

Because Moxee Valley and Wenas Valley are 65 km (40 mi) and 95 km (57 mi) from
the site at their closest approach and therefore not considered of any seismic.,
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significance, these structures were not reported in the WNP-2 FSAR. However,
the staff considered that the capability of faults within CLEW would be indica-

tive of continuing present-day deformation and would bear on the probable capa-
bility of other faults within and at the boundaries of the zone. Therefore the

applicant was asked to examine these two linear features.

As described in the WNP-1 and -4 PSAR, the Moxee Valley Fault consisted of two

branches. A single fault trendve7 north-northwest, beginning on Rattlesnake
Hill and crossing Moxee Valley, Yakima Ridge, and Cold Creek Valley and terminates
on Umtanum Ridge. In places right lateral displacement of basalt can be seen,

,

but no offset of young alluvium was observed. In Maxee Valley, it was reported
that a more westerly trending branch of the fault parallelled the valley and
appeared as a zone of short parallel shears or linear features. These were

described in the report as displacing young alluvium.

Further northwest, almost on strike with the " western branch" of the Moxee
Valley Fault, a linear feature in Wenas Valley--described as a possible normal,
oblique, fresh-looking fault--was observed.

A reconnaissance investigation by the applicant of these two valleys led to the
determination that (1) the Wenas Valley " Fault" was more likely a gravity-induced
slio along a weak sedimentary interbec between steeply dipping basalt units on
the south flank of Umtanum Ridge; (2) the " young alluvium" supposedly displaced
by the " western branch" of the Moxee Valley Fault was, in fact, a bedrock surface
with no evidence of fault displacement; and (3) the eastern or main branch of
the Moxee Valley Fault did not displace any young deposits anywhere along the
trace of the fault as far as it was followcd.

On a visit to the area, the staff concurred with the applicant's view that the

Wenas Valley features are more likely to have been the result of gravity rather
than tectonics, partly because a normal fault in a synclinal valley that formed

from compression was inconsistent with the regional stress regime. The normal
fault would require north-south extension in a zone known to be undergoing
north-south compression.
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The staff also examined the bedrock surface on what was called the western
branch of the Moxee Valley Fault. This was originally described as young
alluvium, which led to the postulation of a young fault. The staff agreed
with the applicant's observation that there was no evidence of faulting on the
subtle escarpments that caused the linear features. Although the applicant
postulated differential erosion along joints parallel with Moxee Valley as the
probable origin of the linear features, few joint sets were observed to warrant
such features. The staff concurs, however, with the assessment that the fea-
tures are probably not of tectonic origin, because the bedrock along the subtle
escarpments showed no evidence of faulting or other signs of deformation.

The Cold Creek Lineament, a linear feature that appears remarkably straight and
continuous on Landsat imagery and lower altitude aerial photography, is sub-
parallel to the RAW alignment. It can be traced from Wallula Gap, trending
slightly more northerly than the RAW trend, through Kennewick, Richland, Horn
Rapids Ditch, and Cold Creek, up to and across the eastern end of Umtanum Ridge.
Because the lineament is 85 km (53 mi) long and at its closest approach comes
within 12.5 km (8 mi) of the plant site, the applicant undertook a detailed
investigation--including field analysis and examination of cores from other
studies that cross the lineament, and aeromagnetic, gravity, and seismic reflec-
tion and refraction data. The staff, on a visit to the area, observed the field
and core evidence that strongly' supported a nontectonic origin for the lineament.

~

Some of the evidence and lines of reasoning that support the nontectonic origin
are:

(1) The Kennewick segment of the lineament consists of a linear terrace of
gravels that locally has vegetation of contrasting colors on and at the
base of.the terrace. Where exposed, the gravels show no evidence of off-
set or tectonic disturbance.

(2) At Pasco, the straight course of the Columbia River close to the Cold Creek
Lineament segment between Kennewick and Richland, is developed on gravels.
Cores of the basalt bedrock 30.5 m (100 ft) below the river bed, taken
recentl'y in connection with construction of a bridge across the Columbia

I River, show no sign of shearing or other evidences of deformation. Also
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cores taken at regular intervals across the river show no change in eleva-
tion of specific basalt and sedimentary interbed units.

(3) The Horn Rapids segment of the lineament has basalt exposures that show no
sign of shearing or other evidence of deformation. The thin edge of the
Ice Harbor Basalt crosses the lineament here and shows no sign of lateral
offset.

(4) Basalt cores from the Horn Rapids vicinity that cross the lineament taken
in 1971 (Blume,1971) show no sign of deformation or change in elevation
of any units.

(5) Aeromagnetic data (Weston, 1978 and 1980) across the lineament show no

characteristic signature or magnetic expression of the lineament along
its entire extent.

(6) Seismic reflection data from Rockwell (1981) at the northern end shows no
evidence of a subsurface planar structure across the lineament.

Based on this evidence the applicant concludes, and the staff concurs, that
the Cold Creek Lineament is not a tectonic structure and most likely developed
from surface fluvial and sedimentation processes.

Rattlesnake-Wallula (RAW) Alienment: The eastern boundary of CLEW, which is
19.5 km (11.9 mi) from the plant site, separates CLEW and the Pasco Basin.
This boundary varies in character from the north end where Umtanum and Yakima

Ridge Anticlines, just south of the east-west course of the Columbia River,.

plunge abruptly below the basin sediments. South of that Rattlesnake Hill

turns from an almost east-west trend to a north-northwest-south-southeast
trend. At its southern termination, where the Yakima River valley crosses from
the fold belt to the Pasco Basin, a series of small, doubly plunging anticlines
form the boundary, continuing with the southeasterly trend of Rattlesnake Hiil,
to Wallula Gap. At the Gap, the alignment becomes the Wallula Gap Fault, and
the anticlines gradually change to a monocline south of the gap. This align-
ment can be traced from the bend in Rattlesnake Hill to the Hite Fault east of
Milton-Freewater, making the total length of RAW 120 km (72 mi).
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The applicant has mapped several small faults in the anticlines, along the RAW
trend. In each case the fault parallels the fold and, therefore, the CLEW
boundary. In two places the faults have been investigated in detail. In
Finley Quarry, at the north end of the Butte, and at Yellepit, just north of
Wallula Gap, trenching and radiometric dating of caliche rinds and volcanic
ash beds have been used to investigate the capability of these faults.

The fault zone at Finley Quarry consists of three reverse faults with total

cumulative apparent displacement estimates of less than 61 m (200 ft). At
least two of the faults are capped by gravels with calcareous rinds that have
been dated by uranium / thorium methods and determined to be at least 75,000 years
old and may be as old as 200,000 to 250,000 years old. The staff has examined

these exposures and evaluated the applicant's arguments. While they have con-
siderable merit, the staff concludes that for a fault zone of such complexity
and length and for the estimated amount of offset, it is prudent to consicer that
this zone has had multiple movement. In this context, the 500,000 yr limit for

McFAt
noncapability established ingAppendix A should be utilized. These faults there-
fore are part of the evidence for the capability of RAW.

Two fault strands--one, N64W, trending southeast from Finley Quarry, and the
other from Yellepit and Horse Heaven Hills at N80W--cross Wallula Gap aast-
southeastward and merge into the Wallula Gap Fault. This linear fault can be
traced to the NNE-trending Hite Fault, east of Milton-Freewater.

Several' more southeasterly trending splays, mapped as normal faults (Shannon
and Wilson, 1979), characterize the Wallula Fault Zone. These include Vansycle
Canyon, Warm Springs Canyon, and Little Dry Creek Canyon. Along the Wallula
Gap Fault and the splays--interpreted as reidel shears (subsidiary shears
resulting from secondary strains along a strike-slip fault) off a main right
lateral fault--are several indications of late Pleistocene and/or Holocene
displacement. The applicant has listed several localities with evidence of

youthful, late Quaternary faulting offsetting undated colluvium, Palouse
Formation, Touchet Formation, and younger loess. The westernmost locality is
the Finley Quarry Fault already mentioned. Youthful faulting is also recognized
in Vansycle Canyon, Warm Spring Canyon, the Barrett Fault (which cuts Touchet
beds and offsets clastic dikes) the Milton-Freewater Fault, the Buroker Fault
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east of Walla Walla (where the base of the Palouse Formation is offset 0.5 m),
a youthful appearing fault south of Umapine, and Little Dry Creek Fault (where
basalt and Palouse beds are displaced about 0.5 m).

Although most of the evidence for recent faulting is on reidel shear splays of
the main Wallula Gap Fault, their presence within the fault zone and apparent
relationship to it leads to the assumption that the Wallula Gap segment of RAW
is capable.

Length of RAW: In the applicant's view, RAW consists of three distinct domains
in the site vicinity: (1) Comain I at the north end is composed mainly of folds
north of Rattlesnake Hill; (2) Domain II consists of discontinuous aligned folds
and faults, and (3) Domain III is a continuous reverse-oblique fault with little
folding along the trend, south of Wallula Gap.

This interpretation of the CLEW boundary is important to the applicant's argu-
ment for the segmentation of RAW (Domain II of the CLEW boundary) because it
bears on the maximum magnitude earthquake possible, assuming capability of this
part of RAW, which is closest to the plant site. If RAW consists of short fault
segments it constrains the size of the earthquake that is possible. The appli-
cant indicates there is no evidence that the faults mapped on the anticlinal

ridges from Rattlesnake Hill southward continue between the ridges, and that
the longest fault segment is the mapped fault near the north end of Rattlesnake
Hill, which is 7 km (4.2 mi) long. This hill is 19.5 km (11.9 mi) from the

i plant site.

| However magnetic and gravity data along several traverses between the Butte and
Game Farm Hill (K-hill) by Rockwell (Cochran, 1981) were interpreted by the
investigator to show a fault that the investigator regarded as an extension of
the Finley Quarry Fault. In addition, the investigator postulated a second
fault splaying from the Finley Quarry Fault.

The applicant rejected Cochran's interpretation on the basis that (1) the sharp
negative magnetic anomalies directly on strike with the mapped fault in Finley'
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Quarry did not match the magnetic signature of the mapped fault, (2) the nega-
tive gravity anomalies coincident with the magnetic anomalies were not asym-
metrical and therefore do not indicate a fault, and (3) there is geologic field
evidence of a buried channel in the basalt at the approximate location of the
negative anomalies. The applicant's preferred interpretation of Cochran's data
is that of a buried channel in the basalt.

One of the applicant's main arguments is that the two magnetic profiles across
the mapped fault on the Butte were considerably different from each other as
well as from the other profiles and, therefore, it is not possible to character-
ize an identifying signature for the fault.

While the staff does not dispute these points, several other factors not con-
sidered by the applicant must be given weight in evaluating Cochran's data and
interpretation. These include the following:

(1) In response to an early question (360.005), the applicant's geophysics
consultants modeled several aeromagnetic traverses across RAW as a fault
on several of the brachyanticlines; the magnetic signature was almost
identical to Cochran's profiles.

(2) The applicant's consultants modelled a series of profiles from aero-
magnetic data along several other flight lines--both across and between
the brachyanticlines--that show identical signatures and are aligned so
remarkably that the interpretation of a linear, throughgoing fault is
difficult to avoid.

Based on the foregoing, the staff concludes that for the purpose of evaluating
the seismic design, RAW is a throughgoing capable fault 120 km (74.6 mi) long.

Several tectonic models have been proposed to account for the geometry and
anomalies of CLEW, including right lateral strike-slip faulting at depth deform-
ing the partially detached basalt cover (Laubscher, 1981; Davis, 1981), detach-
ment folding of the basalt over a deep-seated rigid buttesss (Price,1982), or
detached flexures over fault ramps (Bruhn,1982). All these authors agree,
however, that the structures are the response to regional strain resulting
from north-south compression.
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Of the several tectonic models that have been proposed, right lateral strike-
slipkverylikelywithsomereverse-slipcomponent),probablybestexplains
most of the observed features along this zone of deformation. The evidence
for strike-slip motion on RAW includes:

(1) A linear structure with an orientation compatible with right lateral strike-
slip motion due to north-south compression, which has been ascertained by
the east west orientation of folds outside CLEW, and fault plane solutions
from local earthquakes.

(2) The incompatibility of a northwest-southeast thrust fault orientation with
north-south compression; even if movement on RAW is reverse-colique, the
origin of a northwest-southeast fault cannot have been thrust or reverse
with north-south compression.

(3) Horizontal slickensides along many faults along RAW.

(4) An en echelon arrangement in correct orientation of subsidiary faults
(Vansycle Canyon, Warms Springs Canyon) maoped as normal faults (down to

the northeast on northwest-southeast orientation) and as reidel shears
(secondary shears) related to a northwest-southeast strike-slip fault.

(5) A linear and continuous fault from Rattlesnake Hill to Milton-Freewater
I is characteristic of strike-slip faulting.

The staff concludes, therefore, that RAW is a throughgoing capable, right
lateral strike-slip fault with some reverse and/or reverse-oblique motion, and
is about 120 km (74.6 mi) long from Rattlesnake Hill to the Hite Fault. (See

j C' -- Appendix H of this SSER, for supporting arguments.)

2.5.1.2 Site Geology

WNp-2 is in the Pasco Basin, a subdivision of the Columbia River Basalt plateau
Tectonic Province. The basin is surrounded on three sides by structures of the
Yakima fold belt and RAW and on the east by the Channeled Scablands, a relativelyj
low relief area, with no visible bedrock structures, that was dissected by
glacial ard glacial meltwater scouring.
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The surface of the basin is covered with wind-blown deposits and dunes. The
WNP-2 site is south of a dune-covered area of low undulating topography, 5.4 km
(3.2 mi) west of the north-south course of the Columbia River.

.

The stratigraphy and substructure of the site and vicinity were determined by
140 boreholes drilled by the applicant and others, excavation mapping, and geo-
physical investigations. Below the site, the bedrock consists of basalt of the
Columoia River Basalt Group with intercalated Ellensburg Formation sediment, up
to about 152 m (500 ft) below the surface. This is overlain by 137 m (450+ ft) A

ss
of the lower and middle members of the Ringold Formation consisting of silt,
clays, and gravels. Overlying this and below the aeolian deposits are up to
30.5 m (100 ft) of glaciofluvial deposits, mainly Pasco Gravels of Missoula
flood origin.

The configuration of the basalt surface as shown by top of basalt structure con-

tours'developedfromborehole,seismicrefraction, gravity,andmagneticdata{
is of broad, low undulations or irregular discontinuous folas. The site is
located above a depression just east of the east limb of.the Cold Creek syncline,
one of the major structures in the basalt. The Ringold becomes thin and thickens,
depending in part on the basalt surface topography.,

The applicant reports that examination of aerial phctography and ground inspec-
tion uncovered no evidence of surface faulting. However, in a report to DOE
by Rockwell (RHO-BWI-ST-14), subsurface structures designated normal faults or

I dikes in the Pasco Basin, some within 8 km (5 mi) of the plant, have been iden-
|

tified. The determination was based on aeromagne.ic data modelled mathemati-'

cally by a technique known as Werner Deconvolution. In response to an informal
question from the staff concerning this information, the applicant pointed to
an explanation within the ST-14 report that states:

I
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- It sh:uld be emphasized that a fault-like solution does not neces-
sarily mean that an actual fault is present. Rather, the fault-like
solution indicates that a horizontal magnetic source terminates at a
particular location. In the Cold Creek syncline, horizontal termina-
tion of magnetic sources (lava flows) can be caused by flow pinchout,
possible abrupt changes in the magnetic properties of a flow, steep
anticlinal /synclinal flanks, as well as fault displacement.

,
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The applicant has stated that some of the Werner solutions, checked with seismic
roi action and reflection data, do not have corresponding :tructural features
at depth, and others are gently dipping limbs of folds. The applicant suggests
that the structure interpreted from Werner solutions to be at the surface at

the plant site is, in fact, the plant itself causing the anomaly. Inasmuch as

excavation mapping at the plant site showed evidence of faulting, the staff
accepts this evaluation.

However, the staff reviewer of the Skagit/Hanford application and tne staff's
advisor, USGS, recently identified numerous anomalies in seismic reflection and

refraction data in the site area, some within 8 km (5 mi) of the plant, that

may be interpreted as faults in the basalt. The resolution of tne data is not

fine enougn to determine which if any suprabasalt strata are offset, so that

capability of these possible faults cannot be assessed on these data alone.

However, on the basis of the early construction drilling program in the WNP-2
site area, borehole data from other studies out to more than 16 km (10 mi) of

thesitgacontinuitystudyoftheRingholdFormationexposedintheCliffsof
the Columbia River, and excavation mapping, no capable faults or faults in the
suprabasalt strata have been identified within 8 km (5 mi) of the site.

The Skagit/Hanford applicant is presently engaged in an integrated review of
subsurface data. The WNP-2 applicant has committed to maintain communication
with the Skagit/Hanford applicant to keep abreast of developments in that
review. Barring newly developed information to the contrary, the staff antici-

pates a satisfactory resolution of the seismic profiles that will not adversely

affect its assessment of the safety of the site. At present, therefore, the

staff concludes there are no capable faults at or within 8 km of the plant site.

2.5.1.3 Volcanic Hazards

2.5.1.3.1 Ash Fall

Because the WNP-2 site is situated less than 150 mi (250 km) from the present
or recent active volcanoes of the Cascade Mountains, a review of potential ash-

fall is necessary in evaluating the safety of the site. Several thin seams
of volcanic ash (2.5-5 cm (1-2 in.)) intercalated with sedimentary interbeds in

!
'
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the Pasco Basin vicinity have been reported in the FSAR and in other studies
of the region. Some of these are from Mount St. Helens (222 km (138 mi) from
the site) dating back to 13,000 YBP; Glacier Peak (230 km (143 mi) from the
site); and Mount Mazama (about 402 km (250 mi) from the site). The most recent
major eruption of Mount St. Helens--that of May 18, 1980--left a very thin dust-
ing over the area. Occasionally lenses of ash up to 1.5 m (5 ft) thick and tens

i f yof feet or less in area have been observed. The applicant argues that small
lenses of this type cannot have been free airfall material, wnich leaves a layer
of uniform thickness over a relatively wide area, and must therefore be reworked
ash redeposited by streams in lenses. The staff agrees with this interpretation.

In estimating a design ashfall, the applicant considered the distance versus
thickness curves used for the Pebble Springs site developed by the USGS, adapt-
ing them for potential ashfall from Mount Adams, 165 km (107 mi) from the site
(the closest volcano to the site), and Mount Rainier,193 'm (125 mi) frcm the
site. However, the 'JSGS considers it prudent to use potential ashfall from
Mount St. Helens, 222 km from the site, because it has a history of more con-
tinuous recent activity than Mount Rainier, and from Mount Adams, because it is
the closest volcano to the site. (See Appendix G to this SSER.)

The design thickness chosen--7.4 cm (3 in.) of compacted ash--is conservative
because it lies above the newly developed Mount St. Helens thickness-vs-distance
curves of the USGS, based on the most recent measurements of Mount St. Helens

ashfall.

The applicant, in the FSAR, used figures accepted in the Pebble Springs SER for
the percentage of compaction that would result in the design ash thickness. At
that time, 20%-40% was considered a reasonable estimate. Recent experience with

Mount St. Helens 1980 ashfall suggests that compaction may be as high as 75%
(see Appendix G). Based on the difference between the earlier and later, more
conservative, compaction estimates of 50-60%, the amount of loose, uncompacted
ash that will compact to the design thickness is 14.8-18.5 cm (5.8-7.4 in.), as
opposed to 9.1-10.6 cm (3.6-4.2 in).

The ashfall rate based upon these new figures for uncompacted ash over an hypo-
'

thesized 20-hour ashfall we..ld be 0.74-0.92 cm/hr (0.3-0.36 in./hr).
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The applicant estimates the median grain size of ash as 0.075 mm. Information
on particle size from the Mount St. Helens ashfall of May 18, 1980 (Sarna-Wojcicki
et al., 1981) indicates that the amount of ash of 0.075 mm estimated (50% of
total) by the applicant is conservative.

The applicant has committed to confer with the Trojan nuclear plant management.

Jweto develop a warning system similar to ,. m.'s tied to the USGS warning system.
i. Specific design considerations to handle ashfall are discussed in Sections 2.4,

8.3, and 9.1 of this report.

2.5.1.3.2 Potential Lava Flow

hdAAA d rn.alTMAlthough the Columbia Plateau and Pasco Basin consist of :: :: ":_:: : __.
' '

,) -

of lava flows, the last lava flow to occur in the region was 6 x 10' YBP. The
*

tectonic setting and relations that gave rise to the volcanism are no longer
present, and, based on present understanding of tectonic processes, are not
likely to return within-the lifetime of a nuclear power plant. The applicant,
in assessing the potential for a fissure flow at the site, references a prob-

abilistic assessment conducted for DOE for the nuclear waste repository site
at Ha,./ord. The results of that study suggest that the annual percent proc- .

ability for lava flows is extremely low, on the order of 8 x 10 ' The staff
considers this a reasonable assessment based on the aforementioned tectonic
considerations and therefore concludes that lava flows will not be a hazard to
the site.

2.5.2 Seismology

2.5.2.1 Background and Summary

|
i The staff's OL review has been based on seismological information in the FSAR

and its amendments. The review has concentrated on the following topics:

(1) Additional information on magnitude estimates of historical earthquakes

| within 320 km (200 mi) of the site.

(2) Seismicity in the site region (within 25 km, 15.6 mi) that the CP review.
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(3) Determination of the maximum earthquake on faults or structures that have
been found to be capable.

(4) Determination of the vibratory ground motion at the site as a result of
(a) swarm earthquakes in the immediate vicinity of the site, (b) maximum
earthquake on faults and structures that have been found to be capable,
and (c) the largest historical earthquake witSin the Lotumbia River Basalt

Plateau Tectonic Province that has not been associated with a tectonic
structure.

(5) A comparison of the ground motions estimated above with the SSE approved
for the CP.

In addition, the staff has reviewed current information regarding the Decem-
ber 14, 1872 earthquake and its potential impact on the licensing of the WNP-2
site.

These topics resulted frem a review of the information that has been made avail-

able since the CP review, either in the literature or during subsecuent analysis
of the seismic conditions at the WNP site. This new information is described
below.

2.5.2.2 Tectonic Province

The staff has used the tectonic province approach in assessing the appropriate
design basis for earthquakes because none of the historic earthquakes of the
region can be definitively associated with any known structure. Apoendix A of
10 CFR 100 defines tectonic province as "a region of the North American con-
tinent characterized by a relative consistency of the geologic structural fea-
tures contained therein."

The applicant has determined, and the staff concurs, that the WNP-2 site lies
within a region termed by the applicant the " Columbia Plateau Tectonic Province."
The Columbia Plateau is comprised of a series of Miocene-Pliocene basalt flows

with sedimentary interbeds overlain by unconsolidated, occasionally cemented,
Pliocene-Quaternary sediments. Because of the onlapping of the Columbia River
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basalts onto the adjacent provinces and the uncertainties regarding the distances
that the surrounding geologic provinces continue beneath the basalts, the issue
of the tectonic province boundary for ground motion estimates is discussed in
more detail in Section 2.5.2.3.5. This section discusses the closest approach
of an earthquake similar to the December 14, 1872 event which has been located
in the Northern Cascades-Okanogan Tectonic Province north of the Columbia Plateau.

2.5.2.3 Historic Seismicity and Maximum Earthquake Potential on Faults and
Structures Which Have Been Found To Be Capable

In the 1972 CP review, the staff and USGS used a Modified Mercalli Intensity
(MMI) of VIII to characterize the maximum earthquake that could a#fect the WNP-2
site. This earthquake was assumed to occur along the nortnwest trending

Rattlesnake-Wallula Lineament 19.5 km (12 mi) from the site. No attenuation of
seismic energy was assumed to occur. That is, it was assumed that Modified
Mercalli Intensity VIII could directly affect the site. During the OL review,
the staff concluded that magnitude is a better indicator of earthquake source
strength than intensity.

Intensity is a measure of observed damage and felt effects. It depends upon the
size of the earthquake, its depth, the distance from the earthquake source, the
nature of the geologic materials between the source and the point of observation,
and the geologic conditions at the point of observation itself. Although an
attempt is made in the intensity scale to account for differences in structural

design, it is only done in a very general way.

Magnitude is a measure of earthquake source size using instrumental recordings
of ground motion at different distances. Different magnitude scales measure
different components of motion in different frequency ranges and care must be
exercised in choosing the appropriate scale for the intended purpose. Local
magnitude (M ), the original magnitude scale, was developed from recordings of

L

smallearthquakes(M[5.0)atdistancesbetween20and600km(12.5and
375 mi) in southern California. It is determined utilizing the largest ground

motion recorded on the Wood-Anderson seismograph. As a result, it is particu-
larly sensitive to short period (about 0.8 seconds) horizontal motion. It is

not applicable at distances greater than 600 km (375 mi) and must be used with
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great care outside of California. Surface wave magnitude (M ) was developed
s

subsequently to complement M f r earthquakes of greater size and at different
L

locations. It is determined from longer period (20 seconds) motion. Richter
magnitude (M), as it is commonly used (but very often not precisely used), is
equal to M f r magnitudes less than about 6 and M f r larger earthquakes

L s
(Nuttli,1979). From the results of Nuttii (1979), Kanamori (1979), and
Heaton et at. (1982),M is about equal to M for magnitudes near 6.0. Accord-L 3

ing to Kanaomori (1979), at magnitudes greater than 6, the average M begins to
L

deviate and becomes less than the average M f r the same earthquake.
s

For the purposes of the WNP-2 review, the staff has utilized M where appropriateg

and possible. ML gives an estimate f the ground motion at periods less than
1 second, which are the periods of interest for nuclear power plants. However,
inderiving estimates for the maximum earthquake to be assumed on structures that

have been found to be capable, the staff has had to use M and moment magnitude.
3

As Kanamori (1978) states: "The amplitude of a seismic wave represents the
1

| energy released from a volume of crustal rock whose representative dimension is
comparable to the wave length." Seismic waves used in the determination of M

L
may only reach wave lengths of 6 km (3.7 mi). They cannot adequately reflect
the energy release of earthquakes associated with ruptures tens of kilometers
long. Seismic waves used in the determination of M have wave lengths of about

s

60 km (37.5 mi). Thus, in estimating earthquake size from fault studies, the
most directly relatable magnitude scale based upon rupture lengths less than
hundreds of kilometers would be M '

s

Empirical data relating magnitude (M ) t fault parameters, such as Wyss (1979)
s

and Slemmons (1982), are limited by the lack of fault parameter observations
for magnitudes less than about M = 6.0. Thus, their fault parameter relation-

s
ships are not easily applied to faults of limited dimensions. In these instances
the staff has utilized the moment magnitude M relationship derived by Hanks and
Kanamori (1979). Moment is defined to be the material rigidity (u) times the
fault area (A) times the average dislocation (d). If estimates can be made for
the fault area and displacement, the moment magnitude of Hanks and Kanamori
(1979) provides a convenient quantification of earthquake size. It is 1mport-

ant to note that moment magnitude (M) is determined from the seismic moment
and is related to actual faulting dimensions (moment can be determined from a
variety of data, as discussed by Purcaru and Berckhemer, 1982).
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2.5.2.3.1 Largest Historical Earthquake Within Columbia Plateau Tectonic
Province

The largest historical earthquake within the Columbia Plateau was the July 16,
1936 Milton-Freewater earthquake. The Modified Mercalli Intensity of this
event was MMI = VII (Coffman and Von Hake, 1972). The magnitude was estimated

to be M = 5.75 (Gutenberg and Richter,1965) and originally ML = 6.1 (Woodward-s

Clyde, 1980a; WNP-2 FSAR, Amendment 18). As discussed in sub' sequent sections

of this SSER, the applicant's consultant has recently submitted a report
outlining how the M was determined and why it may be an overestimate of the

L
source strength of the 1936 earthquake. The original instrumental epicenter
was listed as 46.2 N and 118.2 W, while a recent instrumental data relocation

places the event at 46.21 N and 118.23 W (Woodward-Clyce 1980a).

There has been much discussion concerning the association of this earthquake
with either the Hite Fault system, which trends north-northeast, or the Rattle-
snake-Wallula Lineament, which trends northwest. As discussed in the CP-SER

for the WNP-1 and -4 (May 1975), "it appears likely that the intensity VII 1936

Milton Freewater event was associated with this structure" (Rattlesnake-Wallula
Lineament). However, in past licensing actions, the staff has assumed an
intensity MMI = VII (the same intensity as the 1936 earthquake) to be the
maximum random earthquake in the Columbia Plateau. As noted, arguments exist
for both association and nonassociation of the 1936 earthquake with structure.

The spatial and temporal location of aftersht eks, along with the fault plane
solution, tends to support a north-northeast trending fault plane, consistent
with the Hite Fault system. An earthquake that occurred on April 8, 1979 has a
fault plane solution that could be compatible with the Hite Fault system; its
location, when connected to the 1936 epicenter, results in a line which is
roughly parallel to the Hite Fault. The above evidence would suggest a north-
east trending fault as the source of the 1936 earthquake.

The epicentral location of the 1936 earthquake is not well constrained. The

location is 20 to 39 km (12.5 to 18.7 mi) west of the surface trace of the Hite
Fault, with 90% confidence limits on location of about 11 km (6.9 mi) in the
north-south direction and 16 km (10 mi) in the east west direction. As discussed
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in Section 2.5.2.3 and as shown on Figures 2.5.5-20 and 2.5.5-21 of the WNP-2
FSAR, "No well defined correlation exists between the earthquake activity in
the 320 km (200 mi) radius region surrounding the site, and individual mapped
geologic structures, such as faults, grabens, or anticlines." This includes
the Rattlesnake-Wallula Lineament. After reviewing the eartoquake history of
the Columbia Plateau, the staff, in general, agrees with the above conclusion.
The Cleman-Snipes Lineament (south and west of the Rattlesnake-Wallula Alignment)
may have historical (prior to 1969) seismicity associated with it (see FSAR
Figure 2.5-52). However, in reviewing the detailed microcarthquake monitoring
during the past 11 years, one finds no obvious seismic lineation patterns that
could be associated with any surface geologic structures including the Cleman-
Snices Lineament (whose closest approach is about 50 km (31.3 mi), southwest of

the WNP-2 site).

Regarding the 1936 earthquake, the staff advisor, USGS, concludes that the
fact that no known fault exists near the earthquake location " suggests the
possibility that unknown faults may be buried near the site beneath the Columbia
Plateau basalts and that an earthquake of 1936 type might occur on such a
fault" (Appendix G). In addition, G3) USGS states: " association of the 1936
earthquake with a specific structure sucn as the Hite Fault or the Wallula

Alignment is sufficiently uncertain that the possibility must be considered
that a 1936 type earthquake could occur in the vicinity of the site."

Based upon the above discussion, it is the staff's position that the 1936
aarthquake has not been definitively associated with a known geologic structure

; or fault because of the lack of constraint on the epicentral location and the I

lack of correlation between seismicity and geologic structure within the
Columbia Plateau. As a result of this position, the staff requested that a
site-specific resamse spectrum be developed assuming that an event similar to
the 1936 earthquake occurred close to the WNP-2 site.

In recent OL reviews (Sequoyah SER, March 1979; Fermi SER, June 1981; Midland

SER, May 1982) the staff has utilized the magnitude of historic earthquakes for
defining the size of the target event for the site-specific spectrum. As
discussed in FSAR Section 2.5.2.1.1.1, the 1936 earthquake had estimated

magnitudes of M = 5.75 and ML = 6.1. The applicant has developed a site-
s
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specific spectrum utilizing the M f 6.1 (discussed in SER Section 2.5.2.4.1).L
However, in recent discussions between the staff and applicant, questions have
developed regarding the M magnitude. These questions were prompted by the

L
following:

(1) In the 1980 Woodward-Clyde Report, the magnitude determined was 6.1 at
distances ranging from about 300 to 2500 km (198 to 1563 mi). The maximum
amplitudes were measured at periods ranging from 2.1 to 14 seconds. This

was seen to be inconsistent with M determinations (see SER SectionL
2.5.2.3).

(2) The M f rmula was developed assuming Southern California attenuation.
L

Attenuation of seismic waves is regionally dependent (see for example
Singh, 1981), such that, assuming Southern California attenuation for
regions of the Pacific Northwest causes the M t be overestimated.

L

(3) As part of a 1981 Woodward-Clyde report, the moment of the 1936 earthquake
was determined. Using the empirical formula of Thatcher and Hanks (1979),
this moment (3.6 x 102' dyne-cm) would be more equivilant to an M of 5.7
to 5.8. In addition, the results of Nuttii (1979), Kanamori (1979), and
Heaton et al. (1982) demonstrate that M should be about the same as Mg s

for magnitudes near 6.0 (M, = 5.7 to 5.8 for the 1936 earthquake).

The applicant's consultant has provided the staff with a study on the magnitude
i of the 1936 earthquake (Woodward-Clyde February 1982c). This report states that

the magnitude of 6.1 should not be used as an M , and that the 6.1 is an over-
L

estimate of the M f r the 1936 earthquake. The magnitude of 6.1 conforms with
L

the original notation of Richter (M). Although M and M are calculated in a
L

! similar fashion (using the maximum Wood-Anderson trace amplitudes), different
distance ranges were used. M is normally restricted to distances less than

L
about 5 degrees, while the distance used by WCC for the magnitude calculation
was 5 to 15 degrees for the 1936 earthquake. In addition, the propagation
paths from the 1936 hypocenter to the seismic stations used include paths, or
portions of paths, outside of California that may not conform to Richter's
(1936) original plot of log amplitude versus distance (attenuation . ate)
(Richter, 1958).
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The magnitude of the 1936 earthquake was calculated from 17 seismic stations,
11 of which are located in northern and southern California. To study the
above discussed effects, recent earthquakes in northern and southern California
witn known M 's were analyzed at the Newport, Washington, Wood-Anderson station

L
(which is about 250 km (156 mi) north of the 1936 epicenter). Magnitudes
determined at Newport could be compared to known M 's (from California seismo-

L
graphs) and, by reciprocity, the travel path effects should be the same as with
the 1936 event. Thus, differences between M anc M fr m recent earthquakes

L
should be about the same as the difference between M and M from the 1936

L
earthquake. Results demonstrate that M appears to be consistently higher than
M along the path between California and eastern Washington (M - M is about

0.35 to 0.50). M of 6.1 minus about 0.35 to 0.50 (M = 5.6 - 5.75) is aboutg
the same values as the M f 5.7 to 5.8 (Gutenberg and Ricnter 1949; 2nd

s j

edition,1954), consistent with the results of Nuttli (1979), Kanamori (1979),
and Heaton et al. (1982) that M would be about equal to M f r magnitudes nearg s
6.0. The USGS states that "we consider the M = 5 3/4 as a more reliable

3

measure of the magnitude of the 1936 earthquake than the M magnitude." Basedg

upon the above information, the staff concludes that an M, = 5.7 - 5.8 is an
aopropriate representation for the magnitude of the 1936 earthquake. The
site-specific spectrum was developed using an M = 6.1 as the magnitude. The

L
site-specific spectrum is discussed in detail in SSER section 2.5.2.4.2,

including an estimate of the effect of the Mg = 6.1 being an overestimate of
the target magnitude.

2.5.2.3~.2 Maximum Swarm Earthquake Near the WNP-2 Site

One seismicity pattern that has evolved with microearthquake trmitoring within
the Columbia Plateau involves the occurrence of earthquake swarms. In general,
the swarms are defined by a clustering of events in both space and time.
Swarms are typically localized to an area of a few kilometers wide, within the

upper 3.0 km (1.9 mi) of the crust. Both in 1969 and 1975 swarm sequences
occurred near Wooded Island, about 5 to 10 km (3.1 to 6.2 mi) southeast of the
site. Because these events have occurred in close proximity to the site, the

staff requested that the applicant evaluate the maximum earthquake potential of

this activity and potential ground motion at the WNP-2 site.
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The largest magnitude swarm earthquakes have been tabulated by the applicant
(FSAR Appendix 2.5J, Amendment 18). For Wooded Island, the largest event was
M = 2.91 in 1969 and M = 2.83 in 1975. M is a duration magnitude (basedc c c
upon earthquake coda length) that was developed by the University of Washington.
The relationship of M to M is discussed below. The largest swarm event ing c
the Columbia Plateau since 1969 was the M = 4.38 Royal Slope earthquake,

c
approximately 50 km (31.3 mi) north of the WNP-2 site. Focal mechanism solu-
tions of different swarms have demonstrated that many different faul t planes
are active in each sequence. Because of the location in the upper few kilo-
meters of the crust, the swarms are thought to occur within the basalt flows,
with tectonic fractures or cooling joints thought to represent possible fault
planes. A major uncertainty involves the dimensions of potential fracture
surfaces to be involved in any one swarm event. The applicant has also studied
the association of the past earthquake swarms with areas of groundwater level
changes due to irrigation. As shown in Figure 2.5J-36 of the FSAR, the majority
of swarm events have occurred in areas of irrigation or areas bordering irriga-
tion, suggesting a causative relationship (triggering mechanism) between swarm
seismicity and groundwater level changes.

The applicant's position, as stated in Appendix 2.5J of FSAR Amendment 18,
is that the maximum magnitude of M = 3.0 is appropriate for swarm activity in

c
close proximity to the site. This conclusion is based on

(1) The limited dimension of tectonic fractures. The applicant has estimated
that the maximum dimensions of the tectonic fractures are approximately

150 m (490 ft).

(2) The larger swarm earthquakes (above M = 3.0) that have occurred between
c

Saddle Mountains and Frenchman Hills, 30 to 50 km (18.7 to 31.2 mi) north
of the site, in a region of major deformation. Because major deformation
is apparently not present at Wooded Island, the applicant concludes that
an event larger than M = 3.0 would not occur because large enough fault

c
surfaces are not known to be present at Wooded Island.

(3) The suggestion that the Columbia River basalts are a low-strain environment
and, thus, are not likely to be the source of significant earthquakes (see

FSAR Section 2.5J.7.1).
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The staff has also evaluated the potential for swarm earthquakes near the WNP-2
site. As a result of this evaluation, the staff requested that the applicant

determine the ground motion and response spectrum assuming that an ML = 4.0
earthquake (M = 4.0-4.4) cccurred at a hypocentral distance of 3.0 to 5.0 kmc
from the WNP-2 site. Reasons for reaching this conclusion are that uncertainties
exist regarding the swarm earthquake potential near the WNP-2 site.

These uncertainties include the lack of detailed information regarding the size
of potential tectonic fractures in the upper 3.0 km (1.9 mi) of the crust in
the Wooded Island region and the relatively short instrumental recording period
over which observations of maximum magnitude swarms earthquakes have been made.

Although the largest event at Wooded Island has been M = 3.0, the staff has
c

requested the applicant to assume an M = 4.0 to 4.4 is possible. An M * 4'4
c c

is the largest swarm event within 50 km (31.2 mi) of the site during the past

11 years. Malone (1979) has studied the relationship cetween Mc (c da-length
magnitude) and ML (1 cal magnitude). He has found that M is approximately 0.3c
units larger than M . The staff has used these results and assumed that an

t

M = 4.0 to 4.4 would be about an M = 4.0. In determining the closest hypo-
central distance to be assumed, the staff has used the following pieces of .

information.

(1) Past swarm events at Wooded Island have come within 5.0 to 10.0 km (3.1 to
6.2 mi) (epicentral distance) of the site. Typically these events occur
at' depths of 0 to 3.0 km (0 to 1.9 mi) although for ground motion compar1-
sons the staff has conservatively assumed that the hypocentral distance
will be the same as the epicentral distance.

(2) In assessing the closest distance at which future swarm events might occur,
the staff has assumed the association of swarm earthquakes with areas of
irrigation is reasonable. Utilizing the information contained in Appen-
dix 2.5J of FSAR Amendment 18, the staff has determined that 3 km (1.9 mi)
is the closed hypocentral distance for a swarm earthquake, assuming a
swarm sequence occurred east of the WNP-2 site in the closest area of

irrigation.
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Based'upon the above information, the staff requested that the applicant esti-

mate the ground motion asseming an ML = 4.0 earthquake occurred at a hypocentral
distance of 3.0 to 5.0 km (1.9 to 3.1 mi) from the site. The ground motion from I

this event is discussed in SSER Section 2.5.2.4.2.

The staff cannot rule out othar hypotheses aside from irrigation (which the
staff has used) that may be contributing to the occurrence of the earthquake
swarms, or similarly preclude the poss'bility of swarm events at hypocentral
distances less than 3 km (1.9 mi). Hosever, the staff's judgment is conserva-
tive because the staff has used the largest known swarm earthquake anywhere
within the large Columbia Plateau Tectonic Province, and assumed it to occur
closer to the site than any swarm earthquake that has been recordec during the
11 years of monitoring.

2.5.2.3.3 Magnitude of the Maximum Earthquake on Gable Mountain

As discussed in Section 2.5.1.1.2.2, the Central Fault on Gable Mountain has
been found to be capable. In addition the North-Dipping Reverse Fault is also
assumed to be capable because of its structural relationship with other probable
capable faults.* The Gable Mountain structure approaches to within 15 km
(9.4 mi) of the WNP-2 site, with the faults being reverse or reverse-oblique
slip in character.

|
1

| As discussed in Section 2.5.1.3.1, the Central Fault on Gable Mountain has a
maximum inferred length of 3.0 km (1.9 mi), with a maximum displacement of

6.0 cm (0.2 ft). The North-Dipping Reverse Fault has a known length of about
1.0 km (0.6 mi) and a maximum inferred length of about 6.0 km (3.8 mi). In

addition, the majority of geologic evidence (SSER Section 2.5.1.3.1) indicates
that the Gable Mountain faults are secondary to the folding, placing constraint

*0tner possible capable faults are the South Fault, the West Fault, and the
08-10 Fault. These (South, West, 08-10) have not been used in assessing
the maximum magnetude for the Gable structure because : heir dimensions
(length or displacement of Holocene material) are smaller than the Central
Fault or the North-Dipping Reverse Fault; thus their estimated magnitudes
would be lower.
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on the down-dip width of the faults of 3.0 jun (1.9 mi), the approximate width
of the Gable Mountain fold. The above fault parameters have been used by the
staff, the staff's consultant Dr. D. B. Slemmons, and the applicant to estimate
earthquake magnitude on the Gable Mountain structure.

The applicant's best estimate for earthquake magnitude on Gable Mountain is
M = 5.0; however, the range of estimates is M = 3.9 to 6.6. This range

s s

arises from magnitude relationships utilizing potential rupture area, maximum
displacement, rupture length, and earthquake moment.

Slemmons concludes for the Central Fault on Gable Mountain f... p.,. :: /

hacendixH): "the maximum strain rate is about 0.005 mm/yr and the maximum
credible earthquake is low and falls below the cutoff magnitude of M = 5.5 of

s

the data. . The sefsmic moment magnitude value would be similar to the surface
magnitude value."

The staff, in making its assessment of the magnitude for the Gable Mountain
structure, has reviewed the data base used to develop empirical realtionships

between magnitude (M ) and rupture length and displacement (such as Slemmons,
3

1982). The staff has found that essentially few or no data exist for rupture
lengths as low as 3.0 to 6.0 km and displacements as low as 6.0 cm for reverse
or reverse oblique slip faults. The staff has not given any significant weight
to these values to derive a magnitude for the Gable Mountain structure.

Because constraints have been placed on possible fault width, the staff has
examined the suitability of using rupture area and moment to derive magnitude
estimates for Gable Mountain. Wyss (1979) states that his rupture area versus
magnitude data should not be used to estimate magnitudes less than 5.7, because
of the lack of data below a magnitude of 5.7. The applicant's consultant, how-
ever (Woodward-Clyde, 1982), has compiled fault rupture area data for earth-
quakes with magnitudes as low as 4.2, thereby extending the usefullness of this
technique. Woodwood-Clyde (1982a) has conservatively assumed that M *M I"

s L
2this analysis. Using rupture areas of 9.0 to 18 km (range for Central Fault

and North-Oipping Reverse Fault), M, values of 4.9 to 5.1 are obtained. Hanks

and Kanomori (1979) developed a relationship between moment and moment magnitude
2that extends to magnitude 3.0. Using rupture areas of 9.0 to 18 km , a maximum

|
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k
displacement of 6.0 cm, and a rigidity of 3 x 1011 dyne-cm, the moment magnitude

(Hanks and Kanamori 1979) obtained is 4.8 to 5.0.

It should be noted that there is some uncertainty ia the above values because
of a lack of absolute knowledge regarding down-dip width and rigidity. The
staff has assessed the sensitivity of the magnitude values. Parcaru and
Berckhemer (1982) have recently compiled wo-ld wide data on length-to width
ratios for reverse type faults. They state that the average length is about
twice the width, with the majority of the data being in the range of length one
to four times the width. Using this information and fault area and moment,
with rupture areas up to 36 (length equals width) km (best estimate of 9.0 to2

2 218 km , most conservative estimate of 36 km ), the magnitude would increase by
about 0.2 to 0.3 M units. Although 3 x 1011 dyne-cm is the standard value

3

used, changing the rigidity by a factor of two would also change the magnitude
values by about 0.2 M units.

3

Based upon an appropriate utilization of rupture area and earthquake moment, the
staff concludes that the maximur earthquake for licensing purposes on the Gable
Mountain faults is M = 5.0. Uncertaintity in fault area or rigidity could

s

change the M value by 0.50 units. Although these values are conservative, it
s

should be noted that for the WNP-2 site, the staff has assumed the 1936 earth-
quake site-specific spectrum (see SSER Section 2.5.2.4.1), at about 15 km.
This is similar to the closest approach of Gable Mountain. An M f 6.1 (ML L
used for site-specific spectrum) is much larger than values cbtained using the
fault parameters tht. exist on Gable Mountain to derive magnitude estimates.
In addition, there is no observed seismicity on or near the Gable Mountain
structure, and the slip rate of 5 x 10 ' cm/ year (SSER Section 2.5.1.1.3.1)
qualitatively suggests very low rates of deformation or very long return
periods for earthquakes on the Gable Mountain structure.

2.5.2.3.4 Magnitude of the Maximum Earthquake on the Rattlesnake-Wallula
Alignment

As summarized above, the Rattlesnake-Wallula (RAW) alignment was recognized as
the most significant seismically active structure at the CP stage. A geologic
description of RAW can be found in Section 2.5.1 of this SSER. In addition,
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Slemmons discusses (Appendix H) the RAW feature in detail. Discussed below are

the magnitude estimates for RAW at a distance of 19.5 km (12.2 mi), the closest
distance that RAW approaches the WNP-2 site.

Typically, the most utilized method of estimating earthquake potential has been
the use of fault-rupture length (applied to surface ruptures). Application of
fault-rupture-length earthquake-eagnitude methodology by Slemmons (as described
in Appendix H), relies upon subsurface estimates of indiv'idual rupture lengths
or appropriate percentages of estiaated total fault length.

The length of the RAW structure is dependent upon the type of faulting assumed.
Ir. response to staff question 360.14, the applicant has presented estimates for
the RAW structure assuming either reverse-oblique slip faulting or strike-slip
faulting. Slemmons estimated the maximum magnitude for RAW based upon primarily
strike slip faulting (details of why strike-slip faulting is assumed is discussed
in SSER Section 2.5.1.3.2), with possible minor amounts of local oblique slip
motion.

The applicant has used the relationship of Slemmons (1977) between magnitude
and rupture length and Wyss (1979) between magnitude and rupture area (source
length multiplied by fault width) to estimate maximum magnitudes. For reverse-
oblique slip faulting, the maximum magnitude of RAW structural Domain II (see
SSER Section 2.5.1.1.2.3) is 6 to 6.5, based upon rupture lengths of 5.0 to 10

km (3.1 to 6.2 mi) and fault widths of 5.0 to 11 km (3.1 to 6.9 mi). Structural
Domain II approaches to within 19.5 km (12.2 mi) of the WNP-2 site. The maximum

| magnitude of structural Domain III is 6.5 of 7.0, based upon rupture lengths of
10 to 20 km (6.2 to 12.5 mi) and fault widths of 5 to 11 km (3.1 to 6.7 mi).
Structural Domain III approaches to within about 42 km (26 mi) of the WNP-2 site.
Based on the discussion in SSER Section 2.5.1.1.2.3, the staff does not accept
the separation of Structural Domains II and III. For strike-slip faulting, the

applicant has combined Domains II and III. Using rupture lengths of 16 to 23 km
,

| (10 to 14.4 mi) and fault widths of 7.5 to 12 km (4.7 to 7.5 mi), they conclude
l that the maximum magnitude for RAW is 6 to 6.5.

The methodology of Wyss (1979) to estimate maximum magnitude has some problems
associated with it. Wyss postulated that fault area (source length multiplied
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by fault width) would provide a more accurate and appropriate estimate than
length alone. The staff has noted that to apply this methodology, a fault
width must be estimated (or constraints placed on fault width such as what was
done for Gable Mountain faults). The applicant had made estimates of fault
width based upon a dipping fault surface down to 5.0 and 11 km. Seismicity

(non3warmactivity),however,isscatteredthroughouttheentirecrust. For

the RAW structure, determining down-dip fault width involves uncertainty and in
some cases may be done somewhat arbitrarily (geologic constraints on down dip
width have not been made). Because this method relies upon indirect estimates
of fault width for RAW, the staff has given this apprcach little consideration.

Slemmons has estimated the magnituce for RAW (Appendix H). The staff concurs
with Dr. Selmmons' use of 120 km (75 mi) fault length for the RAW structure
(see Section 2.5.1.1.2.3), and his use of fractional fault lengths of 15 to
20 kn (9.4 to 12.5 mi). Using the relationships of Slemmons (1982) between
total fault length and magnitude and fractional fault length and magnitude,
Slemmons concludes that the maximum credible earthquake for the RAW structures
is M = 6.5. The staff concurs with this conclusion.

s

As a suoplement to estimating maximum magnitude from fault rupture lengtn, the
use of fault slip rate or degree of fault activity has been estimated for the
RAW structure. This methodology has been discussed in detail in a past staff
SER (San Onofre Units 2 and 3 SER, NUREG- ). Slemmons provides some dis-9
cussion on the slip rate methodology (Appendix H). For RAW, the slip rate has*

been conservatively estimated to be 0.20 mm/yr (Woodward-Clyde 1982b). Using
this value and the relationship of Woodward-Clyde (1979) yields a maximum magni-
tude of 6.4 for the RAW structure (Appendix H).

The final pieces of information on RAW come from observed fault activity and
seismicity. As discussed in SSER Section 2.5.1.3, no fault along the RAW trend
is known to have ruptured for the past 7000 years. Although the definition
for noncapability cannot be satisfied, the lack of very recent (past 7000

years) surface rupture may indicate that rates of deformation are very low.
This is supported by the conclusions of Dr. Slemmons (Appendix H), who states
that the actual slip rate (degree of deformation) may be much lower than
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assumed. Low rates of deformation are also supported by the observed lack of
seismicity along the RAW structure, suggesting long return periods of larger
(M 6.0 to 6.5) magnitude earthquakes.

s
.

2.5.2.3.5 1872 Earthquake

There has been much discussion surrounding the December 14, 1872 north-central
Washington earthquake regarding both its size and location. Past conclusions
on these topics have been in staff SERs (for example Supplement 1 to the WNP-1
and -4 CP-SER, 1978) and testimony (McMullen and Kelleher, 1978). In addition,

USGS has completed a current review of the information available and concluded

that the 1872 earthquake epicenter is located in the vicinity of Lake Chelan,
with a procable maximum intensity of MMI = IX, and magnitude of M = 7.0. In

s
addition, USGS concludes that the 1872 event was in the Northern Cascaces

Province, at least 90 km (56 mi) from the Columbia Plateau Tectonic Province.

Because of the sparse population in north-central Washington in 1872, there is
a large degree of uncertainty concerning estimates of the strength of the
December 14, 1872 event. For example, estimates of the maximum intensity range
from MMI = VII (as discussed in Appendix 2RB of the WNP-1 and -4 PSAR, 1978) to
MMI = IX (USGS/NOAA,1977), reflecting both a lack of data and assumptions
regarding how one treats this sparse data set. As discussed previously, the
staff considers magnitude to be a more reliable indicator of earthquake source
strength than intensity. P, articular problems are associated with determination
of intensities greater than Modified Mercalli VIII. Although USGS has not based
its maximum intensity estimate on ground effects (landslides or soil liquefac-
tion), very often these intensities (greater than VIII) are based on ground
failure that could be very dependent upon local conditions rather than ground
shaking. The staff concludes that the maximum intensity for the 1872 earthquake
is MMI = IX based on the recommendation of the USGS (Appendix G).

In response to staff question 361.5, the applicant has summarized the estimates
of magnitude for the 1872 earthquake. These estimates are centered around an
M = 7.0 using the relationship of intensity and magnitude to depth proposed by

s
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Shebalin (1959) and Gutenberg and Richter (1956). The staff and USGS concur
that the 1872 earthquake is approximately M = 7.0, based on the areas shaken

s
at the various intensity levels. In addition, based on the well-documented
extensive aftershock sequence, it seems that this earthquake occurred in the
crust. This is consistent with recent earthquake munitoring both in the
Northern Cascades region, and the Columbia Plateau (see for example, Appen-
dix 2RE of WNP-1 and -4 PSAR; Woodward-Clyde July 1978). Malone (1979), in a
recent article on attenuation patterns in the Pacific Northwest, has attempted

' to model the intensity pattern of the 1872 earthquake. He states that intensi-
,

ties can be modelled assuming an M = 7.4 event at a depth of 60 km (37.5 mi), :

although he could not rule out a much shallower depth and thus a lower magnitude,
because this technique does not produce unequivocal solutions.

The actual epicentral location of this earthquake is also uncertain. The appli-
cant's position, as contained in the WNP-2 FSAR, states the the epicenter is
located within a meizoseis.aal zone that extends from Lake Chelan to southern
British Columbia and is within the Northern Cascades-Okanogan Tectonic Province.
The USGS states: "Our review of the data lead us to believe that the epicenter
of the 1872 main shock is located in the vicinity of Lake Chelan" (Acpendix G).

The Lake Chelan region is near the boundary of the North Cascaces Tectonic
- Province and the Columbia Plateau Tectonic Province. Lake Chelan is approxi-

mately 140 to 150 km (987.5 to 94 mi) north-northeast of the WNP-2 site. The
Columbia Plateau has many distinct features when compared with the Northern
Cascades region. These include

(1) The crust is thinner under the Plateau.
(2) The tectonic style and trends of major tectonic structures are differ-

ent in each province.

(3) There are differences in rock types and ages (Cenozoic basalts within the
Plateau compared to metamorphic and plutonic masses north of the Plateau).

9

In addition, a major crustal boundary is suggested by a steep gravity gradient
'

1872 earthquake occurred in the Northern Cascade Tectonic Province, whose

l
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closest approach is approximately 140 to 150 km (87.5 to 94 mi) north of the
WNP-2 site.

While the Northern Cascades appear to be distinctly different than the Columbia
Plateau,sthere exists some uncertainty (as noted in the FSAR and by USGS) as to
the exact location of the Columbia Plateau Tectonic Province boundary. By know-
ing the siz2 of 1872 event (M = 7.0), however, the staff can determine how

s

close such an event would have to be assumed before it would exceed the SSE
response spectrum. The staff has utilized three different ground motion atten-
uation-relationships, those of Woodward-Clyde (1981), Joyner and Boore (1981),
and Campbell (1981). Using the above relationships, the staff has determined
that an M = 7.0 earthquake' would have to occur within 40 km (25 mi) of the

s

WNP-2 site to even approach that of the SSE. The surface boundary of the

Columbia Plateau is about |140 to 150 km (87.5 to 94 mi) from the site, more

than ihree times further than the conservative estimate of the 40 km (25 mi).
Based on'th'ese considerations, the staff concludes ' hat the 1872 earthquaket

occurred in the Northern Cascades Tectonic Province and that this earthquake
has no impact on the seismic design adequacy of the WNP-2 site.

2.5.2.3.6 Summary of Earthquakes for Consideration of Ground Motion at the
WNP-2 Site

s

The various earthquakes that have been assumed for the WNP-2 OL review are as
follows (the ground motion from these events is described in Section 2.5.2.4 of
this SER):

~

(1) The swarm-type earthquake (M = 4.0) is assumed to occur at a hypocentral
L

distanhe of 3 to 5 km (1.9 to 3.2 mi) from the site.
-

(2) For the Rattlesnake-Wallula alignment, an M = 6.5 is assumed to occur at
3

a dist'nce of 19.5 km (12.2 mi) from the site.a

(3) T'he : largest earthquake not associated with a structure within the Columbia
Platesb Tectonic Province is the 1936 earthquake, assumed to occur in the

.

site vicinity.

i
*

,
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(4) For the Gable Mountain faults a M of 5.0 is assumed to occur at 15 km
3

(9.3 mi), although some uncertainty is attached to this magnitude determi-
nation. This is enveloped by the ground motion assumed for the site-
specific spectrum (from (3) above).

2.5.2.4 Vibratory Ground Motion: Safe Shutdown Earthquake

2.5.2.4.1 Site-Specific Spectrum For The 1936 Earthquake

As discussed in SSER Section 2.5.2.3.1, it is the staff's position that the 1936
Milton-Freewater earthquake is the largest earthquake within tne Columbia Plateau
Tectonic Province that has not been associated with a geologic structure. In
response to staff question 361.17, the applicant has submitted a site-specific

spectrum for an ML = 6.1 earthquake occurring within an epicentral distance of
0 to 25 km (0 to 15.5 mi). The use and development of site-specific spectrum
technique has been discussed in detail in past staff SERs (Sequoyah SER, March
1979; Fermi SER, June 1981) and testimony (Midland testimony, October 1981) and
is, therefore, not discussed extensively here.

The applicant developed the site-specific spectrum by searching the strong
motion data base for earthquakes of magnitude near M = 6.1 (M f 5.7 to 6.4

L

wereused),recordedatdistancaslessthanabout25kmf15.6mi). Strong

motion recording stations were then chosen to best match the site conditions at
the WNP-2 rite. Thirty-five sets of strong motion records were found by the
applicant's consultant to fit the above screening conditions.

Three spectra were developed using the complete data set. The first gave equal

weight to each recording. The mean magnitude of the data was Mg = 6.1 at a
rupture-epicentral distance of 16.1 km (10.1 mi). The 84th percentile of this
data set is generally enveloped by the SSE spectrum (0.25g Regulatoryg
Guide 1.60). There is a region of slight exceedance, less than about 10%,,

i
' between about 5 and 8 Hz. The data set was also examined by weighing the

recordings according to the probability of the Mg = 6.1 earthquake occurring
within a certain rupture-hypocentral distance band. For example, the area

;

l within the 10-to-15-km (6.2-to-9.4 mi) distance band is 20% of the total area
y
l
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within 25 km (15.6 mi) of the site. The portion of the data set within this
distance band is less than 10%; therefore, these recordings are given more
weight to bring the portion of the data set equal to the portion of the area
within the distance band. The mean magnitude of this data set was again found

to be ML = 6.1, but the average rupture epicentral distance was reduced slightly
to 15.3 km (9.6 mi). In this case, the SSE spectrum (0.25g Regulatoryy
Guide 1.60) envelopes the 84th percentile of the site-specific spectrum except
for a very minor (less than 5%) exceedance near 7 Hz. The data set was also
weighted using distance subsets and rupture-epicentral distance. The mean

magnitude was ML = 6.1 at an average rupture-epicentral distance of 17.7 km
(11.1 mi). The 84th percentile of this data set does not exceed the SSE
spectrum. The staff consider the site-specific spectrum weighted by rupture-
hypocentral distance as appropriate for the WNP-2 site.

As discussed at the end of this section, the minor exceedances of tne SSE spec-
trum are less than the difference between the M = 6.1 assumed for site-specific

L

spectrum and the M, = 5.7 to 5.8, which is the appropriate magnitude for the
1936 earthquake.

In reviewing the respcnse to question 361.17, the staff identified some areas
of concern that have been resolved. These concerns dealt with the site condi-
t ons at the WNP-2 site (in particular the shear velocity profile) compared toi

the strong motion sites used in the site-specific spectrum.

These concerns are

(1) In reviewing the strong motion data set for the 1971 San Fernando earthquake
(one of the events used in the analysis), it was found that only some of
the softer recording sites were chosen.

(2) The shear velocity profile at the WNP-2 site was found to have sharp
increase at a depth of about 33 m (100 ft). At a depth of about 85 m
(250 ft), there is an apparent shear velocity inversion (sharp velocity
decreasa). The strong motion recording stations chosen by the applicant
did not match the shear velocity increase or decrease. The strong motion j
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stations were generally soft to stiff soil sites that would fit the WNP-2

shear velocity profile assuming that the velocity contrast at depths
between 100 and 250 ft had no affect on the recordings.

Regarding the San Fernando earthquake (item 1), the staff has found that the
recordings used by the applicant in the site-specific spectrum are conservative
compared to the strong motion recordings that were not used.

The applicant has utilized the computer program SHAKE to assess potential
differences between the WNP-2 site and the sites used in the site-specific
spectrum in a relative sense (item 2 above). Four idealized soil profiles

were developed that generally match the site conditions of the strong motion
data base collected. Using a rock input time history, the ratio of the idealized

soil profile response to the WNP-2 response was computed. For frequencies
above about 3 Hz, the sites used in the site-specific spectrum showed more
amplification than the WNP-2 sites. For frequencies less than 3 Hz, the WNP-2
site showed more amplification than the soil sites used in the site-specific
spectrum. This is of no significance because the SSE spectrum exceeds the 84th
percentile of the site-specific spectrum, and, as discussed in SER Section 3.7.3,

, the frequency range of interest / concern in WNF-2 Category I structures and
systems is always higher than 5 Hz.

An additional item discussed in SSER Section 2.5.2.3.1 involves the fact that

the magnitude of ML = 6.1 is an overestimate of the size of the 1936 earthquake.
The M f 5.7 to 5.8 for the 1936 earthquake was utilized to assess the conser-

s

vatism of the site-specific spectrum. The average M f the data set used for
s

the site-specific spectrum is 6.1. Using a distance of 17 km (10.6 mi) and
the relationships of Campbell (1981), Joyner and Boore (1981), and Woodward

Clyde (1981), peak acceleration would be about 20% lower if an M, of 5.7 to 5.8
were achieved as the average magnitude of the site-specific spectrum. This 20%
difference is larger tnan the minor exceedance of the SSE spectrum by the
site-specific spectrum.
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Using the above information, the staff has determined that the SSE spectrum
(0.25g Regulatory Guide 1.60) is conservative compared to the 84th percentilej

of the site-specific spectrum from an earthquake similar to the 1936 event.

2.5.2.4.2 Ground Motion from Swarm Earthquakes

In determining the ground motion for an M = 4.0 at a hypocentral distance of
L

3.0 to 5.0 km (1.9 to 3.1 mi), the applicant has used strong motion records
from the 1975 Oroville and the 1980 Mammoth Lakes earthquake sequences.

Although other small magnitude, near-field strong ground motion recordings are
available (such as from the 1979 Imperial Valley sequence), these recordings
have not been used because (1) the site conditions do not match the WNP-2 site,
(2) the earthquakes do not have accurate locations, and (3) the cigitized
strong motion records are unavailable.

Thirty-nine sets of ground motion records were tabulated ir, the magnitude range

of Mg = 3.8 to 4.2, and the hypocentral distance range of H = 4.3 to 26.1 km
(2.7 to 16.3 mi). It was found that the number of recordings at specific
hypocentral distances of 3.0 and 5.0 km were inadequate to directly estimate
the response spectrum (such as what was done with the site-specific spectrum).
The applicant has used nonlinear regression techniques to predict peak accelera-
tion as a function of distance for the Oroville and Mammoth data sets. A
variety of regressions were completed with the range of the 84th percentile
uncorrected peak acceleration being 0.15 to 0.31g at a hypocentral distance of
3. 0 km ( 1. 9 mi ) . It was determined that corrected peak accelerations would be
about 6% lower than uncorrected values. The applicant used the most conservative
estimate of 0.299 (corrected from the 0.31g uncorrected) to anchor the response
spectrum from the sworm earthquakes.

|

The response spectrum shape was also developed from the Oroville and Mammoth

data sets. Frequency dependent spectral acceleration amplification ratios were
analyzed using strong motion records in the hypocentral distance range O to
10.5 km (0 to 6.6 mi). The response spectrum from the swarm earthquakes that
was compared to the SSE was based upon the 84th percentile corrected peak

.

,
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acceleration and median frequency dependent spectral acceleration amplifi-
cation factors. The response spectrum using the 84th percentile peak accelera-
tion and median amplification factors is more conservative than the median peak
acceleration and 84th percentile amplification factors for frequencies above
3 Hz. The staff has concluded that the response spectrum proposed by the

applicant for an ML = 4.0 swarm earthquake at a hypocentral distance of 3.0 km
is a conservative representation of the ground motion expected from a swarm
event. The swarm earthquake response spectrum exceeds the SSE spectrum for
frequencies above about 10 Hz. For 5% damping this exceedance is about a
factor of 1.5 for frequencies between 15 and 30 Hz. The significance of this

] exceedance is discussed in SSER Section 3.7.

2.5.2.4.3 Ground Motion from Capable Structures

2.5.2.4.3.1 RAW

As discussed in SSER Section 2.5.2.3.4, a conservative estimate of earthquake
magnitude on the Rattlesnake-Wallula Lineament, at 19.5 km (12.2 mi) from the
WNP-2 site, is M = 6.5. Both the staff and applicant have compared the ground

s

motion (both peak ground acceleration and response spectrum) from this assumed
earthquake to that of the SSE (0.25g peak acceleration with a Regulatory Guide
1.60 response spectrum).

The applicant's analysis is contained in response to staff question 360.14.
Peak accelerations were estimated from ground motion attenuation relationships
in FSAR Appendix 2.5K (for reverse faults) or those of Idriss et al. (1982).
The applicant states that the best estimates for the peak ground accelerations

; range from 0.05g to 0.17g at the median level and 0.11g to 0.25g at the 84th

j percentile level.

The staff has also used additional ground motion attenuation relationships to
evaluate the response spectrum for an M = 6.5 at 19.5 km (12.2 mi). For peak

s
acceleration estimates, the staff has used Campbell (1981), Joyner and Boore
(1981), and those of Woodward-Clyde (Appendix 2.5K of the WNP-2 FSAR 1981). The
relationship of Woodward-Clyde was developed specifically for reverse fault
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cases, producing larger values compared to those of Campbell (1981) and Joyner
and Boore (1981) (whose relationships include all fault types, although pre-
dominantly strike slip) for an M = 6.5 at 19.5 km (12.2 mi). As discussed

3

previously, it is the staff's position that the Rattlesnake-Wallula zone of
deformation represents primarily strike-slip faulting with some local oblique
slip motion. The staff has included the values from the FSAR because they
yield conservative values compared to the other two. The average of the peak
acceleraticn values (from the three attenuation relationshps) is 0.16g at the
median level (range of 0.14 to 0.19) and 0.25g at the 84th percentile level
(range of 0.20 to 0.27).

Peak velocity was also estimated for an M = 6.5 at 19.5 km (12.2 mi) using the
s

relationships of Joyner and Boore (1981) and Woodward-Clyce (1980). The
average of these two relationshps gives a peak velocity of 17.6 cm/sec at
the median level (range of 16.4 to 18.9) and 31.4 at the 84th percentile level
(range of 31.3 to 31.4).

It should be noted that in deriving the above estimates using the relationship
of Joyner and Boore a reduction factor of 12*; was utilized. The relationships
of Joyner and Boore were derived by using the largest of the two horizontal
values recorded at strong motien stations. The staff typically uses both

horizontal ground motion values in deriving response spectrum estimates (such
as the site-specific spectrum discussed in SER Section 2.5.2.4.1). Campbell

(1981) states that an approximate 12*4 difference exists when only the largest
of the two peak ground motion values is used in Joyner and Boore (1981).

Response spectra were developed using the above peak ground motion values and
the spectral amplification factors contained in NUREG/CR-0098 (Newmark and

8 Hall, 1978). Median spectral amplification factors were used with the 84th

percentile peak ground motion values, and 84th percentile spectral amplifica-
tion factors were used with median peak ground motion values. The two response
spectra for an M = 6.5 at a distance of 19.5 km (12.2 mi) do not exceed the

s

design spectra, a Regulatory Guide 1.60 response spectrum anchored at a peak
acceleration of 0.25g.
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2.5.2.4.3.4 Gable Mountain and Toppenish Ridge

As discussed in SSER Section 2.5.2.3.3 the staff has concluded that an'M = 5.0
s

is a conservative estimate for the magnitude to be considered in making ground
motion estimates for the Gable Mountain faults. M = 5.0 is based upon the use

3
of fault rupture area and moment magnitude. The Gable Mountain structure
approaches to within about 15 km of the WNP-2' site. As discussed in SSER

Section 2.5.2.4.1, the average distance for the 1936 earthquake site-specific
spectrum is also about 15 km, although the magnitude assumed for the site-specific
spectrum (M about 6.1) is much larger than that estimated for Gable Mountain.L
The site-specific spectrum does not exceed the SSE design spectrum and envelopes
the ground motion expected from an M = 5.0 on the Gabl.e Mountain structure.

s

Dr. Slemmonsf as concluded that Toppenish Ridge, a cable structure, has a
potential for a maximum magnitude of M = 7.4. The Toppenish Ridge structure

3

approaches to within about 70 km (44 mi) of the WNP-2 site. Using the ground
motion peak acceleration relationships of Woodward-Clyde (1981), Campbell
(1981), and Joyner and Boore (1981), an M = 7.4 and a distance of 70

s ,

mi), the staff has determined that the peak acceleration from I?ie maximum
earthquake on Toppenish Ridge would not exceed 0.15g. Thus, the maximum

earthquake on Toppenish Ridge has no impact on the seismic design adequacy of
the WNP-2 site.

2.5.2.4.5 Seismic Exposure Analysis

|

The applicant has submitted a seismic exposure analysis that estimates the
probability of exceeding the vibratory ground motions of the SSE. This approach
is utilized in order to account for uncertainties in applying a geologic
structure approach to assess the potential vibratory ground motion in the
Columbia Plateau.

In studying earthquake hazards, the staff is concerned about the probability
that an earthquake or its associated ground motion will occur at a site during
a specified period of time. The exceedance probability is the probability over
some period of time that an earthquake will generate a level of ground shaking
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Surface faulting, some of it capable, found outside the 8 km (5 mi) radius of
the site on Gable Mountain and along RAW, has been described in detail in Sec-
tions 2.5.1.1.2 and 2.5.1.1.3.
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3.5.1.3 Turbine Missiles

3.5.1.3.1 Review Basis
,

During the past several years, the results of turbine inspections at operatiyg ,

nuclear facilities indicate that cracking to various degrees has occurred at' the.

inner radius of turbine disks, particularly those of Westinghouse design. In this

period, there has been a failure of a Westinghouse turbine disk at one facil" ty M

the Yankee Atomic Electric Company. In addition, recent inspections of Gene ral

Electric turbines have resulted in the identification of disk bore cracks.
.

InviewofcurrentexperienceandNRCsafetyobjectives,thestaffisemphasfzing
the turbine missile generation probability (turbine system integrity) in its reviews

I
of the turbine-missile issue and eliminating the need for elaborate and somewhat

I

ambiguous analyses of strike and damage probabilities given an assumed turbi e

failure rate. Although straightforward in principle, the latter calculations
have to be based on detailed facility information and assumptions as to missile
shape and size, missile energies, barrier penetration potential, and, ultimately,
the l~ikelihood of damaging a facility safety system. Generally, there are si nif-
icant differences between submittals from licensees or applicants and the final

! evaltation by the staff. Nevertheless, the staff concludes, based on its rev,iews
of many facilitie's, that the probability of a turbine missile striking and damag-i

irg a safety systen is in a relatively narrow range, depending on turbine or- enta-

!
tion. More refined analyses or additional calculations for other facilities are

!
unlikely to change this conclusion. Therefore, expensive and time-consuming |l

f
' strike probability analyses by applicants / licensees and/or the staff are judged'

to be unwarranted.
i
,

_ p cenclus h t e new approach being used by the staff improves turbine genera-h i5

tor system reliability by reviewing and regulating the probability of missilet

,

generation. This approach will reduce considerably the analytical burden pl ced'

-
07/19/82 3-1 WNP-2 SSER SEC 3'

'

_
.

( >=

j ~~
= ' - - - - - . - -_ ._. _ _ ,

-- - . ,
- -



- _ _ _ . .

.

+..

J

on licensees, conserve NRC resources, and still maintain the high level of pro;ec-
tion of public health and safety. V

' *
. ..., .

According to GDC 4, nuclear power plant structures, systems,. and components
' '

important to safety shall be appropriately protected against dynamic effects,
including the effects of missiles. Failures that could occur in large steam
turbines of the main turbine. generator have the potential for ejecting large
high-enercy missiles that can damage plant structures, systems, and ccmponents.
The safety objective of this SER review topic is to ensure that structures,
systems, and components important to safety are adequately protected from .

potential turbine missiles. Of those systems important to safety, this topic
is primarily concerned with safety related systems; i.e., those structures,

systems, or cccponents necessary to perform required safety functions and to
r

ensure M

'

(1) the integrity of the reactor coolant pressure boundary
(2) the capability to shut down the reactor and maintain it in a safe shutdown

condition

(3) the capability to prevent accidents that could result in potential offsite
exposures that are a significant fraction of the guideline exposures o,f

10 CFR 100, " Reactor Site CriteriaQ

Typical safety-related systems are listed in RG 1.117, " Tornado Design Classifi-
cation."

The probability of unacceptable damage as a result of turbine missiles (P ) is4

generally expressed as the~ product of (1) the probacility of turbine failure
res,ulting in the ejection of turbine disk (or internal structure) fragments
through the turbine casing (P ); (2) the probability of ejected missiles per-1

forating intervening barriers and striking safety-related structures, systems,
or components (P ); and (3) the prcbability of struck structures, systems, or2

components failing to perform their safety function (P ).3

According to current NRC guidelines in SRP Section 2.2.3 (NUREG-0800) and
RG 1.115, " Protection Against Low Trajectory Turbine Missiles" (Rev. 1), the
probability of unacceptable damage from turbine missiles should be less than 1
chance in 10 million per year for an individual plant (P ( 10 7 per year).4
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In the past, analyses for CP and OL reviews assumed the probability of missi' e

generation (P ) to be approximately 10 4 per turbine year, based on the histori-1

1-- cal failure rate (Bush, 1973 and 1978). The strike probability (P ) wa,s,.est -
,

2 ..

mated (NUREG-0800) based on postulated missile sizes, shapes., and energies, and' .
_

Ion available plant-specific information such as turbine placement and orientation,
Inumber and type of intervening barriers, target geometry, and potential missile

I
trajectories. Thedamageprobability(P)wasgenerallyassumedtobe1.0.fThe3

overall probability of unacceptable damage to safety-related systems (? ), which4

is the sum over all targets of the product of these probabilities, was then
Ievaluated for compliance,with the NRC safety goal. This logic places the regula .

tory emphasis on the strike probability Ab - having established an individual
iplant safety goal of 10 7 per year, or less, for the probability of unacceptable

damage to safety-related systems as a result of turbine missiles, this pro'cedure
requires that P2 be less than or equal to 10 3 This approach requires a | great
dealofeffortonthepartofapplicants/licenseesandthestaffbecauseoh(1)

l'

itsexplicitdisregardforthe" actual"turbinereliabilityand(2)thedi;fficulty
of calculating P2 in a relatively unambiguous and systematic manner. |

!

i
The r.ew approach places the burden for demonstrating turbine reliability o,n the
turbine ver. dor. This shift of emphasis requires nuclear steam turbine manurac-
turers to develop and implement volumetric (ultrasonic) examination' techniques

~

I

suitable for inservice inspection of turbine disks and shaft and to prepare
i

reports for NRC review which describe their methods for determining turbine-
missile generation probabilities. These methods are to relate disk desig ,
materials properties, and inservice volumetric inspection interval to theIdesign
overspeed missile generation probability h relat overspeed protect on
system characteristics, and to relate stop and control valve design and inser-

I

vice test interval to the destructive overspeed missile generation probability.
Aftersubmittingsuchreportstothestaffforreview,thevendorwillprb-
vide to applicants / licensees tables showing missile generation probabilities
versus time (inservice volumetric disk inspection interval for rated speed or

design overspeed failure, and inservice valve testing interval for destructive
overspeed failure) for their particular turbine. These tables could then pe used
to establish inspection schedules which meet NRC safety objectives.

v
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It is the staff's view that the NRC safety objective with regard to turbine
missiles is best expressed in terms of two sets of criteria applied to the

-

missile generation probability. One set of criteria is to b.e applied tp favor-
i . , .

ably oriented turbines, P f (total), and the other is to be . applied to unfavor- '1

ably oriented turbines, P 4 (total). These criteria may be summarized as follows:
~

1

;

(1) The general requirement for turbine reliability at reactor startup is tha't
P f (total) be less than 10 4 per year, and that P 4 (total) be less than1

1

10 5 per year.
.

(2) When, during operation, the value of P f (total) increases to more than1

(total)f10 4 per year, but less than 10 3 per year, or the value of P 4
1

increases to more than 10 5 per year, but less than 10 4 per year, the f
turbine is permitted to remain in use until the next scheduled refueling'
outage. At that time the licensee should ta,ke action to reduce the
missile generation probability to meet criterion (1) before returning the
turbine to service. Exemptions may be granted for valid technical reasons
or severe economic hardship.

.

(3) ',lSen, during operation, the value of P f (totai) increases to greater than1

10 3 per year but less than 10 2 per year, or the value of P 4~ (total)fi
increases to more than 10 4 per year but less than 10 3 per year, the |
turbine is to be isolated from the steam supply within 60 days. At that

i

timethelicenseemusttakeactiontoreducethemissilegenerationprpb-
ability to meet criterion (1) before returning the turbine to service.{

i
4

(4) If,atanytimeduringoperation,thevalueofPf(total)increasestb1

more than 10 2 per year or the value of P 4 (total) increases to more |1
'

than 10 3 peryear,theturbineistobeisolatedfromthesteamsuppih
within 72 hours. At that time the licensee must take action to reduce the
missile generation probability to meet criterion (1) before returning the
turbine to service. !

I

Applicants and licensees with O turbines frca vendors who have not yet 'y-

performed analyses of turbine-missile generation or who have performed
analyses but have not yet submitted formal reports to the NRC for review
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are expected to meet the following interim criteria, regardless of turbine
orientation:

._

'
~

. .

(1) An inservice inspection program for the steam turbine. assembly must be
,. .
.

'

.

developed and implemented to provide assurance that disk flaws that might
lead to brittle failure of a disk at speeds up to design speed will be
detected. The inservice inspection program for the turbine. assembly is to
include the following:

The turbine should be disassembled at approximately 3 year intervals,o

during refueling or mainenance shutdowns coinciding with the inservice
.

inspectica schedule as required by ASME Boiler and Pressure Vessel Code,
Secticn XI.

.

There should be complete inspection of all normally inaccessible partso
'

such as couplings, coupling bolts, turbine shafts, low pressure turbine
blades, low pressure disks, and high pressure rotors. This inspection I

should consist of visual, surface, and volumetric examinations, in
accordance with the procedures of the turbine manufacturer.

.

(2) An inservice inspection program for main steam and reheat valves which
includes the following is to be implemented:

At approximately 3 year intervals, during refueling or maintenanceo

shutdowns coinciding with the inservice inspection schedule required by
Section XI of the ASME Code for reactor components, all main steam stop
and control valves ~ and reheat stop and intercept valves should be dis-

mantled, and visual and surface examinations conducted of valve seats,
disks, and stems. Valve bushings should be inspected and cleaned, and

'

bore diameters should be checked for proper clearance.

Main steam stop and control valves and reheat stop and intercepto
1^

L valves snould be exercised at least once a week by closing each

I..
valve and observing directly the valve motion as it moves

i smoothly to a fully closed position.
;

!
i

.
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3.5.1.3.2 Evaluation
i

.

l

} -- For WNP-2, the steam and power conversion system generates s, team in a d,ipect . , .

cycle BWR and converts it to electric power in a turbine generator manufactured ^ '.
by Westinghouse Electric Corporation. The placement and orientation of the

.

turbine generator is unfavorable with respect to the station reactor buildings;
| that is, there are safety-related targets inside the low trajectory missile
! strike zone. The turbine is a tandem compound type (single shaft) with one

| double-flow high pressure turbine, three double-flow low pressure turbines, ,

and a rated rotational speed of 1800 rpm. The major portion of manufacture -

was performed during 1975.

| A turbine failure resulting in the rupture of the turbine casing is approximately
|

j equivalent to a main steamline failure outside containment. For a BWR, such a

| failure releases primary coolant steam and radioactivity to the environment.
Hence, regardless of the probability of turbine missiles striking safety-related
structures, systems, or components, the criteria of SRP 15.6.4 (!1UREG-0800) must

i be satisfied to meet the criteria of this review area.
i >

1

Destructive Overspead Failure Prevention

!
! The turbine generator has a turbine control and overspeed protection system which
! l
! is designed to control turbine action under all. normal or abnormal conditions and
-

|
.

to ensure that a turbine trip from full load will not cause the turbine to speed
i

beyondacceptablelimits,thusminimizingtheprobabilityofgeneratingturbjne
! missiles, in accordance with the requirements of GDC 4. The turbine control,'and

i

f overspeed protection system is, therefore, essential to the overall safe operation
' of the plant.

Turbine control is accomplished with a digital electrohydraulic control (EHC);

j system. The EHC system consists of an electronic governor using solid-state
control techniques in combination with a high pressure hydraulic actuating system,,

5 :

{
The system includes electrical control circuits for steam pressure control, speed
control, load control, and steam control valve positioning. ,

i
1 f

|

|

~
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There are four methods of turbine overspeed control protection: the normal s Jeed

governor (EHC), the overspeed protection controller (OPC), the mechanical oveispeed
\trip mechanism, and the electrical overspeed trip. The EHC modulates ths turbine

-

..

control valves to maintain desired speed load characteristics within 2 to 3 rp|m'of
- .-

-

1desired speed. The primary function of the OPC is to avoid excessive turbine over-
j speed. At 103% of rated speed, the OPC solenoids open, closing the governor a d

intercept valves to arrest the overspeed before it reaches the trip setting of ;
'

f111% of rated speed. After turbine coastdown to synchronous speed, the digital!
>

:
; systemtakescontrolandmaintainstheturbinegeneratoratsynchronousspeed.j

The mechanical overspeed sensor trips the turbine stop, control, and combined -

intermediate valves by deenergizing the hydraulic fluid systems when 111% of
rated speed is reached. This maintains turbine speed below 120% of rated speed

j and causes the unit to coast down to turning gear operation. The electrical

| backup overspeed sensor trips these same valves when 111.2% of rated speed is {
'

reached by independently deenergizing the hydraulic fluid system. These !
overspeed trip systems can be tested while the unit is on line. The staff has j
reviewed these systems and has concluded that the turbine generator overspeed '

;

protection system meets the guidelines of SRP 10.2 and can perform its design ;

i safety function. i

I
i

The overspeed protection controller, the mechanical overspeed trip mechanism i

and electrical overspeed trip are to be inspected and tested periodically |
.

"

] during reactor operation. The manner and frequency of the inspection and |

| testing will take into consideration the manufacturer's recommendations in
:

f conjunction with the plant generating requirements. Accordingly, the appli- f
cant's inservice inspection and testing program for the main steam control and ,i

!! stop valves and reheat intercept and stop valves includes the following: (1) ;

atleastonceeach40 months,atleastonemainsteamcontrolvalve,onemain)c

i stsam stop valve, one reheat intercept valve, and one reheat stop valve are to
! be dismantled and inspected; and (2) at least once a week, the main steam con-

| trol and stop valves and reheat intercept and stop valves are to be exercised
by closing each and observing the valve motion. Westinghouse has submitted to i
the staff a report describing an analysis according to which the probability of
generating missiles at destructive overspeed is 1.7 x 10 8 per unit per year j

'

(Westinghouse, 1974). The staff is reviewing this report to determine the accept-
,

ability of the analysis and the adequacy of the manufacturer's recommended and

>
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! the applicant's implemented overspeed protection inspection and testing, proce-
| dures, and schedules. Until this review is completed, the staff accepts the
-- applicant's program. .

,
,,

.
*

-

Design Overspeed Failure Prevention
. .

Failures of turbine disks at.or below the design overspeed (nominally 120% of
normal operating speed) are caused by a nonductile material failure ~at nominal
stresses lower than the yield stress of the material. Since 1979, the staff has
known of the stress cerrosion cracking problems in low pressure rotor disks of .

Westinghouse turbines. Westinghouse has developed and implemented procedures

for inservice volumetric inspection of the bore and keyway areas of low pressure
turbine disks. Westinghouse has also prepared and submitted reports for staff
review which describe Westinghouse methods for determining turbine-missile-
generation probabilities as a result of stress corrosion cracking (Westing-
house 1981a and 1981b). Results stemming from the methods and procedures
described in these reports are accepted by the staff until review of the
reports is completed.

' Westinghouse has orovided the applicant the prcbabilities of a low pressure
turbine disk or associated blade ring fragment becoming a missile for the Wi1P-2
turbine. Missile generation probabilities were provided for each disk on each
low pressure turbine, as a function of inspection interval (i.e., turbine
operating time between inspections for cracks). In the analysis which pro-
ducr.d these p1 values, it is assumed that a crack initiates at the beginni'ng A,

; of service 1 fe or immediately after an inservice inspection during a refueling _ -

! l
! outage. Fcr a given disk,' the probability of rupture as a result of stress corro-

sion is the probability that a crack exists in the disk bore whose depth is equal
Ito'or greater than a calculated critical crack depth. Thecriticalcrackdepty

is calculated using standard fracture mechanics methodology, and is based on f
actual material properties for the disk and on normal operating temperatures for the
turbine. Data from field inspections are used to estimate (1) the probabilit of

crack initiation in the various disk types, and (2) the crack growth rate, assuming
i

i cracks initiate at the beginning of service life or after an inservice inspection.
\ \

Using appropriate probability distributions for crack growth rate and critical.
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crack depth, a numerical analysis technique is used to calculate the probability
of disk rupture. This value is a function of the inspection interval during which
a crack may initiate and propagate. Energy absorption techn,iques are u,s,ed to '- -

. , .

evaluate whether a given disk or fragment is contained or es. capes the turbine --
'

,

casing upon rupture.

! The NRC criteria for unfavorably oriented turbines apply to WNP-2. According to

the Westinghouse analysis, the total missile generation probability, Pgwill be X

less than 10 5 per year at startup. To keep P less than 10 5 per year, thet

turbine would have to be, inspected at 2 year intervals. With an inspection inter-
val of 3 years, assuming a refueling outage scheduled about every 18 months, Pi 1

falls in the range 10 6 to 10 4 per year in the interval between the first and
second refueling outages. Therefore, the staff concludes that the missile-

| generation probability is sufficiently low, provided all low pressure turbine
~

f
disks are volumetrically inspected within 3 years or by the second refueling

,

outage. If no cracks are found on inspection, continued use of a 3 year-

! inspection interval is considered acceptable. If cracks are found on inspec-
tion, the inspection schedule will have to be changed according to the depth

,

of the cracks ar,d an accompanying Westinghouse analysis.
.

i
' 3.5.1.3.3 Summary

.

! Until staff review of the submitted Westinghouse reports is completed, the staff

{ concludes that the turbine-missile risk for WNP-2 is acceptable provided both of
the following conditions are met:

(1) Volumetric inspection of all low pressure turbines is conducted in accord-
ance with Westinghouse procedures within 3 years of startup or during the
second refueling outage.~

(2) TheNRCcriteria(inspectionandtesting,schedulesandprocedures)descrfbed-
above (the "new approach") and discussed in Section 3.5.1.3.2 above are

-

implemented.
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3.9 Mechanical Systems and Components

-- 3.9.3 ASME Code Class 1, 2, and 3 Components,.C-cmponent Supports, and ,.. ..

Core Support Structures '
-

,

3.9.3.3 Component Supports

In the WNP-2 SER, the staff stated that the applicant has committed to provide
a response to IE Bulletin 79-02 concerning the base plate flexibility effect.
The staff had reviewed the information on base plate flexibility described in
the applicant's submittal dated April 14, 1982. The applicant has described
the method for calculating the loads in the bolts as a result of plate flexi-
bility for varicus plate and belt configurations. The applicant also showed by
numerical examples the effect of plate flexibility as compared to rigid plate
analysis, and indicated the method for calculating the anchor factor of safety.

,

The staff finds that the applicant's analysis satisfies the base plate flexi-
bility requirements of IE Bulletin 79-02 and is acceptable.

.

.

|
|

.
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6 ENGINEERED SAFETY FEATURES

6.2 Containment Systems

6.2.1 Containment Functional Design

The acceptance criteria used as the bases for the staff evaluation are set

forth in the following documents: Section 6.2.1.1.c of the Standard Review
Plan (NUREG-0800, dated July 1981); " Mark II Containment Lead Plant Program
Load Evaluation and Acceptance Criteria" (NUREG-0487, dated October 1978);
" Mark II Containment Program Load Evaluation and Acceptance Criteria"

(NUREG-0808, dated August 1981); " Guidelines for Confirmatory In plant Tests
of Safety-Relief Valve Discharges for SWR Plants" (NUREG-0763, dated May
1981); and " Suppression Pool Temperature Limit for BWRs" (NUREG-0783 dated
August 1981).

6.2.1.3.5 Steam Condensation Oscillation Load

The applicant has submitted a report titled " Comparison of Condensation
Oscillation and Chugging Loads for Assessment of WPPSS Nuclear Project No. 2"

to support the contention that the condensation oscillation (CO) load is less
critical than the chugging load and does not represent a governing load for

| structures, piping, and equipment in WNP-2.

The staff has completed its evaluation and concludes that, because of the
extra margin of conservatism in the WNP-2 plant-unique chugging load sources
and because the WNP-2 specification assumes that three vents in a radial row

chug simultaneously, the WNP-2 applicant does not need to assess the WNP-2

plant for the CO load. The rationale for the staff conclusion is presented in
Appendix F.1.

|

|
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6.2.1.8.6 Plant-Unique Chugging Load Specifications

When the SER was written, an NRC staff consultant raised a concern regarding
the application of one set of chug start times. This application could result
in significant " poke through" of the chugging load specifications at certain
frequencies and reduction at other frequencies.

l
|

In Letter G02-82-324, dated March 15, 1982, the applicant transmitted results
of studies performed to address the staff's concern. During a telephone
conversation on March 19, 1982, the staff requested additional information to
justify the applicant's contention that the asymmetric chugging load case has
no significance in the plant design. The applicant provided this information

in Letter No. G02-82-362, dated April 5, 1982.

The staff has completed its review of the applicant's response to the staff's
concern and concludes that the applicant has Odequately addressed this concern
and that modification to the load specification described in cetail in

Appendix F.1 is not required. Appendix F.2 presents the concern and the
staff's evaluation and conclusions.

6.2.1.8.8(4) Steam Condensation Submerged Drag Loads

In the SER, the staff stated it would not reach a conclusion on this load

until the staff review of the applicant's justification to omit the CD load
specification was complete. Based on this review, the staff now concludes
that the submerged structure drag load methodology proposed by the applicant
is acceptable.

6.2.3 Containment Isolation Control Rod Driver Insert and Withdrawal Lines

Control rod drive (CRD) insert and withdrawal lines depart from the explicit
requirements of the GDC and, as discussed below, are found to be acceptable on
other defined bases.

Both the CR0 insert and withdrawal lines are provided with normally closed,
fail-closed, solenoid-operated directional control valves, which open only
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during routine movement of their associated control rod. The normally closed,
fail-open, air-operated scram inlet and exhaust valves open only when required
to effect a rapid reactor shutdown (scram). In addition, manual shutoff valves
are provided for positive isolation in the unlikely event of a pipe break
within a hydraulic control unit. (These units and the valves described above
are located outside containment to satisfy testing, inspection, and maintenance
requirements). In addition, each CRD insert line is provided with an automati-
cally actuated ball check valve inside containment. The staff finds that the

11 *
system design represents a departure from the explicit requirements ofppDC.
However, in accordance with G0C 55 (which permits departure from its explicit
requirement) the staff finds that the CRD containment isolation provision
stated above is acceptable on the basis stated in NUREG-0803, " Safety Evalua-
tion Report Regarding Integrity of BWR Scram Systems."

6.2.7 Fracture Prevention of Containmnt Pressure Boundary

The staff safety evaluation assessed the ferritic materials in the WNP-2

containment system that constitute the containment pressure boundary to
determine if the material fracture toughness is in compliance with the
requirements of GDC 51, " Fracture Prevention of Containment Pressure
Boundary."

GDC 51 requires that under operating, maintenance, testing, and postulated
accident conditions: (1) the ferritic materials of the containment pressure
boundary behave in a nonbrittle manner and (2) the probability of rapidly
propagating fracture is minimized.

The WNP-2 containment system includes a ferritic steel primary containment
vessel and head enclosed by a reinforced concrete shield structure. The
ferritic materials of the containment pressure boundary that were considered
in the staff assessment are those that have been applied in the fabrication
of the containment vessel and head, equipment hatch, personnel lock, and
penetrations and components of the fluid system including the valves required
to isolate the system. These components are the parts of the containment
system that are not backed by concrete and must sustain loads during the
performance of the containment function under the conditions cited by GDC 51.
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The WNP-2 containment pressure boundary is comprised of ASME Code Class 1,
Class 2, and Class MC components. In late 1979, the staff reviewed the
fracture toughness requirements of the ferritic materials of Class MC, Class 1,
and Class 2 components that typically constitute the containment pressure
boundary. Based on this review, the staff determined that the fracture
toughness requirements in ASME Code editions and addenda typical of those used
in the design of the WNP-2 containment may not ensure compliance with GDC 51
for all areas of the containment pressure boun'dary. The staff initiated a
program to review fracture toughness requirements for containment pressure
boundary materials to define those fracture toughness criteria that most
appropriately address the requirements of GDC 51. Before this study was
comolete, the staff elected to apply in its licensing reviews of ferritic
containment pressure bcundary materials the criteria for Class 2 components
identified in the Summer 1977 Addenda of Section III of the ASME Code. Because

the fracture tcughness criteria that have been acplied in construction typically
differ in Code classification and Code edition and acdenda, the staff has chosen
the criteria in the Summer 1977 Addenda of Section III of the Code to provide a
uniform review, consistent with the safety function of the containment pressure
boundary materials. Therefore, the staff reviewed the Class 1, Class 2, and
Class MC components of the WNP-2 containment pressure bcundary according to tne
fracture toughness requirements of the Summer 1977 Addenda of Section III for
Class 2 components.

Considered in the staff review are components of the containment system that
are load bearing and provide a pressure boundary in the performance of the
containment function under operating, maintenance, testing, and postulated
accident conditions, as addressed in GDC 51. These components cre the
containment vessel and head equipment hatch, personnel airlock, and penetrations
and elements of the main steam and main feedwater systems.

The staff assessment of the fracture toughness of the ferritic materials of
these components is based on fracture toughness test data provided by the
applicant, their metallurgical characterization, and fracture toughness data
presented in NUREG-0577, "Potenial for Low Fracture Toughness and Lamellar
Tearing of PWR Steam Generator and Reactor Coolant Pump Supports," and ASME

Code Section III, Summer 1977 Addenda, Subsection NC.
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The metallurgical characterization of these materials, with respect to their
fracture toughness, was developed from a review of how these materials were

fabricated and the thermal history they experienced during fabrication. The
metallurgical characterization of these materials, when correleated with the
data in NUREG-0577 and the Summer 1977 Addenda of the ASME Code Section III,

provided the technical basis for the staff evaluation of compliance with the
Code requirements.

Based on its review of the available fracture toughness data and material
fabrication histories, and the use of correlations between metallurgical
characteristics and material fracture toughness, the staff concludes that the
ferritic materials in the WNP-2 containment pressure boundary meet the fracture
tougnness requirements that are speci#ied for Class 2 components by the 1977
Addenda of Section III.of the ASME Code. Compliance with these Coce
requirements provides reasonable assurance that the WNP-2 reactor containment

pressure boundary materials will behave in a nonbrittle manner, that the
procacility of rapidly propagating fracture will be minimized, and that the
requirements of GCC 51 are satisfied.

!

t

|

07/15/82 6-5 WNP-2 SSER SEC 6

~~ - ~~- - '

-- _ . . - .. -

T



_. _ . . _ . . . . . . -

- , . . .. . . . . - - - .-- . . . . .-. _ . . _ . ,

7 INSTRUMENTATION AND CONTROL

7.3 Engineered Safety Features Systems

7.3.2 Specific Findings

7.3.2.7 IE Bulletin 80-06

In the SER (NUREG-0892), the staff stated that a full response to IE Bulletin
80-06, " Engineered Safety Features Reset Control," was required and tnat cor-
rective actions, if needed, were to be completed prior to fuel load.

Theaoolicanthassatisfactorilyrespondedtothestaffrecuest(Ouestion[
k letter G02-82-445, dated May 14, 1982. Tne applicant has confirmed that the

analysis has been completed, has committed to modify equipmert prior to fuel
load, and has ccmmitted to preoperational testing to confirm the adequacy of
the analysis.

The control circuits for specific reactor core isolation cooling valves,
radwaste system isolation valves, reactor heat removal (RHR) sample line
valves, and reactor water sample valves are to be modified in accordance with
IE Bulletin 80-06.

7.4 Systems Required for Safe Shutdown

7.4.2 Specific Findings

7.4.2.3 Reniote Shutdown System

j In the SER, the staff stated that the staff would review a forthcoming study of
remote shutdown capability and report the results in a supplement to the SER.
The staff was concerned that the remote shutdown capability described in the
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FSAR might not meet the quality and redundancy standards needed to conform to

i the staff's interpretation of GDC 19.

The applicant has satisfactorily addressed this issue in Letters G02-82-447,
dated May 14 1982, and G02-82-036, dated June 4, 1982.

An alternate remote shutdown' system is to be installed. This remote shutdown
and alternate remote shutdown systems (panel, indication, and control) are or
will be seismically qualified, powered from Class 1E power supplies, and
provided with heating, ventilating, and air conditioning that are seperate from
each other and from the control room.

The alternate remote shutdown system will be located in critical electrical
switchgear room 1, approximately 300 ft from the remote shutdown system. The

alternate remote shutdown system will contain RHR loop A valve and pump
controls, safety / relief valve solenoid 8 controls, suppression pool temperature
RHR leop A flow, reactor vessel water level, and reactor vessel pressue
indicators.

The remote shutdown system is described in the SER.

.

The applicant has committed (Letter G02-82-447, May 14, 1982) to install
the alternate shutdown system during first refueling outage. This committment
is acceptable to the staff and will be made a condition of the license.

.
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9 AUXILIARY SYSTEMS

9.5 Other Auxiliary Systems

9.5.4 - 9.5.8 Emergency Diesel Engine Fuel Oil, Cooling Water, Air Starting,
Lubrication, and Combustion Air Intake and Exhaust Systems

The applicant, in a letter dated May 25, 1982, provided the standards to which
the engine skid-mounted auxiliary systems (fuel oil, cooling water, air
starting, luorication, and combustion air intake and exhaust) piping and
associated components were cesigned. This engine-mounted piping and the
associated components (such as valves, fabricated headers, fabricated special
fittings, and the like) are designed, manufactured, and inspected in
accordance with the guidelines and requirements of ANSI Standard B31.1, " Code

for Fressure Piping"; ANSI N45.2, " Quality Assurance Program Requirements for
Nuclear Facilities"; and 10 CFR 50 Appendix B. The engine skid-mounted

auxiliary system piping and associated components are intentionally
overdesigned (subjected to low working stresses) for the application, thereby
resulting in high operational reliability. The applicant also provided a
comparison of the design with the requirements of ASME Section III Class 3.
The results of the comparison indicate they differ from ASME Section III
Class 3 in two areas:,

(1) ASME requires liquid penetrant examination for welds over 4-in. IPS (iron
pipe size). The applicant stated that only a few welds in cooling water
system piping 4 in. and over were not liquid penetrant examined; in those
few cases welds were only visually examined with system at design pressure
and temperature for acceptability of weld. The staff finds this partially

acceptable.

(2) ASME requires a hydrostatic test to 125 percent of the design pressure.
The applicant stated some piping and components were hydrostatically
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tested to 150 percent of design pressure and that the rest of the piping
would be leak tested at operating pressure during engine operation. The

staff finds this also partially acceptable.

In Kieu of performing liquid penetrant examination of all piping 4 in. and
over an,d the hydrostatic tests on all piping, the staff requires only that all
diesel engine auxiliary system piping be hydrostatically tested to a minimum
of 125 percent of design pressure. Because of the low working stresses, the
hydrostatic tests will provide adequate assurance of piping leak tightness and
weld integrity. The NRC Regional Office staff will verify these tests. The
design of th? engine skid-mounted auxiliary system piping and components to
the cited design philosophy and standards is considered equivalent to a system ~

'designed to ASME Code Section III Class 3 requirements with regard to system
functional operability and inservice reliability.

~~

Based on its review, the staff concludes that the engine-mounted piping and
components of emergency diesel engine auxiliary systems (fuel ci1, cooling
waier, air starting, lubrication, and combustion air intake and exhaust
syst. ems) meet the requirements of GDC 2, 4, 5, and 17; meet the guidance of

(
4 the cited Regulatory Guides and Standard Review Plans; can perform their
*

design safety function;.and meet the recommendations of NUREG/CR-0660 and

industry' codes and standards. Therefore, on completion of the hydrostatic
tests, they are acceptable.

.

j mergency Diesel Engine Lubrication System9.5.7 E

.

As stated in the SER, the preheat lubrication system for the high pressure
core spray (HPCS) diesel engine is composed of a' continuously operating ac
pump and a standby de pump that prelubricate the turbocharger bearings only,,

l
'

The other wearing parts of the engine do not received any lubrication until
after the engine starts and the engine-driven lube oil pumps reach full
speed. This is not acceptable. The staff requires a prelubrication of the
diesel engines because dry starting of the diesel engines under emergency

~

conditions will result in momentary lack of lubrication at the various moving
parts (this can eventually lead to failures and resultant equipment
unavailability).

i
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The applicant was informed of this problem at a meeting in Bethesda on
December 10, 1981. In the Licensing Review Group (LRG)-II position paper dated
March 12, 1982 and confirmed at the December 10, 1981 meeting, the applicant
stated that the manufacturer's recommendation (GE EMD-MI-9744), will be
implemented to correct the staff concern. However, the manufacturer's recom-

mended "fix" does not totally alleviate the problem of dry starting of the
engine, in that only the wearing parts located in the lower half of the engine
are lubricated. Thus, the staff finds modification only partially acceptable
as a means of minimizing dry engine starts. The applicant has been informed of
the problem. Until an adequate manufacturer's modification is approved by the
staff, the staff will require the applicant to manually prelubricate the diesel

engines in accordance with the manufacturer's recommendations at least once a
week and before each manual diesel engine start. The weekly prelubrication
will deposit a film of lubricant on the engine wearing surfaces. The staff
finds this procedure acceptable as a means of mimimizing dry engine starts and
will incorporate this requirement into the Technical Specifications. This

requirement has been discussed with the applicant, who confirms compliance.

Based on its review, the staff concludes tnat the emergency diesel engine
preheat lubricating oil sysem meets the requirements of GDC 2, 4, 5, and 17;
meets the guidance of the cited Regulatory Guides and SRP 9.5.7; can perform
its design safety function; and meets the recommendations of NUREG/CR-0660 and

industry codes and standards. It is therefore acceptable.

,
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13 CONDUCT OF OPERATIONS

13.1 Organization Structure of Applicant

13.1.1 Management and Technical Support Organization
.

13.1.1.1 General

The applicant has made organizational changes that combine the project manage-
ment for design and construction of WNP Units 1; 2, and 3 under one manager and
transfer the responsibility of the Manager, Test and Startup for WNP-2 from the
WNP-2 project to the Director of Power Generation. W. C. Bibb has been appointed

to the position of Director of Power Generation formerly held by A. Kohler, Jr.
The Plant Operations Manager for each plant and the Manager, Test and Startup
at WNP-2 will now report to the Director of Power Generation.

Mr. Bibb has approximately 26 years experience in the testing, startup, and
operation of nuclear plants. He has been with the applicant for 6 years and
has served as Deputy Program Director for Startup and Operations of WNP-2 and
as Project Manager for WNP-2. Before joining WPPSS, Mr. Bibb held numerous

posts with the Nuclear Energy Division of General Electric Company where he
was involved with the startup and operation of several boiling water reactors.

| The staff concludes that these changes meet the acceptance criteria of SRP 13.1.1

(NUREG-0800). Figure 13.1 has been revised to reflect the corporate reorganization.

13.2 Training

13.2.2 Training for Nonlicensed Personnal

13.2.2.5 Summary and Conclusions

In addition to general employee training, the Shift Support Supervisors will
receive specific systems and procedures training before fuel load. This training
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Figure 13.1 Washington Public Power Supply System
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will enable employees to meet the qualification requirements for the function
of fire brigade leader, which is one of the duties of the Shift Support
Supervisors.

The staff has reviewed the proposed training program for the Shift Support
Supervisors, as related to their role as the fire brigade leader, and finds
that it meets the staff position described in BTP MEB-9.5.1 of NUREG-0800.

13.5 Plant Procedures

13.5.1 Adminstrative Procedures

13.5.1.4 Limitations on Working Hours

The applicant has stated that administrative procedures will be established to
ensure that, to the extent practicable, personnel are not assigned to shift
duties while they are in a fatigued condition that could significantly reduce
their mental alertness or their decision-making capability. The controls
shall apply to the plant staff members who perform safety-related functions
(such as senior reactor operators, reactor operators, health physicists,
auxiliary operators, and key maintenance personnel.

Enough plant operating personnel should be employad to maintain adequate shift
coverage without routine heavy use of overtime. However, if unforeseen
problems require substantial amounts of overtime on a temporary basis, the
following guidelines shall be followed:

(1) An individual should not be permitted to work more than 16 hours straight
(excluding shift turnover time).

|
.

(2) An individual should not be permitted to work more than 16 hours in any
24-hour period, nor more than 24 hours in any 48-hour period, nor more
than 72 hours in any 7-day period (all excluding shift turnover time).

(3) A break of at least 8 hours should be allowed between work periods
(including shift turnover time).

|
|
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(4) The use of overtime should be considered on an individual basis and not
for the entire staff on a shift.

The staff recognizes that very unusual circumstances may arise requiring
deviation from the above guidelines; such deviation shall be authorized by the
Plant Manager or the Plant Manager's deputy, or higher levels of management.

The staff has reviewed the applicant's commitment to establish an administrative
procedure to limit working hours and finds that it meets the staff position
described in Task Action Plan Item I.A.1.3 of NUkt3-0737 and in NUREG-0800 and
is acceptable.

,

b
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; 16 TECHNICAL SPECIFICATIONS
i

The staff has identified an additional issue that must be included in the
Technical Specifications as a conditions of staff acceptance of resolution of

i these items. It is listed below and is discussed further in the section of
this supplement as indicated:

Item Section
.

(9) Prelubrication of diesel engines 9.5.7'

1

!

i
e

J

,

!

I

.|

4

t
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APPENDIX A

CONTINUATION OF CHRONOLOGY

April 8, 1982 Staff issues Safety Evaluation Report.

April 19, 1982 Letter from applicant regarding several recently anriounced
organizational changes.

April 22, 1982 Letter from applicant forwarding revised responses regarding
safety concerns associated with pipe breaks in BWR scram
systems.

April 26, 1982 Letter to applicant requesting additional information.

April 26, 1982 Letter from applicant transmitting additional geologic
information.

May 12, 1982 Letter from applicant submitting information provided staff
representatives during a site visit on April 26-27, 1982.

May 14, 1982 Letter from applicant providing information regarding tornado-
missile protection for diesel generator exhausts.

May 18, 1982 Meeting with applicant to discuss geology and seismology open
items (summary issued June 7, 1982).

May 20, 1982 Letter from applicant transmittng information regarding fast
scram hydrodynamic loads on control rod drive systems.

May 20, 1982 Letter from applicant regarding clarification of electrical
system information.

May 25, 1982 Letter from applicant regarding SER open items: diesel
generator auxiliary qualifications.

May 28, 1982 Letter from applicant providing additional information for
seismic analysis performed for small magnitude /short epicentral
distance (SM/SD) earthquake.

May 28, 1982 Letter from applicant regarding internally generated missiles
(inside containment).

June 1, 1982 Letter to applicant requesting additional information.
!
'

June 4, 1982 Letter from applicant transmitting response to concerns
regarding staff site visit.

A-1i
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June 4, 1982 Letter from applicant providing additional information
regarding the remote shutdown system.

June 4, 1982 Letter from applicant submitting FSAR Amendment 24.

June 7, 1982 Letter to applicant requesting additional information.

June 10, 1982 Letter from applicant transmitting resume of S. C. Bibb,
Director of Power Generation.

June 11, 1982 Letter from applicant regarding staff review of Hanford
seismic issues.

June 14, 1982 Letter from applicant regarding area vs. magnitude
relationship.

June 15, 1982 Letter to applicant regarding analysis of reflection and
refraction data shot at Skagit/Hanford site.

June 15, 1982 Lettertoapplicantregarding)ReviewofdraftSierra
geophysics report, "Paleomagnetism of Pre-Missoula Gravels
from Corehold PM-2 on the Southeast Anticline, Hanford Site,
Washington."

June 21, 1982 Letter from applicant regarding GDC 51.

June 22, 1982 Letter from applicant regarding Emergency Preparedness Plan.
O

June 29, 1982 LettertoapplicantregardingletterGg2-82-466, dated May 14,
1982 (WNP-2 Tornado Missile Protection for Diesel Generator
Exhausts).

:
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APPENDIX E

NRC STAFF CONTRIBUTORS AND CONSULTANTS

This Supplement No. I to the SER is a product of the NRC ataff. The following
NRC staff members were principal contributors to this report:

Name Title Review Branch

Robert J. Giardina Reactor Systems Engineer Power Systems
(Mechanical)

Jack E. Rosenthal Nuclear Engineer Instrumentation and
Control Systems

'

Farouk Eltawila Senior Containment Systems Containment Systems
Engineer

Yueh-Li C. Li Mechanical Engineer Mechanical Engineering

Leon Reiter Section Leader Geosciences

Stephan Brecoum Section Leader Geosciences

Jeffrey K. Kimball Geophysicist / Seismologist Geosciences -

Ina B. Alterman Geologist Geosciences

Joseph Halapatz Materials Engineer Materials Engineering

Frederick R. A11enspach Nuclear Engineer Licensee
(Management Systems) Qualification

Rajender Auluck Project Manager Licensing Branch
No. 2

Consultants who contributed to this report were:

Name Affiliation

) George Bienkowski Princeton University

John Lehner Brookhaven National Laboratory

C. Economus Brookhaven National Laboratory

C. C. Lin Brookhaven National Laboratory
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APPENDIX F

Documentation of the Staff Rationale
for Accepting the Plant-Unique Pool Dynamic Loads
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F.1 EVALUATION OF WNP-2 PLANT-UNIQUE POOL DYNAMIC METHODOLOGIES

/

Introduction

This appendix documents the staff's evaluation of the WPPSS methodologies that
were used for WNP-2 design assessment to accommodate hydrodynamic loads gen-
erated as a result of a LOCA or safety / relief valve (SRV) actuation.

Section F.1.1 contains the proposed plant unique condensation oscillation load
,

and the staff evaluation. Section F.1.2 summarizes the applicant's proposed,
and the staff's evaluation of, the chugging load specification. Section F.1.3
presents the SRV methodology and the staff evaluation of the associated loads. .

Brookhaven National Laboratory assisted the staff in evaluating the applicant's
plant-unique pool dynamic loads.

F .1.1 Evaluation of the WNP-2 Condensation Oscillation Load Position

F .1.1.1 Background
-

(1) Generic Condensation Oscillation (CO) Load Definition "

,o

In late December 1981, a summary report was issued by the applicant for WNP-2
entitled " Comparison of Condensation Oscillation and Chugging Loads for Assess-
ment of WPPSS Nuclear Project No. 2.1 In order to evaluate this comparison,
and the conclusions reached from it regarding assessment of WNP-2 for C0 loads,,

! it will be useful to recall the generic CO load specification described in
detail in Reference 2 and evaluated in Reference 3. The specification was
based on data from the TSS200 test series conducted by General Electric for the

4Mark II Owners in the 4T test facility ; this test series became known as the
4TCO tests. Both the interim and the almost identical final generic C0 specific-

"

ation that were developed from these results contain many conservatisms.3
Besides being based on data from tests with small pool-to-vent area ratios as

,
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well as conservative temperature ranges, the generic C0 specification does not

take credit for either multivent effects or fluid structure interaction (FSI)
effects. The multivent effect is the most significant. The staff's review of
the generic C0 load specification has noted that pressure amplitudes during C0
from the JAERI multivent facility were significantly below comparable 4TCO
single vent tests at all frequencies.3 These considerations have led the staff
to conclude that the generic C0 load specification is sufficiently conservative
for design purposes.

.(2) Data Bases

While condensation oscillation-like phenomena have been observed at all test

facilities where steam blowdowns into a suppression pool were conducted, only
two data bases are of direct applicability for the WNP-2. They are the single-
vent 4TC0 tests, which provided the entire data base for the generic C0 specific-
ation, and the multivent JAERI tests. In addition, the analysis of the C0 data
from these multivent tests regarding vent phasing by the JAERI staff provided
the justification used by the applicant for considering multivent effects in
the aDplication of C0 loads to the applicant's Mark II containment. '

s
(3) WNP-2 Plant Uniqueness

,

As is pointed out in the chugging load review, the WNP-2 plant differs from
other domestic Mark II plants in two respects; the containment is a steel shelle

rather than reinforced concrete and the suppression pool has a sloping instead
of a flat floor. Because of these differences, which can put some structural
responses from WNP-2 outside the range of the other Mark IIs, the applicant
developed a plant-unique chugging specification for WNP-2 which'is more conser-
vative than the generic specification. Based on this extra conservatism in the
chugging specification and because the applicant feels the generic C0 specifica-
tion is unreasonably conservative for WNP-2, the applicant nas presented
arguments contending that a separate analysis for response to C0 loads of the
WNP-2 containment is not necessary.

F .1.1. 2 WNP-2 Justification for Omitting Assessment for CO Loads
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The justification for omitting the assessment for C0 loading is in Reference 1.,

The report concludes that boundary pressures for a multivent Mark II containment
during C0 will be smaller than during chugging and, therefore, the C0 load does
not represent a governing load. This conclusion is based on three main findings
made from an evaluation of CO and chugging test data:

(1) At an individual vent exit, the C0 load varies randomly in amplitude and
frequency content similar to the chugging load. N

3

(2) In a multivent facility the C0 loads recorded at different vent exits are
desynchronized in a random manner similar to the chugging load.

(3) In the single vent 4TCO facility, the bounding wall pressure tracei.
recorded during CO are enveloped by the bounding boundary pressure traces
corress6nding'to the design chugging load for WNP-2 except for two pressure
traces. For these two 4TCO pressure traces, there is poke through of the
design chugging load at two spots below 7 Hz, but these traces are fcund
not be controlling for the WNP-2 design.

The applicant, therefore, concludes that the above findings show CO loads are
not governing and need not be considered when assessing the design adequacy of
WNP-2 structures, piping, or equipment.

,

F.1.1. 3 Staff Evaluation of the WNP-2 Justification for Omitting Assessment
for C0 Loads

To initiate the evaluation of the WNP-2 CO load position, the staff reviewed
the merits of the applicant's findings listed in Section F.1.1.2. The following
paragraphs give the results of this evaluation.

(1) The staff does not completely agree with the statement that, at an indivi-
~

dual vent exit, the C0 load variation is similar to chugging in its random
3

variation of amplitude and frequency content. While there is variation in
the amplitude of successive condensation oscillationi,'4TCO data show that
it is much smaller than the variation in successive chug amplitudes.

,

.
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However, the staff does feel that the data show condensation oscillation

is not far from chugging in nature. While CO amplitudes are generally
lower than those of chugging, the gross time scales for both events are
similar. Power spectral density (PSD) plots of many C0 traces have a wide
band of high frequency content similar to chugging traces.

(2) The staff feels that above 10 Hz desynchronization at different vent exits
in a multivent facility is supported by the test data that the applicant
cites. While the evidence for desynchronization is not completely clear
below 10 Hz, the vents are undoubtedly desynchronized above this frequency.
Condensation oscillation traces from the first eight blowdown tests
conducted at JAERI in Japan, were statistically analyzed by the JAERI
investigators.5 PSDs of C0 pressure oscillations at pairs of vent outlets
with corresponding transfer function, coherence function, phase angle, and
cross power spectral density (CPSD) are shown for most combinations of -

instrumented vents in Reference 5. No evidence of synchronization above
10 Hz between vents can be found in any of these results.

It should be noted that steam blowdowns were also conducted at the three
vent full-scale (but not prototypical) GKSS test facility in Germany.

.

Their staff likewise reported desynchronization among vents during con-
densation oscillation.

(3) Based on the analysis provided by the WNP-2 applicant in Reference 1, the
bounding wall pressure traces measured during condensation oscillation in
the 4TC0 facility are, with the exception of two poke throughs, enveloped
by the bounding wall pressure traces of the WNP-2 design chugging load
when calculated for 4TCO. Also, the staff is satisfied with the appli-

cant's calculational results showing that the C0 event traces that caused
the poke throughs are not governing for the WNP-2 design.

In addition to the above considerations, some observations of the chugging
specifications are in ordar. The WNP-2 chugging specification (described in
Section F.1.2 of this appendix) is more conservative than the generic one in
terms of source strength at all frequencies. The extra margin of conservatism
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is substantial for most frequencies. Phasing (i.e., desynchronization) of the
WNP-2 sources is also more conservative than the generic chugging desynchroniza-
tion, because in the WNP-2 specification three vents in a radial row chug
simultaneously and not individually. This means that the strength of a pool
chug is spread over only 34 separate events instead of over the 102 individual
vent chugs the generic specification would call for if applied to WNP-2.
Because chugging and C0 loading are similar as far as this overall event and
application times as well as in frequency content, it is highly unlikely that
condensation oscillation would excite different modes than chueging. The real
difference in the generic specification between chugging and C0 loads lies in
the synchronous application of the latter and the dephasing of the former.
However, data from multivent facilities such as JAERI have shown that in

reality condensation oscillation is not in phase between vents and certainly
not at the higher frequencies (i.e., above 10 Hz). In response to staff

questions, the applicant has stated that application of the generic C0 specifica-
tion below 10 Hz presents no problem for the present WNP-2 plant design. It

should be noted also that at the lower frequencies the chugging load specifica-
tion is more in phase than at the higher frequencies; i.e., obviously the
effect of desynchronization increases with frequency in the chug specification.
All multivent test facility data show that this synchronism at higher frequencies
is not present.

Because of the extra conservatism in the WNP-2 chugging load specification, the
more conservative phasing of the WNP-2 chug sources, and the fictitious nature

l of C0 synchronization at higher frequencies, the staff feels that the applicant
does not need to assess the WNP-2 plant with a C0 loading in addition to the
chugging load specification. Of course, for all load combinations where C0
loads were previously part of the total load, chugging loads must now be used
in place of the C0 contribution.

F .1.1. 4 Summary of Evaluation

The staff agrees with the applicant that, in view of the very conservative
nature of the WNP-2 chugging specification and the desynchronization of con-
densation oscillation especially at higher frequencies, C0 loads need not be
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considered by the applicant when assessing the design adequacy of WNP-2 safety
features. Assessment using the WNP-2 plant-unique chugging specification is
sufficient to cover any load occurring during condensation oscillation. For
load combinations, chugging loads must be used whenever condensation oscil-
lation or chugging loads are specified.

F .1.1. 5 References

(1) Ettouney, M. M., " Comparison of Condensation Oscillation and Chugging

| Loads for Assessment of WPPSS Nuclear Project No. 2," Summary Letter
| Report, Burns and Roe, Inc., December 23, 1981.

(2) General Electric Co., " Generic Condensation Oscillation Load Definition
Report," GE Proprietary Report Nuclear Regulatory Commission, NEDE-24288-P,
November 1980.

(3) " Mark II Containment Program Load Evaluation and Acceptance Criteria,"
NUREG-0802, August 1981.

(4) Bird, P. F., et al., "4T Condensation Oscillation Test Program Final Test
Report," General Electric Proprietary Report NEDE-24288-P, November 1980.

(5) Statistical evaluation of steam condensation loads in pressure suppression
pool - JAERI Report 9618-M,1981 JAERI memo 9618.
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F.1.2 WNP-2 Improved Chugging Load

F.1. 2.1 Background

A general background on the chugging phenomena and load specification history
can be found in Reference 1. The applicant initiated a plant-unique program to
develop an improved chugging load specification early on. To obtain a
reduction from the conservative lead plant chugging load specification,2 the
applicant developed a chugging specification that was submitted to the staff in
1979. This method was the first to provide sources at the vent exit from which
containment boundary pressures would be computed. The staff reviewed this
method and expressed concern regarding the averaging of the 4T data used to
arrive at a source specification.

During 1979 and early 1980, the Mark II Owners Group, with the help of GE,
conducted additional tests in a modified 4T facility, because some questions
about condensation phenomena remained. These tests were conducted with pro-
totypical vent lengths, as well as conservative mass flows. The new tests
included chugging events with peak pressures significantly greater than those
observed in the original 4T tests. The tests also showed that cer+1in com-
binations of mass flow, air content and temperature occurring during a blowdown
could produce higher chugging loads than other blowdown conditions. Therefore,
a gross averaging of all chugging data from a whole blowdown would not be
conservative. The applicant responded to the new data (referred to as 4TCO
data) by selecting new sources corresponding to 4TCO observations and modifying
the modelling of the chugging phenomena. The applicant's revised chugging
specification is detailed in Reference 4. The staff's review of this document
resulted in a list of concerns. These concerns were addressed by the applicant

at a meeting in Richland, Washington on September 16 and 17, 1981.

F.1.2.2 Chugging-Load Description

(1) Design Source Description

07/14/82 F-7 WNP-2 SSER APP F
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The revised WNP-2 chugging load specification consists of seven design sources
that were inferred from actual chugs occurring in the 4TCO tests. Details of
how the final sources were selected from the 4TCO data are given in Referemce 4.
The design sources are defined as impulsive pressure gradients (i.e., fluid
accelerations) applied over the steam / water interface at the vent exits. The
waveform of the design source impulse consists of a 2-millisecond negative
amplitude spike followed by a 98-millisecond positive triangular impulse. The

exact waveform and the impulse and system parameters that vary from source to
source are given in Table 4-2 of Reference 4. These parameters are the amplitude
of the spike and triangle of the source, the water and steam acoustic velocities,
and the water and steam damping.

(2) Design Source Application

The design source pressure gradients are inferred from a coupled linear model
of the vent, pool, and structural portions of the 4TC0 facility. This model
can be used to infer the final sources by using trial sources to produce wall
pressures that match those actually recorded in the 4TCO tests. The applica-
tion of the sources inferred from 4TC0 to the actual multivent WNP-2 contain-
ment also utilizes a coupled model of the plant containment, which accounts for
such plant-specific parameters as downcomer length, 3D multivent suppression
pool geometry including the sloped bottom, and the structural properties of the
WNP-2 containment.

The seven design sources are applied separately to the plant and the response
from all seven sources is used in plant evaluation.

(3) Chug Desynchronization

5The generic chug desynchronization methodology has been adopted by the appli-
cant with one modification. The three vents in each of the 34 radial lines of
downcomers are assumed to chug in phase. Therefore, the chug start time for
each radial line of three vents, rather than for each individual vent, is

assigned according to the generic methodology.5 So, this set of 34 start times
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that has the minimum variance is selected from 1000 Monte Carlo trials within a
50-millisecond time window.

(4) Asymmetric-Load Case

Two load cases, an asymmetric and a nearly symmetric load case, are considered
by the WNP-2 applicant. Similar to the Mark II generic specification, the

variation of chug strength from vent to vent has been eliminated by the simpli-
fication of applying the same source strength at each vent. The asymmetric and
symmetric cases are attempts to evaluate the effects of the most adversely
extreme variation (or lack of variation) in source strengths.

The spatial distribution of the asymmetric specification is shown in Figure 4-11
of Reference 4. Basically, each source is applied with its strength increased
by 14% at one row of 3 radial vents in the containment and decreased by 14% at
the row 180 degrees away, (i.e., directly opposite). Variation between these
extremes is linear so that the rows at 90 and 270, for instance, have their
source strengths neither increased or decreased.

,

(5) Nearly Symmetric Case

In the nearly symmetric case, the sources are applied at all vents with the
same strength (i.e., the one specified in Table 4-2 of Reference 4). This is
done to maximize axisymmetric response. To account for a likely departure from
axisymmetry, however, one row of three vents has a source strength applied that-

is 24% higher than that applied at all other vents--hence the term "nearlyi

symmetric."

Both the asymmetric and nearly symmetric cases are applied with the vent
sources desynchronized as explained above.

F.1.2.3 Chugging-Load Evaluation

(1) WNP-2 Plant Uniqueness
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Before beginning an actual evaluation of the WNP-2 chugging load specification,
it may be worthwhile to reflect on the need for a unique methodology different
from that used by most of the other Mark II plants.

The WNP-2 plant differs from other domestic Mark II plants in two important
respects:

- The containment is a steel shell rather than a reinforced concrete struc-
ture.

- The pool has a sloping rather than a flat floor.

The steel containment means that structural stiffness factors affecting the
frequency content of the chugging load specification will be considerably
outside the range of other plants with concrete containments. Although each

Mark II plant will differ somewhat in construction and therefore stiffness, the

WNP-2 steel containment will produce a larger difference than that among the
other plants.

The sloping floor of WNP-2 also presents a problem for the generic method
because the generic pool acoustic model presumes a flat-bottomed plant. So,

the generic method would have to be modified considerably to apply it to WNP-2.

A plant-unique approach to the WNP-2 chugging loads appears justified and
necessary.

(2) Data Base

The data base for the WNP-2 specification is the same as that for the generic
methodology: the 4TC0 data were used for the actual single-vent source specific-1

ation, while the JAERI data was used to account for such multivent effects as
vent desynchronization.

As stated in Reference 1, the staff finds these data provide an acceptable and
appropriate basis for load assessment and load specification.

!
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(3) Selection and Source of Chugging

The chugs selected by the applicant from the 4TCO data base for inferring
sources are, for the most part, identical to those used in the Mark II generic
chugging methodology. Of the 14 key and companion chugs used in the WNP-2;

methodology, 10 are identical to the chugs used in the generic method. One key

chug and three companion chugs occurring in three separate tests are different
in the WNP-2 method.

The reasons cited by the staff 1 on why the chugs selected for the generic
method represent a conservative subset of chugs from the 4TCO data are obviously
applicable for the WNP-2 selections also because they overlap. Where the
hNP-2 choices differ, their selection is as conservative, or more so, than the
generic choices for the WNP-2 containment. As outlined in Reference 6, the
chugs used by the applicant that differ from the generic are more critical in
the higher frequencies than the generic choices, and it is in the higher
frequencies that the WNP-2 plant is more sensitive than the other domestic
Mark II plants.

The staff concludes that the 4TC0 chugs selected by the WNP-2 applicant to
infer the source specification are appropriate and conservative with respect to
amplitudes, frequency content, and power. The staff finds the WNP-2 selection
acceptable.

| (4) Modeling of 4T and WNP-2 Plant To Infer and Apply Sources

As stated previously, the WNP-2 sources are inferred using a coupled model of
the 4TCO facility representing the steam in the vent and the water in the
suppression pool, as well as the tank structure and its supports. By fully

coupling the steam in the vent to the rest of the system, the applicant had
eliminated the need of adding sinusoidal terms representing the vent frequencies
to the forcing function as was done in the generic method. A purely impulsive
source, as described in Section F.1.2.2(1) above, can be inferred using this
finite element model. The applicant states that all test facility characteristics

have been accounted for, thus producing a source untainted by such facility

.
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specific properties as fluid structure interaction (FSI) magnitudes and
frequencies. While not familiar with all the details of the model, the staff
is convinced from the results presented by WNP-2 that the extraction of sources
from the 4TCO data using the WNP-2 model is done in an appropriate manner.
Similarly, the staff considers the modeling of the WNP-2 suppression pool for
source application adequate to eliminate concerns about FSI. Boundary pressures
are calculated in the pool from the application of a source in phase at three
vents in a radial row. These boundary pressures are then applied to a structural
model of the WNP-2 containment and the response obtained. By superposition,
the total building response can be found by summing the responses from all the
radial vent rows with appropriate amplitude and phasing factors for each row.
The applicant has shown that the models are adequately detailed to transmit
both the vent and pool frequency ranges of interest for structural assessment.

The staff also feels that the values of system parameters as listed in Table 4-2
of Reference 4 are appropriate and cover the range of interest of sonic speed
and damping for both the vent steam and pool water.

(5) Desynchronization of Chug Start Times

As stated in Section F.1.2.2(3) above, the WNP-2 applicant has adopted the
1generic chug desynchronization methodology. Therefore, the staff comments

stating why this method is acceptable also are valid. The staff agrees with
the WNP-2 applicant that 5avn g three vents of each radial row chug in pnase is
acceptable.

(6) Comparison with JAERI Data

The applicant compared the applicant's chugging load specifications with data
obtained in the JAERI multivent facility. This comparison did not use a direct
application of the specification. Instead; an averaging and enveloping approach

similar to the generic chugging load comparison was conducted.s The staff's
comments in Reference 1 regarding this comparison are valid for WNP-2. An

additional comment is necessary, however. Unlike the generic comparison, the

WNP-2 modeling of the JAERI facility was not done with only a minor change of
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the model used for plant application, because the latter requires an axisymmetric
geometry. An entirely separate model for JAERI was constructed. Therefore,
although the comparison with JAERI is reassuring with regard to source strengths,
it does not provide additional verification of the WNP-2 plant application
model.

(7) Plant Application

Downcomers with 28 in Diameters

One of the staff's concerns with the WNP-2 chugging load specification was the
use of 28-in. diameter downcomers in the WNP-2 plant. Both the 4TCO and JAERI
data were obtained using 24-in diameter vents. Although the majority of the
102 downcomers in WNP-2 are 24 in, there are 18 downcomers with 28-in. diameters.

The applicant analytically accounts for the bigger vents by increasing the 4TCO
based cnugging sources by 36% for the bigger vents. This percentage increase
comes from a ratio of the cross sectional area of a 28-in. vent divided by that
of a 24-in. vent. Further calculations by the WNP-2 applicant showed that the
structural response of the containment would be increased by 10%. Therefore,
the 28-in. diameter vents are allowed for in the structural response of WNP-2
by increasing the response calculated for an all-24-in.-diameter-vent case by a
factor of 1.1.

The staff feels that this is an acceptable way to account for the effect of the
18 vents with 28-in. diameters in WNP-2. The increase of source strength
proportional to vent diameter has been observed in foreign and domestic lateral
load data for vents ranging from 12 to 24 in.1 Extrapolation to 28 in. based
on the area .itios is also appropriate one would expect source strength to be
dependent on mass flux, which is directly proportional to cross-sectional area.
Because the 28-in. vents are spaced fairly symmetrically around the containment,
they should not be the cause of any significant imbalance.

Asymretric Load

07/14/82 F-13 WNP-2 SSER APP F

'

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



. . . . - - - . .- . - - . -

. .
- -

,

.

!
,

The asymmetric load specification should represent a conservative extreme of
the possible imbalance in loading the containment can experience as a result of
variation in chug strength among vents. The staff's remarks 1 concerning the
conjectures involved in an asymmetric specification apply here also, because
the WNP-2 specification follows the general outlines of the generic one. The
WNP-2 asymmetric load specifies a linear variation in source strength from one
side of the pool to the other, as noted in Section F.1.2.2(4). The generic
specification calls for an entire half of the pool to be at the same source
strength. However, as the WNP-2 applicant has shown,8 because of the increased

WNP-2 design load, the overturning moment is actually greater for the the
applicant's case and, therefore is, acceptable to the staff. In general, the

staff finds that the WNP-2 asymmetric chugging load specification is adequate
in that it provides a reasonable measure of asymmetry.

Nearly Symmetric Load

A conservative measure of the net vertical force on the basemat and maximum net
pressure acting on the containment walls during a pool chug is provided by the
WNP-2 "nearly symmetric" load specification. The staff finds this specification

acceptable and agrees with the applicant that for this load case the synchroniza-
tion of vents in a radial row, as well as the increase of source strength by
24% in one row, represent added conservatisms.

F .1. 2. 4 Summary of Evaluation

!

The staff has already found the 4TC0 and JAERI data as acceptable basis from
which a load specification can be derived.1 Based on its review of the WNP-2

| reports (References 3, 5, and 6) and from discussions with the applicant, the
l
' staff concludes that the WNP-2 improved chugging specification as described in

the above references is acceptable for application to WNP-2. F.1.2.5 References

(1) U. S. Nuclear Regulatory Commission, " Mark II Containment Program Load

Evaluation and Acceptance Criteria," USNRC Report NUREG-0808, August 1981.
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(2) " Mark II Containment Lead Plant Program' Load Evaluation and Acceptance,

Criteria," USNRC Report NUREG-0487, October 1978.

(3) Burns and Roe, Inc. , " Chugging Loads - Improved Definition and Application
Methodology to Mark II Containments," Technical Report for WPPSS Nuclear
Project No. 2, June 1979.

(4) ___, " Chugging Loads - Revised Definition and Application Methodology for
Mark II Containments (Based on 4TC0 Test Results)," Technical Report for
WPPSS Nuclear Project No. 2, July 1981.

(5) General Electric Co. , " Generic Chugging Load Definition Report," GE Report
NEDE-24302-P, Class III, April 1981.

(6) Handout provided at the Meeting with WPPSS in Richland, Washington,
September 16 and 17, 1981.
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F.1.3 SRV Discharge Methodology

F.1. 3.1 Introduction

(1) SRV Discharge Load Phenomena

Ti.e WNP-2 plant is equipped with SRVs to control large primary system pressure
transients. The SRVs are mounted on the main steamlines inside the drywell
with discharge lines routed through the drywell floor into the suppression
pool. When an SRV is actuated, the steam released from the primary system is
discharged into the suppression pool and condensed.

Actuation of an SRV can be either automatic, at a preset pressure, or manual by
means of an external signal. A preselected number of SRVs are used for the ADS
which is designed to reduce the reactor pressure and permit operation of the
low pressure emergency core cooling systems. The ADS performs this function by
automatic actuation of the specified SRVs following receipt of specific signals
from the reactor protection system.

Upon actuation of an SRV, the air column within the partially submerged disc-
harge line is compressed by the high pressure steam and, in turn, accelerates
the water leg into the suppression pool. The water jets thus formed create
pressure and velocity transients that are manifested as drag or jet impingement
loads on submerged structures. '

Following water clearing, the compressed air is discharged into the suppression
pool forming high pressure air bubbles. These bubbles execute a number of
oscillatory expansions and contractions before rising to the suppression pool
surface. The associated transients again create drag loads on submerged struc-
tures as well as pressure loads on the submerged boundaries. These loads are
referred to as SRV air clearing loads.

Following the air clearing phase, essentially pure steam is injected into the
pool. Experiments indicate that, for sufficiently high steam fluxes, the steam
jet / water interface that exists at the discharge line exit is relatively
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stationary, so long as the local pool temperature is low. Thus, the condensa-
tion proceeds in a stable manner and no significant loads are experienced.
Continued steam blowdown into the pool will increase the local pool tempera-
ture. The condensation rates at the turbulent steam / water interface are eventually
reduced to levels below that needed to readily condense the discharged steam.
At this " threshold" level, the condensation process becomes unstable; i.e. ,
steam bubbles are formed and shed from the pipe exit, the bubbles oscillate and
collapse giving rise to severe pressure oscill'ations that are imposed on the
pool boundaries. To preclude unstable condensation, limits are established for
the allowable suppression pool temperature and restricted to those values in
the plant Technical Specifications. These restrictions are referred to as the

pool temperature limits.

Following closure of the SRV, the pressure in the discharge line decreases
rapidly due to the outflow of the remaining steam. At a sufficiently low pres-

sure, pool water will re-enter the line (reflood) resulting in a further

decrease in line pressure as the remaining steam is condensed by the inflowing
water. The reduced pressures also actuate vacuum breakers that are installed
in the discharge line allowing drywell air / steam to enter the line and equi-
librate the pressure differential. Experiments indicate that these events
occur in a very transitory fashion before a new equilibrium state is achieved.
Specifically, the water column within the discharge line has been observed to
overshoot the original water level followed by several oscillations about a new
equilibrium level that is generally below the normal value. Pressure fluctua-
tions and corresponding actuations of the vacuum breaker accompany these

! excursions in water column elevation. The experiments also indicate that if an
SRV is actuated during this transient period, the pressure loads on the pool
boundary can be substantially higher than those associated with normal or
"first" actuations of the SRV. This type of SRV discharge is referred to as a
" subsequent" actuation. The increase in loads can generally be attributed to a
reduction in steam condensation rates on the (heated) discharge line walls and,
if the timing of the valve actuation is right to the increase in water column
length. Both of these effects enhance the potential for compressing the air in
the discharge line leading to the introduction of higher than normal pressure
bubbles into the suppression pool.
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Concurrent with the events described above, the discharge line itself is
subjected to dynamic pressure and thermal loadings. In addition, a variety of
thrust loads can be generated at the end of the discharge line and, of course,

i

transmitted to any support or tie-down arrangement as may exist.

(2) SRV Load Mitigation

Experiment and operating experience has shown that the magnitude of the SRV

discharge-related loads is a strong function of the geometry and configuration
of the discharge device utilized. Early experience with straight pipe configur-
ations indicated very high loads. Some mitigation of these high loads has been
achieved in the past by the use of elbows and "ramshead" discharge devices.
Current practice involves installation of so-called " quencher" devices, which
consist of two or more lengths of perforated pipe sections. Such devices have
been found to substantially reduce hydrodynamic discharge loads in comparison
to those observed with the other configurations. In addition, the quenchers
exhibit improved performance in terms of their ability to maintain stable steam
condensation at elevated pool temperatures.

The quencher device used in the WNP-2 plant is the GE cross quencner (or
X quencher), which consists of four perforated arms. It is a GE-modified ver-
sion of the quencher device originally developed by KWU. X quenchers similar
to those utilized in WNP-2 are currently in use in two foreign Mark II plants
that have performed inplant SRV tests (Caorso plant and Tokai-2 plant) and are
in use in GE Mark III plants.

(3) SRV Air Clearing Load Methodologies

The preser.t SRV load specification methodology for X quenchers is described in
the Mark II DFFR. The calculation procedure for predicting air clearing loads
is based primarily on the results of an extensive series of reduced-scale and
in plant tests. It consists of specification of peak boundary pressure, pres-
sure time history, and pressure spatial distribution on the pool boundaries.
The peak pressure amplitude is computed using an empirical formula that is
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established'through statistical analysis of test results to account for plant

parameters and data scattering.

The load calculation procedure based on the statistical model involves two
elements: (1) calculation of mean values of peak positive loads using the
empirical formula, and (2) calculation of a confidence margin. A confidence
level of 90%-90% was selected in the calculation of the design loads. This
calculation procedure and the 90%-90% confidence level for the design loads
have been reviewed and found acceptable by the staff as described in NUREG-0487.1

Recent in plant test results from Caorso and Tokai-213 showed that the design
load calculated from the DFFR methodology may be overly conservative. In view
of this, the applicant has proposed an alternate methodology based on Caorso
test results. The staff's evaluation of this alternate methodology is presented
in the following paragraphs.

F.1.3.2 Proposed Load Specification

The alternate load specification proposed by the applicant is described in
Reference 4. It is a dynamic pressure loading to be applied directly to the
submerged boundaries. As in the CFFR methodology, it consists of specifica-
tions on peak pressure amplitude, pressure time history and pressure spatial
distribution on the pool boundaries.

(1) Selection of Data Base
i

The proposed load specification is based on results from Caorso inplant tests,
which were performed in two phases. The 52 Phase I tests were conducted during

July and August of 1978 and included only single-valve first and subsequent
actuation tests at normal operating reactor pressures. The 53 Phase II tests
were conducted during January and February of 1979 and included repeats of some

,

of the Phase I tests as well as tests involving multiple valve actuations, low
reactor pressures, and leaky valves. Results of these tests were presented in
References 2 and 3 for Phase I and Phase II tests, respectively.

07/14/82 F-19 WNP-2 SSER APP F

__. - . - . . . - - .- . .... . . .-

- - - , - , , - - -- , 3



_ _ _ _____ ___ _ _. _ _ . _ .__ ---.

2 .. _ ,...,_. -. . - . . - - - - -- - -- - . " - . . . . - -e - - -

,

.

Test results that were selected as the data base to determine the WNP-2 load
specification were 68 pressure traces measured at pressure transducer P19 from
both first and subsequent actuation of Valve A.2 3 Examination of the frequency
spectra (or Fourier spectra) of these pressure traces showed two types of
pressure wave forms. Most of the pressure traces were categorized by the
applicant as having " multiple frequency wave form (MFP)," which is charac-
terized by a few high frequency, high amplitude pressure spikes in the early
part of the pressure time history, and by a rich frequency content in the
frequency range above the dominant frequency (6-10 Hz). Only seven pressure
traces, all from subsequent actuation tests, were identified as having " single
frequency wave form (SFP)." This wave form exhibits primarily a single charac-
teristic frequency of oscillation, from about 6 to 10 Hz, for the whole duration.

(2) Development of Design Loads from Data Base

Specifications of both pressure amplitude and pressure wave form (pressure time
history) were obtained from statistical analyses of test data. The 90%-90%
confidence values were computed from these analyses and were used as design

values.

Design Pressure Amplitude

Statistical analyses of pressure amplitudes showed that the pressure amplitude
is higher for SFP traces than for MFP traces. In MFP traces, the pressure
amplitude from subsequent actuation tests was found to be higher than that from
first actuation tests. The 90%-90% confidence limits for the various types of

pressure traces are 9.37 psi for SFP traces, 7.62 psi for MFP traces from
subsequent actuations, and 5.75 psi for MFP traces from first actuations. The

90%-90% confidence value for SFP traces, 9.37 psi, was selected as the design
value for both the SFP and the MFP design wave forms by the applicant.

Design Pressure Wave Forms

The design wave forms were developed from statistical evaluation of the Fourier
amplitude spectra of pressure traces. To avoid unnecessary conservatism in the
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load specification, two separate design wave forms were defined: one exhibiting
the characteristics of MFP traces and the other having the characteristics of
SFP traces. Fourier amplitude spectra of 90%-90% confidence level were first
constructed for the two types of wave forms using using pressure traces from
subsequent actuation tests only. Design wave forms were then established to

bound the 90%-90% confidence spectra in the frequency domain. The MFP design
wave form was obtained artificially by a trial and error approach, taking into
consideration all major characteristics of the MFP traces. The SFP design wave

form was selected from measured traces; measured trace from Test 2202 was

considered as a typical SFP trace and was selected as the design wave form.
The applicant has demonstrated that the spectrum from the design wave forms
with a pressure amplitude of 9.37 psi can bound the 90%-90% confidence spectra
of both types of traces (see Section 3.1).

(3) Modification of Design Pressure Amplitude from Caorso Test Conditions to
WNP-2 Design Conditions

Maximum pressure loads on pool boundaries from SRV air clearing were found to
depend on plant parameters whose values of WNP-2 design conditions are differ-
ent from those of Caorso test conditions. Modification of the design pressure
load is therefore required. The applicant used the empirical correlation

5presented in the DFFR methodology to accomplish this modification.

Important parameters identified in the DFFR correlation and their values during
Caorso tests and WNP-2 design are presented in Table F.1.1. The 90%-90%

confidence design values were calculated, according to DFFR correlation, for
single valve, subsequent actuation under both WNP-2 design conditions and
Caorso test conditions. The ratio of these two calculated design values (1.20)
was used by the applicant to modify the design value obtained from Caorso data
(9.37 psi) to WNP-2 design conditions (11.2 psi).

(4) Frequency Sweeping of Pressures

The design pressure wave forms were modified to account for the variations in
frequencies due to (1) variability in dominant frequencies exhibited in test
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data and (2) differences in plant conditions. The modification involves
compressing and expanding the design pressure time histories to cover a fre-
quency range (for characteristic dominant frequency) of 4.0 to 12.0 Hz.

(5) Circumferential Pressure Distribution

The applicant has investigated two approaches to calculate the circumferential

pressure distributions around pool boundaries due to SRV actuation. They are:

distribution obtained from a finite element analysis of the suppression-

pool

DFFR attenuation law as presented in Reference 5~.-

The DFFR attentuation law was selected for WNP-2 design evaluation because it
is more conservative.

(6) Vertical Pressure Distribution

The vertical pressure distribution on pool boundaries proposed by the applicant
is a constant pressure between the bottom of the suppression pool and the
quencher centerline. The pressure then decreases linearly to zero at pool
surface. This distribution is based on applicant's evaluation of test results
from Caorso and Tokai-2, as well as analytical results from finite element
analysis with a pressure source at the quencher location.

(7) SRV Discharge Load Cases

The SRV discharge cases that are considered for WNP-2 design evaluation are:
I

single-valve discharge case-

| two-valve adjacent quenchers)' discharge case-

ADS valve discharge case-

i

!
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all-valve discharge cases-

.

Two design conditions are associated with the all valve discharge case. They

are the axisymmetric loading condition assuming simultaneous discharge, in-
phase oscillation from all valves, and the nearly symmetric loading condition
assuming some imbalance during actuation of all SRVs.

In all the discharge cases, the same pressure load specification (including
pressure amplitude, wave forms, and frequency range) is used to calculate the
dynamic responses of the WNP-2 reactor building. The only exception is the
all-valve, nearly symmetric loading case where the peak pressure is assumed to
be 12.5 psi at 0 and 5.6 psi at 180. The circumferential pressure distributions
for other cases are cbtained from DFFR attenuation law. However, the more con-

servative linear superposition assumption is used, instead of the SRSS (square
root of the sum of squares) assumption recommended in DFFR, to calculate
resultant pressure from several quenchers in multiple valve cases.6

F.1.3.3 Evaluation of Load Specification

The staff's evaluation of the proposed load specification consists of two major
considerations: (1) the evaluation of the conservatism of the load specifica-

tion with respect to the given data base (Caorso test results) from which it is
derived, and (2) the evaluation of the adequacy of the Caorso data base in
providing a conservative representation of the performance of the quencher
device in WNP-2 plant under design conditions.

From evaluation of the material presented in Reference 4, the staff finds that
the load specification derived from the Caorso data base is a conservative and
acceptable specification for a plant under similar conditions as those in
Caorso tests. However, from the review of Caorso test program and WNP-2 plant
design conditions, the staff also find; that the modifications (to the load
specification) proposed by the applicant to take into account the differences
between Caorso test conditions and WNP-2 design conditions may not be adequate
to cover all the limitations and uncertainties associated with the application

of the data base to WNP-2 plant. The staff, therefore, felt that further modi-
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fications, or justifications, to the proposed load specification are required
to ensure conservatism of the load specification for WNP-2 design. In response
to the staff's concern, the applicant has provided further justification as
well as additional modifications to the proposed load specification which the-

staff finds satisfactory. It is, therefore, the staff's judgment that the pro-
posed load specification, as presented in Reference 4, with the modifications,
as presented in Reference 7, constitutes an acceptable load specification for
WNP-2 design. Details of the staff's evaluation of the proposed load specifi-
cations are presented in the following paragraphs.

(1) Derivation of Design Load from Data Base

The principal requirement in the derivation of design loads fr~ a data base,
set forth by the applicant is that they bound the 90%-90% confidence values of
the pressure data base in both amplitude and frequency spectrum. The use of
90%-90% confidence level for design load determination is consistent with that
proposed in the DFFR5 which has been found acceptable by the staff, as discussed
in NUREG-0487.1

The design load developed by the applicant includes two pressure wave forms,
which exhibit major characteristics of the pressure traces in the data base,
and a pressure amplitude of 9.37 psi to be used with both wave forms. The

specification also requires that the pressure wave forms be expanded and
compressed to increase the frequency range of the design wave forms to cover a
frequency range of from 4 to 12 Hz.

It is, therefore, the staff's judgment that the design load derived by the
applicant is an acceptable load specification for a plant under similar condi-
tions as those from which the data base was obtained. This judgement is based
on the applicant's requirements regarding the derivation of the load specifica-
tion from a data base, as well as the fact that the frequency spectrum from the
load specification can envelope the frequency spectrum of every pressure trace
in the data base for the frequency range of interest.

(2) Application of Caorso Data to WNP-2 Plant Design
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The adequacy of the Caorso data base in providing a conservative representation
of the quencher performance for WNP-2 plant under design conditions is discussed
in this section. From this evaluation, the staff finds that the data base is,

in general, adequate and acceptable for the development of a design load
specification. There are uncertainties, however, associated with the conservatism
of the data base in terms of covering the worst conditions that may occur in a
plant and with the modifications required to bring test data from test condi-
tions to WNP-2 design conditions. Because of these uncertainties, the staff

feels that modifications to the proposed load specification are required to
ensure conservatism of the load specification.

Selection of Data Base From Caorso Data
,

Test results that were selected by the applicant for load specification are
measurements at pressure transducer P19 from single-valve actuation tests
involving Valve A, for which most of the Caorso single-valve tests were con-
ducted. The staff's evaluation of the Caorso test program shows that tests
involving single-valve actuations of Valve A have covered a broad range of
valve actuation conditions and provide an acceptable basis for load evaluation
purposes.

The selection of measurements at pressure transducer P19, which is located on
the pool bottom about 4 f t from the quencher centerline, is also acceptable
because of its location with respect to the quencher device when compared with
other sensors and because of the fact that largest pressure amplitudes were
recorded by this transducer and a nearby transducer (P13) for most of the
tests.

Fluid Structure Interaction (FSI) Effect in Caorso Data

Pressure on pool boundaries measured from a particular facility will contain
the effect of FSI, which is characteristic of that facility and must be removed
from the measured (total) pressures before they are used for other facilities.
The applicant has evaluated the FSI effect in Caorso test results and concluded
that the effect is small and negligible. Pressure traces from Caorso tests
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were, therefore, used without any adjustment for FSI in the derivation of
design load specification. The load specification is subsequently applied to
the WNP-2 plant as rigid wall pressures in the structural analyses of WNP-2
plant.

The applicant's evaluation of FSI effect involves the estimate of the inter-

action pressure, which is the portion in the measured pressure attributed to

FSI effect. The estimate is made by the use of a hydrodynamic added mass
matrix obtained from analytical modelling of Caorso plant and of measured
boundary accelerations from Caorso tests. The estimated interaction pressure
is very small when compared with measured total pressures. This indicates that
FSI effect is negligible and that test data can be used as rigid wall pressures
without modification.

The staff finds the applicant's evaluation of FSI effect adequate and the
conclusion resulting from the evaluation acceptable.

Effect of Vacuum Breaker Performances on Pressure Loads

The vacuum breakers installed on the SRV discharge line will allow drywell air
to enter the discharge line when the pressure inside the line is lower than
that in the drywell which occurs after closure of the SRV. The performance of

vacuum breakers will, therefore, affect the initial conditions for subsequent

,

valve actuations and consequently pressure loads from such actuations.
|

i
i Most of the Caorso subsequent actuation tests were conducted with Valve A with

one of the two vacuum breakers blocked. These data are used by the applicant
to derive the design loads. There were only four subsequent actuation tests

| performed with Valve U which had both vacuum breakers operating.2'3 The con-
servatism of the data base used by the applicant is questionable because the
maximum peak boundary pressure obtained with two vacuum breakers (9.4 psi),
which is prototypical for Mark II plants, is higher than that with only one
vacuum breaker (8.7 psi). The mean value of peak boundary pressure is also
higher for the former (7.3 psi) than the latter (5.7 psi).

|

!
1-

-
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For subsequent actuation tests, the only significant difference between Valve A
and Valve U is the number of vacuum breakers utilized. Because of the small
number of tests performed, it cannot be said with certainty that the higher
pressure loads are caused by the operation of the additional vacuum breaker,
which would admit more air into the discharge line prior to subsequent actuation.
Nonetheless, it introduces large uncertainties about the conservatism of the
data base used in the design and great concern over the effect of vacuum
breaker performance on pool boundary loads. The vacuum breakers utilized in
WNP-2 plant and the Caorso plant are different, although both are 10 in. vacuum

breakers (See Table F.1.2). From the information received from the applicant,
the staff cannot establish the equivalence of performance of these different

vacuum breakers. This introduces further uncertainty in the use of data.

Because of the uncertainties discussed above, the applicant has agreed to
increase the statistically derived design value of 9.37 psi by 1.84 psi, which
represents the difference between the mean value for subsequent actuation tests
with two vacuum breakers functioning and the mean value for subsequent actuation
tests with only one vacuum breaker functioning (5.44 psi). The staff finds
this modification to design load specification to account for vacuum breaker
effect the best estimate available and acceptable.

Effect of Multiple Valve Actuations (MVA) on Pressure Loads

The design values for SRV air clearing loads in WNP-2 plant are based on single

,
valve actuation data from Caorso tests. These values are then used in load

! cases involving multiple valve actuations without adjustment for multiple-valve
effect. Comparison of pressures measured during Caorso tests shows that the

| peak pressure in multiple-valve tests is in general greater than that in
! single-valve tests under similar test conditions: the mean value of peak

boundary pressure for the six four-valve actuation tests (5.97 psi, excluding
Test 31 because of the large distance between sensors and operating quenchers)
is greater than that for single valve tests under similar first actuation con-
ditions (4.4 psi).

|
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The design basis operational SRV actuation events investigated for WNP-2 are
listed in Table F.1.3. It indicates that the most severe all-valve actuation
occurs only under first actuation conditions. It is noted that the design
pressure amplitude for WNP-2 is based on the seven SFP traces from subsequent
actuations. These traces have a mean peak pressure of 6.95 psi, which is
higher than the mean value frca MVA tests. The use of subsequent actuation
data as the basis for multiple valve first actuation case is, therefore,

acceptable.

As shown in Table F.1.3, only the six lower set point valves may discharge at
subsequent actuation conditions. These valves correspond to quenchers located
at the inner quencher circle, adjacent to the RPV pedestal. The distance
between these quenchers and pool boundaries in WNP-2 is greater than that in
Caorso tests. Because boundary pressure is basically inversely proportional to
distance, the pressure expected in WNP-2 plant from actuations of these valves
will therefore be smaller than that in Caorso if other conditions remain the
same. Furthermore, although the pressure amplitude may be higher for six-valve
actuation, the effect on the containment vessel structure may still be smaller
than that from all-valve first-actuation case because of the number of valves,
and, therefore, the total load on containment structure involved in these

cases.

MVA tests in Caorso also resulted in slight 19 different frequency spectra when
compared with results from single-valve tests under similar conditions: MVA
tests usually have higher energy content in the range of 20 to 60 Hz. The

; applicant has shown that the design envelope frequency spectrum bounds the
envelope of frequency spectra of all MVA tests. This is the case even in the
high frequency end of the spectrum.

Based on the above discussions, the staff concludes that the proposed load.

specification, without further modification to account for MVA effect, is.

acceptable for multiple valve actuation cases.

}
Effect of Leaky Valve Actuations on Pressure Loads

.

't
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Caorso test results showed that first actuations of a leaky valve (LV) resulted
in lower peak pressures but quite different pressure time histories when
compared with other tests. The predominant frequencies for LV tests are
approximately from 20 to 30 Hz, which are higher than the 5 to 10 Hz normal
range. Because LV is not an uncommon occurrence, the design load specification
should be able to bound loads resulting from the actuation of leaky valves.

A comparison between the design envelope response spectra and the LV first
actuation spectra indicates that the design curve completely envelopes the LV
first-actuation envelope. It is, therefore, the staff's opinion that the pro-
posed load specification is acceptable for LV actuation conditions.

Apolication of DFFR Correlation

To take into account the differences between WNP-2 design conditions and Caorso
test conditions, a pressure amplitude multiplier, based on DFFR correlation, is
used to obtain the WNP-2 design values. The pressure amplitude multiplier used
by the applicant is the ratio of the predicted design pressure at WNP-2 and
that at Caorso (test conditions) using 0FFR correlation. The staff finds such
application of the DFFR correlation unacceptable. The DFFR correlation is
based on the mean pressure from large-scale tests and a term for each variable
which adjusts that mean from large-scale conditions to plant conditions. Each

term in the DFFR correlation represents the expected change in wall pressure
due to departure from test condition of that variable. It is therefore the

difference, not the ratio, between the two predicted design pressures that
should be used to obtain the WNP-2 design values.

This issue was discussed with the applicant at a meeting held on September
1981. The applicant has agreed to use the pressure differential calculated
with the DFFR correlation to account for differences between Caorso plant test
conditions and WNP-2 design conditions.

Effect of Discharge Line Air Volume
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Previous test results show that peak air clearing pressure increases with
increasing air volume, reaches a maximum, and then decreases. To make conserva-

.

tive predictions, the DFFR correlation does not take credit for the decreasing
trend of pressure with air volume and takes the pressure as constant when air
volume exceeds 1.77 m3 (VAAQ = 0.255). According to this correlation, adjust-
ment of pressure amplitude from Caorso to WNP-2 is, therefore, not required
because air volumes of both the discharge line tested in Caorso and the longest

3discharge line in WNP-2 are greater than 1.77 m . A closer examination of test
results, from which the DFFR correlation is derived, reveals that this is not

appropriate for the present case. The smallest air volume of WNP-2, which is
1.62 ma (VAAQ = 0.234) and associated with the lowest set valve, is less than

3the 3ir volume tested at Caorso (1.88 m , VAAQ = 0.272 from Reference 2).
Modification to design pressure values may be required to account for this air
volume effect.

Examination of the discharge line air volumes in the WNP-2 plant shows that
only four quenchers have discharge line air volumes less than that tested in
Caorso (by about 1.4% to 13%), while the average air volume of all WNP-2 dis-
charge lines, as well as the air volumes of all ADS lines, is greater than that
of Caorso tests. The four quenchers that have smaller air volume are all
located in the inner quencher circle near the RPV pedestal. For all the SRV
discharge cases (see Section III.2.11) involving the actuations of an inner
circle quencher, the peak design pressure is assigned on the pedestal from
basemat to about quencher centerline elevation. Credit for the reduced load as
a result of larger distance is not taken. According to the applicant,6 the
pressure attenuation as a result of the larger distance is 55%, more than that
required to offset the possible increase in bubble pressure as a result of the
smaller air volume. Consideration of the air volume effect will, therefore,

have no impact on WNP-2 design assessment. The applicant then concluded that
there is no need to modify the existing load specification to account for air
volume differences between Caorso and WNP-2. The staff finds the applicant's

~

conclusion acceptable. This acceptance is also based on the following consider-
ations: (1) the average air volume of all valve case and the air volume of all
discharge lines in the ADS case are greater than that tested in Caorso and (2)
with the same peak boundary pressure, the governing single-valve case is from
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the actuation of an outer circle quencher whose air volume is greater than that
L tested in Caorso.

.

Effect of Other Plant Parameters -

' .~
,

Other parameters that affect the peak boundary pressure as identified in DFFR
are the steam flow rate, the pool temperature, the length of water column, and
the valve opening time. The applicant uses the DFFR correlation to adjust th'e
peak boundary pressure from Caorso to WNPr2 with respect to these parameters.
The staff finds this acceptable.

i

From the limited number of low reactor pressure tests in Caorso, a rough
estimate can'be made of the trend of peak gressure with the steam flow rate

,- s
parameter used in DFFR correlation (MNAQ). For the range of interestiin the

'

present case (MNAQ greater than 6.89), the slope of peak pressure (bar) with

MNAQ from DFFR correlation is 0.01. This is smaller thin' that obtained from

the Cao: so tests (0.04, using resu}ts from Tests 37, and 38 and the mean value
of other normal first actuation' tests from Caorso). ThisQndicatesthatthe
trend established in DFFR correlation may not be conservative ~for this parameter

However, the use of 0FFR correlation for thisat values of interest here. 1
'

parameteP because of the small amount of extrapctation required is accepted for
WNP-2. As given by the applicant in Reference 6, the value of MNAQ for WNP-2
1s 0.766 and the.value for Caorso test is 9.397.

.

\

.

TheotbEr.parameterthatcanbecheckedusingCaorsotestresultsispool
trbperatuhe. With regard to this parameter, Caorso test results seem to con-
firm the trend established in DFFR correlation. It is noted that the design

i value of this parameter for WNP-2, as given in Reference 4, is 200 F and it
i represents the major contribution to the modification from Caorso test, conditions

to WNP-2 design conditions. The applicant later modified this design value'to
~110 F which is the Technical Specification limit on suppression pool temperature

,

for WNP-2 plant. The use of Technical Specification limit as design pool
temperat$re for SRV air clearing load is acceptable to th_e staff.

-

--

ON14/82 F-31 WNP_-2 SSER APP F-

\

mL

.- _ _\'
-



.a . - - - .. - .. .. -.
_

v

.

The design values of valve opening time and water column length for WNP-2 are
very close to that of Caorso, and contributions to design load modification
from these parameters are consequently small. The use of 0FFR correlation to
account for differences between Caorso test conditions and WNP-2 design condi-
tions for these parameters is, therefore, acceptable.

Vertical Pressure Distribution

The proposed vertical pressure distribution used by the applicant is constant
between the bottom of the suppression pool and the quencher centerline and then
decreases linearly to zero at the pool surface. Figure F.1.1 shows the comparison
between the proposed specification and Caorso test results. In the evaluation
of the mean value and the range of test results presented in Figure F.1.1, only
those Caorso phase II tests with peak positive pressure greater than 5 psi are

s

( used. Reference 2 does not report pressures measured by sensors P10 and P11

because of excessive zero drift.) Test results from Test 2313, although
exhibiting a peak pressure greater than 5 psi, are not included in the evaluation
because the distribution from these measurements is much worse than those from
other tests and is believed to be not representative. It is noted that although
the pressures measured by Sensors P10 and P11 for phase II tests are reported
in Reference 3, they are also characterized as drifted more than 10% during the
test program.

Figure F.1.1 shows that although the proposed distribution bounds the mean
value of test results (with the exception of measurements from sensor P9), it
cannot bound the worst distribution among the tests considered. Also showing
in the figure is the distribution from the staff's generic acceptance criteria

i set forth in NUREG-0487, Supplement 2, Item II.B.4.d.1 This generic distribution
can bound the worst distribution from measurements of sensors P10, P11, and P14
with margin to cover the uncertainty from lack of bounding of measurements from
Sensor P9.

Because actuations of multiple valves would have an averaging effect on boun-
dary pressure distribution and because the exceedance of the worst recorded
pressure distribution above the proposed distribution is not significant, it is
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the staff's opinion that the proposed vertical pressure distribution is accept-
able for multiple-valve-actuation cases. This conclusion is further supported
by the considerations of the conservatisms in the load specification of multi-
ple-valve-actuation cases in (1) the assumption of inphase oscillation of
pressures from different quenchers and (2) assignment of maximum (design)
pressures to all the quenchers involved in the case without taking credit of
the randomness in pressure amplitude from multiple quenchers. However, for
single valve actuations, the staff's position is that the generic acceptance
criteria from NUREG-0487, Supplement 2 should be used because the conservatisms
for multiple-valve actuations discussed above do not exist.

The applicant accepted the staff's position on vertical pressure distribution
in a manner compatible with presently implemented analyses by the applicant.
The modification made by the applicant to accommodate the revised distribution
is to increase the pressure load by 10.7% but maintain the original proposed
pressure distribution. As shown in Figure F.1.2, this modification preserves
the total load applied to the vertical boundaries and is, therefore, acceptable.

Circumferential Pressure Distribution

The circumferential pressure distributions are calculated by the applicant
using 0FFR methodologies with the following modifications (Reference 6):

The straight line distance is used instead of the "line-of sight" distance-

recommended in DFFR.

|

The SRSS assumption is replaced with the more conservative linear super--

position assumption.

The applicant has shown that the circumferential pressure distribution calcu-
lated by the above methodology is conservative when compared with Caorso test
results.8;

l'
I.
l The applicant also used an analytical model for the WNP-2 suppression pool to

calculate the circumferential pressure distribution. Comparison of the dis-
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tributions obtained by the modified DFFR method and that by the analytical
calculation showed that the DFFR method is more conservative, particularly in
areas farther away from the pressure source (quencher). The modified DFFR
method is, therefore, used to calculate design loads for various SRV actuation
cases. Because the proposed method overpredicts the pressures on the opposite
side of the pool of the discharge quencher, there is a concern about whether
this will give a conservative pressure distribution for the asymmetric case
because this overprediction reduces the asymmetric conditions that may occur in
this case. For the asymmetric case, the analytical model may be more appro-
priate in predicting pressure in locations farther away from the quencher where
the pressure source can be viewed as a point source as employed in the analyt-
ical model. The applicant reported in Reference 7 that this has been considered
in the evaluation of the asymmetric case.

Accordingly, it is the staff's judgment that the proposed method for cal-
culating circumferential pressure distribution by the applicant is acceptable.

SRV Discharge Load Cases

Five SRV discharge load cases are considered in WNP-2 design evaluation. They

are the single-valve discharge case, the two-valve discharge case, the ADS-
valve discharge case, the all-valve discharge case with axisymmetric loading
condition, and the all-valve discharge case with nearly symmetric loading
condition. They are consistent with the generic requirement set forth in
NUREG-0487. The all-valve sequential discharge case required in NUREG-0487
will be replaced in the WNP-2 evaluation by the all-valve case with nearly
symmetric loading conditions, which assumes some imbalance in pressure loading
around pool boundaries because of sequential discharging from all SRVs.

The nearly symmetric case assumes a maximum pressure amplitude of 12.5 psi at 0
and 5.6 psi at 180. This would give an average pressure on the whole boundary
of 9.1 psi. This is more than 50% higher than the mean value of the peak
pressures from the six Caorso four-valve tests. The difference between the
maximum and the minimum value (the imbalanced part) in this case is 6.9 psi,
which is about six times the standard deviation exhibited in the six four-valve
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tests. Although the design loads for WNP-2 are expected to be higher than the
measured loads from Caorso tests, the margins discussed above should be able to
cover this expected increase in pressure loads. The nearly symmetric all-valve
load case is, therefore, an acceptable replacement for the all-valve sequential
load case required in NUREG-0487.

Frequency Range of Load Soecification

The forcing function used to evaluate the SRV discharge load cases described
above has a frequency range of 4 to 12 Hz for the dominant frequency. This

satisfies the requirement set forth in NUREG-0487 for the quencher device
installed in the WNP-2 plant.

The dominant frequency for the pressure traces obtained from those Caorso tests
which were performed under conditions applicable to WNP-2 is from about 5.3 Hz
to 9.5 Hz. The frequency range for WNP-2 is expected to be wider than that
from Caorso tests because of the greater variation in discharge line air
volumes in WNP-2. The ratio of the air volume in WNP-2 to that tested in
Caorso varies from 0.87 to 1.33. Because pressure oscillation frequency is
generally inversely proportional to the cubic root of the air volume, the
expected frequency range for WNP-2 is from 4.8 Hz to 10.0 Hz, which is bounded
by the specification.

Another parameter that affects forcing function frequency is the wetwell
pressure which, except for ADS case, is atmospheric for all other SRV discharge
cases. The ADS valves are expected to actuate during a postulated small break
(58) loss-of-coolant accident (LOCA). The conditions prior to actuations of
ADS valves are therefore a pressurized drywell and wetwell and a depressed dis-
charge line water leg. The latter is due to the operation of SRV line vacuum
breakers caused by a drywell-to wetwell pressure differential occurring in an
SB event. Theoretical calculations and past experimental results show that the
two factors, increased wetwell pressure and increased discharge line air mass
(through operation of vacuum breakers)--have compensating effects on forcing
function frequency. The evaluation of ADS case presented in NUREG-0802 shows
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that the forcing function frequency for ADS case is comparable to that for
other SRV discharge cases for typical Mark II plants.

As discussed above, the proposed frequency range provides additional margin
when compared with that of test results after modification with respect to dis-
charge line air volume for WNP-2. It is the staff's judgement that this margin
is sufficient to cover the uncertainties associated with additional frequency
modifications. The specification in the frequency range is, therefore, accep--

table.

(3) Inplant Test

The hNP-2 design load specification for SRV air clearing is based primarily on
Caorso test results that lack complete dynamic and geometric similarity with
the WNP-2 plant. Although modifications to design pressure amplitude are made
to account for some of the differences, as discussed in previous sections,
confirmation of design load by other inplant test results is required because
of additional differences between WNP-2 and Caorso plant, such as those in
quencher device geometrics and suppression pool configurations.

In addition to Caorso test results, inplant test results for GE cross quenchers
are also available from two other foreign plants--Tokai-2 and Kuosheng. The

quenchers used in these plants, as well as that installed in WNP-2, are very
similar, but not identical, as shown in Table F.1.4 (details of Tokai-2 quencher

are not available). The quenchers are identical in hole size and hole pattern
but are different in hub design and arm orientation. Of these plants, Caorso
and Kuosheng have concrete containments and WNP-2 and Tokai-2 have steel

containments. With the exception of Kuosheng plant (Mark III), the others have
Mark II containment design. The WNP-2 plant is unique among these plants

because it has a slanted suppression pool bottom.

Toakai-2 test results were used by the applicant to confirm the WNP-2 load
specification. The maximum pressure amplitude reported from Tokai-2 tests
(11.2 psi) is greater than that from Caorso tests (9.4 psi). The applicant
argued that this difference is caused by the differences in structure design
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between Tokai-2 and Caorso (steel containment versus concrete containment).
The applicant estimated that a maximum of 1.45 psi in Tokai-2 measurements can
be attributed to FSI effect as compared with negligible FSI effect in Caorso
data. The estimate was based on a combination of analytical calculations (of
added mass matrix of the Tokai-2 suppression pool) and test results (accelera-
tion measurements of Tokai-2 pool boundaries). With this consideration, the
applicant concluded that the pressure amplitudes from Caorso and Tokai-2 are
similar and that the load specification is confirmed. The staff notes that
test conditions and their effects on test results were not evaluated in the
comparison and that the maximum pressure amplitude from Tokai-2 tests was

obtained from a first actuation test. Despite these uncertainties, it is the

staff's judgment that there is sufficient conservatism in the load speci-
fication, such as the simultaneous-discharge, inphase' oscillation assumptions
used in the all-valve case, to cover the uncertainties discussed above.

A preliminary review of the results from the recently completed Kuosheng
inplant tests shows greater peak pressure amplitude than Caorso tests under
corresponding test conditions. The exceedance is quite significant in all test
categories (e.g., SVA, MVA, etc.). This raises additional uncertainties about
the effects of the detailed quencher / pool geometrics on air clearing load. It

is noted, however, that Kuosheng test results are still under evaluation-c apari-
son of frequency spectra of the measured pressure time histories may show more

favorable results.

Based on the information available to date, the staff finds that an inplant
test at WNP-2 for the confirmation of pool boundary load during SRV air clearing

;

is not required. However, the staff may require further justification /confirma-
tion by the applicant or an inplant test at WNP-2 if final evaluation of
Kuosheng test results shows significant differences from previous inplant test

| results.

(4) Evaluation Summary
1

The staff and its consultants have reviewed the SRV load specification proposed

in Reference 4. As discussed in the previous sections, the staff finds that

|
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i
the load specification, with modifications discussed in this evaluation, is
conservative and acceptable for use in the evaluation of WNP-2 plant.
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Figure F.1.1 Normalized vertical distribution of
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pool boundary pressures
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Figure F.1.2. Vertical distribution of

pool boundary pressure
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Table F.1.1 Comparison of Caorso test conditions and
WNP-2 design conditions

Plant parameter Caorso test * WNP-2 design

Pool temperature 76-97*F 200*F

Valve opening time 39-56 ms 20 ms

SRV mass flux 800,000 lbm/hr 906,200 lbm/hr
Reactor pressure 980 psi 1,250 psi
Pool surface area 3,997 ft 4,520 ft

Quencher submergence 17.7 ft 17.4 ft

SRV line air volume 66.5 ft 57.2-88.1 ft
Number of SRVs 16 18

*Actuations of Valve A during Phase I and II testing.

Table F.1.2 Comparison of vacuum breakers

WNP-2 Caorso

Manufacturer GPE controls Atwood & Morrill Co.
,

Size 10 in. 10 in.
Type Single wafer Single straight

type with through with
swinging disk swinging disk

Number 18 16

Flow area 38.48 in.2 78.54 in.2
Design conditions:

Flow 1966 14000 cfm
Pressure -0.5 to 2 psig 0.0 psig
P 0.115 psid 7 psid
Set point 0.1 pdis Not available
Opening time

0.21 sec 0.4 psid Not available
A/K 0.278 ft2 (40 in.2) 0.72 ft2 (104 in.2)

* Acceptance point at 0.115 psid.
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Table III.3 WNP-2 design basis operational SRV actuations

I No. of SRVs
T Actuated
E FSAR 1st 2nd
M Section Event Blowdown Blowdown

1 15.1.1 Feedwater controller failure 18 2
2 15.1.3 Pressure regulator failure-open 2 2
3 15.1.4 Inadvertent SRV opening 1 -

4 15.2.1 Pressure regulator failure-closed 18 2
5 15.2.2 Generator load rejection-bypass on 18 2
6 15.2.2 Generator load rejection-bypass off 18 2
7 15.2.3 Turbine trip-bypass on 18 2
8 15.2.3 Turbine trip-bypass off 18 2
9 15.2.4 MSIV closures 18 6
10 15.2.5 Loss of condenser vacuum 18 6

11 15.2.6 Loss of auxiliary power transformers 2 2
12 15.2.6 Loss of all grid connections 18 2
13 15.2.7 Loss of feedwater flow 2 2
14 15.3.1 Trip of both recirculation pumps 6 2

(one main valve)
15 15.3.2 Recirculation flow control failure 2 2

(both main valves)
16 15.3.2 Recirculation flow control failure 6 2

Table F.1.4 X quencher comparison

WNP-2 Caorso Kuosheng

Reducer length, ft 2.66 1.97 1.67
Hub length, ft 2.61 2.3 3.23
Bottom cap length, ft No Bottom Cap 1. 0 1. 0
Hub to end of arm, ft 4.94 4.88 4.88
Hub to first row of holes, ft 1.90 1.90 2.63
Length of hole pattern, ft 2.63 2.63 2.63
Hub diameter, in. 24 24 24 SCH 80
SRVDL diameter, in. 12 SCH 80 10 SCH 40 10 SCH 80
Arm diameter, in. 12 SCH 80 12 SCH 80 12 SCH 80
Hole diameter, in. 0.39 0.39 0.39'

No. of holes (total) 1496 1496 1496
Reducer taper, degrees 10.0 13.5 17.1

| Angle between arms, degrees 80-100-80-100 80-80-80-120 80-80-80-120
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F. 2 MARK II CHUGGING LOAD SPECIFICATION EFFECTS OF DESYNCHRONIZATION

F.2.1 Introduction

This appendix documents the work performed by Professor George Bienkowski

Princeton University on the effects of desynchronization on the Mark II chugging
load specifications. This work was performed as part of the technical assistance
program at Brookhaven National Laboratory to support the NRC staff in reviewing
the chugging load specifications. This appendix also dccuments the results of
the additional studies performed by the WNP-2 applicant and the staff's evalua-
tions and conclusions.

F.2.1.1 Background

Following receipt of Professor Bienkowski's report, the staff conducted a
preliminary evaluation of its contents and concluded that a deficiency exists
in the chugging methodology proposed by the Mark II Owners Group. The staff
recommended that additional studies of this issue be conducted with input from
the owners of Mark II plants. The staff also concluded that other conservatisms
in the chugging loads are such that adequate safety margins are maintained to
allow licensing activities to continue.

This appendix is the product of the review conducted by the applicant, the NRC
staff, and Professor Bienkowski. The remainder of this section and section F.2.2

contain in its entirety. Professor Bienkowski's report. Section F.2.2 presents
an executive summary of Professor Bienkowski's report, Section F.2.2 also
presents the mathematical evaluation of the effect on desynchronization on
chugging loads. Section F.2.3 contains the applicant's comments on our consul-
tant's report and the results of additional analyses performed to confirm the
conservatisms of the existing chugging load specifications. Section F.2.4
presents the staff's evaluation of the applicant's analyses and its conclusion
regarding the chugging load specifications.

F.2.1.2 Executive Summary
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While the data bases, source strengths, or calculational procedures may differ
between the generic, Susquehanna Steam Electric Station (SSES) and WNP-2

chugging load specifications, the procedure for desynchronization of chug start
times is identical. Both the symmetric and asymmetric specifications are based
on the application of the minimum variance set of start times (at the N vents
of the plant), from 1000 such sets based on uniform probability distribution
within a 50 msec time window. The same set of start times is used for all of
the sources in the specifications of both the symmetric and asymmetric loading.

The NRC staff review of the specifications concluded that the data bases,
deduced design sources, and application are conservative for the symmetric
load, and, while difficult to quantify for the asymmetric case, provide a
reasonable measure of asymmetry. The justification of the selection of the

minimum variance set of start times was based on an examination of the root-mean
square (RMS) values of vertical force and overturning moment. The decrease of

the rms value of vertical force with start time variance and the relative
insensitivity of overturning moment RMS aplitude convinced the staff that the
specification was " reasonable." No information was presented, by either GE or
the individual plant owners, on the sensitivity of the frequency content of the
loads to the specific selection of start times. Clearly the underestimation of
even small amounts of energy at major natural frequencies of the overall plant
configuration could lead to potential nonconservatism in individual loads or
accelerations at various structural components.

Section F.2.2 (The Effects of Desynchronization on Chugging Loads) examines the
potential impact of the specific selection of a single set of start times on

the frequency content in the vertical force and overturning moment for three
plant configurations and specifications (generic, SSES, and WNP-2). Figures

F.2.11 through F.2.14 summarize the results. All four figures show that both
the vertical force and overturning moment can have a reasonable chance of
1/1000 of exceeding the specification by as much as a factor of 10 at frequencies
with significant energy in the source. Alternatively, one can interpret these
results to conclude that there is a high exceedance probability (approaching
one) that at some frequency in the 20-50 Hz range the true load on the structure
will substantially exceed the specified load.
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The consequences of the potential nonconservatism on the response spectrum
level at specific nodes of the structure are difficult to assess without access
to the full computer codes for the individual plants. The analysis and calcula-
tions of Section F.2.2 suggest, however, that a specific set of start times
will always produce substantial cancellation of any measure of structural
response at some frequencies above 20 Hz. Because these frequency " holes" are

dependent on the specific selection and assignment of start times to individual
vents, it is virtually impossible to guarantee a low exceedance probability at.
any frequency above 20 Hz on the basis of the specified desynchronization.
Because the choice of the minimum variance set optimizes the synchronization to
maximize the symmetric load at low frequencies, no generalization of this
hypothesis can be justified either at higher frequencies or for other measures
of structural response.

The possible high probability of exceedance of the specified chugging loads, of
course, does not necessarily imply lack of safety margin of any individual
component in the plant. Other loads could be bounding in the relevant fre-
quency range or other design constraints may have resulted in safety margins
well above those imposed by chugging. Individual assessment, component by

component, is clearly a difficult procedure at best. If one retains the
" physical" intuition that the symmetric and asymmetric loadings provide two
" extreme" conditions that adequately describe the " major" structural excita-
tions, one has a clear and attainable objective. The specification must

provide loading conditions with low exceedance probability of both the vertical
force and overturning moment, or frequency regions where the exceedance proba-
bility is high have to be bounded by other specifications. For instance, the

generic condensation oscillation load provides adequate margin for the vertical
force PSD in the range of 20-50 Hz because of the synchronous application of
the loading. Unfortunately, the lack of any appreciable energy in that frequency
range in the KWU C0 specification fails to provide the same conservatism for
the SSES plant. No other asymmmetric loading appears as an obvious candidate

to bound the chugging induced overturning moment.

Relatitely simple " fixes" to the present specification can define loading
conditions that provide an exceedance probability of less than 1 in 1000 for

.
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the vertical force and overturning moment. For instance, the addition of a
loading specification which applies the sources at about 20% amplitude but is
synchronized in time will provide adequate bounds over the 20-50 Hz range for
the generic, SSES, and WNP-2 symmetric load. The application of the asymmetric
loading with an asymmetric factor increased slightly above the specification
and full synchronization in time can ensure a low exceedance probability of the
overturning moment over the entire frequency range. Whether these are the
best--or the. easiest- procedures to provide adequate conservatism is not
obvious without a more detailed examination of the actual application of these
loading conditions.

F.2.2 The Effects of Desynchronization on Chugging Loads

F.2.2.1 Introduction

A substantial body of experimental evidence exists to indicate that chugging
has a random character. Although mean values and standard deviations exhibit
dependence on both the properties of the fluid and the nature of the steam
being condenred, any individual chug amplitude can be defined only on a proba-
bilistic basis. Both subscale and fullscale multi-vent tests!"4 also indicate
that while on a gross time scale associated with the repetition rate, events at
different vents are synchronized; on the time scale of the chug itself start
times have a highly random character as well.

The proper assessment of a chugging design load (or response spectrum) on a
Mark II containment must take full cognizance of the stochastic nature of the
phenomena. An evaluation of the conservatism associated with any loading
configuration or any local response can only be performed on the basis of an
exceedance probability. This is true whether or not the probabilistic nature
of the data base is used directly or indirectly in defining the loading condition.
It is also true that different measures of a loading may yield different levels
of exceedance probabilty for a given loading configuration. Conversely, a

| given exceedance probability will require different loading configurations if
different global or local measures of the load are used.

|
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For a combination of practical and historical reasons the load specification
for Mark Il plants consists of two loading configurations, the symmetric and
the asymmetric cases. The measures chosen for evaluation of conservatism in
the loads are total vertical force for the symmetric case and total overturning
moment for the asymmetric loading configuration. Although the data base and
detailed application are different, the fundamental definitions of the loading
configurations are essentially the same in the generic and the plant-unique
methodologies.,

The symmetric loading configuration consists of the application of chugs of
equal strength A at all vents (WNP-2 applies an increased amplitude at three

vents). The start times, however, are chosen from that sequence of random
numbers that produced a minimum variance in 1000 Monte Carlo trials from a
uniform distribution within a 50 msec time window. In the WNP-2 methodology

each group of three vents at given angle o are taken to chug synchronously.
The source strength and time history are different in the generic and the 5525
and WNP-2 methodologies. All procedures, however, are a source strength that
is greater than the mean of the data on which it is based to account for the
probability of an event significantly different from the " average" or " expectation
value" event.

The asymmetric configuration is obtained by distributing the source strengths
asymmetrically; (A+B cosQ) distribution in SSES (1+a)A and (1-a)A on opposite
sides of a containment diameter in the generic methodology, and A(1+CR coso) in

| WNP-2. The values B, C and a, in each case, are chosen from some evaluation of
the variance in amplitudes of the respective data bases for the methodologies.
The start times, however, are chosen in exactly the same way as in the symmetric
case.

|

Because each of the design loading configurations consists of a " single"
distribution of source strengths and start times at the vent exits in the
containment, the quantitative value of exceedance probability for any given
load associated with that specific configuration is difficult to assess. The

use of a " minimum variance" event in assigning start times appears intuitively
conservative for the net force as a measure of symmetric load. The use of the
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minimum variance event is much more difficult to justify for the asymmetric
case.

To provide a formalism within which the exceedance probabilities of the design
load specifications can be assessed, a formal fully probabilistic analysis is
presented below. These theoretical results are compared to theoretically
predicted results using the SSES specificathn in Section F.2.2.3. Some

results of Monte Carlo computations are presented in Section F.2.2.4, and a
discussion of the implications on the symmetric and asymmetric load specifications
is presented in Section F.2.2.5.

F.2.2.2 Stochastic Formulation

Because of the linear nature of both the fluid description (IWEGS/ MARS)s and
the structural analysis (ANSYS),5 any measure of either global or local load
can be represented as a sum over the responses due to each source applied
independently at each vent exit. The specific measure of response due to any4

individual source can be represented in terms of linear operator L (Green's
g

function or

influence coefficient) acting upon that source S (t). A generalized responseg

- R due to a source of amplitude A with a start time t can be symbolicallyg g u

written as

L (A S(t-t )) = A l (S(t-t )) (1)R =
g g u u go o

The total response to all of the sources in a Mark II containment can then be
obtained by a straightforward summation,

,

N

I A L (S(t-t )) (2)R =
gu g

u=1

where N is the number of vents.
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To facilitate the stochastic analysis and to provide better measures of the
loadingitisconvenienttoreplacetp,etimevariablebythefrequencyvariable

imt canthrough the Fourier transform f(w) = f f(t)e dt. The response measure Ru
""

now be written as

R (*) * A ' " H (w) (w) (3)u u u

where H (w) is now the operator in Fourier space and S(w) is the Fourierg

transform of the normalized source with a start time at t =0'. Note that
9

i H (w)S(w) can be considered the unit response or just the contribution atu

frequency f = b o the response _R(w) from a normalized source with a zerot

start time. The total response R at frequency f is then just the sum over the
iwtamplitude factors A e times the unit responses. Since A g u is a complex

u u

number there will clearly be both an in phase contribution Re(A eiwt ) =u u

A cos wt and an out-of phase contribution Im(A eimt ) = A sinwt 'g u u
u o

Because both A and t are random varia_bles, each with an associated probabilityu

distribution, the specific response R(w) will clearly be random in character
with some resultant probability distribution P(R).

6For N sufficiently large, the central limit theorem states that P(R)
N

will approach the normal distribution with a mean p = I p" and a variance
N u=1

a2= Ia 2 under some relatively weak condition on boundedness of the
g

u=1
-

random variables R . Experience shows, that unless the probability dis-

tribution of R is very peculiar, the number N need not be very large for the
u

N

normal distribution to become a very good approximation for R = I R .
_u=1
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' therefore probabilities of any measure of loading R(w) exceeding
some preselected value will be examined on the assumption that N of the order
of 100 in a Mark II containment is sufficient for the central limit to hold.

,

The mean value p and the variance o can be obtained on the basis of theu u

prescribed probability density f,(A) for the amplitudes A and the probabilityg

density f (t ) for the start times t . If it is assumed that probabilityg o g

densities are independent of each other and further take

I(o 5 oI*
t

>h (4)=0 t
o

the resultant mean values become

,

) H (w) (w) inphaseS
p =p
9 a u

=0 out of phase (5)

where p is the mean value of the chug amplitudes.
3

=

p * I f (x) x dx (II.6)a a
o

The associated variances become

1+(f)
y =( ( 1 simt ) _ ( sin (wr/2) )2 )g H (w)3*(w)22 a

ut 2 wt wt/2 a o

in phase

and (7)
1
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| 1+( )

o *( (1
8" ))p H *) (*)u 2 u

out of phase

where o,2 is the variance of the amplitude probability distribution

a

o,2 = f fa(x)(x p ) dx (8)a
o

The normalized mean p and the associated normalized standard devisions ut
9

#and u2 (normalization is performed by dividing by the response due to the

average chug p,H (w)T(w) is shown as a function of wt in Figure F.2.1(a), (b),9

and (c)). The corresponding frequencies f = w/2n are also indicated on the

abscissa for I = 50 msec. The standard deviations are pigtted for several*
normalized variances of the amplitude distribution 02=( ) = 0,1,

0.3, 0.5 and 1.0. Notethatforlowvaluesofwt(nearsy$chronization)the
inphase standard deviation from the mean is primarily determined by the variance
of the chug amplitudes but at higher values of wt both the inphase and out-of-

;

phase standard deviations arise primarily from the dephasing of start times and
are only weakly affected by the variance of amplitudes.

,

The specific response amplitude (a global load, local deflection, or response
'

spectrt:m) for any given exceedance probability p, can be simply determined from
the normal probability distribution as

i

N /N 2

| E (w.p ) " Y (*) inphaseZ(P ) l
*

e u e #ut

u=1 u=1

(9)

| /N
E (w.p ) * Z(P )/ I G 2 out of phase

| 2 e e u=1
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where z(p,) is a factor obtained from the normal distribution. For p, = 10 3,
z, % 3.09 and for pe = 10 5, z, % 4.28. If the total amplitude
R(w) = 8j(w)+R3(w) is to be determined, or some combination such as g2+N2

where I, and N are two loads along mutually orthogenal axes the results cany,

I be determined from different integrals of the multi-dimensional normal distri-
bution. While in general the results may be very complicated, for the low

,

levels of pe { 10 3 the effect is primarily to change the function z(p ) to
e

some new function z(p i P. 01, a2). For instance if R and R represent
e x y

moments about two perpendicular axes, the results for a symmetric containment
show that if one picks an axis and asks for the exceedance of a fixed moment,

about that axis for p = 10 5, z, = 4.28, while if one asks for the exceedancee

of the magnitude of the load in any direction at the same p , 2(p,; o, o,g
!

a) = 4.80 implying only a 12% higher amplitude. Alternatively, the magnitude
of the moment about a fixed axis for an exceedance probability of 10 5 corres-
ponds to the magnitude independent of direction at an exceedance level of about
10 4 Therefore, rather than getting involved with the complexities associated
with any loads or Fourier coefficients that must be summed as the square root
of the sum of the squares, the net inphase vertical force and the net inphase

i overturning moment about a fixed but arbitrary axis as measures of the symmetric
and asymmetric loads will be examined. In the following section these loads
are computed based on the analysis above and compared to the SSES specification.

F.2.2.3 Stochastic Analysis of Vertical Force and Overturning Moment

(1) Symmetric Load

If one uses the total vertical force as a measure of the symmetric load as done
in the SSES Design Assessment Report (DAR), each source's contribution to the
force H (w)5(w) corresponds to the Fourier transform of the integral ofg the
pressure from the vent u over the entire basemat. Because the major contri-
bution comes from near the vent, except for fringe effects near the pedestal
and outer wall, each of the contributions can be considered identical and

interpreted as the basemat pressure times some effective area (P(w)A). Using

|
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1 this interpretation the value of (o,/p ) s 0.11 can be reduced as beinga
consistent with the DAR evaluation of the low frequency filtered amplitudes and
with the RMS values in both GKM and JAERI. The results of Figure F.2.1 can be
applied together with

|

equation 10 to plot the effective symmetric amplitude factor A (w) versus
,

frequency for any desired exceedance probability. The inphase component of

the vertical force are shown as the solid lines in Figure F.2.1 for

p, = 10 3 and 10.s. The DAR load specification is represented by dashed lines,

i with both the expectation value p for totally random selection of start times
and the 3a deviation from that value shown. Since tne specification uses the
most synchronized set out of 1000 sets of starting times and the symmetric load
increases with increasing synchronization, the p+3a is considered to be more
representative of the specification. The inphase vertical force, therefore, is

expected to be represented generally conservatively over the entire relevant
frequency range, with the greatest conservatism near the lower frequencies
where most of the energy is concentrated.

The out-of phase component can also be analyzed by the present technique and
compared to the specification. As can be seen from Figure F.2-1 the major
contribution will come at higher frequencies. If the start time set is assumed
to be the most conservative out of 1000 trials for the out-of phase component,
the load resulting from the specification corresponds to an exceedance probability
of 10 3 Because the contribution of the out-of phase component to the total
amplitude of the vertical force at low exceedance probability is small, the
proper matching of that component is not very important. For the present

analysis at p, = 10 5 the total amplitude is never more than 12% higher than

the in phase component; thus even if the specification start times were to
produce no out-of phase component, the comparison would not significantly
change from that shown in Figure F.2.2(a).

(2) Asymmetric Load

07/14/82 F-53 WNP-2 SSER APP F

- -

_ _ . _ _ . . . _ . .

-y .

e -.-y - ,.,y , .u.. ,m



= -

.-.. . . _ . -. . .. -
--

_ . .

*
.

.

If one uses total overturning moment as a measure of asymmetric loading as done
in the SSES DAR, each source's contribution to the moment (H (w)5(w)) corresponds

to the Fourier transform of the integral over the basemat of the pressure
multiplied by a moment arm from the selected axis. As in the symmetric case,
the fact that the major contribution comes from beneath the vent allows one to

approximateH(w)(w)byLj(w)A,whereL is the perpendicular distance fromu u
the selected axis to the vent location. Using this interpretation plus the
value of (ca/pa)2 = 0.11 dedur.ed from the amplitude variance, and the data
presented in the DAR the effective asymmetric amplitude factor E (w) f r any

a

exceedance probability p, can be generated based on the present fully stochastic

analysis.

Figure F.2.2(b) shows a comparison of the inphase component of A (w) from the
a

present analysis for exceedance probabilities of 10 3 and 10 5 (shown as solid
lines) to the possible results from the application of the DAR load specifi-
cations. The fact that the asymmetric load depends not only on the specific
selection of start times but also on the distribution of those start times
around the containment makes it difficult to precisely define the loading
arising from the specification. For the asymmetric specification both the

j expectation value and the 30 values are shown, roughly covering the range of
; possibilities within 1000 trials. Because the minimum variance in start times

does not necessarily lead to highest loads as in the symmetric case, it cannot
be assumed that the specification will produce the (p+30) values. For frequencies

below about 10 Hertz for I = 50 msec, the specification is clearly conservative,
with even the worst result (p-30) always bounding the 10 3 exceedance level.

For higher frequencies the asymmetric specification is clearly not conservative.
! However, the symmetric specification with nonsynchronized events leads also to

a moment and can thus in principle cover the high frequency asymmetric
amplitude factor. Shown on Figure F.2.2(b) are the plots for the resulting
amplitude for a, 2o, and 30 values. While a very fortuitous choice of distribution
of start times around the containment could approach the 3a values and thus
correspond to 10 5 exceedance probability even at high frequencies, this is
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clearly unlikely. The more probable result around la leads to an exceedance
probability of about 10 1 for frequencies above about 15 Hertz (see below).

The results of Figure F.2.2 show clearly that the use of amplitude factors in
the SSES DAR specification, coupled with random selection of start times leads
to loads with statistical properties that are generally more conservative than
the random selection of both amplitudes and start times that could be considered

the more " realistic" representation of multi-vent chugging. The more disturbing
feature is the behavior of the actual application of the specification (a
single application of minimum variance start times) at frequencies above 15 Hz.
Because of the possible cancellation of contributions from different vents, a

| single selection of start times can indeed does lead to " holes" in frequency at
wnich, regardless of the source, no net effect on vertical force or moment may
be transmitted. This appears particularly pronounced for the asymmetric load.
To investigate this effect of desynchronization more fully, many Monte Carlo
calculations have been performed. The results are presented in the following
section.

F.2.2.4 Monte Carlo Computations Compared to Symmetric and Asymmetric Load

Specifications

To more fully evaluate the potential lack of conservatism resulting from a
single application of a specific set of minimum variance start times, a number
of Monte Carlo calculations were performed for the SSES, generic, and WNP-2
configurations and specifications. For each of these the net vertical force
and overturning moment were computed on the same basis as the theoretical
evaluations in Section F.2.2.3, i.e., equal contribution from each vent to the

| force and a moment contribution proportional to the moment arm of each vent
about a preselected axis.

For each of the plant configurations considered,1000 Monte Carlo trials were
performed. Start times were selected randomly from a uniform distribution

,

'

within a 50 msec time window. For the variable amplitude cases, source ampli-
tudes were selected from a normalized distribution using a JAERI-established
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variance of a = 0.11. The symmetric and asymmetric amplitude factors and

spatial distributions were selected for each configuration on the basis of the
relevant specification. A number of statistical measures were calculated and
compared to the theoretical results from Section-II.3 where appropriate. The
inphase and out-of phase expectation values and standard deviations, determined
" experimentally" from the 1000 trials, agree so well with the " theoretical"
values that on a figure such as F.2-1 or F.2-2 they are indistinguishable.

A summary of the results is presented in Figures F.2-3 through A.6.2-8. For

each plant configuration and corresponding specification the vertical force
results are presented as the square of the force amplitude normalized by
N times the contribution from a single vent versus the frequency. (N is the
number of vents in the configuration.) The overturning moment is presented as
the amplitude squared normalized by the results from synchronized sources
distributed geometrically as shown on the figure label. Both results can be
interpreted as the PSD one would obtain with random phasing, normalized by the
PSD for synchronized sources and specifed spatial distribution. These results
are therefore independent of the frequency content of the source. The figures
show: (1) the effect desynchronization has on the transmission of the frequency
content in the source to overall measures of structural response such as force
and moment and (2) the comparison of true bounds in 1000 trials to the results
of the direct application of the appropriate specification.

Figure F.2.3 shows the PSD for the vertical force for the SSES plant normalized
by the PSD one would obtain for synchronized application of average chugs. The
"true" bound of 1000 trials of variable amplitude chugs applied at random start
times to the SSES plant configuration of 87 vents is shown as a solid line.
The use of the symmetric specification amplitude factor, defined in the DAR
with random start times, leads to a bound in 1000 trials that is conservative

over the entire frequency range (designated as - -). However, the use of the
amplitude factor together with the application of the specific set of start
times with minimum variance is only conservative at frequencies below 20 Hz.
Because minimum variance does not uniquely determine the start times, two

results from two different sets of 100 trials are shown (dashed lines ---).
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Note that the specific frequency " hole," where the PSD will be virtually zero
regardless of the energy content within the source, does depend on the particular
minimum variance set. Regardless of the specific set chosen, the DAR specification
can lead to high exceedance probability over some significant (5-10 Hz) frequency
range at some frequency above 20 Hz.

Figure F.2.4 shows similar results for the PSD of the overturning moment for
the SSES configuration normalized by the PSD one would obtain from a fully
synchronized application of the chugs with a (1 + cos o) distribution of
amplitudes. Note that again the use of the asymmetric load factor of 0.4,
combined with desynchronized start times, leads to a generally conservative
bound within a 1000 trials. Four possible applications of the specification

using a minimum variance set of start times lead to a very pronounced lack of
conservatism above about 10 Hz. Clearly if the overturning moment is a reason-
able measure or a loading configuration significant to the structure, the DAR
specification may totally miss energy input at quite moderate frequencies of
10-50 Hz.

The generic specification does not explicitly use any statistical information
on the distribution of amplitudes. To compare the results of the "more realistic"
variable amplitude chugging to the generic specification, the effective amplitude
factor for each of the generic sources has to be estimated. Table F.2-1 gives
the results computed on the basis of the RMS pressure in the generic chugging
Report.7 The amplitude factor is based on the ratio of the specified source
RMS pressure to the " local" mean RMS pressure of the cnugs within a 20% mass

flow variation around the " key" chug used for that particular source specifica-
tion. For all of the sources except No. 807 the amplitude factor is > 1.29,
which is quite comparable to the SSES specification. Source 807 comes from

run 20 in 4TCO near a region of nearly constant chug amplitude resulting in an
effective amplitude factor of 1.13. Because the PSD of Source 807 is bounded

by other sources at frequencies above about 10 Hz, an amplitude factor of 1.29
was used in the corsarisons of the Monte Carlo trials to the generic specifica-
tion.
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Figures F.2-5 and F.2-6 show analogous information to that shown in Figures F.2-3
7and F.2-4 but using the generic specifications for comparison and the same

87 vent configuration. The conclusions are not very different. The vertical
force spcification can be appreciably below the bound of 1000 trials above
20 Hz, and the overturning moment specification can be orders of magnitude
below the "true" bound for virtually any frequency above about 5 Hz.

<

The WPPSS specification, while using very different calculational procedures,8
relies on the minimum variance set of start times as done in the generic and

- SSES specifications. The start times, however, are selected for groups of
three /ents going synchronously rather than being selected for all 102 vents

' independently. Figures F.2-7 and F.2-8 show the results of the specification
compared to the "true" bound based on 1000 trials of randomly selected amplitudes
and start times for all 102 vents. Note that the greater synchronization
oroduced by grouping of three vent sets is a conservative procedure. The

vertical force specification therefore is generally near the "true" bound over
Table F.2-1 Generic chugging amplitude factor '

+

RMS Statistics

A=
Source Run No. of Peak Mean GE Avg Spec Spec /Mean

Chugs *

801 26 4 5.46 4.30 4.96 5.54 1.29

802 19 4 4.21 2.16 3.05 3.22 1.49

803 1 5 4.42 2.33 3.28 3.45 1.48

804 25 4 5.16 3.51 4.53 5.13 1.46

805 15 4 5.19 3.05 4.31 4.38 1.43

806 15 4 3.42 2.41 3.13 3.34 1.39

807 20 5 4.26 3.14 3.63 3.55 1.13

808 1 5 4.42 2.33 4.42 5.06 2.17

809 25 4 5.16 3.51 5.16 6.90 1.97'

-910 15 4 5.19 3.05 5.19 5.37 1.76

* (t 20% mass flow) used as criterion
almost the entire relevant frequency range. The overturning moment, while
showing the characteristic sensitivity to the specific " minimum variance" set
,-

-
-
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chosen,'doas come closer to the "true" bound than either the generic or SSES
specification. Note, however, that an " unlucky" choice of the minimum variance
set could still lead to a PSD " hole" at virtually any frequency above 5 Hz.

Two ijeneral conclusions from Figures F.2-3 to F.2-8 can be drawn:

The amplitude factors for the symmetric load and the, spat.ial distributions-

for the asynmetric load lead to representations of'the loiding conditions
with statistical properties that produce a higher load at the same exceed-

'

ance probability than that resulting from statistically distributed chug
'ampl i tudes,. 1

Thespecifihationofasingles'etofstarttimes(nomatt r how determined)-

doesnog.givearesultwhichcorrespondsto,evenapproximately,thesame
exceedance probability at all frequencies. Indeed frequency " holes,"
where virtually no energy is transmitted from the source to the resultant
measure $tch as force or momest, will in general rise for any single set
of start times. This conclusion is relevant to any other response of the
structure whether local or global, although the importance of this effect
may be significantly reduced for local measures of structural response.

,

Theconservatismof'the.'oadingonaMarkIIcontainmentdependsbothonthe
conservatism in the source strengths'and on the methooology of application.
Reference 7 shows an application of the generic sources to the JAERI facility
compared to the JAERI data. To match statistics of the application to the

' quantity of data available, the theoretical computation used the bounds of
eight " Monte Carlo" trials averaged over 20 such sets of 8 trials each. The
information presented in Figure 6.3 of Reference 7 suggests a conservatism in
the source strength of the order of three or higher over most frequencies up to
50 Hz. To test whether t' .t cnservatism could be consumed by the demonstrated

|

nonconservatism in tu a ,ym mnization specification, Monte Carlo triale
analogous to those p w en w. -n Figures F.2-3 to F.2-8 were performed for the

| JAERI configuration.
!
,

L.

:

!
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Figure F.2-9 shows a comparison for the normalized PSD of the vertical force
(the moment is not meaningful for this configuration) as computed for Figure
6.3, in Reference 7 to the results based on variable amplitudes and synchroniza-
tion based on the specification. The same potential nonconservatism exists for
this facility as for the full-scale plant configurations, although the specific
minimum variance results may actually be more conservative than the (bound of
9 average over 20) GE result at frequencies below about 25 Hz. If one applies
the ratio of the " minimum variance" result to the GE result to Figure 6.3 of
Reference 7, one can compare the actual application of the generic specification
to the measurements in the JAERI facility. Figure F.2-10 shows such a comparison.
Note that above 25 Hz the specification does not provide any conservatism over
the data, and may indeed miss a small, although significant, amount of energy
above 40 Hz. While the source strengths in the JAERI facility may indeed be
conservatively bounded by the specified sources based on 4TC0 data, the applica-
tion of the specified desynchronization could lead to either no margin or even
some nonconservatism for the seven-vent configuration in JAERI. While no
information on asymmetric loading can be deduced from JAERI, a comparison of
Figure F.2-2 to F.2-5 shows that a lack of margin in the symmetric load suggests
a very high potential for exceedance in the asymmetric load because of the
greater sensitivity to the specific selection of start times. The comparison

to JAERI results cannot, therefore, be used to show overall conservatism in the

specification of chugging loads.

F.2.2.5 Discussion and Conclusions

To examine the effect of desynchronization on some specific sources the PSDs of
the vertical force and overturning moment were computed for both SSES and the
generic specifications. The results of section F.2.25 were applied directly to
the bottom center pressures computed on the basis of the appropriate design
sources.

For the SSES comparison, PTH No. 6 based on Source 306 was used as an example.

This source was selected because it exhibits the highest energy content in the
25-50 Hz range. Figures F.2-11 and F.2-12 show the symmetric and asymmetric
results respectively. Note that the PSD of the vertical force shows a potential

07/14/82 F-60 WNP-2 SSER APP F

. .. . .

$@^ 4 **Pm .*9

- - - ~ ~ ~



.__

, .
,

[

nonconservatism at a significant peak around 29 Hz. While the energy content
potentially missed by the specification is a small fraction of the total energy
in the vertical force, it may have important consequences if a natural frequency
of the structure exists in the underestimated frequency range. The potential
nonconservatism of the specification of the overturning moment is even more
evident in Figure F.2-12. The energy content may clearly be underestimated at
virtually all frequencies above 10 Hz.

Similar results for the generic specification are presented in Figures F.2-13
and F.2-14 based on the bottom center pressure PSD bound of all the generic
chugging sources (Figure 4-27 of Reference 7). The potential underestimation
of energy content in the vertical force above 20 Hz and in the overturning
moment above 10 Hz is clearly evident. For the specific choice of start times

used, it is quite clear that any possible excitation of an asymmetric mode of
the structure with a natural frequency above 10 Hz could be totally missed by
the specification.

The consequences of the potential nonconservatism on the response spectrum
level at specific nodes of the structure are difficult to assess without access

to the full computer codes for the individual plants. The theoretical results
of Section F.2.2.3, together with the Monte Carlo trials of Section F.2.2.4,
suggest, however, that a specific set of start times will always produce almost
total cancellation of any measure of structural response at some frequencies
above the frequency (f = 1/t) associated with the time window I. Becauseg

these frequency

" holes" are dependent on the specific selection and assignment of start times
to individual vents, it is virtually impossible to guarantee a low exceedance
probability at any frequency above f on the basis of the soecified desynchronig

zation. While the choice of the minimum variance set opt.mizes the synchroniza-
tion to maximize the symmetric load at frequencies below f , no generalizationg

of this hypothesis can be justified either at higher frequencies or for other
measures of structural response.

.

1
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The possible high probability of exceedance of the specified chugging loads, of
course, does not necessarily imply lack of safety margin on any individual
component in the plant. Other loads could be bounding in the relevant frequency
range or other design constraints may have resulted in safety margins well
above those imposed by chugging. Individual assessment, component by component,
is clearly a difficult procedure at best. If one retains the " physical"
intuition that the symmetric and asymmetric loadings provide two " extreme"
conditions that adequately describe the " major" structural excitations, one has
a clear and attainable objective. The specification must provide loading
conditions with low exceedance probability of both the vertical force and
overturning moment, or frequency regions where the exceedance probability is
high have to be bounded by other specifications. For instance, the generic
condensation oscillation load (Reference 9, Figure 2-1) provides adequate
margin for the vertical force PSD in the range of 20-50 Hz because of the
synchronous application of the loading. Unfortunately, the lack of any appre-
ciable energy in that frequency range in the KWU C0 specification fails to
provide the same conservatism for the SSES plant. No other asymmetric loading
appears as an obvious candidate to bound the chugging induced overturning
moment.

Relatively simple " fixes" to the present specification can define loading
conditions that will provide an exceedance probability of less than 1 in 1000
for the vertical force and overturning moment. For instance, the addition of a

loading specification that applies *.he sources at about 20% amplitude but
synchronized in time will provide adequate bounds over the 20-50 Hz range for
the generic, SSES, and WNP-2 symmetric load. The application of the asymmetric
loading with an asymmetric factor increased slightly above the specification
and full synchronization in time can ensure a low exceedance probability of the
overturning moment over the entire frequency range. Whether these are the
best--or the easiest- procedures to provide adequate conservatism is not
obvious without a more detailed examination of the actual application of these
loading conditions.

F.2.3 WNP-2 Approach to Resolving Vent Phasing Concern
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The WNP-2 response.to the vent phasing concerns raised by Professor Bienkowski's
report is essentially contained in two letter reports.10'11 The basic points
of the applicant's argument for the adequacy of the applicant's existing
chugging specification are the following: While the specification is divided
into a nearly symmetric and asymmetric part, mainly for historical reasons, it
can be shown that containment response to the asymmetric specification is not
significantly different from response to the nearly symmetric specification.
Therefore, it will suffice if the symmetric specification can be shown to be

adequately conservative with regard to the frequency " holes" mentioned in
Professor Bienkowski's report (Section F.2.2). The symmetric specification can
be shown to be conservative from comparison with " required design" curves from
the Bienkowski report, as well as from comparison with data measured in the

JAERI multivent facility.

In answer to a request by the staff, the applicant provided in Reference 11 the
reactor building structural model responses to chugging loads for both the
nearly symmetric and the asymmetric loading conditions, at various containment
locations. Specifically, acceleration responses from 0 to 150 Hz at seven
containment locations at crucial points in the drywell, wetwell and secondary
containment were presented for the horizontal and vertical directions. At all

locations shown, the response to the asymmetric loading was within 20% of the
response to the nearly symmetric loading over most of the frequency range. The

applicant stated that this similarity in response was typical of all locations
compared and that there were no locations where the asymmetric response was
significantly larger than the response to the nearly symmetric load. For each

of the locations compared in Reference 11, the applicant also provided the
acceleration response to the safe shutdown earthquake (SSE) loading for which
WNP-2 is analyzed. Except at the drywell floor and in the wetwell at vent exit
level, the acceleration response to SSE exceeded that of the chugging response
over the entire frequency range and by an order of magnitude. The SSE comparison

show that many containment locations are designed to withstand "G" levels from
other loads that are much higher than those as a result of chugging, whether
nearly symmetric or asymmetric.
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The applicant concluded that the asymmetric load specification does not excite
any modes that are not also excited by the nearly symmetric mode. In other
words, the containment does not respond with any rocking or overturning motion
to the asymmetric specification that was not also excited by the nearly symmetric
load. Furthermore, loads resulting from the SSE elicit a much greater response
from many points on the containment than do either of the chugging loads.

F.2.4 Staff Evaluation of WNP-2 Approach

The staff's view on these conclusions are the following: The acceleration
response spectra contained in Reference 11 do indeed indicate that the structural

response of the containment does not distinguish between the nearly symmetric
and asymmetric loading to any great degree. This is not particularly surprising

if one looks at the actual load specifications. The designations of "nearly
symmetric" and " asymmetric" refer only to the spatial distribution of the load
amplitudes and were coined at a time in the development of the load specification
when all vents were designated to chug simultaneously. Since then a more
realistic desynchronized specification has evolved in which all the vents are
assumed to chug independently within a 50 insec time window for both the nearly
symmetric and asymmetric portions of the specification. This desynchronization
in time then means that at any particular instant there will be an asymmetric
spatial loading on the containment when either portion of the chugging load
specification is applied. As a matter of fact, at all but the lowest frequencies,
the asymmetry as a result of the time desynchronization is greater than the
asymmetry as a result of the variation in amplitudes of the asymmetric speci-
fication. These amplitudes vary only about + 14% from the nearly symmetric
source strength when going from one side of the containment to the other. At
the lowest frequencies the acceleration response spectra in Reference 11 show
that the containment does not respond with any fundamental rocking mode to the
chug loads. In the staff's judgement, the applicant's conclusion regarding the
similarity in structural response to the nearly symmetric and asymmetric
portions of the load specification is valid. The staff also feels that comparison

of response from chugging with that from SSE loading adds perspective to the
relative load contributions the chugging loads impose on different portions of
the containment.
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In Reference 10, the applicant provided two comparisons to prove that the
applicant's nearly symmetric specification is adequately conservative, even in
light of the concern raised by Professor Bienkowski. The first is a comparison
of the WNP-2 design loads with the so-called " required design values" referred
to in the Bienkowski report. This is a frequency-by-frequency comparison of
the ratio PSD for desynchronized application divided by PSD'for synchronized
application as shown in Figures F.2-16 through F.2-18. Each figure compares
three curves. The curve shows that the required design values or bound of 1000
Monte Carlo trials consisting of the envelope of all the minimum variances give
the highest ratio value at each frequency as estimated in the Bienkowski
report. Another curve shows a possible design outcome if a particular minimum
variance is chosen for a set of start times. The third curve shows this
possible design outcome after it has been adjusted for the conservatisms in the
WNP-2 single-vent design source load definition. This adjustment is made by
using the two curves in Figure A.2-15 that which represent the envelope of the
4TCO bottom center pressure obtained from applying the WNP-2 design sources
" design spectrum" and the envelope obtained when the mean chugs " required
average spectrum" from the 4TCO data time windows as defined in Reference 7 is
applied. The ratio of these two curves at each frequency is used to multiply
the possible design outcome in Figures F.2-16 through F.2-18 and thereby obtain
the adjusted outcome also shown on the figures. Figures F.2-18 through F.2-18
show three possible choices of design outcomes and their adjusted values.
Similar curves are given in Reference 10 for the 6-foot and 12-ft wall elevations
in 4TCO, and they show similar margins between the adjusted design values and
the required design values. As can be seen from these figures, the adjusted
possible design outcome values of the WNP-2 specification envelope by a good
margin the required design values. It is also noted in Reference 10 that the

| comparisons of Figures F.2-16 through F.2-18 are estimates because the actual
analytical procedures implemented on WNP-2 were not available for the Bienkowski
comparison; their use would make the comparison even more favorable.

As further evidence of the conservatism of the WNP-2 chugging load specification,
a PSD comparison is made in Reference 10 between the rigid wall pressures
calculated on the walls of the JAERI facility if the WNP-2 load specification
is applied and the data measured on the rigid walls of that facility. An

|
|
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: envelope of the data obtained by a method similar to that described in Refer-
ence 7 is compared with an envelope calculated with the WNP-2 sources. The

data comes from the eight largest chugs in Test 0002, which contains some of
' ' the largest chugs recorded in the JAERI facility. The values calculated using

the WNP-2 chugging load specification bound the data envelope by a significant
margin over the entire frequency range of (0 to 50 Hz.)

The staff concurs with the arguments presented in Reference 10 regarding the
adequacy of the nearly symmetric specification, even in light of Professor
Bienkowski's phasing concern. The additional conservatism in the WNP-2 single-
vent design source, as well as the simultaneous chugging of each radial row of
vents, has made the dephasing issue less of a concern for WNP-2 than for some
other Mark II plants. The staff feels that the adjustment made in Reference 10
of the possible design outcomes is a valid one and that the evidence shown in
Figures F.2-16 through F.2-18, does prove the adequacy of the WNP-2 nearly
symmetric chugging load specification. The comparison with the JAERI data

further confirms the adequacy of the WNP-2 chugging load specification, because
.

it was applied in the desynchronized way defined in the specification.

The staff feels that the applicant's approach for resolving the vent phasing
concern is sound. The evidence presented in References 10 and 11 shows that
the nearly symmetric WNP-2 chugging load specification is still conservative
when compared to the required design values of the Bienkowski report, as well
as when compared to the JAERI data. Also, the material presented shows that
structural response to the asymmetric specification is very similar to that
obtained from application of the nearly symmetric specification and no critical
mode is excited by one that is not excited by the other. Therefore, the staff

concludes that the WNP-2 chugging load specification discussed in Appendix F.1
is adequate as it stands.

It should be noted that since the issuing of References 10 and .1 by the
applicant, additional evidence on the similarity of response to symmetric and
asymmetric chug specifications has been presented by other Mark II plants. The

symmetric generic specification has been shown to adequately bound JAERI data
in pressure response comparisons. Because the WNP-2 chugging load specification

,
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is even more conservative than the generic specification,'this is additional

! proof of the adequacy of the chugging load specification for WNP-2.
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| Figure F.2-1 Probability parameters
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Figure F.2-2 Comparison of present analysis to
PP&L specification
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Figure F.2-3 PP&L symmetric load vertical force
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Figure F.2-4 PP&L asymmetric load overturning moment a = 0.4
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Figure F.2-5 Generic 87-vents symmetric load vertical force
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Figure F.2-6 Generic 87-vents asymmetric load overturning moment
A(1 + a) with A = 1.29, a = 0.155
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Figure F.2-7 WPPSS symmetric load vertical force A = 1.29
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Figure F.2-8 Asymmetric load overturning moment
a = 0.14, A = 1.29, A(1 + aL )
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Figure F.2-9 JAERT symmetric load vertical force generic
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Figure F.2-10 Comparison of generic specification to JAERI data

(1800 mm location)
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Figure F.2-11 SSES-87 vents symmetric load PTH No. 6 - source 306
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Figure F.2-12 SSES-87 vents asymmetric load PTH No. 6 - source 306
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Figure F.2-13 Generic-87 vents symmetric load based on bounding'

envelope of sources 801-810
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Figure F.2-14 Generic-87 vents asymmetric load envelope of sources 801-810
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Figure F.2-15 Design spectrum and required average spectrum - 4TCO

bottom center (channel 28)
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Figure F.2-16 WNP-2 vertical force comparison: design required vs
possible design outcome 1st trial
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Figure F.2-17 WNP-2 vertical force comparison: design required vs
possible design outcome 2nd trial
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Washington Public Power Supply System**

Nuclear Project No. 2 ,

Hanford, Washington
~'

Docket.No. 50-397
.

I'

. Introduction
\The Hanford facility has a long history (since 1943) as a site that has

: ace,:modated plutonium production reactors, fuel fabrication plants and spent
fuel rep'roces' sing, plants). Recchtly the facility has been the proposed site

x
for a number,of puulic power reactors. Work done since l'375 and reviewed by
the USGS for Wriject No. 2 includes the Final Safety' Analysis Report (FSAR)

'

Chapter 2.5, ;oendment No. 18, ihd Questions and Responses on this document.

Also consulted were the Skagit/Hanford Nuclear Project PSAR Appendixes 2N, 20,
and 2R, as well as other selected references. USGS personnel attended
meetings and field insp2ctions (shown by,(F)) With persont.'el representing the
applicant and the Nuclear Regulatory Commission (NRC) on the dates 12/5/80,
1/26'-27/81,3/23/81(F),3/31/81,4/28-29/81(F),6/25-26/N,8/4-5/81(F),

~
~

10/16-17/81 (F), 11/17-18/81, 12/8-9/81 (F), 1/21-22/82,m2/9-IO/82, 4/12-14/82
(F), and 5/18/82. -

Geoloqy -

'
.-

* .s .

The geologic analysis by the applicant is based on the published literature
and independent geological and geophysical studies done by them and their'
consultants specifically for the WNP 1, 2, and 4 sites.

x
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The Site

The WNP 2 site is located in the Pasco Basin, a physiographic subdivision of
the Columbia River Basalt Plateau Province. The site, about 1 mi west of the
WNP Nos. 1 and 4 sites, is situated on a broad terrace of the Columbia River
at about a 440-ft elevation. In the site area a thin blanket of eolian sand
overlies a sequence of glaciofluvial sands about 40 ft thick; and of
moderately indurated sands approximately 480 ft thick, silt's, clays, and
gravels of the Ringold Formation, and late Tertiary Columbia River Basalt at
least 5,000 ft thick. Above the basalt, strata range from unconsolidated to
semiconsolidated, and are essentially horizontal in the site area.

The site is situated in the Pasco Basin, an area that appears to have been
subsiding since the first extrusions of the Columbia River Basalt in Miocene
time. Topics related to the geologic safety of the plant site that were of

major concern during this review are discussed below.

Anticlinal Ridges

Beginning in late Miocene (?) or in Pliocene time the basalt was slowly folded
into a series of long, predominantly asymmetrical, anticlinal ridges that
trend generally east-southeast from the foothills of the Cascades to the
vicinity of the Pasco Basin. Locally, near the basin, these folds display
northward overturning of the folded basalt, minor associated thrust faulting,
and normal faulting which parallels the folds.

The principal development of the ridges and associated faults appears to have
preceded the Ringold deposition (Rockwell Hanford Operations, 1979; Bentley
and others, 1980; Goff and Myers, 1978; Hays and Schuster, in preparation).
Rockwell Hanford Operations (1979, p. IV-17, 20, 21) concludes that most
deformation in the Pasco Basin area occurred between 10.5 and 5 million years
ago. Uplift of the Yakima Ridge was complete prior to 1 million years ago
when the Tieton Andesite was emplaced in an erosional reentrant across the

truncated northern flank of the anticline.
,
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Bentley and others (1980, p. 60) state that much of the deformation in the
Simcoe volcanic field area was complete before these eruptions (5 to 1 million
years ago).

Bentley (1977, p. 354) concluded that most of the deformation along Manastash
Ridge occurred prior to development of the 1-million-year-old Thrall pediment
surface on its north flank.

Southeast Anticline

The southeast " anticline" is a buried ridge of basalt extending southeastward
from Gable Mountain to within about 5 km of the site. A thrust fault dipping

about 35 southwest superposed basalt of the Elephant Mountain Member of the
Saddle Mountain Basalt over itself to form a ridge about 100 ft high. Ten
drill holes on a line perpendicular to the ridge were cored and logged
geophysically to define the geologic relations (Golder Associates, 1982).
Interpretation of these data permit displacement on the fault of no more than
20 or 30 cm (about i ft) in the last several million years. We concur with
the applicant's conclusion that the fault is not capable.

Cle Elum-Wallula Alinement (C1.EW)

A 200-km-long northwest-trending structural zone within the Columbia Plateau,
passes southwest of the site, forming a line between Cle Elum and Wallula
Gap. This has been interpreted as a diffuse zone of dextral strain with

accompanying northwest-trending folds and faults that appear to have formed
synchronously with the predominantly more west-trending folds. Surface'

expression of the elements of this structure takes many forms--folds, faults,
airphoto lineations etc. These were investigated by field mapping, trenching,
drilling and seismic, gravity and magnetic surveys. No single through-going
surface structure is present along this alinement. Gravity maps indicate no
change in basement rocks across this structure, and strike-slip movement, if5

present, is of limited extent (PSAR illustration 2.5-9). Because of young,

faulting (exact age undetermined) in the Wallula fault zone, discussed in

[ sections on young faulting, CLEW may be capable (FSAR amendment number 18,

page 2.5-128).

3
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Recent Work
.

Considerable geologic and geophysical work, much of it by the applicant, has
been done over the past few years. This work was aimed toward developing
comprehensive structural models and dating the structures.

Three trenches across lineaments on the north side of Rattlesnake Mountain
revealed that the lineaments did not result from faults (field inspection
4-12-82). Trenches across the Wallula fault zone east of Wallula Gap and at
Yellepit, west of Wallula Gap, showed unfaulted latest Pleistocene sediments
resting on faulted Miocene basalt (WPPSS 1977, FSAR p. 2.5-96). Trenching of
the south fault on Gable Mountain exposed no faulting of the glaciofluvial
deposits (Golder Associates 1981, FSAR p. 2.5-86).

Young Faulting

However, since 1977, Quaternary faulting has been identified in five areas.
(1) Toppenish Ridge, approximately 85 km west of the WNP 2 site (Campbell and
Bentley, 1980; Woodward-Clyde Consultants, 1981a); (2) Wallula fault zone
about 45 km southeast of the site, from the vicinity of Wallula Gap on the

Columbia River southeastward to the Walla Walla / Milton-Freewater area (Shannon
and Wilson, Inc., 1980); (3) on the eastern end of Gable Mountain
approximately 18 km north of the site (Golder Assoicate, 1981); (4) on the
northern flank of Ahtanum Ridge at Union Gap approximately 93 km west of the
site; (Campbell, in Rigby and Othberg 1979) and (5) Wenas Valley fault,
approximately 100 km west of the site (Glass, 1977).

Toppenish Ridge is a west-trending ant'iclinal structure on the Yakima Indian
Reservation. Geologic work in the area is reported in Rigby and Othberg
(1979), Bentley and others (1980), and Campbell and Bentley (1981).
Unpublished work was done for the applicant by C. E. Glass (1979, 1981),
W. Kiel and G. Davis (1980), and G. Davis (1981). The age of the youngest
faults is established as Holocene but the mode of origin is in doubt. They
may be either tectonic or gravity-induced (landslide). Thus they are not proven to
be nontectonic and for safety reasons are assumed to be capable faults.

4
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The Wallula fault zone from The Butte just west of Wallula Gap and
southeastward shows evidence of Quaternary faulting. At Finley Quarry in
trenches at the northwest end of The Butte, Woodward-Clyde Consultants (1981b)
mapped faults which cut sediments of probable Pleistocene age. Near Warm

Springs, pre-Touchet colluvium is displaced (Shannon and Wilson, Inc., 1979a;
Woodward-Clyde Consultants, 1981c). South of Umapine, Oreg., faults of
tectonic or slump origin displace Touchet beds a maximum of 1.5 ft (Shannon
and Wilson, Inc., 1979b). The Buroker thrust fault east of Walla Walla
offsets the base of the Pleistocene Palouse Formation about 3 ft; overlying
loess deposits appear to be unfaulted (Shannon and Wilson, Inc., 1980). Near
Little Dry Creek, south of Milton-Freewater, Palouse soil is downdropped 1.5 ft.

At Gable Mountain the 3km long Central fault displaces glaciofluvial deposits
and clastic dikes derived from them (Golder Associates, 1981). The
displacements are 0.2-0.3 ft over a linear distance of 1,100 ft.) in sediments
dated from ash as being between 13,000 and 19,000 years old.

Faulting in late Cenozoic sediments on Ahtanum Ridge was mapped by Campbell

(in Rigby and Othberg, 1979). He observed faulting of Ellensberg sediments
- and cemented basalt gravels, but found no evidence of faulting in recent loess

or stream alluvium overlying the surface of the ridge.

The Wenas Valley fault is expressed as a 9-km-long scarp in Quaternary
sediments. Landslides on the downhill side of the fault offer the possibility

,

I that the origin may be the result of gravitational sliding rather than
tectonic.

Of the discussed fault the Central fault was considered capable of generating
the largest ground motion and was used for design purposes (FSAR amendment 18,
page 2.5-136).

;

|

The capable faulting would be a matter of concern only if the noted

| elements could be related to a large structure which would be capable of
i rupturing over a distance longer than any yet recognized. The Cle Elum-

Wallula lineament appeared to be the longest possible structure in the Pasco

5
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Basin but the results of intensive investigation makes it seem highly unlikely
that fault rupture of great distance or large throw will occur along it.

Seismotectonic provinces

The applicant used physiographic provinces to define areas of similar
seismicity (p. 2.5-125 and figures 2.5-1 and 2.5-39). The following
discussion of seismotectonic provinces includes concepts developed by
R. Tabor and K. F. Fox, Jr., of the U. S. Geological Survey. The authors of
this report are responsible for the overall conclusions of the geology review.

Interpretation of seismotectonic provinces and significance of the 1872

earthquake

o- By seismatectonic province we mean a part of the Earth's crust that is
homogeneous with respect to esrthquake generation in response to the present-
day stress. This means that a seismotectonic province is homogeneous with
respect to the maximum-sized earthquake possible. Major problems include how
to recognize such provinces and how to define their boundaries, which are
probably transitional. For example, a province may be recognized by
homogeneity of its rocks at a specified scale, style and fabric of
deformation, history of deformation in the recent geologic past, crustal
thickness, and earthquake history.

The tectonic provinces delineated by the applicant as the Northern Cascades,
Middle Cascade Mountains, and Columbia Basin tectonic provinces (FSAR,

p. 2.5-125; fig. 2.5-39), are mostly geologic provinces, defined on the basis'

of differences in stratigraphy and geologic history. For instance, the
applicant's western boundary for their Columbia Basin tectonic province is

,

simply a stratigraphic boundary, drawn along the generalized western contact
of the Miocene Columbia River Basalt Group.

It is suggested that at least some of the Yakima fold belt (FSAR, fig. 2.5-4)
'

within the applicant's Columbia Basin tectonic province may be in fact part of

a single seismotectonic province which includes not only the applicant's
Northern Cascades tectonic province but the northern part of their Middle

6
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Cascade Mountains province as well. Where within a broad zone the boundaries
actually lie cannot be determined with certainty.

In Washington State along and east of the Quaternary volcanoes, the current
stress regime may be caused in part by, or at least associated with, the
slowly subducting Juan de Fuca plate. However, earthquake focal mechanism

solutions for the region east of the Olympic Peninsula indicate roughly north-
south horizontal compression in crustal rocks throughout western and central

*

Washington, indicating that the orientation of stress trajectories is markedly
influenced by the wrenching couple between the Pacific and North American

plates (Fox and Engebretson, 1981). This general orientation of compressive
stress is common to the several seismotectonic provinces considered here.

The elongate Northern Cascades seismotectonic province may change in tectonic
character from north to south; however, the change is gradual. As far south

0as about 46 30' the strong northwest grain, so prominent in the exposed older
rocks to the north, is reflected as northwest-oriented folds ir. .the younger
volcanic rocks.

East of the Cascade crest the strongly deformed early Tertiary and oloer rocks
exposed in the Northern Cascades continue under the edge of the Columbia River '

Basalt Group to the southeast. Many of the major, long active structures in
the older Tertiary rocks have expression in the structures of the Miocene
basalt. Two major ridges that show stratigraphic evidence of being highs in
Eocene and Oligocene time are continuous with ridges and major broad folds in
the Yakima Basalt Subgroup. For instance, the northwestern end of Manastash
Ridge, underlain by upfaulted pre-Miocene rocks, splits to become Manastash
Ridge and Umtanum Ridge in folds in the basalt (FSAR, fig. 2.5-4). At least
parts of the Wenatchee Mountains have been high since early Eocene time and
they continue into uparched Miocene basalt to the south. The Chiwaukum

graben, an active tectonic depression in middle and upper Eocene time, is
expressed in a major downwarp in the Miocene basalt (see labor and others, in
press /a, Tabor and others, in press /b). The cluster of folds, mostly ridges
and basins making up the Yakima fold belt, south of the aforementioned
structures may be superimposed also on older folds, grabens, or horsts of
similar trend in the underlying rocks.

7
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A clue to the southeastern extent of the Northern Cascades seismotectonic
province may be found in the change in trend of the Yakima folds from
northwest to east-west (FSAR, fig. 2.5-4). This could represent a place where
the older rocks no longer influence the fold trend in the present-day north-
south stress regime because the older rocks are more deeply buried. How far
east the seismotectonic character of the Northern Cascades seismotectonic
province influences the Columbia Plateau physiographic province with regards
to earthquake activity cannot be determined with great certainty. It would
seem reasonable to conclude that any influence on earthquake activity would
not extend farther east than any possible structural influence which might be
inferred.

Both from a geologic and an earthquake standpoint, the eastern part of the
applicant's Columbia Basin tectonic province, including the Hanford site,
appears to be a seismotectonic province distinct from the Northern Cascades
seismotectonic province. We will continue to refer to this restricted

province as the Columbia Basin seismotectonic province.

Based on the historic difference in seismic activity alone (fig. 1) the
central part of the Columbia Plateau area appears to be less active than the
Northern Cascades seismotectonic province as defined here. Perkins and others
(1980, pl. 1) show a difference, and more recent work confirms the higher
historic seismicity of much of the Northern Cascades (Perkins, oral consnun.,
1982).

The applicant does not consider the 1872 Washington earthquake as important
with regard to the site, apparently on the basis that its epicenter could have
been no farther south than the Chelan area, and that it probably lay near the
Canadian border in the Northern Cascades tectonic province. (see FSAR, fig.
2.5-39 and section 2.5.2.1.1.1). A panel convened to review the available

data on the 1872 earthquake (PSAR, subappendix 2RA) concluded that the
hypocenter of the 1872 earthquake was more than 10 km deep and somewhere

between Chelan and the Canadian border, clearly in the Northern Cascades
seismotectonic province and probably much closer to the site than implied in
the FSAR. Although some workers have suggested that the 1872 earthquake might,

have occurred along the Straight Creek fault, no offsets attributable to the

*
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quake have been found, and it remains a crustal earthquake without a known
generating structure.

Based on structural geologic history from early Tertiary through the Miocene
and on the present stress regime, the Northern Cascades seismotectonic
province should encompass at least the area shown on figure 1. The boundary

between the Northern Cascades and the Columbia Basin is indefinite, but the
thickening of the basalt and the change in fold trends from northwest to east-
west suggest a fundamental change, about in the middle of the boundary zone
shown on figure 1.

Under present NRC rules, the applicant would have to consider the effects of a
deep-seated 1872 intensity earthquake at the edge of the Northern Cascades
seismotectonic province as here redefined. However, the transition zone from

one to the other probably could be viewed as transitional in seismic
properties; such a transitional zone is not homogeneous nor is it exactly like
the provinces to either side.

We conclude that the 1872 earthquake was a deep-seated event in crustal rocks
of the Northern Cascades seismotectonic province. The Northern Cascades
seismotectonic province, a region of the Earth's crust that can be expected to
respond homogeneously with respect to earthquake frequency and maximum

magnitude in today's stress regime, cannot be excluded with confidence from
the western portion of the Yakima fold belt and northern part of the Middle

! Cascade Mountains tectonic province as defined by the applicant. The
boundaries of the seismotectonic provinces are indefinite and gradational
probably encompassing a zone tens of kilometers wide. The transitional
boundary between the Northern Cascades and the Middle Cascade Mountains

seismotectonic provinces appears to lie south of Snoqualmie Pass, and the
transitional boundary between the Northern Cascades and Columbia Basin
seismotectonic provinces appears to lie somewhere west of the site within the

. Yakima fold belt.
!

If the 1872 earthquake were moved into the transition zone it still would not
become the controlling source mechansim for design purposes for the SSE (see
section of this report on seismicity).

!

I
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Volcanic hazard

The only apparent significant volcanic hazard at the site is possible ashfall.

1. Potential source volcanoes.--The applicant (FSAR, p. 2.5-103) cites
Mount Ranier (ca. 193 km, 120 mi) and Mount Adams (ca. 164 km, 102 mi)
as the potential source volcanoes for an ashfall that would reach the

site. Although these volcanoes are the closest to the site, they are
potentially less explosive than the historic record of Mount St.
Helens (ca. 224 km, 139 mi) and perhaos Mount Hood (ca. 222 km, 138
mi), the two other potential sources. St. Helens and Hood are
essentially equidistant from the site and can be modeled as the same
source. St. Helens is the most likely source because of its history

of explosive dacitic eruptions. For more conservative thickness

calculations, Adams is the closest; for potential explosivity, St.

Helens is the closest.

2. Compacted ash thickness.--The Mount St. Helens Yn ashfall is a

reasonable, probably conservative, design ashfall. The WPPS applicant
defines 7.4 cm (3 in) of compacted ash at the site. Other estimates
come from plotting the Yn ashfall data of Mullineaux (1976) and
Crandell and Mullineaux (1978) on FSAR figure 2.5-24. These data are

as follows:

20 cm (8 in) at 100 km (62 mi)
6 cm (2.4 in) at 200 km (125 mi)
5 cm (2.0 in) at 280 km (174 mi)

Thus, at the distance of Mt. Adams (164 km, 102 mi), the scaled-off
compacted thickness is about 8.4 cm (3.3 in), and at the distance of
Mount St. Helens, about 5.8 cm (2.2 in). The applicant's 7.4 cm (3
in) estimate appears to be reasonable between a nearer, but less
likely eruption from Mount Adams, and a farther, but more likely
eruption from Mount St. Helens.

10

- - .L... - . -

- - ' -

- .-.



- - . . . .- .- .-.

. - .s --- . . - . - .. . , ,
_

~

3. Uncompacted ash thickness.--Fluff-up factors to estimate the initial
thickness of uncompacted ash are based on estimates of the amount of
compaction. Initial thickness is empirically based on direct
observations of the May 18, 1980, Mount St. Helens ashfall near
Ritzville, Washington. There, about 50 percent compaction took place
in roughly two days after the end of ashfall, and about 50 percent
more by summer 1981--a total of about 75 percent (A. M. Sarna-

Wojcicki, oral commun., June 1982). These observations suggest that
initial thickness is difficult to estimate confidently and may be

meaningless because the ash probably compacts partly under its own
weight while it accumulates.

Compaction estimates given by the WPPS applicant are 20-40 percent
(FSAR, p. 2.5-103). Compaction measurements range frem 20 percent
(Griggs,1922) for Katmai ash sometime within 10 years after the 1912
Katmai eruption, through about 40-45 percent (Minakami, 1942;
Thorarinsson,1967). The validity of 75 percent compaction for design
ashfall has not been determined, but it suggests that a more
conservative compaction factor be applied to the WNP-2 site. Applying
a 50-60 percent compaction factor to the ash (7.4 cm, 3 in) would

result in 14.8-18.5 cm (5.8-7.4 in) of loose ash at the site distance
of 224 km (139 mi).

A consideration that cannot be evaluated at this time in terms of
design ashfall is the " distal ash maximum." Ashfall from the May 18,
1980, eruption of Mount St. Helens was greater at Ritzville,
Washington, than at some sites closer to the source. Such a distal

thickness maximum is not known from the Mount St. Helens Yn ash or
other ashfall data. Until more is known about the complex of factors

that result in a distal thickness maximum, and how to apply that
understanding to design ashfalls, we feel it is appropriate to use the
other ash data.

I4. Grain size.--The estimated grain-size distribution for the WNP-2 site
is given by the applicant as 50 percent greater than .075 mm (75

11
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microns) and 50 percent less than .075 m (FSAR, p. 2.5-103).
comparing the applicant's figures with size data from the Mount St.
Helens ashfall of May 18, 1980 (Sarna-Wojcicki and others, 1981, fig.
342), the applicant's figures overestimate the amount of ash smaller
than .075 m which would fall at the site, and are therefore
conservative.

5. Ashfall rate.--The applicant (FSAR, p. 2.5-103) estimates average rate
of ashfall as .37 cm/hr (.15 in/hr), which, over a 20-hour ashfall
duration, results only in the compacted-ash thickness (7.4 cm, 3
in). A higher ashfall rate must be estimated to result in a
conservative thickness of loose ash. Using the uncompacted ash
thickness (14.8-18.5 cm) calculated in section 3 above, a 20-hour
ashfall duration requires .74 .92 cm/hr (ca .3 .36 in/hr). Allowing
for the possibility of slightly higher ashfall rates for a few hours,
the Katmai rate of 1.1 cm/hr (.44 in/hr) adds some conservatism.

Safe Shutdown Earthquake

The design safe shutdown earthquake is based on an earthquake assigned to the
Rattlesnake-Wallula alinement (the southeast end of CLEW). The assigned
intensity VIII (MM) earthquake seems conservative in light of the rarity and
lack of continuity of young displacements along this structure. The applicant
states that intensity VIII is larger than any known earthquake on the Columbia
Plateau and our assessment of the geology gives us no reason to dispute this
statement.

Response to Questions

Review of responses to questions 360.20 .25 submitted to the applicant on
April 7, 1982, indicate that they have considered the pertinent geological
data available and incorporated it into their sumary and illustrations
satisfactorily. The updated geologic model of the Columbia Plateau presented
is a collation of work done by many workers and is reasonable. Figures
361.20-2a, 361.21-1, 361.21-2, and 361.24-1 provide an adequate summary of the

| geology. The preponderance of seismic events portrayed are at shallow depths
|
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and therefore presumably related to identifiable structures. This gives
credence to the applicant's approach which attempts to identify and determine
age of shallow structure. Some seismicity originates at depths below known
structure. Significance of this seismicity must be evaluated mostly from
geophysical evidence (see section on seismicity).

In response to question 361.23, the applicant states that a continuous
detachment or decollement beneath the entire folded portion of the Columbia

Plateau is unlikely. Several logical reasons are given in support of this
statement. However, they are not compelling and the paucity of information at
depth leaves doubt as to whether a detachment is likely or not. The absence
of a seismicity pattern defining its oosition argues against its capability if
it is present.

Conclusion

The applicant has provided through the geologic data gathered and evaluated by
their consultants and combined with related existing literature an adequate
analysis of the geologic factors relating to the seismic design of the WNP-2
facility.

Seismoloqy

Introduction

The applicant proposes the following vibratory ground motion for the WPPSS
Nuclear Project No. 2 site: "A 0.25g vibration level at ground surface in the
site area is assigned as the design basis for the Safe Shutdown Earthquake
(SSE). This value is consistent with the conservatism previously adopted for
design criteria at the Hanford Reservation (AEC, 1972)l,2,3 and is consistent
with the vibratory accelerations associated with an intensity VIII (MM)
earthquake (Figure 2.5-60), which is larger than any known earthquake east of
the Cascades in Washington or Oregon. This earthquake is assigned to the
Rattlesnake-Wallula alignment, the closest tectonic structure of significance
to the site. Since no attenuation is taken in the selection of the SSE, this
is a conservative approach." For the Operating Basis Earthquake: "An

13

.

f

W* Nwm.e*4a



---..: - .::

*
a

l
1

!

Operating Basis Earthquake (0BE) equivalent to 0.1259, or one-half of the Safe
Shutdown Earthquake (SSE), is used in the design of all Seismic Category I
structures. The chosen value for the OBE is based on the largest level of
vibratory ground motion expected at the site, as discussed in 2.5.2.4. The

design response spectra for the OBE are shown on Figures 3.7-3 and 3.7-4."

The SSE and OBE ground accelerations proposed for the WPPSS Nuclear Project

No. 2 are essentially those reported in U.S. Atomic Energy Commission (1972),
for the Fast Flux Test Facility.

Our review of the WPPS No. 2 FSAR has concentrated on the pertinent data and
interpretations of those data that have become available since the 1972

review. Specifically, we have concentrated on:

1. Seismicity in the site region.

2. Reanalysis of seismicity data and new seismological research on
historical earthquakes that might affect evaluation of vibratory
ground motion estimated for the site.

3. Determination of vibratory ground motion at the site using both
deterministic and probabilistic approaches.

4 Evaluation of reflection and refraction data.

|

Data and interpretations submitted by the applicant and listed in the
references together with technical papers in the geophysical literature deemed
significant to the evaluation of the site have been reviewed.

Seismicity

i

| The site is located in an area of moderate historical seismicity to distances
! of about 90 miles from the site; a radius of 200 miles around the site

encompasses most of the seismicity of the Puget Sound region where earthquakes
with maximum Modified Mercalli (MM) intensities of up to MM VIII have occurred
and are well documented in numerous reports (see, for example, Hopper and
others, 1975). Most of the larger shocks of the Puget Sound region are
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believed to have occurred at depths of about 40-60 km and do not produce
significant ground motion at the site nor are they related to the tectonics of

the site area.

The degree of completeness of the historical seismic record is a difficult
parameter to assess, particularly in a lightly populated area such as
Washington State east of the Cascades. The FSAR states on page 2.5-106
that: " Seismicity data within a 200-mile radius of the site are thought to be
complete from 1833 to the present for intensity VII (MM) and larger
earthquakes. The completeness of the data for intensity VI (MM) and smaller
earthquakes imoroved steadily with population growth from 1833 to 1906." We
believe that the applicant's assessment of the completeness of the

seismological record particularly within 100 miles of the site is overly
optimistic for the following reasons: (1) the region is lightly populated;
(2) the instrumental seismograph network was extremely poor prior to the
installation of the World-Wide Standardized Seismograph Network (WWSSN) in the
early 1960's; and (3) the realization, only over the past 10-12 years, that
the December 14, 1872 Washington earthquake was considerably larger than

previously estimated. Significant new data on the 1872 earthquake were only
uncovered during the past 10-12 years, and these data have been the subject of
several intensive studies during that time period. Other significant
earthquakes may have been overlooked, particularly during the last century.
While the completeness of the historical seismicity catalog in a 200 mile
radius of the site cannot be determined with absolute certainty, we believe
that the estimates of completeness given in Woodward-Clyde Consultants
(1980b), (Table 4) previously submitted by a consultant to the applicant
represents a more realistic and certainly more conservative appraisal of the
completeness of the historical record.

We believe that the earthquakes of most importance in an evaluation of the
vibratory ground motion at the WPPSS Nuclear Project No. 2 site are: (1) the
seismicity in the vicinity of the site using data from the several seismograph
networks operated near the site from 1969 through 1980; (2) the July 16, 1936
Milton-Freewater, Oregon earthquake (M = 5.75; Woodward-Clyde Consultants,

s

1982); and, (3) the December 14, 1872 Washington earthquake. These topics
will be discussed separately.

15
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1. Seismicity in the vicinity of the site:

The FSAR contains, in Table 2.5-5, ". . . a listing of all reported

earthquakes of intensity III (MM) or greater and for instrumental
earthquakes greater than magnitude 3 known to have occurred within
200 miles of the site in Washington through January 1976 and in
Oregon through April 1976". Table 2.5-5 of the FSAR was compiled
from a number of earthquake catalogs as listed in sect'on 2.5.2.1 of
the FSAR. A discussion of the seismicity from 1969-1980 in the
vicinity of the site is contained in Woodward-Clyde Consultants
(1981a). This reference also contains a discussion of the magnitude
detection threshold in the vicintiy of the site (100-150 km),
various frequency magnitude relationships, and an estimate of the
maximum possible earthquake (not related to a specific structure).
The earthquakes located near the site during the time period 1969-
1980 are shallow, the deepest shocks having depths of less than
about 25 km.

The earthquake monitoring in the vicinity of the site during the
period 1969 to 1980 shows a pattern of seismicity common in areas of

.

moderate seismicity with some spatial and time clustering of small
events. No definitive alignments of epicenters appear to emerge
from the earthquake locations. The rate of occurrence of magnitude
(M ) 3 to 4 events is about the normally expected level of activityc
for a broad area in Washington State east of the Cascades. The
applicant's consultant has estimated the maximum M of thesec
earthquakes at 4.0. We believe that on the basis of the historical
seismicity in this area, it would be more realistic and conservative
to assume the maximum M of this " background" seismicity as aboutc
5.0. We further believe that an earthquake of this magnitude will
not produce significant ground motion at the site.

,

2. The July 16, 1936, Milton-Freewater, Oregon, earthquake

The July 16, 1936, Milton-Freewater earthquake (M = 5 3/4,s

Woodward-Clyde Consultants, 1982) (called the State line earthquake
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Figure F.2-17 WNP-2 vertical force comparison: design required vs
possible design outcome 2nd trial
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Figure F.2-18 WNP-2 vertical force comparison: design required vs
possible design outcome 3rd trial
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by Neumann, (1938) and Brown, (1937)) poses some special problems

relevant to the estimation of vibratory ground motion at the WPPSS
Nuclear Project No. 2 site. In the 1972 evaluation of vibratory
ground motion for the fast flux reactor on the Hanford Reservation
(U.S. Atomic Energy Commmission, 1972), the 1936 earthquake was

assigned to the Rattlesnake-Wallula alignment primarily on the basis
of the isoseismal map developed for the earthquake (Neumann, 1938).

In a 1980 consultants report to the applicant (Woodward-Clyde
Consultants, 1980a) the magnitude of the 1936 earthquake was
determined using instrumental data from selected seismograph

stations. An ML magnitude of 6.1 was computed. The report,
Woodward-Clyde Consultants, 1982, submitted by the applicant

indicates that a M3 = 5 3/4 magnitude was determined for the
earthquake by Gutenberg and Richter (1965). Reevaluation of
Gutenburg's original data using station corrections that were
subsequently developed yielded a magnitude of M = 5.7 1 0.3s

(Woodward-Clyde Consultants, 1982). We consider the M3 = 5 3/4 as a
more reliable measure of the magnitude of the 1936 earthquake than

the ML magnitude. The ML magnitude was determined using stations at
greater distances than originally intended for the Mt scale and for
crustal and mantle structure not specified for the original Mt
scale. The relationship of the ML calculated for the 1936
earthquake to the original ML scale is open to question.

It is the applicant's position that the 1936 earthquake occurred at
a shallow depth on a trace of the Hite fault system. The epicenter

0given in Woodward-Clyde Consultants (1980a) is 46 12.5'N,
0118 14.0'W, about 13 km west of a segment of the Hite fault. The

0ser, major uis of the 90% coitidence ellipse is oriented N89 E and
has a length of 16 Kc:; the semi-minor axis of the 90% confidence
ellipse is oriented N179 E (actually S010 ) and has a length of 110

E

km. Because of the size and orientation of the 90% confidence
ellipse, there is a question as to whether the earthquake occurred
on the Hite fault or on another unknown, more or less north south
striking fault closer to the site. The fact that the proposed

17
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location is not one f(r which a fault is known to exist suggests the
possibility that unknown faults may be buried near the site beneath
the Columbia Plateau basalts and that an earthquake of 1936 type
might occur on such a fault. The accuracy of the epicenter of the
1936 earthquake is therefore of considerable importance.

There are several problems with the earthquake relocation as
presented in Woodward-Clyde Consultants (l'980a). Seismograms for as
many North American stations as possible were collected for those
stations which reported a first arrival to the International

Seismological Summary (ISS) for this event (International
Seismological Summary, 1947). It is unfortunate that seismograms
were not collected from stations in North America which reported a

shear-wave first arrival. A re-examination of such seismograms may
very well have allowed the reading of a true first arrival and, even
if not, the use of S-waves in locating an earthquake is not only
possible but in this particular case it would seem to be desirable.

A second difficulty is that no attempt was made at collecting
seismograms for the stations which reported this earthquake from
outside North America. The observations as they were reported in
the ISS were uncritically used. Apparently, no attempt was made to
consult the station bulletins for these stations. If this had been
done it would have been noted that the observation for Pulkovo,
although specifically tied to this earthquake, was regarded by the
seismogram reader as highly suspect. (The parentheses around the
arrival time was not copied into the ISS from the station

bulletin). The same is true for the S-reading as well. This
situation is hardly surprising since the Pulkovo station had a gain
of only 1000 in 1936; at a distance of almost 8000 kilometers the
signal must have been exceedingly small indeed. The same argument
applies to the station Sverdlovsk. The point of this discussion is

that with so few P readings both PUL and SVE have very high weights
in any hypocentral solution. Very preliminary experimentation by us
indicates that if the two Russian observations are dismissed (along
with that for Oakar) the epicenter moves south and somewhat east of

18
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the location given by the consultants to a position just within the
maximum isoseismal as given by Neumann (1937). It also moves the -

epicenter closer to the Hite fault.

It was not noted in the report that even though 3 Russian
;

observations of this earthquake were reported, there were no
European observations at all even though they are in the same
distance range. In 1936 it is surprising that none of the large
number of high quality stations of relatively high gain in Europe
would not report the earthquake. Only a few European stations
reported surface waves for this event. Improved locations might
have been determined had the consultant obtained either original or
high quality microfilms of both Soviet and European stations before
including their readings in a location. The Soviet Union has a very
high seismicity of its own a'id these observations may very well be
readings from smaller Soviet events that just happened to coincide
with the expected readings from this event. It is a fact that this

situation occurs far more often than is commonly realized.

Another suspicious characteristic of this data set is that the three

Russian stations for which there are observations all knew of this
event and were obviously looking for it. (At the present time one
does not know whether this applied to Dakar or not, but it should be
easy to find out by consulting ORSTOM* in Paris). On this basis, a
re-examination of seismograms from many areas including the eastern
United States, central and northern South America, and the Far East
may very well turn up more readings which might lend accuracy to
this epicentral determination.

i
,

* Office de la Recherche Scientifique et Technique Outre-Mer.

!
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We also note the Jesuit Seismological Association (Hughes, 1982)'

0reported an epicentral position for this earthquake of 46.0 N by
0ll8.1 W which is almost precisely where our own preliminary

relocation places it, that is, on the state line near the Hite

fault. It should be pointed out that a solution near this position
would relieve the applicant of the necessity for long and complex
arguments for the instrumental epicenter being far removed from the
macroseismic one.

A more complete study of the original seismograms or high quality
cooies and station bulletins may have resolved this location
uncertainty.

The program MEVENT the applicant's consultants used to make the
hypocentral determination is a good one that makes use of the method
of uniform reduction (Jeffreys, 1961), but some vital information
concerning the constants used for weighting each station are not
given in Woodward-Clyde Consultants (1980a). The two parameters
required are the standard deviation of one observation from a

particular station for a particular phase and the ratio of the

frequency at the mode and at the flanks of the relationship between
frequency of occurrence and residuals of a particular magnitude.
Typical magnitudes for these two parameters are about one second for
the standard error and about .05 for the second parameter.
Unexpectedly enough, these parameters have not changed significantly
over the history of instrumental seismology. While it is not

| entirely clear in Woodward-Clyde Consultants (1980a), it is possible
that the standard deviation was determined solely from the estimated
timing accuracy of individual stations. If this be true, it is an

incorrect application of the theory behind the method of uniform
reduction. The method of uniform reduction can, however, be used
within the confines of the program MEVENT to successfully deal with
a mixture of arrivals from various phases by varying these
parameters alluded to above. In essence, later arrivals, typically
but not exclusively 5, have standard deviations and second parameters
larger than those for first arrivals. Consequently, they have lesser
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but non-zero weights in the normal equations which are formed from
them. The effects of the additional arrivals, even with the lesser

weights, is that an event observed with multiple phases at only a few
stations can be located with considerably more accuracy than with first
arrivals alone. No focal depth is given for the 1936 shock in
Woodward-Clyde Consultants (1980a), but a subsequent report (Woodward-

Clyde Consultants, 1981b) places the depth at about 5 km.

It is not clear that reanalysis of the April 8, 1979 earthquake
contributed greatly to our understanding of the seismicity. It was so
small that it was recorded on a totally different set of stations thus

precluding its use as a master event. The focal parameters given as a
solution to this earthquake are also subject to some doubt, most
particularly the focal depth. The table of residuals given in the

report are typical of a focus which is placed too deep, especially if
one considers the two closest observations to be phases different from
the first arrivals predicted by the velocity model considered. The
velocity model used appears reasonable and it has the advantage of
being based on an extensive analysis of actual observations. The 1.75
kilometer depth given in the original solution for the earthquake
appears to be reasonable. If the earthquake is as shallow as
calculated, the possibility of surface fault rupture cannot be

excluded.

The only possible revelance of the 1979 earthquake to the discussion of
the 1936 one is the similarity of their focal mechanism solutions, the
reason being, of course, that they might very likely lie on the same
geological structure. The focal mechanism solution in Woodward-Clyde
Consultants (1980a) for the 1936 shock is poorly constrained because of

. only one observation of a dilatation in the data set. Woodward-Clyde
Consultants (1981b) provides a focal mechanism based on surface waves

that supports the mechanism given in Woodward-Clyde Consultants
(1980a). Again, however, a re-examination of the seismograms not
already read could very well be of some use especially if S-motions and
S-polarization angles could be observed.

21
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In summary, the association of the 1936 earthquake with a specific
structure such as the Hite fault or the Wallula alignment is
sufficiently uncertain that the possibility must be considered that

a 1936 type earthquake could occur in the vicinity of the site. If

this earthquake can be reasonably located on the Hite Fault or the
Wallula alignment it will lend support to the thesis that any
earthquake of this size must occur on a sizeable fault whose

existence is already known. As already outlined, it is possible

that additional work on the location of the 1936 event might serve
to resolve the problem.

3. The December 14, 1872, Washington earthquake

This earthquake has been extensively studied (for example, Bechtel,
1976; Coombs and others, 1976; Scott, 1976; Woodward-Clyde

Consultants, 1976; Weston Geophysical Research, 1976; Algermissen
and others, 1977) since it became evident about ten to twelve years
ago that the earthquake was larger than previously realized. For
example, in Earthquake History of the United States, it was assigned
a maximum MM intensity of VI (Coffman and von Hake, 1973).

We have recently reviewed all of the reevaluations of the 1872
earthquake and have also attempted to analyse the available
intensity data ourselves (Hopper and others, 1982). In general, our
results are in agreement with an earlier report prepared by a U.S.
Geological Survey-National Oceanic and Atmospheric Administration Ad
Hoc Working Group on Intensities of Historic Earthquakes
(Algermissen and others, 1977). This report concludes that: " Based
on the reports and documents provided to us by the Washington Public
Power Supply System and on independent analyses of Algermissen,
Brazee, and Stover, the USGS/NOAA Ad Hoc Working Group on

Intensities of Historic Earthquakes has concluded that the intensity
of the Washington earthquake of December 14, 1872, was greater than
VIII and that it conceivably could be as high as X. We assign

intensity IX as the maximum for this earthquake. We have further
concluded that the location of the earthquake has not been

22
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accurately determined." A point not made clear in this report is
that the estimation of a maximum intensity of IX for this earthquake
does not depend on the assignment of intensity IX to ground
effects. The assignment of high intensity to ground effects was
heavily discounted by the connittee. The assignment of a probable
maximum intensity of IX to the 1872 earthquake was based principally
on the areas shaken at each intensity level and the comparison of
the areas shaken with areas shaken in other earthquakes for which

the maximum intensities and magnitudes were known. In addition, our

recent work leads us to the following conclusions:

a. Consideration of all of the interpretations of the intensity

data listed above as references together with our own review of
the data lead us to believe that the epicenter of the 1872 main

shock is located in the vicinity of Lake Chelan. For all of

the isoseismal maps considered, the intensity VI isoseismal
seems test constrained by the data; the centers of the
intensity VI contours for all of the maps considered lie within;

Oa radius of 60 km of the point 47.9N lat. and 120.3 W long.
This circle wholly contains Lake Chelan, the town of Wenatchee

and approaches the town of Okanagan,

b. The magnitude of the 1872 earthquake is approximately 7 (M )
s

based on the areas shaken at the various intensity levels.

c. There is a strong possibility that the contemporary seismicity
in the vicinity of Lake Chelan represents aftershocks of the

1872 event.

These conclusions require that consideration be given to the
relationship of this probable magnitude 7 earthquake and its
location with regard to the WPPSS Nuclear Project No. 2 site. The
question is whether or not an earthquake of magnitude 7 similiar to
the 1872 event could occur near or at the site. While it is not
possible to prove conclusively that such an earthquake could not

23
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occur at the site, we are in general agreement with the rationale
presented in the FSAR and other supporting documents that the
occurrence of such an earthquake very near the site is unlikely.

We believe that the 1872 event was in the Northern Cascades
province, and that there is a natural (but broad) division between a
Northern Cascades province and a Middle Cascades province. The
boundaries between the Cascades provinces and Columbia Plateau

province, though not necessarily coincident with the basalt flows
boundary (where the applicant places it) is in most cases close to
it. The closest approach of either of the Cascades provinces to the

site is about 90 km.

Probabilistic Estimates of Ground Motion at the Site

Two reports have been prepared that estimate the probability of exceedance of
the design ground motion at the WPPSS Nuclear Project No. 2 site (Woodward-
Clyde Consultants, 1980b; Powers and others, 1981). The earlier of the two
reports which was completed in 1980 is a regional type of probabilistic study
with earthquake sources modeled to distances of more than 320 km from the

site. No background seismicity in the vicinity of the site was modeled and no
earthquake sources were considered for distances closer than about 45 km from

the site. For in acceleration of 0.25 at the site.the annual probability of

occurrence estimated in this study is about 3 x 10-5 ,

A later probabilistic study completed in 1981 modeled the seismicity as
faults, considering structures only within 50 km of the site that contributed
significant ground motion at the site. A probability distribution for maximum
magnitudes was developed for each fault using a variety of techniques. The
annua'l probability of occurrence of .25g at the site estimated in this study
is about 1 x 10-4 (Powers and others,1981). This ground motion estimate is
in general agreement with our regional probabilistic ground motion mapping in
this area for rock sites (Algermissen and Perkins, 1976; Perkins and others,
1980).

24

,

,~~
s-p o s e e em-- - ~- s wom ep- 4 m-m



- - - - - -
_ _. . _ -. .

-
.

'
.

'

Maximum Magnitude

Estimation of the maximum magnitude presents a difficulty when only one
earthquake with significant damage potential has occurred within 100 km of the
site in historic time (the M = 5.75, 1936 Milton-Freewater shock). In

3

response to question 360.014 from the Geoscience Branch of NRC, the applicant

has estimated total fault length, rupture length and maximum magnitudes for
the Wallula fault the Rattlesnake Mountain fault and the Rattlesnake-Wallula
alignment. Using the closest distance of each fault to the site, and the
magnitudes associated with the rupture segments, the applicant's consultants
attenuated the ground motion from each fault to the site using attenuation
curves developed by the consultants. We find the applicant's fault lengths, s
egments, and maximum magnitudes reasonable. Using recently published

,

attenuation curves (Campbell, 1981) and the applicant's maximum magnitudes and
fault to site distances we found the applicant's estimation of accelerations
at the site to be conservative. With regard to the question of maximum
magnitude, consultants to the applicant have estimated the moment of the 1936

24Milton-Freewater earthquake at 3.6 x 10 ergs (Joyner and Boore, 1981). We
calculate the moment magnitudes of the 1936 earthquake at M = 5.67. Placing
the 1936 earthquake on the Rattlesnake Mountain fault at the closest distance

of the fault to the site and using the acceleration attenuation curve of
Joyner and Boore (1981), we obtain a median peak acceleration of .11g at the
site and the 84th percentile acceleration of .20g at the site.

Using the hypothesis that an earthquake of the 1936 Milton-Freewater size

(M3 greater than or equal to 5.75) cannot be associated with any known fault
' system and then moving this earthquake to the vicinity of the site, we

estimate as a rough approximation that the probability of exceedence of an
earthquake of this size within a radius of 15 km of the site is about 2 x 10-5
per year. This is based on the assumption that the earthquakes in seismic
source zones 4 and 5 of Perkins and others (1980) could occur anywhere in
these zones. The probability of exceedence is then the area in a 15 km radius
around the site divided by the combined area of seismic source zones 4 and 5
in Perkins and others (1980) multiplied by the calculated historical rate of

occurrence of earthquakes M3 greater than or equal to 5.75 in the two zones.
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In view of the fact that no Holocene or younger faulting has been found in the
vicinity of the site (radius of 15 km) and the lov estimated probability of
occurrence of an earthquake with M = 5.75, we find the choice of a M = 5.75

3 3
earthquake within 15 km of the site to be a conservative estimate of the

maximum magnitude earthquake that might affect the site. The applicant was
requested by NRC to drill the Southeast anticline structure near the site. We

are satisfied that the southeast anticline is not capable at this point based

on their new data. However, in refraction and reflection surveys made for the
waste disposal program, there are indications that other faults in the basalt
may displace sediments at least into the lower Ringold formation. Because
these surveys were not designed to investigate near-surface structures in the
sediments, the cuestion of capability cannet be resolved without further
investigations, such as reprocessing, high-frequency surveys, drilling, etc.
If capable faulting is found, re-evaluation of the estimated maximum magnitude
earthquake at the site would be required.

Ground Motion at the Site

In response to question 361.17 from the Geosciences Branen of NRC, the
applicant has supplied a site dependent response spectrum for a magnitude

Mt = 6.1 earthquake occurring near the site by averaging the response spectra
computed from accelerograms recorded during earthquakes of magnitude

Mt = 6.1 + 0.3 within an approximate distance range of 0 to 25 km. The SSE,

design spectrum envelopes the statistical site-specific response spectra
except in the period range of 0.13 to 0.22 seconds. The SSE design spectra
provides a slightly improved envelope for the statistical site specific

response spectra when the spectra used are weighted such that their
contribution to the composite statistical spectra is equal to the probability
of a random event occurring at the distance from the site that the spectra

were recorded. Placing a magnitude ML = 6.1 earthquake at a distance of 15 km
from the site and using the attenuation curves in Campbell (1981), we
calculate a 84 percentile value of acceleration at 0.18 . As a further9

conservative measure, we assumed that a Mt = 6.1 earthquake might occur not at
a distance of 15 km from the site but might occur anywhere within a 15 km
radius of the site. We then weighted the accelerations with regard to

probability of the ML = 6.1 earthquake occurring at various distances from the
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site out to a radius of 25 im from the site. We found tne' average 84
- <

percer,tfle acceleration to be .28pr(using the acceleration attenustion curves
of Camp (ell (1981)). Using an acceleration of .28g as'a high frequency a'nchor
for the' S!E design spectrum allows the SSE spectrum to completely envelope all
of the :pectra used by t$e applicant in the development of a site specific
spectrum. However, a spectrum enveloping all of a number of 84 percentile

.'I%spectra is\ jtself more conservative than an 84 pe.rcentile estimate.
.
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DAVID B. SLEMMONS.
CONSULTING GEOLOGIST

2995 GOLDEN VALLEY ROAO RENO, NEVADA 89506 - (702) 972-8877

i

June 18, 1982

Dr. Pccert E. Jackson, Chief
Gecsciences Granch '

Division of Engineering
U.S. Nuclear Regulatcry Ccmmission
Washington, D. C. 20555

Dear Cr. Jacksen:

This letter rescends to your request of 'levem er 5, 1981 that I crecare S
incecencent assessment of geologic and seismologic data to determine feu.1
cacacility and earthquake parameters for the Washington Puolic Power Succly
System Nuclear Project No. 2. My review includes study of recerts, res:'nses
to questions, and other types of geological, gecchysical, seismological and
tectonic data en the regional relationshics and seismic design at the site.

Accended to this letter is the report entitled " Fault Caoability and Earth-
quake Parameters fer the Washingten Puolic Pcwer Succly System Nuclear Pcwer
Project No. 2."

Sincerely yours,

. !% - !
D. Surten Stemmens
Consul. ting Geologist
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1.0 INTRODUCTION

1.1 Purpose of Study

This study was initiated on November 6,1981 at the request of Dr. Rcbert E.
Jackson, Chief, Geosciences 3 ranch, Divisicn of Engineering, U. 5. Nuclear
Regulatory Commission. The study provides an indecencent assessment of maximum
credible earthquakes for capable faults near the Washington Public Pcwer Supply
5ystem Nuclear Project No. 2, at Hanferd, Washington. The recort reviews and
evaluates geological, seismological, and tectenic data and factors that may De
used to estimate maximum credible earthquakes and recurrence intervals affecting
the site.

1.2 Sccce of Werk

My report is based on the information summarized in the applicant's PSAR anc
FSAR for Nuclear Projects Nos. 1, 2 and 4, and review of publications en the
regicnal and local geological, seismological, and tectonic setting. My pre-
vicus work in the area included regional remote sensing analysis of the region
and aerial reccnnaissance of many of the major faults and folds of the area.

The remote sensing and aerial reccnnaissance work led to a summary report for
tne U.S. Corps of Engineers (Slemmens and O'Malley, 1979, revised in 1980),
wnich is entitled " Faults and Earthquake Hazard Evaluation of Five U.S. Corps
of Engineers Dams in Southeastern Wasningten". The Corps of Engineers study
included an extensive review cf published repcrts, evaluation of Lccal and
regicnal imagery, and aerial reconnaissance of major faults, folds, and
lineaments of the region.

The acrk for this repcrt included study of reports, responses to questions,
other types of geological, geophysical, seismological and tectonic data on the
regional relationshics and seismic design at the site.

1.3 Terminology and Abbreviations

For clarity and brevity of expression, the following terms are herein defined:

Active fault is a fault that has ruptured during the present seismotec--

tenic regime and is likely to have renewed displacement in the future.

Cacable fault is a fault which has exhibited one or more of the follcwing
enaracteristics (U.S. Nuclear Regulatory Commission, 1975):

"(1) Movement at or near the ground surface at least once within
the past 35,000 years er movement of a recurring nature
within the past 500,000 years.

(2) Macro-seismicity instrumentally determined with reccrds of
sufficient precision to demonstrate a direct relationship
with the fault.

.
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(3) A structural relationship to a capable fault according to
characteristics (1) and (2) er this paragraph such that
movement on one could be reasonably expected to be accom-
panied by movement on the other."

Nencacable fault is an inactive fault that does not exhibit any of the
cnaracteristics of tne U.S. Nuclear Regulatory Commissien (1975) cefinition
for a cacaole fault.

Maximum earthcuake or maximum credible earthcuake are defined for this
report as the strengest eartnquake inat is cetievec to Oe possible for an
active or capable fault, or, alternatively, for a site. These two terms are
used synonymcusly in this recort.

CLEW, er the Cle Elum-Wallula Lineament, is the mecerately nell excressed
tecograpnic, and, at least partly, structural feature inat extencs cetween Cle
Elum on the north, and the scuthern terminaticn of the Wallula fault, with a
total length of abcut 240 km.

CAW, or Rattlesnake-Wallula Alicnment is the scuthern part of CLEW, and
extencs from Rattlesnake Mitts-umranum Ricge to the southern terminaticn of
the dallula fault, with a total length of between 115 and 140 km ( fig.1).

WCC is an abbreviation for Wecdward-Clyde Censultants.

APPSS is an abbreviaticn for Washingten Pu0lic Power Supply System.

2.0 $EISMCLCGIC SETTING

2.1 General Statement

The Columola Plateau and adjoining provinces are within a region of low seismic
energy release (Ryall and others, 1965) and scattered, Lew magnitude earth-
quakes ($mith, 1978). There is no cattern or correlation between the geologic
structures, faults and folds, and the earthquake epicentral locations or swarm
distributions. Both CLEW and RAW have a lack of historic seismicity. The
regional seismographic coverage is better in the Columcia Plateau than for
most other parts of western United States, and detection levels in recent
years have been expanded down to about magnitude I cr 2.

2.2 Seismicity

The lack of correlaticn between zones or patterns of seismicity and regional
geologic structures is suggested in recent seismicity maps (WPPSS, PSAR, Amend-
ment No. 23, Figure 2.5J-3, 1977) . The strongest earthquake within the Columbia
Plateau was the July 15, 1936 earthquake near Milton-Freewater, Oregen, with a
MS = 5.75 (Gutenberg and Richter, 1954). This earthquake appears to be the only
mcderate size historic earthquake that may be associated with major faults in or
near the Columola Plateau. This earthquake was near the scuth end of the RAW
:ene and the complex pattern of faults of the Hite fault system. The available
data do not resolve assignment of this earthquake to the RAW alignment (scuthern

.- .
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portion of CLEW), the system of faults in the weste.n portion of the Hite fault
* zone (Glass, 1977) or an undefined structure.

Most of the recorded earthquakes in the Columbia Plateau have shallow focal
deoths (up to 30 km) and some pattern of seasonal seismicity that may be con-
trolled by precipitation or irrigation in mid-summer and winter seasons. Some
of these small earthquakes are not in areas of heavy irrigation, or occur during
other seascns. The fccal mechanisms for earthqua.kes of this region are known
for only a few events and sucpert a general north-scuth comoression axis (WPPS$,
FSAR, Acpendix 2.5J, 1981a).

3.0 TECTCNIC SETTING

3.1 Structural Setting

This region has been the focus of many geological, geconysical, seismological,
I and tectonic studies for a variety of public and private organizations. These

incluce extensive studies by WFPS5, Puget Scund Power and Light Company, the
U.S. Geological Survey, Rockwell international, several universities and many
consulting firms.

These varicus studies suggest the ceformatien may incluce extensive, thin-
skinned type- of folding, with varicus combinations of faulting, including
strike-slip and reverse-slip mechanisms. The tectonics of these structures
have not been resolved, as has been summarized by WCC (in WFP55, FSAR, Accendix
2.5K, 1981a). The main rene of ceformation, CLEW and/or RAW, can be exclained
by either a right-lateral, strike-slip model (Laubscher, in WPPSS, FSAR, Appen-
dix 1.5-0, 1981 , and Davis in WPPSS, Appendix 2.5N, 1981 ) or by a fold mocel
with north-scuth crustal shortening required withcut a through-going strike-slip

.

fault system (Price, 1981; Rockwell Hanford Operations, 1979). Octh of these
{medels are censidered by the author to be viaole alternatives explaining the

tectonic process of this region.

The reguien appears to have no active fault connections to the acrth. There
does acpear to be possible connections southward into the Sasin and Range
Province of Oregon, but such connections appear to be at least partly diffuse.
The kncwn major structures, such as the graben at Grande Rende Valley, have
very (cw rates of activity and appear to be in a waning stage of tectonic
deformation.

3.2 Timing and Rate of Ceformation

The apclicant has established several lines of evidence that suggest the main
regional deformation occurred during the Miocene and Pliocene. The more in-
tense deformation occurred af ter Elephant Mcuntain deposition (10.5 mybp) with
the mest intense ceformation about 8 mybe to 3.5 myco. The evicence for
continued late Quaternary faulting is based on features that are generally
suggestive or non-cefinitive. This evidence inciuces the possible assignment'

of earthquake epicenters to the southern pcrtion of RAW, gecmcrphic evidence
for recent fault activity southeast of Wallula Gao, and permissive evidence
for Pleistocene fault activity near Finley Guarry, Yellecit, and Warm Springs

_
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(Slemmons and O'Malley, 1980). Geodetic data indicate that deformation in the
area has either stopped or is continuing at a low rate (Savage and others, 1981).
My observations include the weakly-active Grande Ronde Valley, with only one
short fault segment with evidence for late Quaternary offset of a calcium car-
benate bearing soil, of probably pre-Wisconsin age (pre-70,000 bp, Stemmons and
O'MalLey, 1980).

3.3 Assessment of Structural Setting

My assessment is similar to that of the acclicant and censultants to the appli-
cant. The evidence indicates that CLEW is either an older Tertiary structure
er is a ceeper structure that currently has no shatlow activity or capability
as a shalLcw fault zone. RAW is assessed as an active structure in the WatLula
fault :ene and the structure should be assumed to be capable alcng the northern
part cf RAW. The acclicant and censultants to the acclicant differ in coinien
as to unether RAW is a rignt-slip fault cne (WPPSS, F5AR, Appendicas, 2.5,
2.5N, and 2.5-0, 1981a) er is a reverse-colique-slip or reverse-slip fault
zone (WFPSS, FSAR, Appendix 2.5K,198 ta ). I consider both as viable theories,
but favor a rignt-cblique-slip fault zone for RAW, with a very Lcw rate of
activity during the late Guaternary.

This report uses three models for RAW:

(1) The strike-slip mocel and a 7.5 to 20 km tectenic rooting of
the fault into the basement with a Lcw to moderate seismogenic
character.

(2) The reverse-slip or right-cbligue-slip model and a 7.5 to 20'km
tectonic rooting of the fault into the basement with a lcw to
moderate seismogenic character, and

(3) The detachment faulting model for the bracnydomes with a non-
seismogenic, or weakly seismcgenic character.

4.0 CETE:MINATICN OF MAXIMUM CREDIBLE EARTHCUAKE MAGNITUCE

4.1 General Statement

The following five methods may be used to estimate maximum earthquakes for
capaole faults and fault zones:

(1) Maximum historic egrthquake method
(2) Paleeseismicity methed

~

(3) Fractional fault rupture length method
(4) Total fault length method

; (5) Fault slip rate method

Metheds (1), (2) and (3) have been used for assessing alL types of faults:
strike-slip, reverse-slip, normal-slip, and combination-stip ($lemmens 1982,
1983; $lemmens and Chung, 1982; Stemmens and others, 1982). These methods
use the relaticns of earthquake magnitude to fault parameters shown in Tables

i

- /

s.~ - - - .n., n. -a .e ... .e



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

eo
'

.
. .

.

5

t

1 to 4 and Figures 2 to 7. Methods (4) and (5) have only been used for strike-
slip faults (5Lemmens, 1982, 1983) and use the relationships shown in Table 5
and Figs. 8 and 9. Their applicability to reverse, and reverse-cblique faults
is uncertain. The data base for use with these methods wil; be presented in
this section with indications of limitations in applicability for various slip
type, slip-rate and structural settings.

4.2 Maximum Histcric Earthquake Method

The maximum nistoric earthquake method assumes that the largest historical
earthquake on a fault, along a fault segment, or in a seismic zone er regien,
is the maximum credible earthquake for the structure or area. This method
provides reascnable values for those structures with a high magnitude histcr-
ical event, for faults with very nign slip or strain rates, for regions with
very lcng histcrical and seismological records, and for a few fortuitcus cases
wnere the ocservational record includes the enaracteristic or representative
earthquake of an earthquake cycle. Many earthquakes that have magnitudes of
mere than 6.5 and associated surface faulting may either be maximum events or
a: preach the maximum earthquake magnitudes, but many, pernaos mcst, do not.
This method aculd be ideal for structures with very long cbservational periods,
exceeding the recurrence interval for the fault (whicn may exceed 100,000 years
for faults with low slip rates). This is generally not the case, so the methed
has limited applications in most regicns of active faulting, and is inaporopriate
fcr the low slip-rate faults in the Columbia Plateau.

4.3 Paleeseismicity Metned

This method was develoced by Wallace (1973) for normal-slip faults of the
central Nevada regicn of the Basin and Range Province. By photogeological and
field methods, fault scarps are mapped, and the rupture length an.d maximum dis-
placement from prehistoric eartnquakes are determined. Using seismic moment and
the emoirical regressiens for earthquake magnitude, maximum surface displacement,
and associated surface faulting rupture length, the magnitude of the paleeseismic
events is estimated. The advantage of this method is when the recurrence inter-
val is greater than the historic record. This method has been applied to all
fault slip-types and is applicable in areas where fault scarps are preserved,
or where abundant soil-stratigraphic and stratigraphic data are available, but
is inacprepriate for the Columbia Plateau, where data is lacking, except Gable
Mountain.

! 4.4 Fractional Fault Rupture Length Method

This method was proposed by Albee and Smith (1966) for faults of the southern
California regicn. They noted that surface faulting from larger earthquakes
in the area ruptured between one-fifth and one-half of the known macped length
of the faults af fected. This method has been widely accepted and used with
varicus fractional rupture lengths, depending en the degree of conservatism
required. This method apolies to all fault slip types, although the original
acplication was fcr a regien of mainly strike-slip faulting.
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Stemmons (1982), Slemmens and Chung (1982), and Stemmons and others (1982)
refined the method for strike-slip faults by tabulating and regressing the
relations for 9 striko-slip faults that were sources for earthquakes of above
6 magnitude. These data are revised and shown in Table 5 and Figure 8. This
method is appropriate for models of strike-slip faulting in the Columbia
Plateau. The applicability to reverse-slip ce reverse-oblique-slip models,
based on the original acrk of Albee and Smith (1966), is less secure, but
may be apprceriate.

4.5 Total Fault length Methcd

The data of Stemmons (1982, 1983), Stemmens and Chung (1982), and $lemmens and
others (1982) for the 9 strike-slip faults with earthquakes of above 6 magni-
tude, as revised in Table 5 and Figure 9, suggest a relatiensnio between
earthquake magnitude and the total fault length of strike-slip faults. The
data are for faults with slip rates that are generally measured at more than
i mm/yr, and with total lengths greater than 280 km. The acolication to other
fault-types, to faults with total lengths less than about 100 to 200 km, or to
lower slip rates shculd be used with caution, but may be applicable in the
Columcia Plateau.

4.6 Fault Slio Rate Methed

This method originally was prcDesed by Woccward-Clyde Consultants for the San
Onofre decxet in 1979 and nas refined by the WCC (1980a) rescense to questien
361.38 ( fig. 10). No cata are used fer slip rates less than 0.1 mm/yr and cnly
two data points are availaole for slip rates less than 1 mm/yr, but the method
may be acplicable to the (cw-slip rate structures in the Columbia Plateau. The
data may be checked by use of Table 1 and Figure 11.

5.0 FAULT SEC+ENTATION

The precability that faults are segmented is shcwn by the basic assumptions and
methecs of WCC (1982b) report for WPPSS NRP No. 2.

The theory that potential surface fault ruptures occur along specific segments
or sections of faults is not well develcped. There is a tendency for many
historical surface ruptures to terminate at the intersection with cross-cutting
faults, at the junction of two brancning faults, at irregularities of surface
pattern, at points of en echelen step overs, and at gecphysical, geometrical or
thermal anomalies in pattern. Termination may be related to asperities on a
fault plane, althcugh many large earthquakes are multiple earthquakes that are
thought to occur when rupturing breaks through an asperity, perhaps with a
pause or change in the character or rate of the rupturing process.

The use of changes in fold relations for segmentation, sucn as en echelon or
chain of folds, may be unwarranted. These features are likely to be secondary
to the primary rupture process as shcwn in the limited amount of possible
faulting from the 1933 Long Seacn earthquake (Guptill and Heath, 1981), and
the accarent lack of correlation of the 30 km of aftershocks with the kncwn
distribution of wrench fault anticlines (Woodward-Clyde Consultants,1979).

_ _ _ .
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The seismological and geological aspects of the surface faulting associated
with strike-slip faults are Limited in present applications. The best set of
definitions and discussion is by Woodward Clyde Consultants (1982c). The pre-
sent weak data are provided by the above reference, SegaLL and Pollard (1980),
Bakun and others (1980), Reasenberg and ELLsworth (in press) and other workers.

The question of the use of the full segment length, or a fractional segment
length when determining magnituce values has not been resolved. The use of
full segment lengths in formulations of Table 5 and Figure 9 is mere conser-
vative, but there is no known rationale for the assignment of a potential full
segment rupture length, a half segment length, or some smaller fractional length.
The use of one-half length is customary for analyses, but there is no presently
available justification for this use. More than a full segment length appears
to have been involved curing th,e 1857 rignt-stip event on the San Andreas, with
incensistent amounts of displacement noted on several sections of the San
Ancreas and the possible inducing of the earthquake by prior movement near
Parkfield and/or Cholame by a lower magnitude earthquake and movement on a
different segment. This makes the use of segments a difficult process for'

the San Andreas fault.

The data of Table 5 and Figure 3 suggest that major, strike-slip movement in-
vcLves an average segmentation of less than 20 percent of the entire fault
length for strike-slip faults of less than 300 km tength, to almcst 40 percent
of the total fault length for faults of abcut 1300 km length. This agrees welL
with an eart ier data compilation (Slemmens,1980). Less is kncwn for faults of
mince character, for lengths of less than 300 km, and for faults of normal-slip,
reverse-slip cr comoinatien-slip :haracter. The application of these segmenta-
tien methods is uncertain for the RAW structure of about 120 km length.

The folLewing comments should be made for faults of different character than ;

the strike-slip faults that are summarized in Tacle 5 and Figures S and 9.

(1) The normal-slip to normal-cblique-slip faults of 1954 faulting
in Nevada affect several faults across the grain of several
horsts and grabens with uncertain segmentation. Apparently
several segments were involved in the rupture process.

(2) Segmentation of the reverse-slip fault responsible for the
1952 Catifornia event is uncertain, although it appears that
about one-third of the total fault length was affected by the
earthquake of about Ms = 7.6.

(3) The segmentation of the 1971 reverse-slip and reverse-oblique-
slip faulting in the Transverse ranges of California was over
about 15 km of a zone that is between 120 and 210 km leng.
This is less than 12.5 percent fractional rupture length for

the entire fault zone.
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6.0 SEISMIC POTENTI AL AND FAULT RUPTURE PARAMETERS OF CAPASLE AND INFERRED
CAPABLE FAULTS

6.1 General Statement

This report describes evidence for, or suggestive of, capability for each of
the major fault :enes that could affect WPPSS Nuclear Power Project No. 2 and
recommencs maximum credible deterministic magnitudes for the site. Use of any
single method of estimation has important uncertainties but the everall eval-
uatico provides values that are believed to be conservatively obtained and
reasonacle. The determination of the maximum credible magnitude is considered
to be accurate within one or two tenths of a magnitude and be conservatively
estactished.

6.2 CLEW, the Cle Elum-Wallula Lineament

The CLEW Lineament appeared to be capable for the 115 to 120 km segment along
the southern part (RAW) and was poorly defined and considered noncapable in the
northern 120 km from Cle Elum to the north end of RAW. The evidence for capa-
bility, er inferred capability, of all parts of this :cne includes the
follcwing:

(1) The original evaluation of OWL, the Olymoic Wallula Lineament, of
E. Raisz (1945), indicates that a tcpegraphic lineament between the
Olympic Mountains en the northeast and along the Blue Mountains to
tne scutheast may be a continuous feature.

(2) The Wenas '/ alley features are shewn as faults en the maos of Glass
(1977) and have possible Holocene fault scares from normal faulting
along the northwest-trending structures that are coincident with
CLEW.

(3) The northern termination of the eastern Moxee Valley fault accears
to be a left-slip fault that terminates against CLEW and is parallel
to the capable-appearing structures of the northwestern zone of
fissuring.

(4) CLEW is parallel to, and coincident with, offsets of the Hite fault
and youthful, small-scale faults such as the features at Burcker,
offsets of the Ringold Formation gravels (Feundation Sciences,
Inc., 1980; Keinte and others, 1977) at various locations between
Finley Quarry and the Hite fault system.

(5) The capability of the Hite fault system is uncertain. The seis-
micity report of WCC (1980b) suggests that the 1936 earthquake
was en a fault of the Hite fault system. The work of Fcundation
Sciences Associates (1980) suggest that this fault zone may be
dead or ncncapable and that the RAW :ene may be younger.

(6) There is uncertainty regarding (ccaticn cf the 1936 earthquake
and its aftershocks with the main shock being either on RAW cr
cessibly on er near faults of the Hite fault system.
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The original evidence against the first three factors includes the folLowing:

(1) Topographic features of the Oregon-Washington Lineament (0WL)
structure are not shown as conspicuous features on the recent
1:24,000 scale maps and do not show evidence for capability
(Glass and Stemmons, 1978; Slemmens, 1977). Aerial examination
and reconnaissance was conducted with fixed wing aircraft and
heliccpter along the general trend of CWL near Cle Elum, to the
northwest in the Cascade range, en the projection of CWL within
the Blue Mountains, and to the southeast on the CWL trend. This
aerial reconnaissance showed no evidence for activity and geo-
morphic expression southeast of the Hite fault system.

(2) The Wenas Valley faults shewn en the maos of Glass (1977) were
interpreted by him to be certhwest-trending faults of 25 km
length that acceared to have normal-slip scarps of late Cuater-
nary to McLocene age. Scarps up to 14 to 2 m in height develcped
in late Pleistocene to Holocene materials or surfaces, with the
most conspicucus development coposite the gravity slides. The
extension direction sugcested by the scarps is not compatible
with the acparent compression of most of the fault plane solu-
tions, by the geodetic data, and the crientation of folds in
the area. The general location of the scarps, the results of
the photo interpretation, and the field study of scarps is des-
cribed by Woodward-Clyde Consultants (field guice of April 13,
1982). Based on bcth field and aerial pnctograpn interpretatien,
their conclusions are that (a) the scarps are probacly the result
of landsliding of the Etlensburg Formatien, and (b) anomalous, or
changed tectonic activity is not precluded for the less than
10 km length of the zone.

(3) The Moxee feature is interpreted by Glass (1977) as a possible
Holocene scarp, based on photogeological interpretation and
aerial reconnaissance, with a western branch of possible
gravitational-spreading origin, about 20 km in length, and
an eastern left-slip branch of about 25 km length. This fault
was evaluated oy Woodward-Clyde Consultants ( field trip guide,
April 13, 1982) by both field and photogeological methods.
Their interpretation is that the western zone is formed mainly
by conjugate joint sets with no evidence for Holocene or Pleis-
tocene activity. They further conclude that the eastern branch
of Mcxee Valley fault is about 10 km in length and represents a
fault of minor right-slip faulting of mainly Miccene age. They
observed no definitive or suggestive evidence for Holocene or
Pleistecene activity. Their interpretation is for up to 60 m
of vertical separation and abcut 300 m of rignt-lateral separa-
tion of Miocene er earlier age.

I spent one day in the field and studied three sets of aerial photograchs of
the site (including syncotic U-2 black and white area photographs of the
entire regien, detailed ektachrome aerial photograchs of most of the area*
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at a moderate scale, and excellent tow-sun angle black and white aerlat photo-
graphs at a scale of about 1:18,000). I conclude that the scarp is controlled<

by gravitational effects. The folLewing evidence leads me to these conclusions:
(1) the most conspicuous development of scarps is within the moderately to
steeply dipping beds, (2) the scarps are only developed opposite the landslide
area, and (3) there is an anomalous relation between the earthquake magnitude
based on the maximum displacement, Ms = 6.67 + 0.75 Log 2 = 6.90, and that
based en rupture length of paleoseismic events, Ms = 0.35 - 1.33 Leg 9,000 =
6.11, or an average Ms = 6.5. This is assigned a low prcbability of being a
paleeseismic event and is not believed by me to define CLEW.

My conclusions are as follows:

(1) The lineaments of the western branch of Mcxee Valley are joint-
and fault-centrclled and there is no evidence for ca ability.

(2) The Lineaments of the eastern branch of the Moxes Valley fault
system are controlled by basement faults with mainly strike-slip
offset, and there is no evidence for cacability.

(3) No evicence for patecseismic events is inferred en either branch
of the Mcxee Valley zones by Woocward-Clyde Consultants (WCC,
1982a)and there is no evidence for activity estactished by my
photegeolcgical work.

(4) The evidence of Davis (1977 and 1951) snews that if the nortnern
CLEW exists it is a deep structure with no apparent activity.
The lack of shallow activity is indicated by the lack of seis-
micity, the lack of geological centinuity, the crientation of
folds across the inferred lineament, and the lack of gecphy-
sical continuity of the structure (based on gravity ano
aeromagnetic data).

(5) The gravity residuals and their derivative values are not
j offset horizontally by the CLEW feature.

6.3 RAW, the Rattlesnake-WatLula Alignment

6.3.1 C-eneral Statement

The RAW aligt. ment is the NW - SE trending structural zone that extends from
the area near the northeastern bend of Rattlesnake HILLS, a series of brachy-
domes of the WalLula fault rene (or CLEW zone, 5Lemmens and O'MalLey, 1980),
to near the southeast end of Wallula fault zone near truncating faults of the
Hite fault system in the Milton-Freewater area.

The escarpments near the 900 ft elevation on the northeast slope of Rattlesnake
Hilts aopeared to be active er capable fault scarps of post-Touchet age (figs.

12 and 13). These lineaments were observed from the air during Cececcer, 1981
and during a field trip of Acril 12, 1982. However, inscection of their
features and the trenen Logs of WCC (April 12, 1982) showed that there is
no tectonic ceformation of the Touchet sediments.

l
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The seismicity of RAW is low and ill-defined. Because of the low seismic rate
of activity there is disagreement regarding the continuity, fault slip rate,
recurrence interval, fault slip type, segmentation, total surface length of
the seismogenic structure, and the maximum credible earthquake for the zone.
Following is a review of these parameters with comments and recommendations
regarding the requ. ired deterministic analyses for this structure.

6.3.2 Fault Continuity

The RAW structure is divided into sections (or segments) according to interpre-
tations of its relationships to adjoining features. There is little definitive
evidence provided by the seismological studies, since there is little seismic
activity asscciated with the zone, poor definition of the zone, and no consis-
tent pattern of fccal mechanisms. A 1936 earthquake of between vs = 5.75
(Gutencerg and Richter, 1945) and ML = 6.1 (Wecdward-Clyde Consultants, 1977,
1982b) has its epicenter near er en RAW, but the exact location of the epi-
center has been assigned to varicus locations between Milton-Freewater, Oregen,
the area of the junction of RAW and the nearest faults of the northeasterly
Hite fault system, and the Hite fault system near Waitsburg, Washington.

Gravity data shcw little definition of the structure, except for a weak
depression of the Pasco Sasin (Westen Gecchysical Research, Inc., Octccer,
1977, in Appendix 2R E of the FSAR, 1981). There is no noticeable strike-slip
of fset of gravity defined features along RAW. The aeromagnetic definition of
the structure is also ambigucus, with anomalies generally resulting from tcpc-
graphic features, paleccagnetic reversals in the basaltic stratigrapny, and the
distributicn of local faults and dikes. The pattern changes from northwest of
Wallula Gao, with well-defined brachydeces, to the southeast with possible
dikes and en ecnelen faults of the Milton-Freewater area and the Hite fault
system. The definiticn of a structure and its centinuity along a narrow :ene
from the northern end of Rattlesnake Hills to Milton-Freewater is a judgemental
assessment, but the geologic implicatiens and the possible segmentation of this
structure are debatable at this time.

The length of this feature is from the northeast corner of Rattlesnake Hills to
a point south of Milton-Freewater. 115 km is used by the applicant (Woodward-
Clyde Censultants, 19816) and 120 km by the U.S. Nuclear Regulatory Commission.
The latter length will be used for this comcutation, although the results from
either value are very similar. The only similar deterministic analogs are
calculated for the Offshore Zone of Ceformatien and other faults near the San
Onofre Nuclear Reacter Site and the Calaveras and Hayward fault zones (Slemmons
1982, 1983) and are for major active faults at major active plate boundaries
with slip rates that are above 0.5 mm/yr. Accordingly, the results of this
evaluation of maximum credible earthquake for lengths of 115 and 120 km are
censidered to be very conservative based on the shorter length and the lcwer
slip rate of RAW and the internal tectonic nature of this zone. Based on the
data for Table 5, the follcwing linear regression is cbtained for the total.

fault length method, which assumes activity along the entire :cne of 115 to
120 km length and assumes the method will acoly to faults of less than 230 km
length: for the maximum credible earthquake:

Ms = 6.618 - 0.0012 x L (in km) = 6.78 for both lengths (115 km and 120 km).

- . . . . - , - . , - . - - -
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The results of this evaluation lead to the following:

(1) The length used for the RAW zone may be excessive at 115 to
120 km.

(2) The structure may not be seismogenic. The lineaments of the
900 ft elevation of Rattlesnake HILLS are not of tectenic
origin ( figs.12 and 13).

(3) The relations may be difficult to accly due to reverse-cblique
rather than mainly strike-slip character.

(4) The faults of the RAW zone are intraplate in character, rather
than at or near a major earth plate councary.

(5) The accarent rate of slip of RAW is less than 0.2 mm/yr and the
equation is developed from fautts of acove 0.5 mm/yr st is rate.

(6) The equation is developed from the 9 fautts in the world that
had highest magnitudes.

(7) The minimum value for a fault of 0 Length, a " floating" or
earthquake of random location, is 6.62, a value that acpears

~

to be too high.

The above results are regarded by me to ce overly conservative and lead to a
magnitude value which may be too high.

For a fractional segmentation using the methods of Stemmens and Chung (1982),
! the data for strike-slip faults leads to the follcwing estimate of rupture:

Pr (Percentage of fault rupture) 15.76 + 0.012 x L (in km) = 17.2% of=

total length for the 120 km length estimate of RAW, or about 20 km
! rupture length.

This appears to be similar to the result of about 15 km segments cbtained by
Tem RockwelL (written communication, 1982) for the 120 km (Length of the Sierra
Madre-Cucamonga fault Zone of California, a zone of similar compressive tec-
tonic activity. For 15 km segments the fault zone provides the follcwing
estimates of magnitude, using Linear regression relationsnips of Stemmons

i and others (1982).
,

Ms = 1.404 + 1.169 Log L (in m) 6.29 for 15 km rupture length=

(strike-slip faults).

Ms = 1.199 + 1.271 Log L (in m) = 6.51 for 15 km rupture length
( reverse-cblique-slip faults).

For 20 km segments of the fault zone, the fotLewing are the estimates of
i magnitude:

Ms = 1.404 + 1.169 Log L (in m) = 6.43 ( for strike-slip faults).

|

!
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Ms = 1.199 + 1.271 Log L (in m) = 6.68 ( for reverse-oblique-slip
faults).

6.3.3 Fault Slip Rate

The data for RAW have been summarized by the acoticant ('aPPSS,1977; 1981)
assuming a N-S compression based on the models of Sentley and others (1980)
and Laubsener (1931). The lack of strike-slip of fsets of the gravity L ines,
with less than 3 km of offset being discernable, provides an upper beund value
for prceable estimates of the strike-slip offset. Wcodward-Clyde Censultants
(1982d) have estimated an upper beund value of 0.2 mm/yr for RAW. This value
appears greater than that of Slemmons and O'MalLey (1980) assuming an age of
123,000 years and a dip of 60*W for the fault in La Grande gracen, althougn
tne continuity for a connection between the La Grance gracen and RAW is not
estaclished. The value from the La Grande gracen gives accut 0.014 mm/yr
slip rate. With strike-slip models for RAW, and using the fault slip rate
data of Woodward-Clyde Consultants (1979 and 1980a) the best fit of the data
for a fault slip rate on strike-slip faults of 0.1 mm/yr is Ms = 5.3 from
the Line bounding the maximum cbserved historical earthquakes (HEL) or abcut
Ms = 6.1 for the synthetic earthquake limit (SEL) and accut Ms = 5.3 and 6.4,
respectively, for a slip rate of 0.2 mm/yr. Similar relationships have not
been established for reverse-cclique or reverse-slip faults.

6.3.4 Recurrence Interval

The recurrence interval, or time between smalL to moderate earthquakes is very
Long. There is scarse evidence for Holocene surface offsets in any part of

'

the RAW alignment. The evidence from Finley Cuarry and the Warm Sorings
trenches of the Wallula fault suggests that there nas been no significant

,

displacement fer a period from 70,000 to 200,000 years. The writer macs an ,

estimate of the activity based on the assumption of earthquakes along RAW
with a recurrence interval of slightly greater than 13,000 years, and one-
fifth surface rupture length, which suggests an average recurrence interval
of at l' east 50,000 years. This is based on the relationships of Figure 11
that a magnitude 6.5 earthquake with an average slip rate of Less than 0.01
(0.014) mm/yr, which is very Lew and similar to that of the La Grande gracen.
This suggests that the average recurrence intervat is at least between 10,000
and 100,000 years for Ms = 6.5 events. This correscends to an 0.8 m surface
offset and surface rupture length of 20 km. Accordingly, the value of the
maximum credible earthquake of Ms = 6.5 appears to be censervative.

6.3.5 Fault Slip Type

The fault-slip type of RAW is not clearly established, but the definition of
slip-type has evolved from curely strike-slip (right-slio) fault mechanisms
prccesed in most of the earlier discussions of tectonics or mechanisms (Davis,

| 1977; Laubscher, 1977, 1981) to increased emphasis en right-cblique or
reverse-slin mechanisms in recent pubticaticns (Davis, 1981, Wcodward-Clyde
Censultants, 19816). The seismological data are erratic, althcugh there is
a tendency for a general north-scuth ccmoression axis, particularly ever the

| plateau region. The orientation of the CLEW-RAW structure is about N 60*E,

i
i
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which suggests that the main fault zone may include right-cblique-slip compo-
nents, although as noted, there is less than 3 km right-slip separation at the
northeast end of Rattlesnake Mountains as indicated by the gravity gradients.
The amount of monoclinal separation is smalL, as evidenced in the area to the
northwest of Richland, at the Yakima crossing of the Cold Creek lineament, but
increases to the scutheast along the WalLula fault zone, where a Lcw monocline
forms the northern boundary alcng the northern edge of Horse Heaven Hills.
This relationship is shewn by the neak develcoment of the Pasco Sasin as is
indicated oy the gravity map and by cross sections (Rockwell Hanford Operations,
1979). The Warm Springs and Finley Cuar ry trencnes (Wocdward-Clyde Censultants,
1981a) have many fault striations that include norizontal er colique-slip crien-
tations, whicn may indicate combinations of strike-slip, colique-slip, and
either normal- cr reverse-slip ecmcenents. This issue has not been resolved
and both rignt-slip and right-reverse-cbliqce-slip =cdels are considered for
the 9AW structure.

6.3.6 Segmentation

The prcblem of segmentation of RAW, particularly northwest of Wat Lula Gap, is
present in the record. If either earthquake magnitude or moment magnitude is
used to estimate the size of potential earthquakes for RAW, the most important
element of analysis is the segmentation that should be used for RAW. Excerience
with wrench fault tectenics (summarized in Woodwarc-Clyde Censultants, 1979 and
1980 fcr the Newport-inglewood zone of earthquakes in 1933). The present record
does not indicate that the surficial or seccndary antictines have much effect on
the primary faulting and aftershock activity. For wrench fault tectonics, and
a purely strike-slip mcdel, it would appear that the distribution of brachydomes
neuld nave Little effect on the analysis of earthquake segmentation alcng RAW.
Ccnversely, if reverse-colique, er reverse mechanisms apply to RAW, then the
distributien of the nearly parallel crientaticn of axes of brachydomes may have
a primary centrol that could affect the segmentation of the zone. With the
latter case, the general assumptions of the appticant's case and the Wecdward-
Clyde Censultants (1981b) analysis is a reasonable interpretation and the results
of the.WCC exposure analysis are generally valid. This type of analysis is:

| difficult to apply to RAW and the present data do not clearly resolve the size
of strike-slip components at the structure. This creates difficulty in verify-
ing the amount of segmentation proposed by the applicant and in using atL aspects
of the seismic exposure study. However, the encirical data from plate boundary
faults of strike-slip zones suggest that some type of segmentation applies and
it is likely that the segmentation of structures of 120 km length should have
segments of accut 20 km in length. With the present data, I belleve that there

j is no segmentation process that can be used directly or quantitatively using
| either moment magnitudes er earthquake magnitudes.

6.4 Wallula Fault
,

|

| The Wallula fault is in the scuthern secticn of RAW and is considered to be
i capable by evidence described in Section 5.3. This fault zone has gecmcrphic
! evidence for a fault crigin and for cacability. The maximum earthquake was
! estimated by 5Lemmons and O'MalLey (1980) at Ms = 6.3 to 6.3. This estimate

was based on aerial reconnaissance of the en echelen branches of the WatLula
fault, the scarps alcng Warm $prings Canycn, Lineaments in Vansycle Canyon,

!
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faceted spurs near Wallula Gap, and the permissive evidence for activity during
the late Pleistecene at Yellepit. The evidence obtained during Decemoer 1981,
reconfirmed my earlier impression, by showing suggestive evidence for capabi-
lity at Vansycle Canyon (fig.13), near Warm Springs Valley (figs. 14 and 15),
and at the escarpment 3 miles south of Umapine, Oregon (fig.16), although the
evidence is not definitive (WCC, 1981 and WPPSS, 1981). This magnitude value
is based on a fault half-length of 40 km in a segment between. the area scuth
of Umapine to Yellepit.

The maximum credible earthquakes for this paper are estimated from the total
fault length, for a fault slip estimated at 0.1 mm/yr, and for a fractional
fault percentage. The estimates of maximum credible earthquakes for the
Wallula fault are as follows:

Ms = 6.618 + 0.0012 x L = 6.76 based en fault length of 120 km, which
may be overty conservative,

Ms = 5.3 for the HEL cr 6.1 for the SEL of WCC (1980),

Ms = 1.404 + 1.169 log L (in m) = 6.35 for a strike-slip mecnanism,

Ms = 1.199 + 1.271 Leg L (in m) = 6.69 for reverse-colique-slip mechanism.

The fault is cacable between Wallula Gao and near Milton-Freewater, anc the
maximum credible earthquake is Ms = 6. to 6.5. For conversatism, this earth-
;uake value is assumed to be representative of all of the RAW alignment,
including the northern part of RAW as well as the suggested activity shown
in Figures 14, 15, and 16,

6.5 Cold Creek and Kennewick Lineaments

The Cold Creek and Kennewick lineaments were studied by the author from aerial
reconnaissance flights, field study, diamond drill cores, and evaluation of
recorts for WPPSS. Aerial recennaissance indicated that the Cold Creek and
Kennewick lineaments appeared to be separate and the latter is more active
in appearance. Field study of the two features indicates that the Cold Creek
lineament showed no offset of basaltic units along the Yakima River and from
the drill cores at the bridge across the Columcia River northeast of Richland.
The field relations and the report of WPPSS in the FSAR, Acpendix 18 (1981)
indicate that the feature may be centrolled by deposition and erosien curing

; the Missoula flecds.
!
'

The geologic studies by WCC of the Kennewick lineament (WPPSS, FSAR, Accendix
18, 1981) show that there is less than 100 feet of offset across the Kennewick
lineament. Ceposits en the scuth of the lineament are old with extensive

{ caliche and underlie pre-Missoula deposits. They show no sign of tectenic
deformation at the lineament. Althougn this feature is geomorphically sharp,'

controls the distribution of scrings, and is parallel to RAW, it is considered
to be an erosional feature of the Misscula flood. I conclude that the Cold
Creek and Kennwick lineaments are deccsitional - ercsicnal effects of the
Misscuta fleed. These features are of non-tectenic crigin and are not
assigned a maximum credible earthquake value,

i
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6.6 Central Fault of Gable Mountain

The Central Fault of Gable Mountain was examined in the field. Evidence for
capability includes a 340 m near surface rupture length with a maximum offset
of abcut 0.06 m in deposits of the Missoula flood. The estimated age of these
Pleistocene decosits is 13,000 to 19,000 years before present. There are clas-
tic intrusions in dikes within the flood deposits as welL as along the fault
clane in surficial deccsits and into the bedrock. It is possible that the
fault is a nonseismogenic feature that occurred at the time of the flecd by
relief of residual stress. The faulting may be a surficial expression of
flexural slip and may be a nonseismogenic type related to folding a.nd flex-
ural-slip (Yeates and others, 1981). The ret ief of sLcwly accumulating
tectenic stress cannot be precluded, however, and the structure is assigned
a cacaole classification. The structure is assigned a Length that is related
to tne width of the Gacle Mountain anticline. There is no direct evidence for
the depth of the structure, but the primary structure appears to be detacnment
frcm the basement and plastic deformation of the upper crust. Since there is
no evidence for activity en the faults of the southern side of the anticline
and the depth to the basement rocks is cor.sidered to be several kilometers,
the smaLL earthquakes Listed in Table 6 are considered to be apprcpriate for
the evaluation of the fault zone. The results of the analysis are cnly partly
appropriate by means of the estimation of magnitudes and a proper analysis
snculd use seismic mcment magnitude values. The average strain rate accears
to have a maximum value that is near 0.06 meters for ever 13,000 years.
Accordingly, the maximum strain rate is abcut 0.005 mm/yr. The maximum
credible earthquake is Lew and falls near er cetow the cutoff magnitude of
Ms = 5.5 at the data for the lower limit of Taoles 1 to 4 and Figures 2, 3,
6, 7 and 11. The seismic moment magnitude value wculd be similar to the
surface magnitude value.

6.7 Southeast Anticline Fault

The fault near the southeast side of the Southeast Anticline is explored only
by drill holes. I have examined the drill core from alL but cne drill hcLe and
examined the drill Logs from a series of diamond and rotary drill holes of the
fault zone. Inspection of the dellt cores and of the technical reports en the
area indicate that the fault shows Little or no escarpment in about 10,000,000
cLd basalts, and the fault does not appear to enter sediments of the lower
Ringold Formation, acoreximately 3.5 to 10 mitLion years old. Since there is
no acparent offset of younger, but paleomagneticalLy reversed deposits (at
least 700,000 years old) the fault is provisionally classified as ncncapable
and no maximum credible earthquake is assigned to this fault.

6.8 Tcppenish Ridge Structure

The descriptions of Campbell and Sentley (1981) and WPPSS, FSAR, Appendix 18
(1981)and the inspection of the zone during an aerial reconnaissance flight,
suggest that the Tcopenish Ridge structure may be a capable complex rene of
reverse faults. The available evidence is suggestive, but not conclusive,
of capability and there is field evidence for reverse-slip faulting in a rene
32 km in length with possible displacements of over 4 m. If the entire :ene
ructured in a single event the earthquake magnitude can be estimated frem

:
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the relations:

Ms = 2.021 + 1.142 Log L = 2.021 + 1.142 Log 32,000 7.2

Ms = 6.793 + 1.306 Leg 0 6.793 + 1.036 tog 4 = 7.60

The displacement estimate is strongly dependent en the possibility of multiptI-
city of movements. For examole, if the offset result from two events of 2 m
each, the magnituce estimate is decreased from Ms = 7.6 to 7.0.

This fold is the Longest anticline in the region west of CLEW-RAW and extends
. west to the Cascade Range where it appears to be truncated by many north-south
' trending faults (Glass, cral communicaticn, February 1982). Whether or not
'

this structure is unique and seismcgenic is cet nell estaclished. There is a
possibility that this faulting is caused by flexural slip anc is not seismo-

' genic (Yeats and others, 1981). The available data lead to the cenclusion
that it could provisicnalLy be considered a capable fault with a potential
for a maximum earthquake of Ms = 7.4 with a standard error of estimate of
about 0.3. Cetailed field studies could affect the capacte classification,
recuce the maximum credible assessment of the magnituce, or lead to the
assignment of a non-tectenic origin.

6.9 Seismic Exposure Analysis

The seismic execsure analyses are a systematic part of the WCC (1981b) analysis
and are incluced as WPP55 F5AR, Accendix 2.5K (1981). The WCC (1981b) report
Lists three parameters that are essential fer the analysis of a specific site:

(1) Lccation and geometry of earthquake sources relative to the site,

' ' (2) recurrence of varicus earthquake magnitudes up to the maximum for
each scurce, and

(3) attenuation from the source to the site.

These estimates incluced possible faulting by primary tectenic to secondary
detached centrol, by varicus optiens for segmentation, by varying widths for
various dips of the assumed fault plane at depth, and by varicus scurce models
th'a' varied from deeply rooted to surficial models. The possibility of high
magnitudes for alL structures was censicered but assigned a lower weighting.
Although.the detailed assumptions differ in the numoers assigned for a given
weighting, the seismic excesure analysis provides a basically sound and,

conservative model for the Likelihood of earthquakes for each structure
and a precabilistic analysis for the site.
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7.0 CCNCLUSICNS ',

s, -- I
>(. ,.

, ., .\.
,

1.

7.1 FaultCapatdity ' / -},r., a
,

regarding fault capability for faults and

, s
,, ,

The following are my ccnclusions# asnirgten: ,

features of the Nanfor'd region, d ['
,

i ,+ .;.

(1) The CLM Lineament, ex'te.nding from Cle(Elum to Rafio7nake Hills is !
'

rega?cea ss a noncacable feature, and is not assignes a maximum <

credible earthquake.
- ,

. j-s,

'

' '( 2.' 'TheRAW[nlicnmentincludestheWallulaFaultand.,is e,gardeE to.te .

feature extending frem Rattlesnaie dily f 0 the,icence/
.a struemrat Hite

fault system near Milton-Freewater, Oregon. Althw gn',the s'. x >s

for its 4Wacility is not conclus ive, ,tjerv. is Wyf ?cje1*,- adggest ike
,

data at or near the Wallula fault and of cdntinv.ity'er.c'Wearity '
-

with t4 dopthern part of RAW to provide a p,covisional and con . 'j,
servat 14e c,. ass I fication of cacable.

_

*

r <>

(3) The <cenewick'and Cold Creek Lineaments snew little Or no cMset
'

or the upcensost casatts anc nave surficial features that may be /v
,frelated to erosional features associated with the Misscula and / e'

,

ear t isr| 'fleeds. These lir.eaments are concluced to be nontectenic ' ' ,
and nancacable geomorphic features. < e

.i

; . *
(4) The Contral Fault of Gaote,Meuntain has a macced lengtn of 340 m ,

anc of rsets Misscum floca ceposits of 13,000 to 19,000 years ,j
''

age. There is aburiclant evidence for clastic dike intruslen anc /
'the structure, offsets youthful'depcsits of late Pleistocene" age.

,

'a ,

it appears that the structure was activated at about the time of

fleeding and clastic dike intrusion. For conservatism it.should | '' /
' be clEsified as a cacable strutTore with a length that iu ( .(

second'ary to the Gaote Mountain fold. The width of ths fold ,efj -

Since it.?syf rf ' 'iat death is the maximum size for the featura.
,orighiate by a detachment mechan?.sm within the de:;osits .of the d
Coluroia Plateau volcanic rocks sequence, and shcws ncjapparerrt ,/

'setivity along the sides of the fold, it appears tf beea J.bdr 2
feature to the main structure of the regien, the' #AW $ig.pneriti

#'
/ ,#,

(5) The Scutheast Anticline faults were examined and acpear tc be <. -

or pre-early Ringold Formaticn age. There is little er no ;
' scarp above the basalts and there is no evidence noted fc6- ,

faulting within the Ringold Formation, which is about 3.E td .

10 mittien years old. Current data are incomplete for'/ Mis /

structure, so a final decision must be withheld until Gil
evidence iss cellectec; current data support classifici;Xen ^
of the fwli;as orovisionally ncncacable. [~<

'

r , t f. e
(5) Features ecr+heast of Rattlesnake Hills are of uncertain i-

crigin,- w reare of nontectonic cnaracter.'" Field inspe: tion
included exa'ainaticn of the three trenches and tne pit. -,'
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There is no evidence for any tectenic deformation of the McLocene
deposits of the region and they are noncaoable Lineaments that
only affect the surface of the Touchet seoiments of the area.

7.2 Fault Stip Rate

The fellcwing are my conclusions regarding the fault stip rate fer the major
features of the Hanford regicn, Washingten:

(1) There is no evidence for youthful deformation of the CLEW
Lineament near the Hanford site. There is streng evicence
inat the gravity features are not displaced by the weak CLEW
Lineament, and the net right-Lateral offset is no more than
3 <m anc may be nit, in view of tne ncncacability, it is
assigned zero offset both for the heri ental anc the vertical
ceformation along CLEW.

(2) For the strike-slip model, the evidence for capabit Ity appears
to be mainly on the southern part of the RAW AL icnment. The
strike-slip separation is no greater than 0.1 to 0.2 mm/yr as
cetermined from the deformaticn models of Sentley and others
(1980), Davis (1981), or Laubscher (1981). These are greater
rates than were cbserved for the La Grande graben faults, where
the rate appears to be about 0.01 mm/yr. For the seccnd model,
of reverse-sllo separation, the evaluation of the rates leads
to the assessment tnat these are conservative rates, based on
the best interpretation of the gecmetry of deformaticn.
Accordingly, the value of 0.2 mm/yr is regarded as the acrst
case type of deformation, and the value of 0.1 mm/yr is a
conservatively selected best fit case for the RAW Alicnment.

(3) The Kennewick and CcLd Creek Lineaments are censidered to be
deposificnal and ncntectonic features; accordingly, they are
assigned a zero fault slip rate.

(4) The Central Fault of Gable Meuntain has the hichest displace-
ment for the snortest time, a rate of 60 mm/12,000 years, er
0.005 mm/yr. This appears to be a conservetive value for the
deformation at the Central Fault since the tectonic activity
is assumed and not established, the slin rate is cetermined
from the maximum offset along the fault, and the rate is
assumed to cccur at the surface and uses a very young
12,000 year age for the deformation.

(5) The Southeast AntictIne appears to be a Miocene feature;
accorcingly, it is assigned a zero current rate of fault
slip.

(6) The Features northeast of Rattlesnake Hit ts, near the 900 f t
'

elevatten are consicere'c to ce nentectonic; accordingly, they
~

are assigned a zero fault stip rate.
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7.3 Recurrence intervals

The following recurrence intervals are assigned to the major features of the
Hanford region, Washington:

(1) There is no evidence for capability or fault slio along er
across the CLEW Lineament. No recurrence interval is
assigned to inis teature.

(2) There is suggestive evidence on RAW for an earthquake recurrence
of greater than 50,000 years for earthquakes of Ms = 6.5 for the
strike-slip model and longer for reverse-slip mcdels.

(3) There is no evidence for capacility or fault slip along tne
<enrew ick er Cold Creek L ineaments. No recurrence interval
is assigned to these features.

(4) The recurrence interval for the Central Fault of Gaole Mcuntain
is at least 13,000 to 19,000 years, even for L3w magnituce events
and for the assumed Lew fault slip rate. This interval results
from an assumed rather than a definitive capability and an ass;med
low fault slip rate. This is considered to be a conservative

value rather than a best fit mecel for the recurrence interval.

(5) The Scutheast Anticline is crevisicnally designated ncncacable
and is not assignec a recurrence interval.

(6) The Features northeast of Rattlesnake Hills are considered to
~

be ocntectonic in origin anc tne teatures are not assigned a
recurrence interval.

7.4 Maximum Credible Earthquakes

The following structures are the assigned maximum credible earthquakes for
major structures of the Hanford area:

,

(1) The RAW structure is assumed for conservatism to have a capability,
to have very tcw fault slip rates, and to have very long recurrence
intervals for earthquakes with Ms = 6.5. Accordingly, as discussed
under Section 6, it is assumed to have a capaoility of having an
earthquake magnitude of about Ms = 6.5. The cacability for having
earthquakes of this or larger magnitude is cons (fered to be very
Lcw.

(2) The Central Fault j[F Gable Mountain is assigned maximum credible
earthquake of accut Ms = 5 to 5.5, cased on the low average fault
slip rate and its relaticnship as a cross fault to tne Gable
Mountain anticline.
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j 7.5 Seismic Exposure Analysis
;

The seismic exposure analysis was prepared by WCC as part of the applicant's
{ study (WPPSS, FSAR, Appendix 2.5K, 1981). Although the values given each
] weighting factor will vary with the individual investigator, my perscnal
: values are similar to those used by the apelIcant. I believe that the ana-
| Lysis is conservative and reasonable and Orevides a useful precabilistic I

j evaluation of the likellhoed of earthquakes for scur:es along each major
j structure,

,
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Itble I. (Continued) '
.

,

FAULT DATE OF MAG. LENGTH MAX. SURF. f3HE OF LOCATION '

TYPE, EVENT (M ) (meters) DISPLACEMENT FAULT (S) A = N. AMERICA REFERENCE |8NO. (awters)
ES 04-88-1906 8.25 .4350E*06 .6l00E*05 San Andreas San Francisco, CA* Kanarro r i , 1977

Lawson, et al, 1908
E6 12-27-1939 8.00 .3500E*06 .3800E*01 N. Anatolian Turkey Dewey, 1976

Aa.braseys and fatopek, 1969
E7 05-18-1940 7.10 .6440E*05 .5800E*01 leperial Imperial Valley, CAA Ulrich, 1948

Richter. 1958
. E8 12-20-1942 7.00 .5000E*05 .2020E*01 N. Anatolian Turkey An.braseys and Zatopek, 1969
*

Dewey, 1976
Aa.b ra s e y s , 1970

E9 |l-26-1943 7 30 .2700E*06 .1800E*01 H. Anatolian Turkey Ambraseys arid latopek,1969 I

Dewey, 1976 j
A...b r.s e y s , 1970

EIO 02-01-1944 7.30 .1900E*06 3600E*01 N. Anatollan Turkey Ambraseys and latopek, 139
Dewey, 1976 ,

Ambraseys, 1970
Ell 03-18-1953 7 30 .5800E+05 .4300E*01 N. Anatollan Yenice-Conen, Turkey Rothe78%9

Ambraseys, 1970
Ambraseys and Zatopek, 1969

El2 07-10-1958 7 90 3500E*06 .6580E*01 Fairweather Alaska * Kanancrl, 1977
Plafker, et al.1978,

Sykes, 1978
El3 06-27-1966 6.40 .2500E*05 .3800E400 San Andreas Parkfield-Cholame, CA* Lis h and Boore, 1988

Wu, 1968
Brown and Vedder, 1967 ,

. El4 OT-19-1966 6.50 3000E*05 .3000E*00 N. Anatollae Varto, Turkey Wallace. 1968
Dewey, 1976*
Aa.braseys and Zatopek, 1969

VS 07-22-1967 6.90 .8000E*05 .1900E+01 H. Anatolian #1udurou Valley, Dewey, 1976
Turkey Aa.braseys and Zatopek, 1969

El6 04-09-1968 6.70 .3300E*05 3800E*00 Coyote Creek Borrego tit., CA* Geller, 1976
Allen, et al, 1968

77 08-31-1968 7 30 .8000E*05 .4800E*01 Dasht-E-8ayaz tran Niazi, 1969
Aa.braseys and Tchalenko, 1969

~T8 02-04-1976 7.50 . 2 300E * 06 .3400E*0. Ikatagua Guatemala Plafker, et al, 1976E

kanaaior i and Stewart, 1978
EIS 10-15-1979 6.80 3000E*05 .5000E*00 imperial Imperial Valley, CA* Archuleta and Sharp, 1530 w

*McNall{, e t al, 1979
E20 08-24-1980 5'.B0 .6500E*04 3000E-Ol Grecoville Livermore, CA* Schwartz, et al, 1980

Bonilla, et al, 1980

!
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Table 2. Relations of earthquake magnitude (Ms) regressed on tog surface
i rupture length L (in m) from Stemmons (1983, in press).

MAGNITUDE VS. LOG LENGTH: Ms = A + 8 (LOG LENGTH),

2
NUMBER A B s r r STU-T

NORTH AMERICA (NA) 23 1.267 1.233 .290 .904 .817 10.177
REST CF WCRLD 33 2.355 .399 .236 .794 .630 S.153
WCRLCWIDE (WW) 56 2.062 1.063 .297 .350 .722 12.359

A, normal-slip 15 .209 1.341 .318 .750 .563 4.722
9, reverse-slip 8 2.021 1.142 .197 .939 .332 6.921
C, normal-cblique-

stto 4 .375 1.348 .143 .949 .900 4.367
0, reverse-

colique-slip 9 1.199 1.271 .273 .367 752 4.953
E, strike-slip 20 1.404 1.169 .205 .933 .379 11.324

AC 19 .720 1.365 .293 .799 .636 6.105
30 17 1.992 1.124 .266 .381 7.683
CCE 33 1.793 1.112 .259 .399 .790 11.460
CD 13 1.147 1.294 .241 .387 .787 6.774
SE 28 2.435 .984 .287 .372 .761 9.746
ACE 39 1.317 1.103 .272 .S75 .765 11.743
ECE 37 2.309 1.016 .292 .363 .745 10.373

Tabla 3. Relations of earthquake magnitude (Ms) regressed on maximum
surface displacement (0, in m) for worldwide (WW) and North
America (NA) data from Stemmens (1983, in press).

MAGNITUDE VS. LOG DISP: Ms = A + S (LOG D)
2

NUMBER A B s r r STU-T

NORTH AMERICA (NA) 23 6.387 .847 423 .730 .609 6.472
REST CF WCRLD 33 6.768 .338 .337 .696 485 6.471
WORLOWIDE (WW) 56 6.321 .847 .378 .742 .551 9.450

A, normal-slip 15 7.668 .750 .340 .707 .500 4.289
B, reverse-sl1p 8 6.793 1.306 .374 .759 .577 3.281
C, normal-cblique

slip 4 6.635 1.307 .259 .321 .575 2.247
0, reverse-

colique-slip 9 6.657 1.076 423 .637 406 2.740
E, strike-slip 20 6.974 .304 .315 .246 .715 7.315

AC 19 6.673 .305 .330 .735 .541 5.218
SD 17 6.745 1.083 415 .674 454 4.302
CCE 33 6.892 .309 .361 .770 .593 7.659
CD 13 6.650 1.066 .380 .687 471 3.780
SE 28 6.944 .356 .345 .309 .655 7.311
ACE 39 6.829 .302 .355 .774 .600 S.460
BCE 37 6.902 .349 .375 .761 .579 7.949
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Table 4 Multiple Linear regression of earthquake magnitude (Ms) on tog
maximum surface displacement (0, in m) plus Log surface rupture
length (L in m): Ms = A + B x Log D (m) + C x log L, from
Stemmons (1983, in press).

MAGNITUCE VS. LOG DISP PLUS LCG LENGTH: Ms = A + 3 Log 0 + C Log L

2
NUMBER A B C r r

NCRTH AMERICA (NA) 23 2.367 0.263 0.991 0.910 0.343

REST OF WCRLD 33 3.793 0.454 0.666 0.345 0.714

WCRLOWICE (WW) 56 3.204 0.365 0.802 0.SS3 0.780

A, normal-slip 15 2.735 0.378 0.894 0.792 0.627

3, reverse-slip 3 1.303 -0.292 1.219 0.943 0.890

C, normal-colique-
stis 4 -5.510 -1.407 2.S67 1.000 0.999

0, reverse-
oblique-slip 9 1.397 0.547 1.067 0.915 0.330

E, strike-slip 20 2.484 0.212 0.940 0.946 0.895

AC 19 2.447 0.343 0.963 0.824 0.673

SD 17 2.440 0.211 1.009 0.386 0.785

CDE 33 2.967 0.335 0.345 0.920 0.347

CD 13 1.970 0.394 1.069 0.911 0.930

SE 28 3.791 0.384 0.682 0.906 0.321

ACE 39 3.054 0.326 0.324 0.903 0.815
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Table 5. Total fault length (L) and percent total fault ruptured (Pr) during
earthquakes of about Ms 6, or higher (from Stemmons, in press)

FAULT, DATE Ms TOTAL LENGTH (L) RUPTURE LENGTH PERCENT
(km) (km) CF LENGTH (Pr)

San Andreas 1160
1857 S.25 400 34.5
1906 S.25 435 37.5

North Anatolian 1300
1939 3.0 350 26.9
1942 7.0 70 5.4
1943 7.3 270 20.3
1944 7.3 190 14.6
1957 7.0 40 3.1
1967 6.9 30 6.2

Fairweather-Cueen Charlotte 1130
1949 S.1 380 33.6
1958 TTI 350 36.0
1972 7.1 170 15.0

Motagua 1100
1976 7.5 230 20.9

Awatere-Wellingten 547
1848 7.1 100 15.3

Clarence-West Wairaraca 600
1855

- 7.6 160 26.7

Hoce-East Wairaraca 410
1888 7.0 SO 19.5

San Jacinto-Carro Prieto 290

| 1934 7.1 ? ?

1940 7.1 64.4 22.2
1968 6.7 33 11.4

Hayward-Rodgers Creek-
Healdsburg-Maacama 280

1868 6.8 48 17.1
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Table 6. Fault parameters for earthquakes of between Ms = 3.5 and 6.4

Faul t Mag. Calc. Length Max.
No. Type (Ms) Ms from (km) Displ. Location

Multiple (m)
Recressien

1 E 3.5 5.4 10 0.0023 Imcerial, CA

2 E 5.4 6.5 37? 0.1930 Parkfield-Cholame, CA

3 E 5.2 5.6 7 0.015 Galway Creek, CA

a A 5.7 5.2 10 0.055 OrovilLe, CA

5 E 5.2 5.7 7 0.30 Matsusnico, Japan

6 E 5.1 6.3 5 1. Jebel Oumeeir, Sudan

7 E 5.2 5.0 5 0.1 Turkey

3 0 5.2 6.6 16 1.4 Pariahuanca, Peru

9 A 5.5 6.3 9 0.6 Ft. Sage Mountain, CA

10 9 5.9 5.0 3.5 0.3 Australia

11 E 5.3 5.7 5.5 .03 Livermore, CA

12 E 5.2 5.7 3.25 0.1 Homestead, CA
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rigure 13. L h ear features en Touchet sediments, near the 900 feet elevation
en t"e ncetheast stcpe of Rattlesnake Hitts (Photcgrachy by D.3.
Slemens in Cecemcer, 1961).
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:igure 14 Linear features in Vansycle Canycn, with scarps in Warm Springs.

Valley in foregrcund (Photcgracn by 0.3. Stemmons in Cecemcer,
1981).
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Figure 15. Scar;:s (cLese-co) en west side of Warm Sorings Valley (Photogracn
by 5. Broccum in Dececcer, 1981).
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Figure 16. Scarps near the Rattlesnake-Wallula Alignment en the ncrth
slece of a hill accut 3 miles south of Umpaine, Cregen
(Photcgrach by R. Whitney in Septec0er, 1979). ;
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APPENDIX [

ERRATA TO WNP-2 SAFETY EVALUATION REPORT

]
Page Line Change

1-11 14 For Open Item (1), Change "(2.6)" to "(2.5)."

1-11 23 For Open Item (9), Change "6.3.3" to "6.3.6."
,

1-11 28 For Open Item (13), Change "7.5.2.3" to 7.7.2.3."

1-12 4 For Open Item (19), Change "(13.1)" to "(13.2.2. 5). "

1-12 5 For Open Item (20), Change "(13.1)" to "(13.5.1.4)."

!

l-12 10 For Open Item (25), Change "5" to "51."

1-12 13 For Open Item (27), Change "(6.3.5)" to "(6.3.5)."

1-13 2 For Confirmatory Item (9), Change "(4.2.1.2(h)),
;

(4.2.3.2.(h))" to (4.2.1.2(8)), (4.2.3.2(8))."

l-13 3 For Confirmatory Item (10), Change "(4.2.1.3(d)),
;

(4.2.3.3(d))" to "(4.2.1.3(4)), (4.2.3.3(4))."

1-13 5 For Confirmatory Item (11), Change "(4.2.3.1(e))"

to "(4.2.3.1(5))."

| 1-13 6 For Confirmatory Item (12), Change "(4.2.3.2(d))"

to "(4.2.3.2(4))."

.

07/14/82 1 WNP-2 SSER APP H

i.

!

!j
.. . _..___ _ _ _ . - _ . . . _ _ - _ . _

. . . _ . _ _ _ _ . . _ .___.



_ _ . . . _ . _ _ _ _ _ _ . . _ _ . . _ . _ _ _. _. - _ . _ _ . . _. . _-. . _ . _ _ . . _ _ .

_ . . _ . _ _ _. . _ ... -_ _ . . ._. __ . - . . . . ._ . _ - - -

0 0

Page Line Change

13-21 40 Delete the work " Acting."

13-24 28 Change "12 consectutive" to "16 consecutive."

E-2 27 Change "Maughey" to Haughey."
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