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Washington Public Power Supply System
P.0.Box968 3000 George WashingtonWay Richland, Washington 99352 (509)372-5000

January 14, 1981
G02-82- 61

RECHIVED

Docket No. 50-397 el upn2s1982

Mr. A. Schwencer, Chief

Licensing Branch No. 2

Division of Licensing

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

Dear Mr. Schwencer:

Subject: NUCLEAR PROJECT NO. 2
GEOSCIENCES BRANCH QUESTIONS

Reference: Letter, A. Schwencer to R.L. Ferguson,
"WNP-2 Request for Additional Information",
dated December 1, 1981

Enclosed are sixty (60) copies of the responses to the remaining Geosciences
Branch questions transmitted to the Supply System by the reference letter.
These responses include the additional question and the two amended questions
unofficially transmitted to the Supply System.

These responses will be included in Amendment 23 to the WNP-2 FSAR.

Very truly yours,

oV W“Q‘éj
G. D. Bouchey
Deputy Director, Safety and Security

CDT/jca
Enclosure

cc: R Auluck - NRC
WS Chin - BPA
R Feil - NRC Site
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360.15

b. At Finley Quarry: _

N
Provide a further discussion of the faults in Finley Quarry
including the criteria used to determine the non-tectonic origin
of the irregularity at the base of the capping gravels over the
Center fault, their capability in view of the evidence for
repeated movement and the abstract by M.P. Cochran (Pac. NW. AGU,
Sept. 1981) suggesting a 2.5-3.5 km extension of the Finley
Quarry ?ault. -

RESPONSE

Three faults were exposed during trenching at Finley Quarry. The
faults strike, on average N60W to N70W. The north fault dips
from approximately 40 to 70 degrees to the southwest; the center
fault dips 60 to 89 degress to the southwest; and the south fault
is nearly vertical. Striae directions range from plunges that
are nearly vertical to those that plunge gently northwestward.
All three faults show an up-to-the-southwest sense of strati-
graphic displacement. Contacts between post~basalt sedimentary
units within Finley Quarry are typically highly irregular. This
is primarily the result of abundant cut and f£ill structures that
exist between different stratigraphic unjts. Irregularities
similar to the one mentioned in Question 360.15b are produced by
cutting and £illing and are present at a number of locations.
Some examples are:

o On the contact between units m-3 and m-4 at approximately
station 76.

© The contact between units m~-5 and u-l at approximately
station 84.

8201271 | ,
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o0 The contact between units m-1 and m-3 and the overlying unit
m-4 at approximately station 94.

o The contact between unit u-1 and the enclosing unit u-2
(station 66-70).

Criteria used to distinguish irregular sedimentary contacts from
tectonic displacements include: '

o The absence of displacements in underlying units
o The absence of aligned clasts
O The absence of thin fractures

The upper part of the center fault strikes N57-86W and dips 63 to
89 degrees to the south and southwest. The sense of displacement
is up to the southwest. The irregularity mentioned in Question
360.15b consist of two steps in the unit u-1/unit m-1 contact.
The steps lfé‘between 10 inches and 2 feet northeast of the point
where the center fault intersects unit u-1/unit m-1 contact.

Both of these steps place the base of unit u-1l lower to the
northeast, but neither puts unit m-1 above unit u-1l. 1In
addition, there is an absence of aligned clasts and ‘fractures in
unit m-1 adjacent to the two steps. |

Color changes were locally present in the upper part of unit m-1
between stations 41 and 42. The boundaries are very discon- '
tinuous and they parallel the unit m-1/unit u-1l contact. Because
of their discontinuous nature, these color boundaries are
interpreted"to'be the result of oxidation of unit m~l adjacent to
the contact uith unit u-1l.

The irregularities between stations 42 and 44 are interpreted to
be the result of erosion that occurred prior to the depositdion of
unit u-1, but after deposition of unit m-1l. This Qnterpretation
is based on the following observations:



o

o



© Unit m-1 does not rest on top of unit u-1

o There is an absence of fault related features within unit m-
1 adjacent: to the step

o Irregular sedimentary contacts are abundant within the
sediments of Finley Quarry

The north and center faults are capped by unit u-1l. This unit is
at least 75,000 years old and may have formed during oxygen
isotope stage 7, which lasted from 195,000 to 250,000 years B.P.
(see response to Question 360.14). The south fault is only over-
lain by Holocene colluvium and Loess units. |

The investigatioﬁ of the Finley Quaryy fault by Cochran (1981;
personal communication, 1982) provides no new information

. regarding the capability of this fault. Cochran ran magnetic and

gravity profiles to trace the geologic structure and his data
provide no information regardlng the age of faulting in the post-
basalt sedlments. '

Coéhran‘(personal communication, 1982) states that his data
suggest the top of basalt is displaced down to the northeast, as
is the case in Finley Quarry. He is not sure of the total

‘ displacement, but believes it is less than 200 feet. The

significance of the data from Finley Quarry to the capability .

.assessment of faults along the Rattlesnake-Wallula alignment is |

discussed in the response to Question 360.14.

REFERENCES

Cochran, M.P., 1981, Abstracts for the Pacific Northwest Section,

American Geophysical Union, September, 1981.
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- Woodward-Clyde Consultants, 1981, Logs of Trenches at Finley
w Quarry: Logs prepared for Washington Public Power Supply
System Richland, WA.
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360.19

Can a case fof segmentation similar to that made for Umtanum-
Gable Mountain (Golder Associates Inc., 1981) be made regarding
other folds near the Pasco Basin, such as the Yakima Ridge
fold? Discuss the bases for your response.

RESPONSE

The available data suggest that the folds of the Yakima fold belt

- are segmented. Evidence regardiny the seymentation of each of

the folds of potential significance to the site is presented in
Section 3 of Appendix 2. 5K. .

. Toppenish Ridge is the only Yakima fold that exhibits evidence of

recent (late Quaternary) surface rupture. The relationship
between the recent scarps and the geology of the folds was used
to assess the significance of the geologically determined
structural segments along the Toppenish Ridge anticlinal trend.
The criteria for segmentation and the segmentation of Toppenish
Ridge, which was not described inlAppendix 2. 5K because it is
more than 50 ki from the WNP-2 and WNP-1/4 site, are described
below. ' ’

CRITERIA FOR SEGMENTATION

Segments are defined aé portions of a structdral zone that
exhibit evidence of relatively uniform past behavior. Therefore;
the recognition of segments allows the assessment of the style:
and location of future deformation. ‘

Several criteria are-used to segment the fold structures of the
Yakima fold belt; these include: »

K
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5.

6.

Fold orientation. 1In some cases, abrupt changes in fold
orientation may coincide with segment boundaries. 1In addi-
tion, the axail trace of some segments of the folds are
convex nbrthward in the direction of tectonic transport. 1In
places, these arcuate parts are interpreted to represent

individual segments.

Fold vergence. Many folds exhibit abrupt reversals in the

direction of fold vergence along the strike of the anti-
cline. This is commonly reflected in the topography by
changes in the asymetry of the topographic expression of the
folds. These changes in fold vergence coincide with segment
boundaries.

Fold amplitude and character. Abrupt changes ‘in folé ampli-

tude and fold width may mark segment boundaries. Boundarigs
may also be characterized by a virtual absence of fold defor-
mation, such as where two fold segments plunge and die out

" toward each other.

Age of folding. Segment boundaries are inferred where

stratigraphic and geomorphic data may show marked differences
in the age of the youngest folded geologic unit along the
strike .anticlinal trend.

Boundary faults. ~In places, segments are bounded by faults
that strike at high angles to the anticlinal trend.

Geophysical signature. Along some of the folds, changes‘in

the geophysical signature (e.g. gravity, aeromagnetics) along
the strike of the anticline or anomalies along the anticline
are interpreted to coincide with either changes in character

- of the folding or the absence of folding at the segment

boundaries.

~
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; 7. PFault characteristics. Where faults are associated with the
folds, the cbaracteristics of the faults are used to provide
a basis for segmentation. These characteristics include:

0 Changes along strike in fault dip direction

o Changes along strike in the amount and/or sense of
fault displacement ’

o Continuity of faults along strike

0 Stratigraphic and geomorphic evidence for changes
along strike in the age of the most recent
displacement

¥

SEGMENTATION OF TOPPENISH RIDGE

@ Toppenish Ridge is a 95 km—lohg anticlinal structure that can be:
segmented on the basis of structural geology, stratigraphy and
geomofphology. It is not characterized by a continuous fault
along its entire. length.
In general, Toppehish Ridge is a continuous anticlinal stéucture
and the topography is directly related tc structure (Bentley and
others, 1980). Overall, the anticline plunges east and west from
Satus Peak. Three distinct segments aré defined on the basis of
abrupt changes in’the fold geometry. These changes coincide with
the locations of mapped northwest-trending strike-slip faults
that cut across Toppenish Ridge (Bentley and others, 1980;
Campbell and Bentley, 1981). From cast to west, the three seg-
ments of foppenish Ridge are: the Hembre Mountain anticline, the
Satus Peak anticline, and the Peavine anticline. The recent
. (late Quaternary) scarps investigated by Bentley and others
0 (1980), Campbell and Bentley (1981), and Woodward-Clyde
Consultants (198l) only occur along the Satus Peak anticline
segment. -

4
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Characteristics Defining Each Segment

The Hembre Mountain Anticline is the shortest of the three seg-

. ments. In ygeneral, it is a doubly plunging fold about 15 km long

that trends N70E. In detail, it consists of about ten short fold
segments that are bounded by north-to~northwest-trending cross
faults (Bentley and others, 1980). To the east, it plunges
beneath alluvium of the Yakima River; to the west, it is bounded
by the northwest-striking right lateral strike-slip faults of the
Mule Dry fracture system (Bentley and others, 1980). The Hembre
Mountain anticline is also separated from the next segment to the
west, the Satus Peak anticline segment, by a distinct bend in the
trend of the ridge. The Hembre Mountain anticline has loQ angle
hips compared’to the Satus Peak segment. It is slightly asym-
metrical having a steeper north flank. The fold is relatively
unoreached by erosion and the surface is characterized by broad
curving dip slopes.

The south-dipping Mill Creek thrust fault, which is concealed
béneath Quatérnary alluvium, occurs along the north flank of the
Hembre Mountain anticline and the north-dipping Oak Springs
thrust .fault is mapped in bedrock along the western portion of
the south flank (Bentley -and others, 1980). The youngest defor-
mation is reported to be pre-Quaternary (Bentley and others,
1980).

The Satus Peak Anticline, which forms the middle segment of

Toppenish Ridge, is about 30 km long. Scarps which suggest there
has been recent (late Quaternary) surface rupture, occur along
this segment for a distance of about 24 km._ The segment is
arcuate, and convex to the north. The general trend of the
segment is about N8OE. The fold consists ‘of a single, box-
shaped, east-plunging anticline that is somewhat asymmetric
having‘a steeper north flank. The amplitude of the fold -

.increases toward the west. .The eastern end of the anticline

360.19-4



plunges steeply eastward. The sebment boundary coincides with an
abrupt change in the trend of the ridge and with the northwest-
trending strike-slip faults of the Mule Dry fracture system., The
western end of the anticline is bounded by northwest~trending
lineaments near Satus Peak that ére interpreted by Bentley and
others (1980) and Campbell and Bentley (1981) to be rlght—lateral
strike~-slip faults of the Elbow fracture system.

The south dipping Mill Creek thrust fault, which is concealed
beneath Quaﬁernary deposits, occurs along most of the north
flank. The north-dipping Oak Springs fault is mapped in bedrock
alony part of the south flank; it dies out to the west. The most
recent deformation along Toppenish Ridge is confined to the Satus
Peak anticline segment.

The Peavine Anticline is the westernmost segment of Toppenish
Ridge. It is the longeét segment and has a total length of about
50 km. The anticline trends from N70E to east-west. The anti-~
cline' is asymmetric having a steeper northern limb. The western
end of the segment is defined by a sharp southerly bend in the
axis where the fold dies out. The eastern boundary is defined by
the northwest-trending faults of the Elbow fracture system at
Satus Peak.

The Mill Creek thrust fault is mapped along the eastern part of
the segment. There are no thrust faults mapped along the south
flank. The most recent deformation along this segment appears to
predate the Pl;ocene Simcoe volcanics.

CONCLUSIONS

Toppenish Ridge can be divided into segments on the basis of bed-
rockzstructure, stratigraphy and geomotphology. These segments
appear to be structurally distinct and the Quaternary deforpation
of Toppenish Ridge appears to be confined to the Satus Peak anti-
cline segment. The segment boundaries coincide with the north-
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west-trending strike-slip faults that crosscut the anticlines and
intervening basins of the southwestern Yakima fold belt (Bentley
and others, 1980; Campbell and Bentley, 1981). Campbell and

Bentley (1981) suggest that confinement of the recent scarps to

the Satus Peak segment is controlled by movement on the bounding
northwest-trending strike-slip faults.

sufficient data are available to segment Toppenish Ridge. The
evidence of recent surface rupture is confined to the well-

defined Status Peak Anticline segment of .the Toppenish Ridge

anticlinal trend. Although the Umtanum Ridge-Gable Mountain
structural trend and other Yakima folds of potential significance
to the site do not show evidence of recent surface rupture, these
folds can be segmented (Appendix 2.5K) based on the criteria
presented above. The relationship between the recent scarps
along Toppenish Ridge to the geologically-defined structural
segments of the ridge indicates that geologiéally defined
structural segments of the Yakima folds can be used to assess the
style and location of future deformation.

REFERENCES

»

Bentley, R.D., Anderson, J.L., Campbell, N.P., and Swénsdh, D.A.,
“ 1980, Stratigraphy and structure of the Yakima Indian |
Reservation with emphasis on the Columbia River Basalt
Group: U.S. Geological Survey Open-File Report 80-200, 79 P.

Bentley, R.D., 1981, Magnitude of Neogene horizontal shortening
in the western Columbia Plateau Washington - Oregon:
Abstracts, EOS, v. 62, n. 6, p. 60. -

Campbell, N.P., and Bentley, R.D., 1981, Late Quaternary
deformation of the Toppenish Ridge uplift in south-central

Washington: Geology, ‘v. 9, p. 519-524.
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Woodward-Clyde Consultants, 1981, Task D5 Toppenish Ridge
Study: report prepared for Washington Public Power Supply
System,. Richland, .WA, 33 p. ‘ ‘
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360.20(b)

Discuss the possibility that the fault identified on the southwest

flank of the S.E. anticline (Pg. 2.5K-39 of Amendment 18) is a con-
tinuation of the north-dipping reverse fault identified at Gable Mountain,
including in your discussion the.bases for concluding that the S.E.
anticline is not a continuation of_ Gable Mountain.

Response

An extensive set of data applicable to the southeast anticline and Gable
Butte-Gable Mountain segments of the Umtanum Ridge-Gable Mountain structural
trend is available from the many geologic and geophysical studies done

in support of the WNP 1, 2, and 4, S/HNP, FFTF, and the basalt waste
isolation project (see attached figure). It includes geologic maps;

more than 50 borings; photogeologic, gravity, ground magnetic, seismic

and aeromagnetic surveys; and more than 20 trenches.

The Gable Butte-Gable Mountain segments is distinguished from the southeast
anticline segment on the basis of both geological and geophysical data.
Gravity, magnetic, and surface mapping show that the Gable Butte-Gable
Mountain segment trends approximately east-west. Gravity, aeromagnetic,
and drilling data indicate a significantly different trend (N50°N) for

the southeast anticline. Gravity data also indicate that the southeast
anticline extends about 1 mile to the northwest past the eastern end of

~ the Gable Butte-Gable Mountain segment and is separated from the latter

by a saddle in the gravity field which is interpreted to represent a
structural depression in the top of basalt (see S/HNP PSAR Amendment 23,
figure 2K-13).

In addition, the two segments differ in structural style. The Gable
Bu%te-Gab]e Mountain segment is a .complex structure composed of an
asymmetrical first order fold with superimposed asymmetrical second
order fo1ds of differing vergence. . In contrast, the southeast anticline
is a simple symmetrical fold with structural relief approximately 800
feet less than that of the Gable Butte-Gable Mountain segment.







Like other faults along theﬁUmtandh Ridge-Gab]E Mountain structural
trend, the nbrth-gﬁpping reverse fault on the south flank of the west
anticline at Gable Mountain is considered to be associated with the

" formation of that fold. Therefore, the fault cannot be expected to
extend beyond the length of the west anticline (see S/HNP PSAR Amendment
23, Appendix 2-0).“ The fault on the southwest flank of the southeast
anticline has been positively identified only in boring 125 on Line 4A.
There are some geologic and geophysical indications that the fault could
extend along the flank of the anticline from Line 3 to Line 4B (see
S/HNP PSAR, Amendment 23, Appendix 2-R, Section 5.3 and Appendix 2.K;

" Section 6.2.1). There is no basis for inferring the continuation of
this fault to the northwest of Line 3.

The convergence of existing geologic and geophysical data lead to the
conclusion that the north-dipping fault at Gable Mountain and the fault
on the southwest flank of the southeast anticline are separate faults
related to two distinct and separate segments of the Umtanum Ridge-Gable
Mountain structural trend. On this basis and the basis of detailed
geophysical data between the two segments, a fault between the southwest
flank of ‘the southeast anticline and Gable Mountain cannot be either
directly interpreted or inferred.

References
Puget Sound Power and Light, 1981, Skagit/Hanford Nuclear Project,

Preliminary Safety Report, Amendment 23, Puget Sound Power and Light,
Bellevue, Washington. ’
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360.22

Provide a complete discussion of the linegr‘feature located at
about the 900 foot contour of Rattlesnake Hill (R. 25, T11N,
Walla Walla 2° sheet), the extent of mapping in the area (provide

‘map on topographic base), an assessment of its capability and, if

applicable, maximum earthquake potential, including bases for
conhclusions.

REPSONSE

The linear feature described in question 360 22 was reported by
D.B. Slemmons during an aerial reconnaissance in early December,
1981. Dr. Slemmons described the feature as a series of back-
facing scarps ranging from 1 to 3 feet in height trending from
north-south to N20 - 30°W. The location was stated to be
approximately one mile out from the range front on the alluvial
fan whose apex lies approximately 5 km east of Snively Ranch
(Section 11, R25E, T1llN, Corral Canyon 15 minute gquadrangle).
The lineament occurs within sections 1 and 12 of R25E, T11N.

Detailed geologic mapping of the area that includes the

“lineament, was done by Shannon & Wilson (WNP-1/4 PSAR, Appendix

2R H, October 1977) but no such lineament is reported (op. cit.,
Figure 2RH.6-1). b.E. Glass undertook a remote sensing analysis
(WNP-1/4 PSAR, Appendix 2RK, October 1977), but reperted no

lineaments within the alluvial fan described in Question 360.22.

Detailed geologic mapping of the area by Rockwell Hanford (1979)
revealed no lineaments in the position described by Slemmons. In
addition, the lineament is not expressed- in the geophysics data
(gravity and aeromagnetics), within the resolution of the
geophysical techniques.

The feature can be identified on color aerial photographs (EPAr
PSLG 6E-B-16 and -17; Septempber 11~19, 1973) and on black and
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white photographs (C.E.G. line 15A R-2, nos. 103 and 104;

July 23, 1977) as a series of short discontinuous lineaments.
The lineaments consist of an apparent alignment of shért,
relatively straight reaches of intermittent channels on, and,
adjacent to, the alluvial fan (see Figure 360.22-1). The trend
of the lineaments is approximately N40W, approximately parallel
to the axis of the Rattlesnake Mountain anticline. The overall
length of the lineament defined by the aligned drainages is
approximately 1.1 km. To the south, there is a linear tonal
(vegetational) contrast on the color photographs that is about
0.5 km-long. If this is related to the aligned drainages, the
total length of the lineament is approximately 1.6 Kkm.

Similar alignments of drainage' channels can be seen in many
places along the northeast slope of Rattlesnake Mountain, but
they are not generally as long as the one described above.

There does not appear to pe any displacement across either the
vegetational tonal contrast or the linear elements defined by the
aligned drainaées. Because of the slope of the alluvial fan, the
‘drainages that traverse this slope have asymetrical cross valley
érofiles and the eastern (downslope) sides of the channels are
steeper th%n the western (upslope) sides. The one to three feet
high scarps described by Slemmons are the steeper west-facing
sides of these erosional channels., |

The'élignment of the erosional channels may be coincidental, or
it may be along an old track, trail, or other man-made feature,
which are common to the area. The lineament occurs in an area
underlain by eolian silt and fine sand, Touchet deposits (about
13,000 yéars~old),‘and Quaternary alluvial fan deposits. There
are no bedrock outcrops mapped along any of the deeper drainages
in the vicinity of the lineament. It is unlikely that the
position of the lineament is controlled by the bedrock structure
beneath the thick surficial deposits. Similar linear features in
the vicinity of Warm Springs Canyon (Bingham's lineament) a;d on
Umtanum Ridge have been investigated by Woodward-Clyde
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Consultants (1981) and Golder Associates (1981) respectively.
These investigations, which included trenching across these

. lineaments, showed that lineaments in similar deposits were

produced by surficial erosion along man-made trails. Based on
these observations, the lineament is not interpreted to be

tectonic in origin.

Ié the lineament is assumed to be the result of faulting, the
implications to the assessment of the maximum eartpquake magni-
tude depend on assumptions regarding the association of the
lineament with the Rattlesnake Mountain fault. If the lineament
is assumed to be a seperate fault, its limited dimensions (total
length 1.6 km) would*indicate a maximum magnitude of less than 5-
1/2 and is, therefore, insignificant to the site. If the
lineament is %ssumed to be associated with the Rattlesnake
Mountain fault the maximum magnitude assessment that was
presented in response to Question 360.14 would apply. In that
asééssmenth the Rattlesnake Mountain fault, is assumed to have a
total length of 10 to 20 km, which significantly exceeds- the
length of the lineament. Therefore, the éssumptions that the
‘1ineament is either a seperate fault or a part of the Rattlesnake
Mountain fault has no effect on the estimate of the maximum
earthquake magnitude on Rattlesnake Mountain structure.

REFERENCES

«

Kienle, C.F., 1977; in WNP-1/4 PSAR, Appendix 2R H, Chapter 6.

r

Glass, CJ E., 1977; in WNP-1/4 PSAR, Appendix 2R K«

Puget Sound Power and Light, 1981, Skagit/Hanford Nuclear
Project, Preliminary Safety Analysis Report, Amendment 23,
- Puget Sound Power and Light, Bellevue, WA.
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361.16

Estimate’the ground motion*(includiﬁg high frequencies) assuming a
magnitude M = 4.0 (largesi swarm event in the Columbia Plateau):

.~ occurred at a distancé‘of 3 to 5 kilometers from the site. Compare
the response spectra from thié event to the SSE response spectra.
Also, state your position on how large and close a potential swarm

earthquake could come to the site.
RESPONSE

Until recently there has been a lack of recorded strong ground motions
from smallvmagnitudé earthquakes at very close distances (3 to 5 km).
ﬂConsequently, estim;tion of near field motions for small magnitude
events by scaling fecorded grouné motions at greater distances has not
been well documénted. The large number of small magnitude strong
motion recordings obtained during the r;cent aftershock sequences of
thémImperial Valley, 1979, and Mammoth Lakes, 1980, earthquakes should
aid in documenting estimation methods for necar field motions. The
Supply System is currently gathering and an;lyzing the .newly available

data in order to develope an estimate for the ground motions from a

magnitude M;, 4.0 earthquake occurring at a distance of 3 to 5 km.

A preliminary estimate can be made for a distance of 10 km using

recordings obtained during the Oroville, 1975 aftershock sequence.
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Table 361.16~-1 lists the 12 availablé accelerograms for magnitude
My 4.0 to 4.1 Oroville aftershocks in the distance range 8 to 13

km on soil sites. Two of the recérdings were obtained at the

Johnson's Ranch station, which has been shown to exhibit a

significant "ringing" at a frequency of 6 Hz due to a l0-meter

’
thick layer of alluvium overlying bedrock. Figure 361.16-1 show

the median, mean and 84th percentile response spectra computed‘
using the twelve rec?rded motions. Also shown is the 0.25 g-SSE
design spectra (Regu}atory Guide 1.60 spéctra anchored to 0.25
g). (The WNP-2.plant has been analyzeh and found to be adequate
for the RG 1.60 specéra anchored to 0.25 g.) The statistical
spectra are generally well below the design spectra, approaching

the SSE only at high frequencies.

As can bé seen in Fighre 361.16-1, there is a large peak in the

. statistical spectra at a period of 0.17 seconds (frequency 6

Hz). The source of the peak is the recordings obtained at
Johnson's Rahch.' Figure 361.16-2 sﬁows the effect of removing
the four accelerograms obtained éé Johnson's Ranch from the data
§et. The large peak at 6 Hz .is removed agd the over-all level of

spectral acceleration is reduced.

The median and 84th percentile peak accelerations for the two
data sets are tabulated below.

Peak Accelerations (g)

Data Set median 84th percentile
12 records (with Johnson's Ranch) .10 ‘ .18

8 records (without Johnson's Ranch) .07 .12
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. The sevérity of the ground motions from small magnitude
earthquakes can be evaluated by comparing their frequency and
energy content and significant duration with the frequency and
energy content and significant duration of motions recorded
during the 1971 M; 6.4 San Fernando earthquake. '

Figure 361.16~3 shows a plot of peak acceleration vs. total
energy content (measured by the square of the acceleration
integrated over the duration of shaking) for the M; 4.0 - 4.1‘
Oroville recordings at 8-13 km and soil site recordings from the
M;, 6.4 San Fernando earthquake at distances of 24-27 km. For
comparable levels of peak acceleration, the energy content of the
Oroville recordings is an order of magnitude lower than the San
Fernando recordings. This is due in large part to the short
duration of shaking. The significant duration (defined as the
time required to transmit 90% of the energy content of the
accelerogram) ranges from 1 to 3 is seconds for the Oroville
recordings’ as compared to from 15 to 25 seconds for the San
Fernando recordings.

The ffequency content of the recordings can be examined by
passing the accelerograms through a band pass filter having
corners at 1 Hz and 9 Hz. The effect of filtering on peak
acceleration and energy content is tabulaped below.

Average Percent Reduction In:

Recordings Peak Total Energy
c Acceleration Content
M; 4.0 - 4.1 Oroville . 35% 45%
M;, 6.4 San Fernando 5% 30%

These results indicate that nearly half of the energy content of
the small magnitude recordings is at frequencies greater than 9
Hz.
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The maximum magnitude associated with shallow seismicity that can

¢

be expected to occur within the Columbia River Basalts in close

proximity to the site is approkihately MC 3.0 (Appendix 2.5J).

.
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361.17

Estimate the grdund motion (both peaks and response spectra) from
an My, 6.1 (July 16, 1936) earthquake occuring close to the WNP 2
site. Compute the median, mean and mean plus one standard devia-
tion from' this data set and compare them with the SSE response’
spectra. ' Also provide the staff with a comparison of the site
conditions of the chosen strong motion recordings and the WNP-2
site. A

RESPONSE

The 16 July 1956 Milton-Freewater earthquake (Mg 5 3/4, My, 6.1)
is considered to be associated with a northeast-trending fault
that is parallel to, and likely an element of, the Hite fault'
system of eastern Washington., The area of maximum intensity for
the event was in the vicinity of Milton-Freewater, while the
instrumental epicenter was located on the basis of 25 regional
and teleseismic readings, about 30 km to the northeast near
Waitsbdfg (Woodward-Clyde Consultants, 1980). The aftershocks
were first felt near Waitsburg and Walla Walla, but after several
days reports were primarily from the Milton-Freewater area '
(WPPSS, 1974). ' The pattern of aftershocks suggests a northeast-
‘southwest aftershock zone that initiated near Waitsburg and
‘extended to the southwest. The available focal mechanism data
are consistent with tﬁe faulting on a northeast-southwest v
‘striking plane, but the sense of movement is not well con-
‘strained. The focal depth appears to have been shallow_(about 5
km), which indicates that although surface fault rupture was not
obsérved in this particular event, the causative fault should be
evident at the surface. These features of the 1936 éarthquake are
-compatible with the data on the Hite fault system, which consists
of steeply~dipping en echelon group of faults that strike north-
northeast. The system is part of and lies along the flank of the
Blue Mountains. Mapping indicates that the fault system extends
westward and occurs in the basement beneath the Walla Walla
basin.
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The source area of the'1936 earthquake appears to be distinct
from the seismic environment of the interior ofwthg Columbia
Plateau. The level of earthquake activity along the Blue
Mountains is higher ‘than that to the west-northwest (Woodward-
Clydé Consultants, 1981). Also, the direction of maximum com-
pressive stress appears to be generally north-south in the
Plateau, but is generally east-west near the 1936 earthquake
area.

Shallow earthquakes having magnitudes of about 6 or larger only
occur on geologic structures and they should not be considered to
be random events., The only fault within 25 km of the site that
is large enough to generate an earthquake of the size of the
Milton-Freewater earthquake is the Rattlesnake Mountain fault at
a distance of 20 km. No other structures within 25 km distance
are judged to be capable of generating a magnitude M, 6.1 event.
Consequently, a hypothesis that such an event can occur randomly
in the vicinity of the site is considered not'be valid. At the
request of the NRC, the following methodology was used to
estimate site ground motions assuming that the 1936 Milton-
‘Preewater earthquake was a random event and that a similar event
could occur close to the site. ‘

The site dependent response spectrum for a magnitude My 6.1
earthquake occurring near the site was evaluated by averaging the
response}spectra computed from accelerograms recordedjduring
earthquakes of magnitude Mj 6.1 + 0.3 within an approximate dis-
tance range of 0 to 25 km; As presented subsequently in this
response, the results of this analysis indicate that the SSE
design spectra envelope the statistical site specific response
spectra, except in the narrow period range of 0.13 to 0.22
seconds, where it is slightly exceeded for only some of the cases
analyzed.
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DATA SELECTION

Table 361.17-1 lists the'currently available accelerograms
recorded during earthquakes of magnitude My 6.1 + 0.3 within a
distance range of 0 to 27 km. The distance criteria used was the
closest distance to fault rupture where knowh; otherwise,
hypocentral distance was used.

A group of records was selected from those listed in Table
361.17-1 on the basis of similar site.conditions to the WNP-2
plant site. The plant site is underlain by approximately 500
feet of granular alluvial soils underlain by Columbia River
basalts. The top 100 feet of soil consists of medium dense to
very dense sands and sand gravel mixtures. The soils between a
" depth of 100 feet to 200 feet consists of very dense cemented
sand and gravel mixtures. Below 200 feet, the soils consists of
very dense or hard interbedded sand, silt, clay, and gravel of
the lower unit of the ﬁingold formation. These soils extend down
to the basalt. Figure 361.17-1 shows the shear wave velocities
measured to a depth of 400 feet at the WNP-2 and WNP~-1/4 site,
The soil profile is characterized by a large increase .in shear
wave velocity 'at a depth of about 100 feet and large drecreases
in shear wave vélocity below a depth of about 250 feet.

Figures 361.17-2 thfough 361.17~4 shows a comparison of the shear
wave velocity profiles at the WNP-2 and WNP-1/4 site with "
reported ranges of shear wave velocities for granula; alluvium in
California (Campbell and Duke, 1976; Funel, 1978; Shénnon &
Wilson, 1980). As can be seen, with the exception of the high
velocity layer between 100 and 250 feet in depth, the WNP-2 and
WNP-1/4 site can be characterized as a deep alluvial site. The
presence of the high velocity layer is expected to give the site
some of the characteristics of a shallow stiff site, and the the
low-velocity layers between a depth of 200 to 500 feet give the

v

site some of the characteristics of a deep soil site. -
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Thus the WNP-2 and WNP-1/4 site can be considered to possess
characteristics of both shallow and deep soil sites. Therefore,
recordings obtafﬁed on either shallow or deep soil deposits were
selected for analysis. Table 361.17~2 lists the selected

. accelerograms. The data set consists of 70 accelerograms
recorded during 12 earthquakes: 30 accelerograms from the 1971
San Fernando earthquake, My 6.4; two from the 1972 Managua,
Nicargda earthquake, M; 6.0; 14 from the 1976 Friuli, Italy
earthquake sequence, My 5.9 to 6.1; 12 from the 1979 Coyote Lake
earthquake, My 5.7; 2 from the 1980 Livermore earthquake, Mj 5.9;
and 10 from the 1980 Mammoth Lakes sequence, My 5.7 to 6.2.

The accelerograms in the data set were recorded at 26 different

- recording stations. The site conditions at each of the recording
stations are described in Appendix 361.17-A. Figure 361.17-5
shows a composite of all of the site shear wave velocity profiles
‘comparea with the velocity profiles measured at the plant sites.

RECORD PROCESSING

‘The sourcés‘of the accelerograms listed in Table 361.17-2 are the
California Institute of Technology (CIT), the United States .
Geologlcal Survey (USGS), the California Division of Mines and
Geology (CDMG), and the Comitato Nazionale per l'Enorgia
Nucleare, Italy (CNEN). All of the records except those from
CNEN were obtained in corrected form. The Friuli data set was
obtained in uncorrected form from CNEN. The Friuli accelerograms
were then corrected using the processing techniques employed by
the other agendies. The general érocedure is described by
Trifunic (1970) and Trifunic and Lee (1973). The cheoice of long
period filter values was based on the recommendations of Basili
and Brady (1978). Based on recent experience with near source
recordings, an interpolation time step of 0.01 seconds was ‘
used. It should be noted that the records obtained from CDMG for
the Mammoth Lakes sequence are in preliminary form. -
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DATA ANALYSIS
The statistical analysis of the data set was performed on the log
of spectral acceleration. Studies (Esteva, 1969; Donovan, 1973;
McGuire, 1974) have shown that the va;iability in recorded ground
motions are best modeled by a lognormal distribution. The
median, mean and 84th percentile spectral accelerations are
computed using the expressions "

S, med = e(1nSa)

’

s, mean = e(lnSa + S(1nsa)2/2)

S, 84% = e{lnsa + S(1lnSa))

where 1lnSa is the mean of the natural log of the data set and
S(lnsSa) is the standard error of the log of the data set.

In developing the statistical spectra at longer periods, not all
records were used as many of the accelerograms were processed
with a long period motion filter corner frequency of greater than
‘0.1 Hy. The number of spectra averaged to various periods is
‘tabulated below. :

Period Range Number of Spectra
0.04 - 1.4 sec. 70

1.4 - 2.0 sec. 66

2.0 - 3.0 sec. . 60

3.0 - 4.0 sec. 48

4.0 - 5.0 sec. 32

RESULTS AND DISCUSSION
Figure 361-17.6 shows the distribution of the data set with.

respect to magnitude and distance to rupture, surface. The mean
magnitude is My 6.15 and the mean distance is 17.8 km. However,
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for several of the earthquakes; the location and size of the .
rupture surface‘;s not known. For these earthquakes, hypocentral
distance is plotted on Figure 361.17-6. Using the relationship
pbbliéhed by Wyss (1979), a magnitude 6.1 earthquake can be
expected to have a“rupture area of 89 kmZ. Thus, the" shortest
distance to the rupture surface may be several kilometers less
than the hypocentral distance. Figure 361.17-7 shows the distri-
butions of the data set with magnitude and distance when epicen-
tral distance is used for the unknown distance to rupture. The
mean distance for this plot is 16 km. The actual mean closest
distance to rupture should be somewheré between 16.0 and 17.8 km.

Figures 361.17-8 through 361.17-10 show an overplot of the 70
response spectra for 2%, 5%, and 7% spectral damping, respec-
tively. The peak accelerations range from 0.08 g to 0.44 g. The
large scatter in the peak accelerations and response spectra is
due partly to the inherent variability in earthquake ground
motion, and partly to the range in magnitudes and distances for

the individual recordings.

Table 361.17-3 lists the median, mean and 84th percentile peak
accelerations for the data set., The log-normal median, mean andg
84th percentile spectra computed from the data set are compared
‘'with the SSE design response spectra (Regulatory Guide 1l.60 spec-
tra anchored to 0.25.g) in Figures 361.17-11 through 361.17-13
for 2%, 5%, and 7% damping, respectively. (The WNP-s plant has
been analyzed and found to be adequate for the RG l.60 spectra
anchored to 0.25 g.) The SSE design spectrum is well above the
statistical spectra except in the period range 0.13 to 0.22
seconds where it is slightly exceeded.

The affect of removal of the extremes of the data is illustrated
in Figure'361.l7:14. Shown are log-normal median and 84th per-
centile spectra for the data set; and for the data set with the
highest and lowest value removed, the 2 highest and 2 lowest
removed, the 3 highest and 3 lowest removed and the 4 highest and

[
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w 4 lowest removed. The.removal of the hi:;hest and lowest points
‘ result in a significant drop in the 84th percentile spectrum and
‘a slight decrease in the median spectrum.

Removal of additional extreme data points result in small reduc-
tions in the 84th percentile spectra and virtually no change in
the median value.

Examination of the data set indicates that for most of the frequency
range, the highest spectral accelerations are from the }ecording

obtained during the 5.7 aftershock in the Mammoth Lakes sequence. N
The recording was obtained at a hypocentral distance of 3.6 km. Since
the acceleration from this recording represented the extreme acceleration
throughout the period range, the effect of the removal of this record
from the data set was evaluated and is shown in Figures 361.17-15 through
361.17-17. The SSE design spectrum completely envelopes the statistical

response spectra in this case.

@ " In the above analyses, each individual response spectrum was
given equal weight in the calculations of the statistical spec-
tra. The analysis is attempting to model the random occurrence
of an earthquake near the site. Given that an earthquake has
occurred randomly within a 25 km radius of the site, the pfobabi-
lity of the earthquake occurring within a distance band is equal
- to the ratio of area within the distance band to the total

area. These probabllltles are. compared below with the percentage
of the data set which lies in each distance band.

Probability of Portion of

Random Event Data Set In

Distance Range In Distance Band Distance Band
0 - 5 km . 040 .086
5 - 10 km ~.120 T .114
10 - 15 km .200 .086
15 - 20 km .280 .286

Q “ " 20 - 25 km .360 : .428

LS04
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This suggests that there are too many records in the data set at
the extremes of the distance range and not enough in the middle.
A weighted statistical average was performed, with the records in
each distance band assigned a weight such that their contribu-
tions to the total is equal to the probability of a random event

" occurring in their distance band. Figures 361.17~18 through

361.17-20 shows the weighted statistical spectra for 2%, 5% an 7%
damping, respectively., As can be seen, the SSE design spectra
envelope the statistical spectra except for a slight exceedance
in the narrow period range of 0.15 to 0.18 seconds.
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TABLE 361.17-3

Statistical Magnitude, Distance and Peak Accelerations

For Analysis Data Sets

€T-LT T9€

Data Set Number Mean ‘Mean- Distance (km) Peak Acceleration (9g)
of Magnitude Rupture- Rupture- 84th~
. Records (ML5 Hypocentral | Epicentral | Median mean | percentile

Complete set 70 6.12 717.6 16.1 .174 .191 .270
Complete set 68 6.13 17.8 16.2 174 | .189 .264
with highest
and lowest
value removed
Complete set 68  6.14 18.0 16.4 .170 | .185 .258
with Mammoth
Lakes ML 5.7
record removed
Complete set 70 6.11 17.1 15.3 170 .186 .261
weighted by
area




: . TABLE 361.17-1
: Accelerqgrams from Magnitude M; 5.7 to 6.4 Earthquake in the.
: Disgance Range 0 to 27 kilometers
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'THREE-LETTER CLASSIFICATION CODE FOR

TABLES 361,17-1 AND 361.,17-2 '

FIRST LETTER: Structure Type .and Instrument Location

Designation

A

Description

Free-field instrument or one-story structure;
the instrument is located at the lowest level
of the structure and within £ several feet of
the ground surface.

Two to four~-story structure of light
construction; the instrument is located at
the lowest level of the structure and within
+ several feet of the ground surface.

Two  to four-story structure of light
construction; the instrument is located below
the ground surface at the lowest level of the
structure.

Structure of heavy construction; the
instrument is located at the lowest level of
the structure and within t several feet of
the ground surface.

Structure of heavy ' construction; the
instrument is located below the  ground
surface at the lowest level of the structure.

Structure housing instrument is buried below
the ground surface.

Structure of light or heavy construction; the
instrument is located at the ground surface
or below, but is not at the lowest level of
the structure. ’




0 SECOND LETTER: Deep Local Geology

Designation Description
A Hard Rock; competent, typically with V_ >4000
fps; generally includes metamorphic and

intrusive igneous rocks.

B Soft Rock; less competent, typically with
2000 < V_ < 4000 f£fps; generally includes
sedimentary and extrusive igneous rocks.

c- 0l1d Alluvium; unconsolidated sediments of
Miocene age or older; typically may have some
"soft rock" characteristics, i.e. V_2> 2000
fps.

D Recent Alluvium; unconsolidated sediments of
Pliocene age or younger.

THREE LETTER: Near-Surface Geology

n Designation ‘ Description

A Rock; the insturment is founded on rock
material or a very thin (less than 10 to 15
feet) of soil over rock; typically is on a
ridge or hillside.

B ‘Shallow Soil; the instrument is founded in or
: on soil up to 150 to 200 feet thick over rock
material ;tyepically is in a narrow canyon,

near the edge of a valley or on a hillslide.

C Deep Narrow Soil; the instrument is founded
in or on soil at least 200 to 300 feet thick
over rock material in a narrow canyon Or
valley not more than several kilometers wide.

D Deep Broad Soil; the instrument is founded in
or on soil at least 200 to 300 feet thick
- over rock material in a broad canyon or

valley.
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’ APPENDIX A

The site descriptions and shear wave velocity profiles presented
in this appendix are compiled from two primary sources of data,
the Shannon & Wilson reports (1976a, 1976b, 1977, 1979%a, 1979Db,
1980) and the work by Duke and Leeds (1972), Duke et. al. (1971)
and Eguchi et. al. (1976). 'Where specific information was not
available about the site geology, the site conditions were
estimated from geologic maps and the shear wave velocities were
estimated ?rom published data for similar soils.

A-l 8244 Orion Avenue (Holiday Inn)

The former recording station at 8244 Orion Avenue is designated
USGS Station No. 241. The instrument is located on the ground
floor of a seven-story building. the site is underlain by an
estimated 1000 feet of recent aluvium and pleistocene sediments
overlying Miocene sedimentary rocks (Duke et al, 1971). The
shearwave velocity profile published by Duke et al. (1971) for
the site is shown in Figure‘361.l7-Al.

A-2 0ld R: [oute, Castaic

The 0Old Ridge Route Recording Station at Castaic is designated’
USGS Station No. 110. The instrument is housed in a sheet-metal
prqfabricated instrument shelter on the crest of a small ridgé.
The instrument is underlain by weathered sedimentary rock,
grading into fresh rock at depth. The measured shear wave
profile is shown in Figure 361.17-A2 (Duke, et al, 1971; and
Shannon & Wilson, Inc., 1977). The measured shear wave |

volocities indicate the subsurface material becomes rock-like at:

a depth of 100 feet.

1/13/82 (FSAR-20) 361-17/braft 3/Appendix A/Youngs 361.17-al1
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a-3 Hollywdod Storage PE Lot . g

The recording station at the Hollywood Storage Building 5 Parking
Lot is designated USGS Station No. 135. The instrument was
located in a metal shed 112 feet west of the Hollywood Stofage
Building. Data from a boring drilled at the site (Shannon &
Wilson, 1979a) indicates that the accelerograph is underlain by
146 feet of alluvium overlying silts and clays of the Repetto
Formation. Figure 361.17-A3 shows the downhole shear wave
measurements obtained in the boring. Also shown are shear wave
velocities measured by Duke, et al (1971) using surface
refraction techniques.

A-4 1640 Marengo Street

The former recording station at 1640 Marengo Street is designated
USGS Station No. 181. The instrument is located on the ground
floor of a seven-story building. The recording station is within
2000 fett of the USGS Station No. 190 at 2011 zZonal Avenue, which
is in an area underlain by a thin alluvial cover overlying
Miocene shale and sandstones (Shannon & Wilson, 1976b). The USGS
(1981) reports that the station no. 181 is underlain by at least
50 feet of alluvium. The shear wave velocity profile shown in
Figure 361.17-A4 is estimated from published data for recent
alluvium (Campbell and Duke, 1976) and Miocene Sedimentary Rock
(Shannon & Wilson, 1980). R

A-5 3407 West Sixth Street

The recording statioh at 3407 West Sixth Street (Mutual Building)
in Los Angeles is designated USGS Station No. 199. The
instrument is located on.the ground floor of the eight-story
office and parking structure. The soil profiles published by -
Jennings & Strand (1969) indicate the site is underlain by
approximately 20 feet of alluvial deposits consisting of -
Pleistocene clay, silt, sand, and gravel. The shear wave

1/13/82 (FSAR-20) . 361-17/braft 3/Appendix A/Youngs 361.17-A2






velocity profile measured by Shannon & Wilson, Inc., (197¢6b) is
shown in Figure 361.17-AS5.

A-6 808 South Olive Street

The former recording station at 808 South Olive Street, Los
Angeles, is designated USGS Station No. 175. The instrument is
located on the ground level of a 8-level garage. the site is
located approximately 3000 feet south of the Figueroa Street site
investigated by Shannon & Wilson, Inc. (1979b). The area is
characterized by recent alluvium overlying Pliocene and Miocene
sedimentary rocks. Figure 361.17-A6 shows the estimated shear
wave velocity profile for the site. The shear wave velocities
assigned to the alluvium are average‘values reported for similar
materials (Campbell and Duke, 1976). The shear wave velocities
in the Miocene sedimentary rocks are assumed to be similar to
those meésured py Shannon & Wilson, Inc. (1979b) at the Figueroa
Street site.

A-7 Palmdale Fire Station

The recording station at the Palmdale Fire Station is designated
USGS Station No. 262. The instrument is located on the ground
floor of a single story building. The site is underlain by an
unknown depth of granular alluvium over granitic basement

rocks. The shear wave velocity profile -shown in Figure 361.17-A7
was estimated from the relationship published by Campbell and
Duke (1976) for recent alluvium.

A-8 450 North Roxbury, Beverly Hills

The former recording station at 450 North Roxbury is designated
. USGS Station No. 455. The instrument was located on the ground
floor of a 10-story building. The site is underlain by at least

60 feet of recent alluvium (USGS, 1981). Figure 361.17-A8 Shows
the shear wave velocities measured at the site by Eguchi et al

(1976).
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A-9 Lake Hughes Array No. 1

The recording station at the Los Angeles County Fire Station

_No. 78 is designated USGS Station No. 125. The instrument is
located in a one story fire truck garage. The site is underlain
by more than 55 feet of alluvial deposits which overlie granitic
‘bedrock at an unknown dépth (Dibole, 1961). The alluvial soils
between the surface and 55 feet in depth consist of loose to
medium dense sands with gravel and cobbles. The shear wave
velocity profile reported by Duke et al (1971) is shown in Figure
361.17-A9. 5

4

A-10 1625 West Olympic Boulevard, Los Angeles

»

The former recording staion at 1625 West Olympic Boulevard, is
designated USGS Station No. 469. The instrument is located on
the ground floor of a 10-story building. The site is approxi-
mateli 5000 feet southwest of the Figueroa Street site investi-
gated by Shannon & Wilson (1979c) in an area characterized by

>

. shallow alluvium overlying Miocene sedimentary rocks. The shear .
wave velocity profile measured by Duke and Leeds (1972) is shown
in Figure 361.17-A10. '

A-11 14724 Ventura Boulevard, Los Angeles

The recording station at 14724 Ventura Boulevard, Los Angeles, is
designated USGS Station No. 253. The recording instrument is '
located on the ground floor of a l4-story, reinforced conéretg
shear' wall office tower. The soil profiles published by Jennings
& Strand (1969) indicate that the site is underlain by unconsoli-
dated recent alluvium. This material is approximately 60 feet
thick, consisting of clay, silt, sand, and gravel. Rocks of the
upper Miocene Modelo Formation and the middle Miocene Topanga
Formation underlie the alluvium (Duke-et al, 1971). The shear
wave velocity profile measured by Shannon & Wilson, Inc. (lé?Gb)
is shown on Figure 361.17-Al1l.
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A-12 1760 North Onchid‘Street, Los Angeles
The former recording station at 1760 North Orchid Street is
designated USGS Station No. 446. The instrument is- located on

- the ground floor of a 23-story building. The site is approxi-

, mately 500 feet north of the Hollywood Storage building near the
base of the Santa Monica Mountain. The site is underlain by at
least 60 feet of alluvium (USGS, 1981) overlying Miocene sedimen-
~tary rocks. The shear wave velocity profile shown in Figure
'361.17-Al2 is based on the velocities measured in the'alluvial
soils at the Hollywood Storage building (Shannon & Wilson, Inc.,
1979a) and velocities measured in Miocene sedimentary rocks |
(Shannon & Wilson, Inc., 1980). '

A-13 800 West First Street

The recording station-at 800 West First Street, Los Angeles, is
designated USGS Station No. 172. The instrument is located on
the ground floor of a 32-story apartment house. ‘The building is
situated on a topographic high and is underlain by fractured,
weathered sha;e. The shale is 120 feet below the surface, as
determined by foundation engineering borings. The shear wave
velocity profile shown in Figure 361.17-A13 was measured at the
nearby station‘at 222 Figueroa Street (Shannon & Wilson, Inc.,
1979b). "

A-14 222 Figueroa Street, Los Angeles

The recording station at 222'Figueroa Street, Los Angeles, is
designated USGS Station No. 145. The instrument is located on
the ground floor of a 1l7-story concrete structure. The site is
underlain by 5 to 22 feet of fill overlying a sequence of
alluvial sand, silt, and clay. The alluvium extends to between
26 and 33 feet below the surface, where it overlies the shale of .
"the upper Miocene puente formation. Figure 361.17-a14 shows the
shear wave velocity measured by Shannon & Wilson, Inc.. (1979Dp).
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A-15 6200 Wilshire Boulevard

The recording station at 6200 Wilshire Boulevard, Wilshire
Medical Building, is designated USGS Station No. 443. The
instrument is located on the ground floor of the lé6-story
building. The site is underlain by a sequence of Pleistocene
older alluvium and terrace deposits. The upper most 130 feet
consists of about 49 feet of firm clay, silt, and dense sand
overlying 55 feet of asphaltic sand. The lowermost 26 feet
consists of firm sandy silt and dense silty sand. The shear wave
velocity profile reported by Shannon & Wilson, Inc. (1976a) is
shown in Figure 361.17-Al5.

A-16 Esso Refinery, Managua, Nicarogua

The recording station at the Esso Refinery is designated USGS
Station No. 3501. The instrument is located in a tin shelter
next to the main office building. Soil borings indicate that the
site is underlain by approximately 150 feet of alluvial deposits
of sands, clays and gravels. Below the alluvial deposits
fractured basalt and basalt frégments were encountered. The
basalt fragments are underlain by a thick sequence of interbedded
volcanic and alluvial deposits. The measured shear wave velocity
profile reported by Faccioli et al (1973) is shown in Figure
361.17-Al®6.

A-17 Forgaria - Cornino, Italy

The site of the temporary recording station at Forgaria-Cornino
is underlain by approximately 50 feet of alluvial deposits. The
alluvial material is underlain by a sloping bedrock consisting of
marly sandstone and sandstone (Muzzi and Vallini, 1977). Figure
361.17-A17 shows the shear wave velocity profile for the site
estimated from measured velocities in similar materials (Muzzi

and Pugilese, 1977; Weston Geophysical, 1981).
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A-18 Buia, Italy -

The temporary station at Buia, Italy is underlain by a deep
alluvial deposit of sand, clay, and gravel, (Basili et. al.,
1976). The shear wave velocities in the alluvial soiis, shown in
- Figure 361.17-Al18, are assumed to be similar to those reported
for Tarcento by Weston Geophysical (1981).

A-19 Tarcento, Italy

The temporary recording station at Tarcento, Italy, was located
on approximately 60 feet of alluvial soils overlying marl and
sandstone (Busili et, al., 1978). The shear wave profile shown
in Figure 361.17-Al19 is estimated from velocities measured in
sihilar materials (Weston Geophysical, 1981). i

A-20 Gilroy Arrangtation‘No. 2

. The recording station at the Mission Trails Motel is designated .
ﬁSGS Station No. 1409. The instrument is located on the ground
floor of a single story puilding. The site is underlain by in.
excess of 500 feet of recent alluvium consisting.of medium dense
to.dense sands (Rogers and Williams, 1974). The shear wave
profile shown in Figure 361.17-A20 is estimated from the data
presented by Fumal (1978) for similar materials. -

A-21 Gilroy Array Station No. 3

The recording statibn at the Gilroy Sewage %laﬁt is designéted
USGS Station No. 1410. The instrument is located on the ground
floor of a single story building. The site is underlain by
approximately 1000 feet of recent alluvium (Rogers and Williamé,
1974). .The soils are expected to be very similar to Gilroy Array
Station No. 2. The estimated shear wave velocity profile is *
shown in Figure 361.17-A20. ’ ]
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A-22 Gilroy Array Station No. 4

The recording station at San Ysidro School is designated USGS
‘Station No. 1411, The instrument is located on the groundvfloor
of.a single story building. The site is underlain by in excess,
of 500 feet of recent alluvium (Rogers and Williams, 1974). The
soils are éxpected to be very similar to Array Stations 2 and 3.
The estimated velocity profile is shown in Figure 361.17-A20.

A-23 San Juan Bautista 101/156 Overpass

The recordiné station at the Highway 101/156 overpass is desig~
nated USGS Station No. 1492. Instruments are located at the
ground level on two support columns of a freeway overpass. The
site is underlain by an unknown depth of upper Pleistocene
‘terrace gravels (Allen, 1946). The shear wave velocity profile
shown in Figure 361.17-21 is estimated from the data published by
Fumel (1978) for gravelly soil.

A-24 24 Polk Street, San Juan Bautista

The recording station at 24 Polk Street is designated USGS

- Station No: 1377. The instrument is located on the ground floor
-0of a single story building. The site is underlain by an unknown
depth of upper Pleistocene terrace gravels (Allen, 1946). The ,
shear wave velocity profile is shown in Figure 361.17-A21 is
estimated from the data published by Fumel (1978) for gravelly
soils. ‘

A-25 Del Valle Dam

The recording station at Del Valle Dam is designated USGS Station’
No. 1265. The instrument is located in an instrument shelter at
the downstream toe of an earth dam in a narrow canyon. The.site
is underlain-by shallow alluvium of unknown depth overlyingh

' Cretaceous sandstones and shales (Huey, 1948). The velocity
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profile shown in Pigure 361.17-A22 is estimated from measured

velocities in similar materials (Fumel, 1978).

A-26 Convet Creek, Mammoth

The recording station at the Fish and Game Experimental Station
near Mammoth Lakes is designated USGS Station No. 1324. The
instrument is located on the ground floor of a single story

building. The site is underlain by in excess of
alluvium (USGS, 1981). The alluvium is expected
coarse grained deposits of sand and gravel. The
shown in‘Figure 361.17-23 was estimated from the

velocities measured by Duke and Leeds (1972) for

Bishop, California.

100 feet of
to be very
velocity profile
compression wave
similar soils at
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