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ABSTRACT 

In this report the authors investigate the seismic behavior of the 

Satsop nuclear reactor site by the ratio microzonation method (Refs. 5 and 

6), which involves simultaneous observations of microseismic signals at 

two stations with identical recording seismometers and utilization of the 

ratio of power spectra to identify ground amplification and frequency 

distribution. 

The study reveals that (1) microseismic power spectra are nonstationary 

within the time constraints of this study; however 9 (2) even though the 

amplification spectra are not stationary in the strict sense of the word, 

they do appear to be consistently more stationary than the corresponding 

power spectral ratio; and (3) there is a good correlation between the 

resonant site frequencies determined by microseismic amplification spectra 

and those calculated from field shear wave velocity measurements. 
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1.1 [l\T'l'RODUC'l' JON 

it is generally held that, while the use of microseisms or 

micrntremors for seismic zoning and design is a valid topic for 

scieD~ific research, this type of analysis does not yet appear 

to be well enough developed for practical engineering applica

tions. 'Po date, one of the major difficulties has been the 

nonstAtionarity nf microseismic motions. IINonstationarity" 

refers to the time dependence of the frequency content of 

wave trains of fi.nite length. 

It is common fnr the fre~uency content of microseismic 

WAve train8 to be presented as Fourier power spectra. In this 

study, micro8eismic. AmplifiCAtion spectra are calculated from 

t<'01!y·j PI' pOll,rer S,08ct ra and usedF.ls indicators of site spec. j 1'1 c 

sei7ure behavior. Hesults are then critically examined. 

1 .? ,~ACKGHOU ND 

Although passive and not serv\DT as an energy source, the 

refmonse of a siLe's soil And subsurfac.e to seismic excitation 

is a primary determinant of the resu·Lt~nt effect of a seismic 

event on man-marle 8tru~t1)re8. As eArly [18 1908, Wood (ref. 26) 
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demonstrated a relationship between ground conditions and 

damage caused by the 1906 California earthquake. Resonance 

effeets are to be expected in a bounded, layered medium and it 

has become empirically evident that structures sited on bedrock 

are, in general, less prone to earthquake damage than those 

located on a layered sedimentary section. 

In 1934, Inouye (ref. 11) suggested that there exists a 

"dominant frequency" at the ground surface which is related to 

the dominant seismic excitation at bedrock. Later, in 1945, 

Carder and Gilmore (ref. 8) noticed the same phenomena when 

monitoring "ground vibrations." They proposed that one or more 

of the natural (resonant) frequencies of the ground might be 

determined by the observation of microseisms. 

Beginning in 1954, Kanai and others (ref. 12,13,14) pub

lished a number of pioneering papers on microseismic motions 

which he called microtremors. Kanai deffned microtremors as 

seismic motions which are continuously present, have amplitudes 

of about 0.1 to 1.0 micron" and periods between 0.05 and 2 sec

onds. In most cases, Kanai feels that such motions may be 

attributed to artificial disturbances such as traffic and indus

trial machines. 

Kanai's recordings of microtremors (see fig. 1.2-1) were 

made with pendulum/transducer-type velocity seismometers 



F'lGUHE 1. ?-1 

RIGURE 1.2-2 

(r1 ft ~r I<nnft 1 ) 

I [.::::===:= 
II [,,:~:m;~; 
HI t: z:::t:,:sgzt4!lt\1.11 
IV( ::::;$lli:;Ih:ltitl 

Representative records of micro
tremors observed at the various kinds of 
ground. The symbols of I. II. III and IV 
represent the kinds of ground used in the 
Building Code of Japan. 

(after KanA i ) 

~t~ 
o a.z 0.4 0.6 0.8 1.0 1.2 1.4 

Representative period distribution 
curves of microtremors at the various kinds 
of ground. 

Period 
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recording on smoked drums. He characterized the frequency con

tent of the recorded signals by means of a "period distribution 

function" which was calculated in the following manner. 

A section of record (typically two minutes) was selected 

for analysis. Then the time intervals between zero-crossings 

were measured. Twice the time interval between a pair of 

zero-crossings was considered to be equal to the period of one 

cycle of microseismic motion. (Because Kanai's seismometers 

measured velocity, the time between zero-crossings corresponds 

to the time between maximum displacements.) A period distribu

tion function (sometimes called a "frequency-period curve") 

was then constructed by plotting period on the abscissa and 

the number of cycles of each period on the ordinate. (See 

fig. 1.2-2) 

After analysiS of many recordings of Japanese microtremors 

Kanai concluded that: 1) the period distribution functions of 

mlcrotremors show a definite form for particular types of sub

soil (see fig. 1.2-2); 2) because of resonance, the amplitude 

of microtremors at the earth surface becomes greater as the 

period of the microtremor approaches the natural period of the 

geologic column~ and J) "considerable similarity" exists bet

ween the period distribution functions of microtremors and 

earthquakes recorded at the same location. 



5 

In 1961, Akamatu (ref. 1) performed a study which used 

power spectra to characterize the frequency content of micro

seisms in the 1 to 200 hz. freqUency range. Although his 

method of analysis was not strictly comparable, Akamatu's 

study seemed to confirm Kanai's observation that there exist 

period distributions or "dominant frequencies" which are 

characteristic of their recording location. Akamatu concluded 

that there exists a dominant frequency of short-period micro

seisms which is particular to its recording site. He fUrther 

concluded that, based on data from the six Japanese sites at 

which his study was conducted, sites may be classified into 

two general types on the basis of their microseismic power 

spectra: 1) sites where the dominant frequency appears as a 

remarkably sharp spectral peak; or 2) sites where the micro

seismic power spectra are composed of minor peaks but are 

generally flat. In retrospect, it seems that Kanai" frequency

period curves exhibit an analogous trend. (see fig. 1.2-2) 

Also in 1961, Spieker (ref. 21), after prolonged observa

tion of microseisms in the United states, concluded that, in 

general, microseisms are not stationary for periods longer 

than one hour. In other words, over time periods in excess 

of one hour, the frequency content of microseismic wave trains 

is not constant. 
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.rlostrom and Sherif (ref. c,) hElve proposed a method whereby 

it may be possible to normall~e for the effects of variable 

excitation by observing the ratio between the power spectra of 

microseisms recorded simultaneously by two identical seismo

meter 8tations. 'rhe application of this proposed method of site 

response determination is depenent upon the assumption that the 

p;eoloq;ic column behaves as a linear system in transmittin~ the 

seismic si~nRl anrl that the same excitation function is active 

at both seismometer stations. If these conditions are met 

they suggest that the power spectral ratio will, in fact, 

renresent the power transfer function active between the two 

stations. (The derivation of this function is discussed in 

more detail in Section 3.? of this paper.) If the location of 

one station is fixed and desip:nated the "base station", trans

fer functions relattve to it may be calculated for a number 

of locations of the other "portable stat1.on." Any differences 

in the power transfer functions characterizinp: the various 

portable station locations could then be attributed solely 

to ~jfferences in the site response of those locations. 

1.:3 ()c3~TECTIVE 

It is the purpose of this study to investL«:ate the seismic 

bFd18.vi.oT' of A. s1 te by mean q of a method very closely akin to 

t.l:·!a:,\.lJ'ollosp.!l by ,jnstrorn and Sherif (ref. 5) Ann to critically 

eX81i)\ne. the results of this i.nvestip:atton. '1'his study will 
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~nnf'ne it8Pl~ to examinin~ seismic ql~ne]8 within the 

frequency band () to 10 h7.. 88 It has been shown that man-made 

structures are mopt susceptible to damaSe by low-frequency 

seistni.c motions. 



2.1 (OCA'l' ION 

The area in which this study 'Wf18 conducted lies in the 

Ch8h:::dis Lowland of wAshtngton stElte and conststs of a portion 

of thE" alluvial terraces and adjacent hills which comprise the 

soutb wflll of thE" Chehalis t'itver vEllley neBr the town of Satsop, 

Wnshinqton. Field datA were recorded at four locations (one 

"bn~:e station" nnd three' IIportAble ptBtion" locations), all of 

which qre within An ArPA of land totRllinF approximately 1.5 

squ8rp miles and lying south and southwest of the Chehalis 

River at the point at which the Satsop River enters the Cheha

Ij~ (see fig. 2.1-1). ~his area will be henceforth referred to 

as the study site. That area lying within 10 miles of the site 

will be referred to as the site locality, and that area within 

200 miles of the site as the site re~ion. 

2.2 PHYSIOGRAPHr 

'~he site locality CEln be divided into three local physio

granhic domains: 1) hills which are part of two larger region

al !.)hysiographiC'. provinces known as the l"Jontesano and Willapa 

Hills; 2) stream terraces; and 3) river flood plains. 
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The flood plain of the Chehalis River lies at a general 

elevation of 25 feet and is approximately 1.5 miles wide, while 

the adjacent Satsop River flood plain ranges in elevation from 

about )0 to 80 feet and is approximately 0.5 miles wide. 

Flanking both rivers is a series of three major sets of stream 

terraces. The lowest set, at a general elevation of 50 feet, 

1s the Fraser terraces. The intermediate set, at about eleva

tion 1)0, is the Salmon Springs terraces. The highest set, at 

)20 feet general elevation, is know as the Helm Creek terraces. 

Drainage patterns in the site locality are mostlymodlfled 

dendritic, and exhibit some structural control from regional 

folding and faulting. They do not, however, appear to be fault 

controlled. 

Slopes at and adjacent to the study site are generally 

moderate, but range from nearly horizontal to nearly vertical. 

Low slopes are found on the Chehalis River flood plain (1%), 

and on the undissected surfaces of the Salmon Springs and Helm 

Creek terraces (1% and 2%). Steep slopes, ranging from )0% 

to 70%, occur on hillsides near the base station ~ocation and 

on the dissected portions of the terraces. (See fig. 2.2-1) 
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2.:3 s ['rE 's'rtlA'l'lGl-l.APHY AND :3UHF IClAL GE:OLOGY 

The stratigrADhy of the study locality and adjacent area 

is summarized in fip:ure 2.-3.,.1. Formations present at the study 

RiLe nre marked with an asterisk (*). 

A.t the stlJdy stte, the Astorie formation of Tertiary age 

is the oldest 1mi t knownt,') be present. It is estimated to be 

approximately 3500 feet thick and for purposes of the present 

study, mRy be considered as "bedrock". It is on the weathered 

Rurf~ce of the Astoria formation that the base station for this 

stud V was locatAd. (See fi~. 2.2-1) This formatlon is com-

posed of friable to moderate"Ly hard, coarse to fine ~rained 

And r;enerally moderatel,}, sorted sandstone. 'rhe sandstone 

~ralns are loosely cemented by silt and clay fines when fresh 

or weathered and by iron oxide near the base of the weathered 

zone. 'l'he finer sandstone tends to be better cemented due to 
• 

its hi~her content of fines. Thin discontinuous beds of con-

~lomerttic sandstone, conglomerate, and siltstone and thin 

carbonaceous beds are known to occur locally. When encountered, 

the p.:ravel in conglomeritic layers is commonly composed of 

fine-grained, dark-colored, volcanic rocks and is poorly 

cemented. Siltstones are generally hard and highly cemented. 

In adctition, five separate tuff ~eds are known to occur within 

the Astoria formatton at the site. (Ref. 25) Generally, 

beddin~ in the sandstone is poorly-defined and massive. In 



13 

AOI (I) 
(106 yr) Period Epoch 

litho
logy Formation (2) 

.01-
~ 
0 
c ... .. 

• 1- -0 
:::J 
0 

. 5-

3 

7-

:>. ... 
0 

26- -... 
~ 

38-

.. 
54 

.. 
c .. 
u 
2 
o 
:r 

.. 
C .. 
u 
0 -.. .-
~ 
a. 

., 
c .. 
u 
0 

-a. 

.. 
c ., 
u 
0 .-
~ 

.. 
c .. 
u 
0 
01 .-
(5 

.. 
c .. 
<J 
0 
UJ 

Late 

-

*All.uvlum 
*Coll uvium 
*Lolldslide Debris 

*Fraser Deposit (10,000 yf to 20,OOOyr BP) 
(unconformity) 

'*Solmon Springs Deposit (34,000yr to 50,000yr BP) 
(unconformity) 

Middle ::t:;'~. iE-Helm Creek Deposit (250,Oooyr to 320,000 yr BP) 
~ (unconformity) 

Wedekind Creek Formation and 
Logan Hill Formation (530,000 yr to 700,000 '1r BP) 

(unconformity) 
~ 

Late 
No known depot Its in sit. locality 

Early 

"o'~":<l' Montesano Formation 
Late 11 (local unconformity) 

Middle 

*Astoria Formation (gmillion yr to 17 million yr BP) 
Early 

'I:~ _(local unconformity) 

Late 

~~J.:; Middle Li n coIn Creek Formati on 

Early (unconformity) 
--- Skookumchuck Formation 

Late ~ - McIntosh Formation 

mllTIIT (unconfor mity) 
Middle Crescent Formation 

Earl y 

*Formotions present within I.5mi of plant location 

(I) Age based on Van Eysinga 1972 

(2) Formations and ages based on 
Corson 1970 j Snovely et 01 1973 
Pease and Hoover, USGS, 1957 ~ 
Rau 1967 ; Fowler 1965 ; Eddy 1966; 
Birkeland et 01 1971; Easterbrook et 01 
1967 i Easterbrook 1969. 

FIGURE 2.3-1 (after WPPSS) 

LOCAL 
STRATIGRAPHIC COLUMN 

I 
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outcrop, the sandstone of the Astoria format1on dips 4 to 19 

degrees to the north. 

Glaciofluvial deposits overlie the Astoria formation to 

the northwest of the base station locationo (See fig. 2.2-1) 

These deposits consist of alluvial sands, slIts, and gravels 

which were deposited at three different elevations representing 

different ages of deposition: 1) the Helm Creek deposit at 

approximately 320 feet elevation; 2) the Salmon Springs deposit 

at approximately 130 feet elevation; and 3) the Fraser deposit 

which is present below the alluvium of the Chehalis River. 

Other undifferentiated glaciofluvial deposits are also present. 

All three portable station locations are on erosional 

remnants of the Helm Creek deposit. (See fig. 2.2-1) Based 

on radiometric dates of more than 40,000 years BP and on field 

relationships with the Salmon Springs deposit, it has been 

shown that the Helm Creek deposit is of pre-Salmon Springs age. 

It has been tentatively correlated with the Stuck glaciation of 

the Puget Lowland (320,000 to 250,000 years BP), At the study 

site, the Helm Creek deposit consists principally of discontin

uous layers of sand,silty sand, and silt with occasional 

coarser clasts. Figures 2.3-2:, ;,and 4 present the detailed 

stratigraphy of the Helm Creek and other deposits present at 

each portable station location. These figures are based on 

logs of exploration borings made by the Washington Public 
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. FIGURE '2.3-2 SUIV!lV1ARY BORING LOG Or" WPPSS BORING A-30 
LOCATED AT PORTABLE; STATION LOCATION 1 

, , Ground Surface Elevation 292.5 ft. 

e-l IGeo-1 
1 Symbols Description 

ft-I OgyjF:·:>':----+------------ ~---
- 290 i":":111 ' Loess ,i,,',I'I'!! MIl 

10 /l1:11! i' 
1----11" li:Wr' ·.ill !_ 

Soft to firm light brown to 
reddish brown plastic SILT, 
some sand - 280 

20 

270 

30 

260 

40 

250 

50 

240 

60 

230 

70 

220 

80 
210 

90 
200 

100 
190 

· .. " 
, .. " 

SM 

" . . . . · .. , 

~ !".. , 
.!e. 
t~ 

m'I~': ~~3=-'i" fil:l' 
.' f • ,,, .. 

110 ., •• 

120 

130 

140 

150 

160 

170 

ISO 

180 •••• 

170 

. 160 

150 

14 (I 

130 

It' It " .... " 
• ,I"", .• 
It ••• 

" ... · ... 
• t1. 

•••• 
•••• .. ,. 
t ••• 

• ••• 
... Cit· 

•••• 
• ••• 

.0 CIt' 

120 •• ~. 

SM 

GP
SP 

Nedium dense gray brown to brown 
medium to fine SMfD, some silt 

Medium dense to very dense yellow 
brown coarse to fine SAND, some 
coarse to fine gravel, some silt 

Dense to very dense brown to 
yellow brown coarse to fine SAND, 
some silt, trace coarse to fine 
gravel 

Yellow brown coarse to fine 
sandy GRAVEL, trace silt 

Moderately weathered brownish 
yellow fine low hardness SMfD
STONE 
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FIG. 2.3-2 (cont tnued ) 

ept 
ft ft 
-.-~-~.- ~--" 

roo ---t 
r 

E r 

-
=-----:.. ------
: 

190 

200 

210 

220 

~30 

240 

250 

260 

270 

280 

=- 290 ---
- 300 ----- 310 -----
~320 
~ 
~ 

r: 3"" r- .)u 
~ 
roo. 

~ 340 r-
t-
~ 

~350 
t:.- 360 

110 

100 

- 90 

80 

70 

f- 60 

50 

40 

30 

20 

10 

0 

-10 

-20 

-30 

-40 

f-- 50 

r- 60 

logy: Symbols· 

~ CI) 
CI) 

<G 
H ::ti 
~ CI) 

'0 j:J::1 

!E-! ~ 
CI) fz; 

<G 

I-- - ---i-

, 

~escrip_~ion 

Fresh dark gray fine low hard-
ness SANDSTONE (massive, no 
visible bedding) 

Depth completed 205.2 ft 
2 JuJ. 1973 

'i~NOTE: Blow counts are an 
average of two adj acent 
samples in the continu-
Ous soil sampling 
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r'IGURE 2. J-J SUN1'l1ABY BOB ING LOG OF Wpp,sS BORING A-1 J 
LOCATED AT PORTA:jLE STATION LOCAT ION 2 

Ground ~urf<J(,:,e Ele'\'ation 2R6 ft 
-------~-- '~~----~ 

E1 IGeo-1 . Depth 
ft 

~ 

ft lo..TL. S~~bolS Description , __ _ 

!nll!!I!!: Firm yellowish brown plastic 

t: 10 
I--

_ 280 !Loess I!h d' UH clayey SILT, some coarse to 
~ ;ine sand, occasional root I-

~ 
~ 20 I- 270 
l-
f-

~ 30 I- 260 
i-
l-
I-f::- 40 -. 250 ... ... 
f:- 50 I- 240 
i--
I- 60 t=-
l
I-
1= 70 
I--
l-
t-

~ 80 10-
l-
I-
l-
I=- 90 
I-

~ 
~ 100 
t-

~ l=- i10 
I-r: 
~ 1:;:0 
l-
I-

~ 130 
I--I-
~ 140 
to--
~ 
~ 150 
~ ... 
~ 160 

~ 
~ 170 
t-
l
I-

~ 180 

I- 230 

- 220 

r 210 

- 200 

r 190 

- 180 

170 

:;'60 

150 

I- 140 

130 

120 

lIn , 

I ~ragments 
.. : :: Si.~ Loose to medium dense yellowish ... 

··Ic • 
.1<> ·Ie 

[.1: j: SH 

Ii: II: 
u. 1+ ''\.1-

i: 

.l,ll~·~;-.... . , . .. ~ 

1

St'. ! 

tl: : : 
1'1'1" 

~ [li;li Iii I' 

~ !-I-H' 
~ l:!:i:'~. ! W . .,:0"1 : 

€3 !Gffjir I s:.11 
~ 'i ;)l)"f.P I'iL' 

p:: [:':I~) ~:jl ~ 
.• 0 • ( ., . 
• •• v 

~ : ~I: 
Q' 0 1

• 

· . • Ie · .. • 
· .. . .. · . .. ~ 

· . · . · . · · · · · · · . · . · · · · . • 

S1-1 

S1'1 

brown coarse to fine SAND, some 
silt 

Medium dense yellowish brown fine 
gravelly coarse to fine SAND, 
some silt 

Medium dense yellowish brown 
coarse to fine SAND, some silt 

Very dense yellowish brown silty 
fine SAND 

Very dense reddish brown to 
yellowish brown coarse to fine 
SAND, some silt, some fine 
gravel 

Very dense yellowish brown 
coarse to fine SAND, some silt, 
trace fine gravel 

. r 
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18 

Oescrirrt;iQD 

Fresh gray medium to fine low 
hardness SAMOSTONE 

Occasional ,.ine gravel and car
bonaceous material throughout 
core 

Depth co~pleted 212 ft 
14 Jun 1973 

,. 
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FIGURE 2.)-4 SU]v!JVIARY BORING LOG OF WPPSS BORING A-19 
LOCATED Nr POR'rABLE S'rATION LOCATION j 

Ground Surface Elevation 333 ft 
-------------~--Depth 1:] Geo- I 

_ LL !.o~ ~X!"~ De sc r .i£..t:j..~.I.. 
f- 330 ~i:ill~'1 Firm to stiff reddish brown LoeSJ ':~ I MH , 

10 :' 1:1 plastlc clayey SILT, trace fine I----r':""..,. f-

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

320 " ; I: \.::nd, occasional root fra~lP-ents 

310 

300 

f- 290 

280 

270 

I- 260 

t- 250 

240 

230 

220 

- 210 

200 

190 

180 

1-l70 

160 

.. •• Sfvl 

: ~I: 
Loose to medium dense yellowish 

-brown medium to fine SAND, some 
silt grading with manganese oxide 
specks and iron stains 

: : f 
.~ q; f SP- Medium dense gray medium to fine 
..... .-SM. SAND, trace silt 

[In ML :Stiff yellowish brown SILT, some 
:1:1: ~ne sand 
• " SH 

~ 
~ I 
fil 

~ l u ;_ 
:::: • • -j 
H •• ". 
fi3 • • 

• •• SN 

· . . 

o· Ot 

'0 .0 

·0"" 

· . . 

· .. 

Medium dense yellowish brown fine 
SAND, some silt 

Very stiff, yellowish brown 
clayey SILT, trace fine sand 

Very dense yellowish brown fine 
SAND, some silt 

Very dense yellowish brown sandy 
coarse to fine GRAVEL, trace silt 

Dense to very dense yellowish 
brown fine SAND, some silt, trace 
fine gravel 



20 

F'lG. 2.)-4 (continued) 

Depth 
ft 

- 190 

t:... 200 
r-
I-
~ 
I- 210 
i--
~ 
i-
l-
i- 220 
I--.... ... 
= 230 
~ 
'--
i- 240 
~ 
~ 
I-

l250 
:
~ 

~ 260 
r
I-.... 
i- 270 
~ 
l
t-
t: 280 
~ 
~ 
t
I-
~ 290 
t-
~ 
t-
~300 
t-
l-
t-
t- 310 t-
l-
I-
l-
t- '320 
~ 

~ 
r: 330 roo-
I---- 340 
~ 
l
t
l-
t- 350 
t--
I-
~ 
t-
t- 360 

---. 
El Geo-
ft log'.' 

150 

~ 
Cil r 

J-l40 ,il H 
c::; t'l 
uo 

p., 
:tN 

1-130 •. ;fQ 

t2 
1-120 

. f--....--

110 

100 

90 

I- 80 

.... 70 

60 

.... 50 

I- 40 

.... 30 

r 20 

.... 10 

o 

-10 

r-20 

-
rT~ __ -4 __________ ~D_e_s.c __ r_ip~t __ io~.n ____________ ___ 
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~ · 
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0 , 

· · 

· · · · · · • 
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• 
· · 

SM-
HL 
I-

GN-
SH 

Hard yellowish brown fine sandy 
SILT 

Very dense yellowish brown fine 
gravelly coarse to fine SAND, 
some silt 

Fresh gray medium to fine low 
hardness SANDSTONE 

Bedding 00 
.- 300 

Highly weathered yellowish 
brown medium to fine friable 
SANDSTONE from 247.5 ft to 
250.7 ft 

Occasional fine gravel through
out core 

Depth completed 283.5 ft 
11 Jun 1973 
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Power Supply System (WPPSS). 

'\'opo~Y'aphic8.11y lower and younger than the Helm Creek 

dennstt is the remnant of the Salmon Springs deposit. It lies 

to the north of and adjacent to the Helm Creek deposit. 

(See fig. 2.2-1) The Salmon Springs deposit has beencorre

lated to the middle and early Salmon Springs glaciation 

(SO,O()O to 34,000 years BP). It overlies the Astoria formation 

and consists of 30 to 60 feet of silty sand 8nd olayey silt. 

'j'he younr.;est p;lFlc lofluvi Al d epos i t in the area is the 

Fraser deposit. This deposit (20 to 120 feet thick) underlies 

the alluvium of the Chehalis Hiver valley Flnd oonsists mainly 

of sandy gravel with layers of clayey silt. It is correlated 

to the Fraser g;laniation (20,000 to 10,000 years BP). 

l\t. the stuny s:'tte,loess (5 to 15 feet thick) overlies 

both the Astoriq formation And g'Laciofluvial deposits. 

Co Lluvium is present downslope from the base station and else

where i.n the study are8.. This colluvium results from the down

slope movement (silde and creep) of weathered sandstone and 

loess and is generally thickest at the base of slopes. Alluvium 

occurs along the Chehalis River, Workman Creek, and other small 

streams in the study area. In the Chehalis valley, the alluv

ium iR composed of J to 20 feet of sand Rnd silt. 
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?4 ~rHUCTUHAL GEOLOGY 

~ro8d, poorly-defined anticlines and steeper, more clearly

defined synclines ~enerRlly trend north-Routh in the site 100a1-

it,y. (See ftlr. ?4-1) At the site, the Astoria sandstone bed8 

din S to 15 de~rpes north toward the Chehalis River reflecting 

these ~entle folds. 

Several faults are known in the region immediately sur

rounrlin~ the study erea. (See fi~. 2.4-2 and tables 2.4-1,2, 

and]) These faults are of high angle, reverse, and normal 

type, Rnd ~eneralLy trend northwest-southeast and east-west. 

They nre related to comnrepsional forces that produced folding 

And fnultin~ durin~ late Tertiary time. (See section 2.5) 

'PhesE' faults dn not offset or nontrol drainage. There is no 

evldence of Q1Jat(~-rnary movement of the fFwlts. 

Joints are present in only a few of the outcrops of the 

Astoria formation at the site. Out of some 80 outcrops of 

sandstone, previous investigators (ref. 25) found jOint sets 

in only six exposures. Two dominant orientations of joints 

werp found; one striking northwest and one northeast. 
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TABLE 2.4-1 FAULTS AND LINEAMENTS LONGER THAN ONE MILE 
WITHIN TWENTY NILES OF THE SITE (after WPPSS)' 

Mal' No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Footnotes 

Na .. e 

Weilr.,..,ood la'llt 

Gibson Creek
Minot Peak Faults 

Lookout Fault 

Williams Creek Fault 

Porter Creek F~ult 

Blue Mountain Fault 

Redfield Creek Fault 

Oakville Fault 

Scammon Creek Fault 

Scar Hill North feult 

Scar Hill West F~~lt 

Joe Creu Fault 

Elkhorn Creek Fault 

Smith Creek North 
Fault 
Smith Creek East 
Fault 

Silver Creek lault 

Wishkeh River 
Fault Zone 

East Fork rault 

Carter Creek Fault 

Wynoochee Anticline 
#1 Fault 
Wynoochee Anticline 
12 Fault 
Wynoochee Anticline 
#3 Fault 

Cedar Creek Fault 

Celdwell Creek Fault 

Confluence Fault 

Smith Creek South 
Fault 
Pack Seck Lookout 
Fault 

Ward Creek Fault 

Rorth Fork Fault 

Fairchild Creek Fault 

Fall Creek Fault 

Rochester Lineament(6) 

(1) Scaled from cross section 

Minimum Distance Sense of 
£r= Site (Miles) Motion 

1.5 Reverse (5) 

5.5 High Angle 

10 

7.5 

4.5 

18 

12 

13 

14 

16.5 

17 

14.5 

12.5 

14.5 

14 

12 

12 

11 

16 

9.5 

5.5 

17 

16 

17 

18 

18 

14 

16 

Reverse 

High Angle 

High Angle 

Reverse 

High Angle 

High Angle 

Reverse (5) 

High Angle 

High Angle 

High Angle 

High Angle 

Higb Angle 

High Angle 

High Angle 

Reverse 

Strike Slil) 

Normal 

High Angle 

High Angle 

High Angle 

High Angle 

Higb Angle 

High Angle 

High Angle 

High Angle 

High Angle 

High Angle 

High Angle 

High Angle 

High Angle 

(2) Estimated from strat.igraphic hiatus 
(3) Snavely et al 1958 
(4) Rau 1967 
(5) Field studies 
(6) Baaed on geophysical evidence 

Length (Miles) 
(Measured on Map) 

4 

12 

2.S 

2.S 

3 

10.5 

7.5 

3 

13 

1 

1.5 

2.5 

2.5 

2.S 

2.5 

1 

10 
(2-3 wide) 

4.5 

5 

1 

1.5 

4 

2 

1.5 

2 

5 

3.5 

4 

2 

10 

Laut Movementl 
Activity 

Miocene or later 
(cuts Astoria ltll) 

Miocene or later 
(cut. Astoria Fm) 
Miocene or later 
(cuts Lincoln Creek Fm) 
Oligocene or later 
(cuts Lincoln Creek Fm) 
Miocene or later 
(cuts Lincoln Creek Fm) 
Miocene or later 
(cuts Astoria Pm) 
Miocene or later 
(cuts Astoria Fm) 

Wiocene or later 
(cuts Lincoln Creek FtD) 

Pliocene or earlier(S) 

Miocene or later 
(cuts Astoria Fm) 
MIocene OT later 
(cuts Lincoln Creek Fm) 
Miocene or later 
(cuts Lincoln Creek FtD) 
Miocene 
(cuts Astoria Pm) 

Miocene or later 
(cuts Astoria Fm) 
~ocene or later 
(cuts Astoria Fm) 
~ocene or later 
(cuts Astoria Fm) 
l'.iocene 
(pre-Montesano Fm) 
hiocene 
(pre-'Montesano 1m) 
Post Miocene 
(cuts l'~te8ano Fm) 

Post Miocene 
(cuts Montesano 1m) 
Post M1:ocene 
(cuts Montesano 1m) 
Post Miocene 
(cuts Montesano Fm) 

Eocene or later 
(cuts McIntosh 1m) 
Post Miocene 
(cut~ Montesano Fm) 

Post Miocene 
(cuts Montesano 1m) 
Niocene or later 
(~,utB Astoria Pm) 
Pos t Miocene 
(cut. Montesano 1m) 
Miocene or later 
(cute Astoria Fm) 
Miocene or later 
(cuts Astoria 1m) 
~ocene or lster 
(cuts Astoria Fm) 
Post Miocene 
(cuts Montesano 1m) ,. 

Dhplace1lletlt 

1500 ft (1) 

? 

3000 ft (1) 

1500 ft (2) 

1000 ft (3) 

9000 ft (2) 

1 mile (4) 

1000 ft (1) 

? 
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rrABLE 2.4-2 FAULTS AND LINEAMENTS LONGER THAN 5 MILES 
AND 20 TO ')0 MILES FRON 'rHE SITE (after WPPSS) 

Map 110. II It 81 e 
Min1.w. Dt.tanee 
frOlll Site (Mile,) 

Sallae ot 
Hotion 

Len,tlt (Mil •• ) 
(Me .. uHd 011 Map) 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

6la 

'ootnotes 

Willapa River Fault 
Zone 

Wilson Creek Fault 

South Fork Fault 

Fird"le Fault 

Alder Creek Fault 

Naselle River Fault 

Salmon Creek Fault 

Crooked Creek Fault 

Doty Fault 

Salzer Creek Fault 

ICopiah Fault 

Newaukum Fault 

Coal Creek Fault 

Olympia Lineament (l2) 

Nisqually Lineament\12) 

Canyon River Fault 

Weetherwax Fault(13) 

Humptulips Fault 

Quinault Shear Zone 

aurric~ne Ridge Fault 

Postulated Offshore 
Fault (13) 

Hood Canal Lineamene(12) 

Tacoma-Gig Harb~r 
Lineament (12) 

Sumner Lineament (12) 

Suckley Lineament (12) 

Sout:h Olympic 
Mountains Lineament 

Shelton Lineament 

Coastal Magnetic 
Lineament 
Salmon River 
Shear Zone 

Saddle Mountain Fault 

(1) From cross section 

20 

21 

30 

21 

34 

37 

38 

40 

21 

2S 

22 

35 

28 

22 

30 

20 

26 

28 

40 

37 

35 

28 

43 

45 

49 

25 

22 

26 

44 

40 

(2) Estimated from stratigraphIc hiatus 
(3) Pease and Hoover 1957, crass section 
(4) Snavely Itt a1 1958 
(5) Scaled from IMP 
(6) Fronts on prominent scarp 
(7) Harvey 1959 
(8) 1ting 1969 
(9) Du .. et al 1%5 

High Angle or 
Strike Slip 

Biah Anale 

Higb Angle 

Hiah Angle 

High Angle 

Hlah Angle 

High Angle 

Higb Angle 

Normal (3) 
Reverse (4) 

Normal 

Reverse 

Reverse 

Reverse 

Nor!ll&l (?) 

lIormal (1) 

Strike Slip 

Biah Angle(?) 

Biah Angle 

Higb Angle 

Higb Anglel 
Thrust 

High Angle(?) 

High AngleC?) 

High Anale 

High Angle 

Nor1ll&l (1) 

Thrust 

Reverse 

2S 
(1-5 vide) 

10 

7.S 

6.5 

6 
(1-2 wide) 

7.5+ 

13+ 

9.S 

19 

14 

23 

11 

19 

55 

50 

5 

15 

15 (7) 
32 (8) 

28 

65 

500 

35-60 (11) 
90 (8) 

45 

35 

55+ 

30 

30 

250+ 

18 

1 

(10) Area is seismically active 
(11) Rogers 1970 
(12) Existence largely based on geo

Physical evidence 
(13) Existence speculat;!.ve; little 

supporting evidence 

*Faults less than 5 miles lotlg are 
!lOt coaaldered 

LIIDt *"-tJ 
MtU!!;, 

Miocene or l.~ 3000 ft+ (1) (a) if hiab 
(cuts Lincoln Cftelr. 11m) anala; 10 miles if suiu 
Miocene or laeer slip 
(cuts Astoria Fe) 
E::>cene or later 
~cuts Crescent Pm) 

Miocene or larJer 
(cuts Astoria Pm) 
Eocene or later 
(cuts "Unit: B"') 
Socene or late!: 
(cuts ''Unit IJ"') 

Miocene or l~~ 
(cuts Astoria PIa) 

Post Miocene Ceuxs 
post Astoria 8CC~ea) 
Pre-Miocene < ........ lspped 
1>y Astoria F!II) 
Post Eocene (cntS 
Skookumchuck e-> 
Post Eocene (es£1I 
Skookumchuelr. ~ 
Miocene or l~ 
(cuts Lincoln. CRek Fm) 
Post Eocene (c:m:s 
Skookumchuclr. Pa> 

llolocene(?) (10) 

Holocene(?) (10) 

Miocene(cuta Astoria pm, 
overlapped by IIIImtesano l'm) 
Poet Eocene 
(cuts Crescent Pm) 

Post Eocene 
(cuts Crescent .... ) 

Holocene(?) 

Poat Eocene(~s late 
Ec.cene strata} 

Holocene (10) 

Holocene (ll) 
(cuts late Pleistocene) 

Holoc.,n .. (?) (10) 

Holocene(?) (to) 

Hclocene (?) (10) 

Active 

2000 ft (1) 

3000 ft (2) 

5000 ft (1) 

3000 .ft (1) 

4000 ft (3) 
400 ft (4) 

1500 ft (4) 

500 ft (4) 

700 ft (1) 

400 ft (4) 

1+ D{?) (9) 

1+ kIII(?) (9) 

2000 ft (5) 

4 kz (9) 

3-4 ks (9) 

6-10 ft 
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'fABLE 2.4-3 FAULTS AND LINEAMENTS LONGER THAN 1 0 ~lILES 
AND 50 TO 70 MILES FROM THE SITE (after WPPSS) 

IUIIt.m Diet""ca Sen •• of Leftsth (JUl .. ) Laet ~tl 
Map No. N • II e frOll Sita (HUes) Motion (Me •• urad on Mar) AcUri!! DiaElac_t 

Seattle-Bretllertotl (1) 
52 Normal (1) SO Act:!._ 10 kill 62 Linaament 

Duw8lliBh-Puya!lup (1) 
61 High Angle 18 tna .. ti.v .. 5000 ft (1) 63 Val lay Line~nt 

(1) 
64 Kingston-Bothell 69 High Angle 42 Act!...,. Larae Lineament 

65 Leland Lake-Snow 58 High Angle (?) 24 , 
Creek Linealllent 

66 Gray Wolf Ridge Fault 55 Thrust 32 Inacti.ve 

67 LOBt Pass Fault 55 Thrust 30 Inacti.ve 

68 Mount Csrrie Faul t 54 Thrust 24 lnactiw 

69 Clearwater Riv~r 56 Strike Slip 20 7 Shear Zone 

70 Hoh River Shear Zone 69 Strike Slip 13 7 

71 Hauladonk Shear Zone 65 Thrust 10 1 

72 &lawr Creek Fault 58 lliah Anlle(?) 13 , 
footnote 

(l}Exiatenca 14r801y baaed 
em IlIOphy&lc:al evidenca 
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2.5 GEOLOGIC HISTORY 

In order to better understand the deposits present at 

the site, some understanding of the processes that made the 

deposits is helpful. The early to middle Tertiary history in 

the site locality is recorded by the deposition of submarine 

basalts and elastic sediment in a periodically subsiding and 

uplifting geosynclinal basin. The record began with the 

deposition of Eocene basalts, but these deposits are not 

known to be present at the study site. The oldest rocks under

lying the site were formed during the middle Miocene (approx. 

17 to 9 million BP) as sediments deposited in a subsiding 

geosynclinal basin. At the site, these sediments of coarse 

elastics, sand and gravel were laid down on older tilted and 

eroded strata and compose the Astoria formation. Deposition 

was into a shallow water marine basin and included feldspathic, 

basaltic, and quartz sands. Concurrently, intermittent vol

canic activity occured. This resulted in the deposition of 

two extensive pillow basalts early in Astoria time and 

tuffaceous deposits in middle and late Astoria time. 

The depositional environment during late Astoria time was 

such that deltaic or alluvial plain deposits were submerged at 

the site, at least periodically, allowing the growth of clams 

and snails. Carbonaceous material was carried into this 

environment by rivers that drained adjacent lands to the east. 
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Continental volcanoes errupted Rsh, adding tuffaceous material 

to the basin. 

During late middle Miocene time, the site underwent de

formation which folded the rocks along northwest-southeast 

aXes. This deformation folded, faulted, and uplifted the 

Astoria formation and underlying older rocks. During late 

Miocene time, and possibly through late Pliocene time, the area 

continued to be uplifted and eroded, and the drainage systems 

present today were formed. It is largely the erosional surface 

resulting from this period of uplift which exsists today as 

the upper surface of the Astoria formation. (See fig. 2.5-1) 

Throughout the Quaternary the site was subjected to con

tinuing stream erosion, and hence, the maJor younger deposits 

are alluvial deposits of the Chehalis and ancestral Chehalis 

Rivers. But Tertiary erosional surfaces were deeply weathered 

prior to this later alluvial dissection. The depth of oxida

tion of the sandstones and siltstones of the uppermost Astoria 

formation is generally greater than 100 feet and locally may 

be greater than 200 feet. 

The Quaternary alluvial deposits present at the site 

reflect a complicated sequence of stream erosion and deposition 

during several nerioQs of glacial outwash. This outwash came 

from the Puget Lobe of the continental glacier that terminated 
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Legend 

OO~tolJr. elevation erosi?nal surface 
___ .4 of Astoria formation 

O....-~,0IJf. e\e~Qtiofl AsterlQ f.ormotlon. 
-,., concealed by glaciofluvial deposits 

A 32 80rinq location showing el~vation of 
L-06~ top of Astoria formaflon, ft 

@ Outcrop 

Note :This map based on Interpretation of 
presently avaliable geologic dato and 

applicant field investigations. 
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) ! 

, , 
Contour Interva1: 50tl 

FIGURE 2.5-1 (after WPPSS) 

SITE, CONTOUR MAP OF EROSIONAL 
SURFACE OF ASTORIA FORMATION 
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near Olympia, Washington, and discharged meltwater down the 

Chehalis and Satsop Rivers to the Paoific. The Pleistocene 

discharge of this river system was many times greater than at 

present because the Chehalis River was the only drainage nath 
~ . 

aVRilAble for meltwater from the Puget Lobe and nearby alpine 

~laciers. The result is that the Chehalis River is plainly 

underfit at present. The contrast in discharge is shown in 

the present meander pattern of the Chehalis River, which is 

considerably smaller than one would expect from the width of 

the Chehalis River Valley. 

In (~uAternFiry time, reIn c i a1 outw:=tsh stre:=tms, coupled wi th 

raisIn" andLQwprln~ of ReR level, created oonditions which 

were ideal for valley nutt1n~ and filling by the Chehalis 

River ~nd its tributaries. The terraced topography at the site 

as well as the deep alluvi:=t.L accumulation in the Chehalis River 

valley reflects this sequence of events. Furthermore, the 

present position of the Chehalis River, alons the south'side 

of itA valley, appears to be cBused by a greater influx of 

coarse alluvial material from the Satsop and Wynoochee Rivers 

on the north than the Chehalis River can now remove. The 

Satsor and Wynoochee Rivers have conslderalby steeper gradients 

than the ChehaliS River, hence, these rivers can carry coarse 

debris into the Chehalis River valley which continually 

accumulates and forces the ChehAlis to erode southward. Thus, 

the Chehalis River 1s actively er6d1ng the Astoria sandstone 



J? 

alon~ its sOlithern bank. 

2.(, SEISMOLOGY 

It is ~enerally held that the study site is located in 

a re~ion of moderately high seismic activity. Maximum seismlc 

intensities recorded within the site re~ion are shown in 

fip:ure 2.6-1. Historic earthquake activity in southwestern 

Washington state is also presented in fu~ure 2.6-2. From this 

plot of the historic record, seismic trends near the site may 

be observed. 

the area within 2() miles of the site includes one Intensity 

V shock located about 19 miles north of the site. This 

shock may be associated with etther the Olympia fault or the 

Hood ('anal fault (ljne8-ments numbers 46 and 54 on fig. I: .4-2) 

since it lies approximately at the intersection of the fault 

traces. There are a number of historic earthquakes located with

in 20 to 50 miles of the slte.rhese range un to Intensity VII 

but R.re all ntrershadowed by the ma~nitude 7.0 to 7.1 Olympia 

earthquake of April 13, 1949. This es.rthquake is estimated to 

have caused aD jntensity of MM VIE at the sjte, with accelera

tion neakes ~reater than 0.1 ~ la~ting approximately 20 seconds. 

(reL 25) 
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LEGEND: Intensity 
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FIGURE 2.6-2 ~ARTHQUAKE ACTIVITY 1840-1972 (after WP?SS) 
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Thus, it seems that the site is located in a rep::ion of 

moderRtely ~i~h seismicity. l~wever, there is no indication 

of Significant earthquake activity within 20 miles of the site. 

A two-month minroearthquake survey of the area lying within 

approximately 30 miles of the site was conducted by the 

Washin~ton Public Power Supply System during the summer of 

1973. (Ref. 27) This survey indicates that the study area 

is in a region of current relatively low seismicity with an 

equivalent of 14 earthquakes greater than Richter magnitude 

1 per 1000 km 2 per yepr. The distributton of microearthquakes 

did not tndica.te 81igment of activity alone any known faults. 



3.0 DATA COLLECTION AND PROCESSING 

'rhe d.atA coLLection and processing sequence used in 

this study is summRrized in figure 3.0-1. 

3.1 INSTRUNENTNl'ION AND DATA COLLECTION 

[Juring the summer of 1975, field recordings of micro

seisms were made simultaneously at two triaxial seismometer 

sations at the study site. One of these was designated the 

"bAse stetion" fHld WRS located on an outcrop of weathered 

snnnstone of thp. l~.stori!:1. formatlon. (See figure 2.2-1) At 

the study site, this forMation mRy be considered to be berl

ro~k. The second seismometer station was designated the 

iiportAble 8tation" end was operated at three different loca

tions on the Helm Creek deposit. (See figure 2.2-1) 

At each seisIDometer station, the recording equipment 

and accompanyin~ power supply consisted of the follOWing 

pieces of equipment: 

3 each 

J each 

1 each 

Critically damped Ranger seismometers 

Newport 60 differential amnlifiers with 

adjustable gain and low-pass filter 

Ampex PH-SOO FH analog tape recorder 
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FIGURE 3.0-1 SUMMARY OF DATA PROCESSING SEQUENCE 
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1 each 

4 each 
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Topaz 24v DC to 110v AC static inverter 

Automobile-type batteries 

In addition, an oscilloscope was available at the portable' 

station to visually monitor incoming signalsv Figures 3.1-1 and 

3.1-2 show the recording equipment as used at the base and 

portable stations respectively and figure 3.1-3 shows the 

generalized equipment layout of the portable station in 

block diagra~ form. 

When recording, a gain of 2000 and a 30 hz low-pass 

filter were used at both field stations. This recording gain 

allowed the range of the recorded signal to be matched as 

nearly as posible to the dynamic range of the recording system. 

The use of the 30 hz low-pass filter during recording (and 

again during playback) allowed the signal lying within the 

predetermined frequency band of interest (0 to 10:hz) to 

remain essentially unchanged while removing undesirable 

higher frequency signal components. Figure 3.1-4 shows the 

frequency respon~e of the filter system used in this study. 

Flom 10 to 12 recordings were made at each portable 

station location. Simultaneous recordings were made at the 

base station while base and portable station operations were 

synchronized by means of verbal radio communication. Of 33 

pairs of field recordings made in this manner, 15 pairs were 
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latpr selected for further ana'Lysis. 

in addition to normal traffic on nearby roads, there 

was some 10g~ln~ taking place on land adjacent to the study 

site durin~ the period of field data collection. All possible 

CfIre was taken to record only during periods of minimum 01s

turbance from these and other sources of undesirable seismic 

noise. 

J.? DATA PROCESSING 

3.2.1 Jrnalog to Digital Conversion 

Upon T'eturnino; from the field, All recordings were visually 

reviewed on an oscilloscope. Any record which showed obvious 

evidence of equinment malfunction, excessive noise, or undesir

ahle signal was discarded at that time. Concurrently, "good" 

pairs of data were selected for fUrther analysis. These were 

Bvain played back through the anplifiers and )0 hz low-pass 

filters and reviewed on the oscilloscope. Analog playback gains 

weT'e then selected 80 as to give each record a dynamic range 

less than but 8S nearly as possLble equal to 10 volts peak-to

DeRK (the dynamic range of the digitizer to be used). 

'Phe frequency response of the record/playback system 

is sho\ilm in fig:ure 3.1-4. The signal is down nearly )8 db 
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(the dynamic range of the recording equipment) at 50 hz. There

fore, a digital sampling rate of 100 samples per second was 

judged adequate to avoid aliasing of data processed in the manw 

ner described above. 

Aliasing is the phenomena whereby upon convers-iO'rl froni 

analog to digital form, high frequency signal components may 

impersonate low frequency ones. (See figure 3.2-1.) Whether 

or not aliasing takes place is dependent upon the rate of digital 

sampling and upon the frequency content of the sampled waveform. 

Aliasing will take place if frequency components higher than 

what is called hhe Nyquist or hfolding" frequency are present. 

The Nyquist frequency (fn ) may be defined as being equal to 

half the reciprocal of the sampling interval (Ts) or to half the 

sampling frequency (f s ). Thus, 

(3.2.1) 

In the present case, 50 hz is the highest frequency compon

ent present in the analog signal as it is played back. (See 

figure 3.1-4.) Therefore, we must sample in such a manner that 

the Nyquist frequency will be equal to or greater that 50 hz 

in order to avoid aliasing. Thus, 

fn = tfs = 50 hz 

f = 100 hz s 

(3·2.2) 
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By this argument, 100 samples per second was chosen as an 

appropriate sampling rate and the analog data was digitized on 

a Varian 620 computer with Analog/Digital Converter at the 

University of Washington Geophysics Data Processing center. 

3.2.2 Transformation to the Frequency Domain. 

Digitized data was transformed to the frequency domain on 

the Varian 620 by means of a Cooley-Tukey-type fast Fourier 

transform. The Fourier transform has long been used to charact

erize linear systems and to identify the frequency components 

which go to make up a continuous waveform. The transform is 

founded on thE Fourier theorem which states that any waveform may 

be represented as the sum of a series of sinusoidal waves. The 

transform provides a means of mathematically decomposing a wave

form into its component sinusoids and calculating their amp

litude. This calculation has traditionally been a very tedious 

and time consuming operation. Also, the very large amounts of 

data calculation required tended to reduce the preciSion of the 

operation. The relatively'recent development of an effecient 

computing algorithm now allows the numerical calculation of the 

Fourier transform with relative ease. 

When dealing with a sampled waveform, the finite or discrete 

form of the Fourier transform (the discrete Fourier transform or 

DFT) must be used. The fast Fourier transform (FFT) is simply 

an efficient means of computing the DFT. 
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The Fourier transform pair for a continuous signal may be 

written in the form 

x (t) (3.2.4) 

for - oc < X <~ , - 00 < f < 00 , and i = -r=r. The lower-case 

x(t) represents the time-domain function and the upper-case 

X(f) represents the correspond~ng frequency-domain function. It 

should be noted that the transform is syrrrretrical. and reversible. 

The analogous discrete Fourier transform pair which applies 

to periodica lly sampled versions of the funct ions x (t) and X( f) 

may be written in the form 

x{j.&t) = x(j) = 
N-1 i2*jk/N 
l: X(k)e (3.2.6) 

k=O 

X(k.n = X(k) = fr ~>(j)e-i2li'jk/N 

for j = 0, 1, ••• , N-l; and k = 0, 1, ••• , N-l,where N is the 

number of sample points. A complete derivation of the discrete 

Fourier transform may be found in references (4) and (7). 

When the expression e-2~i/N in equations 3.2.6 and 3.2.7 

is replaced by the term Wn , the DFT pair takes the form 

N-l . 
x(j) = 2: X(k)W -Jk 

k=O n 
(3.2.8) 
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1 1'-1-1 jk 
X(k) == IT ~O~(j)Wn 

Let us now look nt the <ierlvAtioYl of the Cooley-rrukey FF'I' 

nJ~orithm for the evaluAtion of equation 3.28 in the case where 

N == 8. When N = 8, it is convenient to represent both j and k 

as hinary numbers; that is, for 

j :.--:: 0, 1, ••• , 7 and k == 0, 1, ••• , 7 

we can write 

where jo' jl' j2' kO' ki' Rnd k2 can take on the values 0 and 1 

only. Using this representation Hnd remembering that in this 

case N == 8, equation 3.2.9 becomes 

X(k?,kl'kO) == 

1 1: EL 
d j2=O jl =0 

to x (j2' ;! l' jo )W( ]24+ J1 2 + j 0) (k24+k j 2+kO ) 

jo . (J.2.11) 

where W == exp(-?~i/8). 

m+n n 
Noting that W = Will + W , we have 

w( j24+k 1 2 +,iO) (k2 4+k l?+kO) == 

W(k 24+v 1?+kO)j2 4 W(k24+k12+kO)j12 W(k24+k12~kO)jO 

(3.2.12) 
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If we look at these terms indivldually, we see that they 

may be written in the form 

W(k24+k12+kO)j24 = [w8(k2+kl)j2]WkOj24 

W(k24+k12+kO)jt2 = [w8k2j1]w(k12+kO}j2 

Note however that 

(3.2.13) 

(3.2.14) 

(3.2.1.5) 

(3.2.16) 

Therefore, the bracketed portions of equations 3.2.13 and 

3.2.14 may be replaced by a one. This means that equation 3.2.11 

may be written in the form 

~ X(j2,jl,jO)Wkoj24w(k2+kO)j12W(k24+k12+kO)jo 
jO=O 

(3.2.17) 

In this form it is convenient to perform each of the sum-

mations separately and to label the results. Note that each 

'set consists of only 'eight terms and that only ·the latest 'set 

need be saved. 'l'hus, the equations can be written in the form 

Xl (kO,j1,jO) = t (. . j )~oj24 (3.2.18) x J2,Jlt 0 
j =0 2 

1 
x2 (ko ' kl' j 0 ) ::;:: Ex (k ,j ,j )w(k1 2+kO)j1 2 (3.2.19) j =u 1 0 1 0 

11 

x3 (ko ,kl ' k2 ) = E (k k j )W(k24+k12+kO)jO (3·2.20) x2 0' l' 0 ... 
jO=O 



50 

Then, 

Although the direct evaluation of equation 3.2~7 for N = 8 

would require nearly 64 complex multiply-and-add operations, 

the FFT equations show only 48 operations~ By noting that the 

first multiplication of each summation is actually a multiplic

ation by +1~ the number of multiplications may be reduced to 24. 

By further noting that Wo = _w4 , Wi = _W5 , etc., the number of 

multiplications may be reduced to 12. These reductions carryon 

to the general case of N = 2m where m is an integer Teduclngthe 

computation of nearly N
2 

operations to (N!2)log2N complex m~lti

plications, (N/2)log2N complex additions, and (N/2)loe;2N sub

tractionso (See figure ).2-2 for comparison of FFT and DFT) 

By usir-g the Varian 620 and the Cooley-Tukey FFT, it was 

possible to transform 2048 data points or about 20.5 seconds of 

record for each data set. The specific transfrom program used 

Yields a Fourier power spectrum which consi.sts of the squares of 

the Fourier transform amplitudes. By using this algorithm, 

a computational reduction of slightly over 180 to 1 was realized 

over direct computation. Transf~rm arrays from the Varian 620 

were output to magnetic tape for later analysis by the CDC 6400. 

The tapes were read at the University of Washington Computer 

center and converted to a format compatible with the CDC 6400 

at that facility. 
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FIGURE 3.2-2 CO!'1PARISON OF FF'l' AND DF'l' 
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3.2.3 Component Power Spectra 

Transform arrays from the Varian 620 were read into the 

CDC 6400 and a CalComp plotter was used to plot all transform 

p&ints in the range 0 to 10 hz. For each data set (triaxial 

base station record and simultaneous triaxial portable station 

record) the Fourier power spectra of the three base and three 

portable station components were plottede (See figure 3e2~)) 

3.204 Component Amplification Spectra 

Amplification spectra are derived in the following manner. 

The site soil and subsurface are assumed to act upon seismic 

signals as a filter with linear characteristicse Then, the 

system through which seismic signals~pass may be modeled as 

shown in figure 3.2-4 where the symbols s(t), f(t), i(t)9 and 

r(t) denote time-domain functions. If all system components are 

assumed to possess linear characteristics, linear operator theory 

tells us that the response of the system., r(t), will be defined 

by 

r(t) = s(t) * f(t) * i(t) 

where the symbol "*" denotes the mathematical process of 

convolution. 

Also, if S(f), F(f), I(f), and R(f) are taken to represent 
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FIGURE :3. ?-3 EXAMPLE OF BASE SrrATION COMPONENT POWER SPEC11RA 
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frequency-doreain functions corresp~nding to those time-domain 

functions shown in figure 3.2-4 (i.e. s(t) and S(f) are a 

Fourier transform pair), then the frequency-domain response, 

R(f), of the system will be defined by 

R(f) = S(f) x F(f) x I(f) 

where "x" denotes multiplication. In this study, the Fourier 

power spectrum is equated with R(f). 

Therefore, the ratio of the power spectrum of the portable 

station to that of the base station will be 

flu (f) 
--~-. -

(3.2.24) 

Now j if it is assumed that Sp(f) = ~(f) because the data from 

both stations was recorded simultaneously, and that Ip{f) = Ib(f) 

because the instruments at both stations are identical, then 

equation 3.2.24 reduces to 

(3.2.25) 

Thus, the power spectral ratio yields a function which reflects 

solely the relative effect of the site filter on the system 

response. 

It must be noted that Fourier power .spectra which are used 



in this study as measures of frequency-domain functions are 

by definitio~ composed of the squares of Fourier amplitudes. 

Thus~ 

~(f) (~(f))2 
Rb(f) = (Xb(f)G (J .. 2,,26) 

where Xp(f) and ~(f) are analogous to X(f) in equation 3e2.5c> 

We therefore see that the square root of the power spectral 

ratio will yield a function which is a measure of the amplific~ 

atlon as a fur...ction of frequency of signals measured at the 

portable station relative to those measured at the base station. 

This function is called the amplification spectra and is defined 

by 

Xp(f) 

Xb(f) 

<:3e2~27) 

Amplification for all individual triaxial portable station 

components relative to the corresponding base station co~ponents 

were calculated a,nd plottedo (See figure 3.2-5) 

).205 Resultant Power Spectra. 

The resultant power spectra of the triaxial components of 

each data set were calculated by the equation 

RESULTANT' :: (C 2 + C 2 + c 2)t 
ns eW .vt 
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where C ,C ,and C t are the power suectral amplitudes of the ns ew v -

north-south, east-west, and vertical triaxial components respect-

ivelyo The resultant power spectra of each.station was plotted 

as shown in figure 3.2.6. 

3.2.6 Resultant Amplification Spectra 

For each data set, the amplification spectrum of the portable 

station resultant relative to the base station resultant was 

calculated Rnd plotted in the same manner as for individual 

component amplification spectra. (See figure J.2~7) 

3 .. 207 Plotted Presentation of Processed Data 

All computer generated plots describea above were smoothed 

with a (1,-~13, 63, 164, 63, -18, 1) moving average filter 

i~~edlately prior to plotting. All such plots are presented 

in Appendix Ao 
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4.0 DISCUSSION AND ANALYSIS OF PROCESSED DATA 

4.1 POWER'SPECTRA 

Inspection of the power spectra of individual tri~xial 

components reveals the fact that these spectra often exhibit 

sharp peaks or narrow bands of very low power while resultant 

power spectra do not. (See fig. 4.1-1a and 4.1-1b) This 

suggests a frequency dependant polarization of the incoming wave 

train. Also, a cursory examination of resultant power spectra 

of recordings made at the same Location at different times 

shows these power spectra to be nonstationary. In other words, 

the power distribution changes with time. (See fig. 4.1-2) 

This fact is in agreement with Spiekers· findings that micro

seismic power spectra are not stationary over time periods in 

excess of .one hour. 

4.2 RESULTANT AMPLIFICATION SPECTRA 

An examination of resultant amplification spectra calcul

ated for data recorded at the same location at different times 

indicates that, like the resultant power spectra, they are non

stationary. However, the amplification spectra appear to retain 

certain general trends through time. (See fig. 4.2-1) 

Perhaps then, the resultant amplification spectra may be 

termed II sem i-stationary.1I The fact that these amplification 
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spectra do not exhibit a greater degree of stationarity may 

be attributable to one of two things: Either 1) the response 

of the Bite filter is nonstationary in time, or 2) the site 

response is sGationary but other factors make it appear to 

be nonstationary. Intuitively it would seem that the behavior 

of the site filter should be .stationary, at least within the 

time frame and strain range of this study. Therefore, let us 

consider what other factors might make it appear to be non

stationary. 

Assuming that the response of all site and equipment com

ponents of the system shown in figure 3.2-4 is linear within 

the range of strains experienced in this study, nonstationary 

amplification spectra must be attrlbutab~e to nonidentity of 

the excitation functions acting at the two recording stations at 

the time of recording. In other words, referring back to 

Section 3.2 of this paper, equation 3.2.25 is not valid if 

S (f) ~ Sb(f). This nonidentity of excitation functions may 
p 

be the result of either temporal identity of excitation func-

tions and inadequate synchronization of recording stations or 

of actual nonidentity of excitation functions. True non

identity of excitation functions might be caused by either 

dispersion of the wave train between recording stations or 9Y 

the presence of sources of local excitation which are active 

at one recording station but not at the other. Both of these 

conditions aTe believed to have oontributed to the nortstation-
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arity of amplification spectra in this study. However, it 

is believed that the effects of undesirable excitation of local 

origin were the primary causes of the observed nonstationarity 

of amplification spectra. 

In future studies, a greater degree of stationarity might 

be obtained by the use of a more sophisticated and efficient 

means of synchronizing operations at the two recording stations 

and by the use of a different source of seismic excitation. 

Artificial or stronger natural excitation may be more appro

priate energy sources than microseisms. The use of micro

seisms is attractive because they are everpresent, nonde

structive, and very economical. However, the point of origin 

of microseisms is indeterminate. Moreover, they are commonly 

of mixed origin, it being extremely difficult to distinguish 

motions of local origin from those of more remote origin. If 

the microseismic excitation is partly of local origin, excit

ation at the base and portable recording stations will likely 

be nonidentical unless the distance between recording stations 

is very small. 

Therefore, if the distance between recording stations is to 

be other than very small, it is suggested that future work be 

conducted using a unique excitation source readily disting

uishable from the microseismic background and originating at 

a point sufficiently remote from the two recording stations that 

t he distance between the stations is of relative insignificance. 
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The use of natural earthquakes as an excitation source 1s limited 

by practical considerations. Thus, artificial means of 

excitation such as impact, explosive charges, and vibration 

generators would seem to be appropriate. For the investigation 

of sites of practical size, the distance which the energy 

source must be removed from the site and the need to maintain 

a signal of minimum strength would seem to favor the use of 

explosive energy sources. Cherry (ref. 9) has used offshore 

underwater explosions to mimic earthquake signals with favor

able results~ 

In order to mitigate the effect of nonstationarity of 

amplification spectra in the present study, spectra derived 

from recordings made at the same locations at different times 

were averaged. Figures 4.2-2, J, and 4 each ShOW 'the met3'n and 

extreme values of a set of five amplification spectra for a 

given portable station location. It should be noted that the 

mean values are skewed well toward the upper limit of the 

range of values in each case. Therefore, the mean resultant 

amplification spectra should be reasonable indicators of the 

maximum amplification probable at a given frequency. 

Furthermore, 1 t should be noted that the mean resultant amo

lification spectra are characterized by manY,peaks but not by 

anyone or two "dominant frequencies." (See fig. 4.2-2,), and 

4) This implies that the ~round at the study site is not high

ly tuned. PrAsumably, this may be attributed to a low. level of 
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resonance or to the destructive interference of multiplly re

flected waves within the soil column. 

4.3 COMPARISON OF RESULTS WITH OTHER THEORETICAL CALCULATIONS 

Comparison of spectral amplification peaks with other 

measures of resona.nce frequency necessitates the use of a much 

broader spectral window than that used 1n the determination of 

power and amplification spectra in this study. Therefore, 

mean amplification spectral values were averaged over intervals 

of approximately 0.25 hz. and plotted as shown in figures 4.3-1, 

2, and 3. These figures represent smoothed forms of the mean 

values shown in figures 4.2-2, 3, and 4. 

During the preliminary design phase of the proposed Satsop 

Nuclear Power Plant, seismic velocities of the major geologic 

units present in the area were determined by cross-hole velocity 

measurements. (ref. 25 & 27) Both compressional and shear wave 

velocit~es (here designated Vc and Vs respectively) were deter

minedo First, a range of velocity val.ues was determined for 

each geologic unit by actual field measurement. Then, design 

values were selected in such a manner as to be most nearly char

acteristic of each geologic unit. Measured and design values 

for geologic units found at the study site are listed in ~ables 

l~ .3 -1 and 2. 
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From such seismic velocities and geologic unit thlcknesse~ 

it is possible to calculate an expected resonance frequency for 

a given set of subsurface conditions. First, it is assumed that 

resonance wil~_ take' place vertically within the soil column. 

This assumption is supported by Snell's Law which defines the 

refracted path of waves in a layered medium. Snell's Law states 

that, 

= (4.3·1) 

where Hi" and "r" are the an~les of incidence and refraction 

and "Vl~ and "Vr" are the wave velocities in the incident and 

refracting medium. (See f'lgure 4.3-4.) In a multilayered 

medium where Vi is consistently greater than Vr (as in the case 

of a seismic wave rising through a typical soil column) sin r 

will approach zero and the wave path become more nearly vertical 

at each velocity interface. If resonance is assumed to take 

place vertically, it may be expected that the longest resonant 

period of the soil column will be equal to the two-way travel 

time of a seismic signal passing vertically through the entire 

column. In other words, the lowest expected resonant frequency 

will be defined by, 

1 
f = 
r E (H/V) 

(4.302) 

where "fr" is the expected resonant frequency, and "B" and "V" 

are the thickness and design seismic velocity for all geologic 
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uDits overlying bedrock. 

In order to provide a reference with which to compare 

resultant amplification spectra, the expec1ied resonance frequency 

at each portable station location was calculated according to 

equation 4.).2.using design seismic velocities from tables 4.)-1 

and 2 and geologic unit thicknesses from boring logs (figures 

2.)-2, ), and 4). Tables 4.)-) and 4 summarize the data used 

to make these calculations and the results obtained in the 

compressional and shear modes respectively. It should be noted 

that expected resonant frequencies derived in this manner rep

resent only expected resonances of the entire column of soil 

overlying bedrock. Higher frequency resonances originatlng 

within individual soil and geologic units are to be expected 

also. 

Comparison of calculated expected resonance frequencies 

(see tables 4.)-) and 4) with averaged mean amplification spectra 

(see figures 4.)-1, 2, and ) shows excellent correlation of 

expected resonance frequencies and spectral amplification peaks 

in the shear mode. Correlation in the compressional mode is 

poor or indeterminate. It is believed that this poor correlation 

in the compressional mode is due to the masking effect of higher 

frequency shear resonances involving one or more geologic units 

but not the entire column. 
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TABLE 4.3-4 SUMMARY OF EXPECTED RESONANCE CALCULATIONS 
(SHEAR MODE) 

v (ft/sec) s 

Thickness (ft/sec) 

Station 1 

Station 2 

Station 

Loess 

1100 

12 

10 

10 

Residual 
Soil 

1100 

16j 

172 

208 

Weathered 
Sandstone 

3200 

o 

o 

EXPECTED 
RESONANCE 
FREQUENCY 

3.1 hz 

4.2 hz 

2.5 hz 



It is significant that, at all test locations, the lowest 

frequency amplification peak of significant size corresponds to 

thr-; resonance frequency preojeted by calculation from two-way 

tr8vpl time of shear waves throu~h the soil column. (See 

n~ures 4.3-1, ?, and J~) This is particularly pertinent in view 

of the fact thAt most eArthquake damoge to buildings is generally 

8ttr:ibuted to ,.:::hear waves. T1herefore, it is concluded that, even 

thou~h much refinement of the method is needed, the investigation 

of site seismic characteristics by the method of amplification 

spectrA yields results compatible with other more conventioal 

metylnds of F-lnal,Ysis. [<'inAl1y, it l~ sU/.2:gested tha.t the method 

of 8m11 jlficA.tlon srect.ra may be developed ~o AS to make possible 

the clptermim.lt~ion of site seismic ehHracterir;tlcs more econom1.c-

ally and in ~reater detAil than by other metods in current use. 
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5.0 CONCLUSIONS 

1. Microseismic power spectra are nonstationary within the 

time constraints of this study. Comparison of triaxial 

component and resultant Fourier power spectra indicates 

that incoming waves are polarized in a frequency depend

ent manner. 

2. Amplification spectra are not stationary in the strict 

sense of the word. But, they appear to be consistently 

more stationary thRn the corresponding power spectra. In 

light of the fact that such natural site conditions as soil 

density~ water table elevation, and internal stress may be 

expected to vary with time, statistical averaging of five 

or more- amplification will give a reasonable measure of the 

site response at a given location. In addition, the sta

tionarity of amplification spectra may be improved if 

measures are taken to insure identity of excitation func

tions at the time of data collection. 

3. Correlation of site resonances predicted by microseismic 

amplification spectra with those predicted from shear wave 

velocitie8 and geologic unit thicknesses is good. 

4. With future development and refinement, the method of 
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~w~pljficFlti()t1 sl)0c.Lrf-l mny r)rovirip- fm nccu.rate, economic, 

:lnd pn!et }cn L rnenns of dp-termintn,,! thp seismic response of 

8 soectfierl site. 



86 

BIBLIOGRAPHY 

1. Akamatu, K., "On Microseisms in Frequency Ranf5e from 1 cis 
to 200 c/s," Bull. Earthquake R.es. Inst., vol. 39, 'rokyo, 
1961, pp. 23-75. 

2. Aki, K., I~Space and Time Spectra of Stationary Stochastic 
Waves with Special Reference to Microseisms," Bull. Earthauake 
Res. Inst., vol. 35, Tokyo, 1957, pp. 415-456. 

3. Berglanci, G. D., itA Guided Tour of the Past Fourier Transform," 
IEEE Spectrum, July 1969, pp. 41-52. 

4. Blackman, R. B. and Tukey, J. W., The Measurement of Power 
Spectra, Dover Pub., New York, 1959. 

5. Bostrom~ H. C. and Sherif, M. A., "A Mlcrozonation Technique 
Employing a Base Station," Proc. 1st Internat. Conf. Internat. 
Assoc. En~o Geolo~y, Paris 9 1970. 

6. Bostrom, R. C. and Sherif, M. A., "United State,s Microzonation 
Procedures~" Proc. Internat. Conf. on Microzonation, Seattle, 
1972~ pp. !83-212. 

7. Brigham, 0., The Fast Fourier Transfor~, McGraw-Hill, New York, 
1970. 

8. Carder, D. S. and Gilmore, M. H., "Ground Vibrations," Bull. 
Seis. Soc. Am., vol. 35, no. 19 1945, pp~ 13-26. 

9. Cherry, S., ttA.Field Investigation of the Influence of Site 
Conditions on Ground and Structural Response," Proc. 4th WId. 
Conf~ on Earthgu~ke Engr., Santiago, 1969. 

10. Housner, G. W. and Jennings, P. C., "Problems in Seismic 
Zoning," Proc. 5th WId. Conf. on Earthquake En~r., Rome, 1973. 

11. Inouye, U., "Comparison of Earth Shaking Above-Ground and . 
Under-Ground," Bull. Earthguake Res. Inst., vol. 12, Toky.o , 
1934, pp. 712-741. (in Japanesel 

12. Kanai, K., Tanaka, T.,and Osada, K., "Measurement of the Micro
Tremor. I.", Bull. Earthquake Res. Inst., vol. 32, Tokyo, 
1954, pp. 199-210. 

13. Kanai, K., ~The Reauisite Conditions for the Predominant 
Vibration of the Ground," Bull. Earthguake Res. Inpt., ~ol~ l5, 
Tokyo, 1957, pp. 457-472. 

14. Kanai, K. ~and Tanaka, T., "On Microtremors. VIII.," Bull. 
Earthquake Res. Inst.,vol 39, Tokyo, 1961, pp. 97-111. 



15. Kolsky, H., ~~ Waves in So~, Dover Pub., New York, 
1 orl. 

lA. l'.cckee,l:l" Cn8C~: the Geol()t~lc [::voluLion of the Fa,aific 
~~~":rthweRt, jV:r.Graw-HU1, New York, 197? 

17. Clhsnki, Y., ",Jananese IVlicrozonation Methods," Froc. IntEtrnat .. 
~h.J2..n lVI::"'croz0Yl,ation., Seattle, 1972, pp. 61-86. 

lH. j1ichter, C. F. 7 ElementA.ry~!.smolog;y:, F'reeman ndd Co~, San 
r"ranc i SCf), 195(3. 

19. Seed, H. LL and Schnabel, P. B., "Soil and Geologie Effects 
rm Site Hesponee Durinp: ~;arthquakes", Proc. Internat! Conf. 
91LiI'1icr9~Qn~tion, Seattle, 1972, pp. 61-86. 

20. Sherif, M. A., "Microzonation of Thessaloniki Using the Sherif
BORtrom (uSA) tvrethod,1i UNDP/UNESCO Survey of the Seismicity of 
tl1e Balkan Hegion, 1973. 

21. 8njeker, L. ,J. 1 (Project Manap;er), "Seismometer Ar!'ay and Data 
Prncessin~ System: Final Report, Phase 1, Cont!'Bct AF-33(600) 
41(340," Texas Instruments, Dallas, 1961. 

22. 'rian, Y.. B., "lIn Introrivction to ,Power 2;pectral Analysis 
Re~arkin~ a Microseismic Motion Stuey Involving the Use of the 
FaRt Fourier Transform," (Unpublished), 1970. 

21. TieD, Y. B., "Site Response and Seismicity in the Seattle 
Area," PhD. Thesis, University of Washington, Seattle, 1970. 

24. Toksoz, M. N., "Microseisms and,:;an Attempted Applicat ion to 
Exploration," Geop!2L&£.§., vol. 29, noc 2, April 1964, 
pP. 152- 177. 

25. vJashington Public Bower Supply System, Preliminary Saft;y 
Anallsis He~or~: WPPSS Nuclear Project NO.2, vol. ), 
WPPSS, 1973. 

26. Wood 9 H. O~, "Distribution of Apparent Intensity in San Fran~ 
c lseo," Thualifornia .r~arthguake of April 1,.8, 1906. ReEort of 
the State Earthguake Investigation Committee, Carnegie Instl 
of Washington, Washington D.C., 1908, pp. 220-245. 

27. 1Noodvmrd-Lund~ren ASROC., "Preliminary Evaluation of Baserock 
Acceleration at the satsop Site for the WPPSS Nuclear Power 
Project 'No. J;' Technical Report 1, Project 8-12805," 
Woodward-Lundgren, Oakland, 1973. 

28. Woodward-Lundgren Assoc., " .... 1PPSS Nuclear Project No. J: 
PSAq Submittal )," Woodward-Lundgren, 1973. . 



PROCESSED DATA 



pap;e 

(,TAT ION 1 Satson 01 1315 20 AUg 7S 90 

ba8e Component Power Spectra 
Portnble Component Power Spectra 
Component Amplification Spectra 
He8ultant Power & Amplification Spectra 

,Satsop 02 1450 20 Aug 75 94 

Satsop 03 1125 21 Aup: 75 98 

Satsop 04 1006 12 Sept 75 102 

.')atsop 05 1153 12 Sept 75 106 

3'I'ATION 2 SAtsoP 06 1142 20 Aug 75 110 

,(~atsoo 0'1 1 t.;o6 26 Auf': 75 1 1 Lj, 

c;iat8op 08 16,)0 26 Aup' '75 118 

Sat80p 09 10)2 10 Sept 75 1?2 

Sat80P 10 13)0 10 Sept 75 126 

.S'J' AT ION J Satsop 11 l?OS 21 Aug 75 130 

8atsoo 12 1630 21. Aug 75 134 

Satsop 13 1016 11 Sept 75 138 

Satsop 14 1245 11 Sept '15 142 

.satsop 15 1435 11 Sept 75 ·14r; 



19-" 
2 

19-" 
2 

19-" 
0:: 2 

~ 19-" 
2 
If 

2 
If 

2 

2.0 

90 

SATSOP 01 STATION 1 1315 20 RUG 75 
FOURIER POWER SPECTRlII1 

BASE STATION 
OIRECTlON-NS 

4.0 6.0 
fREQUENCY -cps 

SATSOP 01 STATION 1 1315 20 AUG 75 
FOURIER POWER SPECTRlII1 

BASE STATION 
OIRECTIDN-£W 

4.0 6.0 
FREQUENCY -cps 

SATSOP 01 STATION 1 1315 20 filii} 75 
FOURIER POWER SPECTRlJI1 

BRSE STATION 
DIRECTION-VT 

S.O 10.0 

8.0 10.0 

1~~0~---------~~------~~--------~----------~--------~ 
2.0 4.0 6.0 8.0 10.0 

FREQUENCY-CPS 



2.0 

91 

SATSOP 01 STATION 1 1S15 20 AUG 75 
FOURIER POWER SPECTRIJI1 

PORTABLE STATION 
DlRECTION-NS 

4.0 6.0 
FREQUENCY-CPS 

SATSOP 01 STATION 1 1315 20 AUG 75 
FOURIER POWER SPECTRUM 

PORTABLE STATION 
DIRECT ION-EH 

4.0 6.0 
FREQUENCY-CPS 

SATSOP 01 STATION 1 1315 20 RUe· 75 
FOURIER POWER SPECTRlR1 

PORTABLE STATION 
DIRECT ION-VT 

4.0 6.0 
FREQUENCY-CPS 

8.0 10.0 

8.0 10.0 

8.0 10.0 



102 
5 

:2 
:z 
SlOl 

:I: 5 
Co) ...... 
l:; :2 
...J 

i: 100 a: 
5 

92 

SATSOP 01 STATION 1 1315 20 AUG 75 
Rt1PLIFICATlON 
OIRECTION-NS 

:2 
1~1~------~~-------....I~-L---A--~--~----------~~-------....I 

o 2.0 4.0 6.0 8.0 10.0 

:z 
SlOl 

§ 5 

l:; 2 
...J 

~loO 
5 

:2 

FREQUENCY -cPS 

SATSOP 01 STRTION 1 1315 20 AUG 75 
Rt1PLIFlCATION 
OIRECTION-EH 

l~1~-----u~~------U---~~L-~~~~--~u---~~----~---....I 
o 2.0 4.0 S.O 8.0 10.0 

2 
:z 
SlOl 

§ 5 

l:; 2 
....l 

~100 a: 
5 

2 

1~10 2.0 

FREQUENCY-cPS 

SATSOP 01 STATION 1 1315 20 AUG 75 
AMPLIFICATION 
OIRECTION-VT 

I I 

8.0 10.0 



102 
5 

2 
:z 
S 101 

5 5 

t; 2 
.J 

~100 
5 

Z 

2.0 

2.0 

93 

SATSOP 01 STATION 11315 20 AUG 75 
FOURIER PDWER SPECTRUI1 

BASE STATION 
RE8ULTANT 

4.0 6.0 
FREQUENCY-CPS 

SATSOP 01 STATION 1 1315 20 AUG 75 
FOURIER PGWER SPECTRUI'I 

PORTABLE STATION 
RESULTANT 

I I 

4.0 6.0 
FREQUENCY-CPS 

SflTSCf 01 STATION 1 1315 20 AUG 75 
AMPLIFICATION 

RESULTANT 

8.0 10.0 

8.0 10.0 

1~1~--------~----------~----------~----------~1--------~1 o 2.0 4.0 6.0 8.0 10.0 
f'REQlENCY-CPS 



2.0 

Z.D 

SATSOP 02 - STATION 1 1450 20 ElJ9 7S 
FOliUm PONER SPECTfM1 

BASE STATION 
OIRECTIlJH-NS 

ERrSOf' 02 - STATION 1 1450 20 fiJI} 7S 
fOOUER rOiER Sl'ECTRtJ'I 

BASE STATION 
OIRECTIOM-EN 

5fITSW 02 - STATION 1 1450 20 fIUG 7S 
FIIJUER POWER SPECTftlI1 

BA6E STATION 
DIRECHON-VT 

8.0 11.1.1.1 

8.0 

8.0 11.1.1.1 



95 

MTaIP 02 - STRTIIlN I 14S0 I!O fU) '15 
FIllItrER PlIO Eftt'f1Ul 

mmaE 8'I'R1'rtI« 
DIRfl:TI ....... 

SRTSIJ' D2 - STATION 1 1450 20 flO 'IS 
fOliUm roNER 8f'ECTRIJt 

fUt1lll.E STRTlON 
OIRECTICfioEN 

~T6OP 02 - STRTION 1 1450 20 fU) '1S 
FOORreR mER SfECTRU'I 

PORTRBLE STRTltIf 
DlRECTllli-VT 

10.0 

1Il.O 



l\ol 
5 

:2 

Slol 
5 5 
g; 2 
...J 

!:! 100 
IZ 

5 

2 

SATSOP 02 - STAn", 1. 1450 20 RUG 15 
AIfl.If {CATION 
DIftECTIIlH-H8 

1~1.L---------~----------L-------U-~~--------~--------~ a 2.0 4.0 S.O 8.0 10.0 

102 
5 

2 

~hol 
3 5 ..., 
~ 2: 

~100 
5 

2 

FftEfIJIENCY-tPS 

SITSOf' 02 - STRTION 1 1450 20 fIUD 75 
AMPLIfICATION 
DlftECTIIJNo£N 

1~10~---------~----------~---------~-----------~1---------~' 2.0 4.0 8.0 8.0 10.0 

102 
5 

2 

!101 

5 5 -l= 2 
..l 

~l[,o 
5 

F'ftfIU:NCY....cn 

SATSIlf 02 - STATIaH 1 1450 20 Q 75 
Am.IFlCATI~ 
OIRfCTIDN-VT 

2 

1~b·~----J~~~2~.O----~~--4·.0--------~8~.O~------~8~.O--------~10.o 

f'RmJENCY-a'8 



102 
5 

2 

~lOl 
5 5 -l!:. !2 
~ 

Pi 100 
5 

2 

2.0 

9'1 

SfITBOf' 02 - STRTIII4 1 1450 20 fU) 75 
flUIER fillER Sf'ECTRlIt 

!R!E 8TATION 
Rm.l.TANT 

SATSOP 02 - STRTION 1 1450 20 fI» 7S 
flUUER I"I1B Sf'EtTIUi 

f'ORTRiI.E STATION 
RE6tLTfIfr 

SATSOP 02 - STATION 1 1450 20 AUG 7S 
Rf'L[f[alHOM 

RES.l.TANT 

8.0 10.0 

10.0 

l~l.~-----------~--------------~-----------~----·------~'-----------~1 o 2.0 4.0 S.O 8.0 10.0 
fREIl£NCY-Q"S 



) 

If 
:2 

19-
:2 

1 
a:: Z 
~1g-

:2 
19 

:2 
If 
2 

1 0 2.0 

2.0 

2.0 

SATSOf 03 - STATION 1 1125 21 RUG 75 
FOURIER POWER SPECTRlJ1 

BASE STRTION 
DlRECTION-NS 

4.0 6.0 
FREQUENCY -cPS 

SATSGf' 03 - STATION 1 1125 21 ROO 75 
FOURIER POWER SPECTRtIt1 

BASE STRTION 
DIRECTION-EW 

SATSOP 03 - STATION 1 1125 21 AUG 75 
FOURIER POWER SPECTRUM 

BASE STATION 
DIRECTION-VT 

4.0 6.0 
FREQUENCY -ct'5 

8.0 10.0 

8.0 10.0 

8.0 10.0 



r 
S~Ta~p 03 - STRTION 1 1125 21 AUG 75 

FOURIEr. 1"!l~R 8f""t.CTIWM 
?GRTABLE STATION 

DIRECTION-NS 

srrrsa?!J3 - STP.TWN 1 1125 21 AOO 75 
FIJURrER r6bZR 6fECTRL!M 

S1Tff:'5" 03 - STflTIl1N 1 1125 21 AUG 75 
F6URXER PO~ER SfECTRUM 

PORTfi3Lf STATION 
o IRi:crmN-VT 



102 

5 

2 

8101 

li: 5 
8 
!=; :2 
-.J 

~ 100 _ 
5 

:2 

100 

SRTSt3f D3 - STATION 1 1125 21 ROO 7S 
AMfUFICRTWN 
o IRECTION-NS 

1~1~--~-L--~~----------~--~------~u-------~~~--------~ 
~ a 2.0 4.0 6.0 S.O 1O.O 

fREQUENCY--CPS 

SflTsor 03 - STATION 1 1125 21 ROO 7S 
AMf'LIFICAT IBN 
OIRECnOl'l-EW 

SflTsor 03 - STATION 1 1125 21 AUG 7S 
AMPLIFICRTION 
DIRECTION-VT 



., 

10Z 

5 

2 
:z 
SlOl 

5 5 

1; 2 
-1 

~loO a: 
5 

2 

101 

SAT56P 03 - STRTION 1 1125 21 ROO 7S 
FOURIER fOWER srECTRUl'I 

BASE STATION 
RESULTANT 

4.0 6.0 
FREQUENCY -cps 

SATSOP 03 - STATION 1 1125 21 ROO 75 
FIJURIER POWER 8fECTRlI1 

fORTABLE STATION 
RESULTRNT 

4.0 6.0 
fREQlENCY -cps 

SATSOP 03 - STATION 1 1125 21 RUG 75 
AMPLIFICATION 

RESULTANT 

8.0 10.0 

8.0 10.0 

1~1~--------~----------~----------~----------L---------~ o 2.0 4.0 6.0 8.0 10.0 
FREIiIUENCY -cf'S 



102 

SATSOP 04 - STRTION 1 1006 12 SEPT 75 
fOURIER POWER SPECTRUI1 

BASE STRTION 
OIRECTION-NS 

4.0 6.0 
fREQUENCY-Cf'S 

SATSOP 04 - STATION 1 1006 12 SEPT 75 
fOURIER POWER 5f'ECTRUH 

BRSE STATION 
DlRECTION-EW 

SATSOP 04 - STATION 1 1006 12 SEPT 75 
fOURIER POWER SPECTRUM 

BASE STAH£JN 
DlRECHON-VT 

8.0 10.0 

. 8.0 10.0 

8.0 10.0 



103 

SATSOP 04 - STATION 1 1006 12 SEPT 75 
FOUUER POWER SPECTRutI 

PORTABLE STRTION 
DIRECTION-NS 

SATSOP 04 - STATION 1 1006 12 SEf'T 75 
fOURIER POWER SPECTRI.JM 

PORTABLE STATION 
DlRECTION-EW 

SATSOP 04 - STATION 1 1006 12 SEPT 75 
FOURIER POWER SPECTRU!1 

PORTABLE STATION 
DIRECTION-V! 

8.0 10.0 

8.0 10.0 

8.0 10.0 



102 
5 

2 

~101 
5 5 .... 
!!:; 2 

~loO 
5 

2 

1c4 
o 

SATSOP 04 - STATION 1 1008 12 \£PT 75 
AMPLIfICATION 
OIRECTION-NS 

l~l~--------~----------~----------~----------~------~~ o 2.0 4.0 S.O 8.0 10.0 

102 
5 

2 
:z 
8101 

5 5 .... 
!=; 2 
..J 

~loO 
5 

2 

FREQUENCY-CPS 

SATSOP 04 - STATION 1 1006 12 SEPT 75 
AMPLIfICATION 
OIRECTION-EH 

l~l~~--Ull--~-----------L----------~----------~--------~ o 2.0 4.0 s.o 8.0 10.0 

102 
5 

Z 

~101 
5 5 

~ Z 
..J 

~loD a: 
5 

2 

f'REQIJENCY -CPS 

SATSOP 04 - STATION 1 1006 12 SEPT 7S 
Rl1PLIfICATIDN 
DIRECTION-VT 

1~1~--------~-u--------~--------u-~----------~--------~ o 2.0 4.0 6.0 8.0 10.0 
fREQUENCY-a'S 



102 
5 

2 

lhol 
5 5 ... 
J:. 2 
J 

~loD 
5 

2 

2.0 

2.0 

lOS 

SATSOf' 04 - STATION 1 \008 12 SEPT 75 
fOURIER POWER 8f'ECTIU'I 

BASE STATION 
RE8l1.TANT 

4.0 6.0 
fRfQUENCY-CPS 

SATSOP 04 - STATION 1 1006 12 SEPT 75 
FOURIER POWER f!PECTRIJ1 

PORTfIBI..E STATION 
RE8UlTRNT 

SATSOf> 04 - STATION 1 1006 12 SEPT 75 
Al'l'LIflCATION 

RESULTANT 

8.0 10.0 

8.0 10.0 

1~1,~--------~----------~--------~--------~~--------~ o 2.0 4.0 8.0 8.0 10.0 
FREflENCY-CPS 



• 

2.0 

106 

SATSOP os - STRTtON 1 1153 12 ei 75 
FOURIER POWER SPECTRUM 

BASE STATION 
OIRECTlON-NS 

SATSOP OS - STATION 1 1153 12 SEPT 75 
FOURIER POWER Sf'ECTRltt 

BASE STATION 
OIRECTION-aC 

4.0 6.0 
FREQUENCY-CPS 

SATSOP 05 - STATION 1 1153 12 SEPT 75 
FOURIER POWER SPECTRUM 

BASE STRTION 
DIRECTION-VT 

10.0 

8.0 10.0 



19-' 
2 

19-' 
2 

Ig-' 

~ Ig-
2 

1 

2 
19-' 
2 

107 

SATSOP os - STATION 1 1153 12 SEPT 75 
FOURIER POWER SPECTftIJI 

PORTAfILE STATION 
OIRECTIOM-NS 

4.0 6.0 
FREQUENCY -era 

SATSOP OS - STRTION 1 1153 12 SEf'T 75 
FOURIER POWER 5PECTRlI1 

PORTABLE STRTION 
OIRECTION-EW 

8.0 10.0 

1~~0--~~------~----------~--------~~------------~--------~ 
2.0 4.0 8.0 8.0 10.0 

FREQl£HCY-I:PS 

SATSOP OS - STRTION 1 1153 12 SEPT 75 
FOlRIER POWER 5PECTRlI1 

PORTABLE STATION 
OIRECTION-VT 

4.0 8.0 
FREQl£NCY-a>8 

8.0 10.0 



102 
5 

2 

!101 

5 5 

i; 2 
..J 

~100 
5 

2 

SATSOP 05 - STATION 1 1153 12 SEPT 'IS 
Atf'LlfICAT loti 
DIRECTION-NB 

1~1~--------~--------~~---------L----------~--------~ o 2.0 4.0 6.0 S.O 10.0 

102 

5 

2 

~101 
5 5 

i; 2 
..J 

~100 
5 

:2 

fREfl£HCY-cf'S 

SATSOf' 05 - STATION 1 1153 12 SEf'r '7S 
FItlPLIFlCATION 
DlRECTION-EW 

1~10'~--~'~--~~~------~--------~----------~~~~~~ 
2.0 4.0 6.0 8.0 10.0 

102 
5 

2 

~101 
fj 5 ... 
~ 2 

~100 
5 

FREIlJEHCY-ct>S 

SATSOP 05 - STATION 1 1153 12 SEPT '7S 
Atf'LIFICRTION 
DIRECTION-VT 

2 

1~~'~---~----~2~.O~~----~4·.0----~~--6~.O~------~8~.O--------~1~0.0 
fREQIJEtICY..CfS 



1# 
5 

2 
z 
~ 101 

~ 5 u 

~ 2 
....J 

~loO 
5 

2 

109 

SATSIF 05 - STATION 1 1153 12 8EPi 75 
fOURIER POWER SPECTRUI'I 

BASE STATION 
RESULTANT 

4.0 8.0 
FREIlJENCY-CfS 

SATSOP 05 - STATION 1 1153 12 SEPT 75 
FOURIER POWER Sf'ECTRUI'I 

PORTABLE STATION 
RESULTANT 

4.0 6.0 
FREQl£NCY-CfS 

SATSOP 05 - STATION 1 1153 12 SEPT 75 
Rl1fI.IfICRTION 

RESULTFINT 

8.0 10.0 

8.0 10.0 

1~1~--------~----------~--------~----------~--------~ o 2-0 4-0 6.0 8.0 10.0 
fREQl£HCY-cPS 



2.0 

SAT80r os - STATION 2 1142 Z6 RUG 15 
fOURIER POWER SPECTRIJ'I 

BASE STATION 
OIRECTION-NS 

4.06.0 
FREQUENCY-CPS 

SATSOP 06 - STATION 2 1142 26 AUf} 15 
fOURIER POWER SfECTRIJ'I 

BASE STRTION 
OIRECTION-EW 

4.0 6.0 
fREatENCY -CPS 

SATSOP OS - STRTION 2 1142 26 RUG 15 
FOURIER POWER Sl'ECTRIJ'I 

BASE STATION 
DlRECTION-VT 

4.0 6.0 
FREQUEHCY-tPS 

8.0 10.0 

8.0 10.0 

8.0 10.0 



2.0 

111 

SATSOP 08 - STATION 2 1142 28 AUG 7S 
FOURIER PMR 5PECTRUI1 

PDRTA8LE STRTION 
DIRECTION-N6 

4.0 6.0 
fREQUENCY-CPS 

SATSOP 08 - STATION 2 1142 2B AU(; 75 
fOURIER POWER SPECTRlII1 

PORTA8LE STATION 
DIRECTION-EW 

4.0 6.0 
fREQUENCY-CPS 

SATSOP 06 - STATION Z 1142 26 AUG 75 
fOURIER POWER SPECTRUI1 

PORTABLE STATION 
DIRECTION-VT 

4.0 6.0 
fREQUENCY-cPS 

8.0 10.0 

8.0 10.0 

e.o 10.0 



11? 

5flTOOP 08 - STAT! GN 2 11 ~ 26 ROO ?S 
Ri'lfLlfXC~TIoti 

OIRECTXOM-NS 

SRTOOP 06 - STRTWN 2 1142 28 ~UG 75 
f-li1i'LrfXCATrOW 
D!RECTiON-EW 

SATSOP 06 - STATION:2 U42 26 RUG 75 
RMfUF!CRTXOW 
DIRECHON-VT 



102 

5 

2: 

a 101 

~ 5 
8 
l::; z 
-' 
§;: 10° a; 

5 

2 

o 2.0 

11J 

SATSOP 06 - SmTIIJN 2 1142 26 AlJO. 75 
FOURIER POWER SPECTRUM 

BA5E STATICH 
RESUL TAf<lT 

SATSOP 06 - STATION 2 1142 26 Al.JG. "IS 
FOURIER POWER SPECTRlII'l 

PORTABlE STATION 
RE5UL.TRNT 

I ! 

MTSOf' 06 - STATIIJN:2 1142 26 ROO 75 
AMPLIFICATION 

RESULTANT 

10.0 

8.0 10.0 

8.0 10.0 



2.0 

Z.O 

114 

5RTSO!' 07 - STRTION Z 1506 26 RUG 75 
FOUR [ER PONER Sf'ECTIUt 

8R6E STRTION 
OIRECTION-NS 

4.0 6.0 
FREQLENCY-CPS 

SATSOP 07 - STATION 2 1506 26 AOO 75 
fOURIER POWER SPECTRUf1 

8R6E STRTION 
OIRECTION-EW 

4.0 6.0 
fREmENCY-CPS 

SATSOP 07 - STRTIDN Z 1506 26 ROO 75 
fOURIER POWER SPECTRUf1 

8R6E STRTIDN 
o lRECTION-VT 

8.0 10.0 

8.0 

a.o lO.(J 



2.0 

115 

SATSOP 07 - STATION 2 1506 26 RUV 7S 
FOURIER POWER Sf'ECTRlIt1 

PORTABLE STRTION 
o IRECTION-NS 

SATSOP 07 - STATION 2 1506 26 ALlG 7S 
FOURIER POWER SPECTRlltl 

PORTABLE STATION 
DIRECTKDN-EW 

SATSOP 07 - STATION 2 1506 26 RUG 15 
FOURIER POWER SPECTRlII1 

PORTABLE STATION 
OIRECTION-VT 

8.0 

8.0 



116 

SATSOP 07 - STATION 2 1508 26 AUa 75 
AI1PLIFICATlON 

2':~ 
;:! 101 

OIRECTION-NS 

~ 5 ..... 
~ 2: 
..J 

~100 
5 

2. 

lWl.~--~-----J-----------L----------~----------~--------~ o 2.0 4.0 6.0 8.0 10,0 

102 
5 

Z 

SlOt 

§ 5 

~ 2 
...J 

~loD 
5 

2 

fREQUENCY-cPS 

SAT8I3P 07 - STRTIIlN 2 1506 26 ROO 75 
RI1I'LIFICATION 
OIRECTION-EW 

4.0 6.0 
fREQUENCY-CPS 

SATSOP 07 - STRTIll/tj 2 1506 26 Fl!JG 75 
AI1!'LIFItATION 
D I RECTI ON-VT 

1~1~--------~---U-------L----------~-----~----~--------~ o 2.0 4.0 6.0 8.0 10.0 
fREQUENCY-CPS 



l 

8:w1 
I- p 8 ;:} 
~ 2 
...J 

~loU 
II: 

5 

f 

11'7 

SATSOf' 07 - STATION 2 1506 26 ROO 7S 
FOURIER POWER Sf'ECTRUM 

BASE STATION 
RESULTRNT 

4.0 6.0 
FREQUENCY-CPS 

SATSOP 07 - STATION 2 1506 26 AUG is 
FOURIER POWER SPECTRUM 

PORTABlE STATION 
RESULTANT 

SATSOP 07 - STATION 2 1506 26 AUG 75 
AMPLIFICATION 

RESULTANT 

8.0 10,0 

l~lL----------L!-----------!~--------~I----------~1 ________ ~! 
o 2.0 4.0 6.0 8.0 10.0 

fREGlUENCY-cPS 



11 (j 

SflTSfjp 08 - STATION 2 1630 26 AOO 75 
Fou,~ IER POWER SPECTRU!1 

BRSESTATIGN 
DIRECTIDN-NS 

SflTSGP 08 - STATION 2 1630 26 ROO 75 
fOUR!ER POWER SPECTRUI'l 

BASE STATION 
DlRECTION-EW 

4.0 6.0 
FRE£lIJENCY-CPS 

SATS!W 08 - STATION 2 1630 26 AUG 75 
FOURIER POWER SPECTRUM 

BASE STATION 
DlRECTION-VT 

8.0 



119 

SATSOP 08 - STATICJN 2 1630 26 AUG 75 
fOURIER POWER SPECTRUM 

PORTABLE STATION 
OIRECHDN-NS 

SATSOP 08 - STATION 2 1630 26 RUG 75 
fOURIER rGWER SPECTRUM 

PORTABLE STATION 
DlRECTION-Eb! 

SATSOP 08 - STATION 2 1630 26 AUG 75 
FOURIER PImER SPECTRUM 

PORTABLE STATION 
DIRECTION-VT 

8.0 10,0 



102 
5 

2 
z 
8Wl 

5 5 ..... 
!::; 2 
.-I 

~ 100 a: _ 

: ~ 

120 

SATSOP 08 - STATION 2 1630 f6 ROO 75 
AMf'LIf I CATI ON 
o I RECTI ON-NS 

lo-1.~I----------~-----------~----~-----~-------~--~-----------~ 
D 2.0 4.0 6.0 8.0 10.0 

Z 

fREQUENCy -cPS 

SRTSGf' 08 - STATION Z 1630 26 AIJJ 15 
RHf'LIFICflTION 
DlRECTrON-EW 

1~1~-------L--~-----~U---~----------~-----~----~---------.-I o 2.0 4.0 6.0 8.0 10.0 
FREQUENCY-CPS 

SAT5GP 08 - STATION 2 1630 26 ROO 75 
At'lPLIflCATION 
o IRECTICI'I-VT 

4.0 6.0 
fREQlJENCY -CPS 

8.0 10.0 



2 Ii 
" 

1 ?1 

SATSOP 08 - STATION 2 1630 26 AUG 75 
FOURIER POWER SPECTRUi1 

BASE STATION 
RESULTANT 

SATSOP 08 - STATION 2 1630 26 RDS 75 
fOURIER rOWER 5PECTRU11 

PORTABLE STATtON 
RESULTANT 

SATSOP 08 - STRTIO\Il 2 1630 26 AUrf 75 
RI'1PUFrCATIGN 

RESULTANT 

10-1'~' ________ ~I----------~I----~----~I----------~,----------~, o 2.0 4.0 6.0 eoo 10,0 
fREQUENCy -cf'S 



1, iJ 

1?? 

SATSIW 09 - SrAHaN 2 1092 10 SErf IS 
F'm.JRIER POWER 6PECTR1.!i1 

8ASE8TRTKON 
DlRECTIllN-NS 

Sflfrot> OS - STflHDN 2 1032 10 SEPT 75 
fOOIUER PImER SfECTRtIi'I 

BfI5E 5TRTIIl;I! 
DlRECHON-EH 

SRTSGr 09 - 5TflHIJN f 1032 10 SEPT 75 
FGURIER PGMER SPECTRUri 

BASE SmUGN 
DIRECTION-VT 



1 0 

SATSGP 09 - STATION 2. 1032 10 sa'T 75 
FOURIER POWER SPECTRUM 

PORTABLE STATION 
DlRECTION-illS 

2.0 4.0 6.0 8.0 
fREGUfNCY-CfS 

SATSOP 09 - STATION 2. 1032 10 SEfT 75 
FOORIER POWER SPECTRUM 

P~RTR8LE STATION 
DlRECTlGN-EW 

2.0 4.0 6.0 8.0 
fREQUENCY-CPS 

SRTSOf' 09 - STATION 2. 1032 10 Sf..PT 75 
fOORlER PeHER SPECTRUl'i 

PORTABLE STRTION 
DIRECTION-VT 



102 <= 

5 

2 
'Z 
8101 

5 5 
.-. 
1::; 2 
..I 

~100 
5 

Z 

SATSOP 09 - STATIGN 2 lOSZ 10 SEPT 7S 
Aiii"LlfKCRTION 
OIRECTION-NS 

1~1L-----~--~--------~--~------~----------~--------~ a z.o 400 6.0 800 100!) 

102 
5 

:2 

S:wl 
I~ 

~ 5 

~ Z 
~loD -a:; 

5 

2 

fREIdUENCY-CPS 

Sfl150P 09 ~. STATION Z 103?- 10 f5EPT 7S 
Atll"'LIF ICRTIGN 
DIRECT I CJN-EU 

SATSOf' 09 - STATlON 2 1032 10 SEf'T 75 
fll'lf'LIFlCATmW 
DIRECTION-VT 

8.0 

l~t~------~~~------~~----------~-----------L------------~ o 2.0 4.0 6.0 SeO 10.0 
~-crS 



125 

SATSOf' 09 - STATION 2 1(132 10 SET 75 
FOOiUER POWER 6fECTRUri 

BASE STATION 
RESULTANT 

SATSOP OS - STATION 2 1032 10 SfPT 7S 
fOORIIER POWER SfECTRltl 

PImTRBLE 5TATlCl\l 
RESULTANT 

SATSOP OS - STAHnN 2 1032 10 5£f'T 75 
A!1l'LIfICAHON 

RESULTANT 



12(; 

SATSOP 10 - STATION Z 1330 10 5EPT 75 
f'OORIER POWER SfECTR\J!'l 

BASE STATION 
OlR!Cn~ 

SRTSG? 10 - STAnGl\! 2 1330 10 SEPT 75 
FGURIER Pm..~ SPECTI'Wl1 
~ STATIGN 
O!R£Cn~ 

6?lTSGP 10 - STATION 2 1330 10 SEPT 'IS 
fDURIER PcrwER SPECTRU!1 

BASE STATIIlN 
DIRECTION-VT 

S.O 



? 12 

SATSOP 10 - STATION:2 1330 10 &:PT 75 
fOURIER POWER SPECTRUM 

PORTABLE STATIGH 
DlRECHIlN-NS 

, I 

400 6.0 
fREQUEtlCy -erS 

SRTSGP 10 - STATIGN:2 1330 10 &-7r 75 
fG'URIER pma Sf'ECTRUI1 

PORTABLE STATlDN 
OKRECTI~ 

SATSGf' 10 - STRTION:2 1330 10 5EPT 75 
fOlJRXER pDi£R SPECTRUIi 

PORTABLE STATION 
DlRECTIGN-VT 

8.0 

ti.O 



102 

5 

Z 

8101 

5 5 ..... 
[:!:; 2 
...l 

i: laO 
Ci:: 

5 

Z 

SATSCW 10 - STRTION 2 lSSO 1,0 SEPT 'i'5 
AI'lPLIF'KCATION 
OIRECHON-NS 

1~1.L-__________ L-__ U-______ L-__________ L-__________ L-________ -...l 

o 2.0 4.0 S.O s.a 10.0 
FREQUENCY-CPS 

SATS6f' 10 - STRTIIJiIl 2: 1330 10 SErT 75 
Al'IfLIf leAT ION 
DlRECTlON-EW 

f r 
1~1.~----------L-----------L---------~L-----------~'----------~1 

(J Z.O 4.0 a.o ~.O 10.0 

:1!: 
~Wl 
liE :3 u 

~ 2 
...l 

~100 <:<: 
5 

2 

ffiEQUENCY-crB 

SATSOP 10 - STATION 2 1330 10 SEfT 75 
Rl'f'LIFICRHCN 
DIRECTION-VI 

1~1.~ ______ · __ ~L-__________ L-__________ L-__________ !L-________ -...l' 

IJ 2.0 4.0 6.0 8.0 10.0 
FREG!UENCY-cr5 



If i;l 
2 
if 
2 lr 

f.J 2 
~lr 'A 

2 
If 

2 
If 

1?C! 

5flTSOP 10 - STATION 2 1330 10 8El"r 75 
FOURIER POWER 8f'ECTfM'i 

BASE STATION 
RESULTANT 

SRTSOl' 10 - STRTIBN 2 13&1 10 SEPT 'is 
FOURIER PDWER SPECTRUM 

PImTABi..E STATIot<! 
RESULTANT 

8.0 

l~~n----------~----------~------~--~---------~'----------~' 
u 2~ 4~ 6~ 8~ W~ 

102 
5 

:2 

SlOl 
§ 5 -

~ 2 " 
.J 

fE taD a: 
5 

2 

F'REC:IUENCY -crs 

SAT56P 10 - STRTI£JN 2 1330 10 S£J>T 75 
m1rL!f!CATIIlN 

RESULTANT 

1~1.~--------~----------~----------~---------~'----------~1 o 2.0 4.0 6.0 8.0 10.0 
FREQUENCY-crs 



1 0 

2.0 

lJC 

SATSOP 11 - STATION S 1205 21 ROO 15 
FQIER POWER SPECTRIJ1 

BASE STATION 
OIRECTION-NS 

4.0 S.O 
fREQUENCY-CPS 

SATSOP 11 - STATION 3 1205 21 RlJ'J. 15 
fOURIER POWER Sf'ECTRllI'I 

BASE STATION 
OIRECTION-EW 

I I 

SRTSOP 11 - STATION 3 1205 21 AUG 75 
FOURIER POWER SPECTRUM 

BASE STATION 
OKRECTIGN-VT 

2.0 4.0 S.O ScO 
fREQUENCY -CPS 

10.0 

10.0 



2.0 

2.0 

1J1 

SATSOP 11 - STATION::I 1205 21 AUG 75 
FOURIER POWER ftCTRll1 

PGRTA8LE STATION 
DIRECTION-NS 

SRTSGF 11 - STATION S 1205 21 AUG 75 
fOUR fER POWER Sf'EC1'R1.Wi 

PORTABLE STATION 
OIRECnGN-EW 

SATSOP 11 - STATION S 1205 21 AUG 75 
FOURIER PDWER SPECTRUM 

PORTABlE STATION 
DIRECTION-VT 

4.0 6.0 
FREQUENCY -cps 

8.0 10.0 

s.o 10~O 



z 
8101 
I-

§ 5 

f=; 2 
...l 

!E 100 a: 
5 

2 

1 3? 

SRTSOf' 11 - STRTION S 1205 21 AU!) 75 
AMPLIFICATION 
o IRECTXIlN-tts 

lcrl.~----------~----------~----------~----------~--~~--~ o 2.0 4.0 6.0 8.0 10.0 

z 
g101 

E: 5 
B 
!:; 2 
...l 

~loD 
5 

2 

FREQUENCY -CPS 

SflTSGP 11 - STATION S 1205 Zl ROO 75 
Rt1PLlfICRTION 
DlRECTION-EW 

4.0 6.0 
FREQUENCY-CPS 

SATSOP 11 - STATION 3 1205 Z1 ROO 75 
AMPLIFICATION 
DIRECTIIlN-VT 

8.0 

10-1~~----~~~----------~~~----L-~--------~~--------~ o Z.O 4.0 6.0 8.0 10.0 
fREQUENCY -cps 



102 
5 

2 
:z :e 101 

§ 5 .... 
~ 2 
....J 

\E 1...n a:: _UV 

5 

2 

2.0 

2.0 

131 

SATMf' 11 - STATION 3 1205 21 ROO 15 
fOURIER POWER SPECTRUM 

BASE STATION 
RE5ULTRNT 

4.0 6.0 
FREGllIENCY-CPS 

SATSOP 11 - STATION;3 1205 21 ROO 75 
fOURIER f'DWER Sf'ECTRtJ1 

PORTABlE STATIGiII 
RESULTANT 

I I 

SATSl}P 11 - STATION 3 1205 21 ROO 75 
AMPLIFICATION 

RE5ULTANT 

4.0 6.0 
FREQUENCY-CPS 

8.0 10.0 

8.0 10.0 

8.0 10.0 



2.0 

1 ~3 L; 

SAT5t)p 12 - STATION S 1630 21 AUG 75 
fOUIUER POWER SPECTRlB'i 

BFI6E BTATION 
DIRECTIOfll-NS 

SATSOP 12 - STATION 3 1630 21 flOO 75 
fOURIER PMf{ SPECTRIJ1 

BASE STRTION 
o lRECT WN-EW 

8.0 

2~ 4~ 6~ a~ 
FREQI.ENr:Y-cf'S 

SATSOP 12 - STATION 3 1630 21 AUG 75 
FOURIER f'DWER Sf'ECTRUi'l 

BASE STRTION 
DIRECTION-VT 

10.0 

10.0 



SATOO'f' 12 - STATION 3 1630 21 AIlG 15 
FOURIER POWER SPECTRl.lM 

PORTABLE STATION 
OIR(CTXGN-NS 

SATSOP 12 - STATION S 1630 21 fIUO. 15 
FOURIER POh'ER SPECTRU1'i 

PORTABLE STRTXON 
OIRECTI~ 

SfITSUP 12 - STRTIOH 3 1630 21 ROO 75 
FOURIER POWER SPECTRUI1 

PORTABlE STATION 
DIRECTION-VI 
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2.0 4.0 B.O 6.0 
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10.0 

10.0 
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SATSOP 12 - STATION::I 1630 21 AU;} 75 
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SATSOP 12 - STATION 3 1630 21 Al~ 75 
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SATSOf' 12 - STRTION 3 1630 21 RUG 75 
FOURIER POWER SPECTRLIl1 

BfISE STRTION 
RESULTANT 

SATSOP 12 - STRmm 3 1630 21 fIIJG 75 
frruR IEN f'OWER 5f'ECTR\.l1'l 

PORTABLE STATION 
RESULTANT 

SATSOP 12 - STATION S 1630 21 ROO 75 
AtlI'LlflCATICN 

RESULTANT 

1~1~--------~----------~----------~----------~--------~ o 2.0 4.0 6.0 8.0 10.0 
fREWENCY -ct'5 
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SflTSG? 13 - STATION 3 1016 11 SEPT 75 
FUlER POWER SPECTRUM 

BASE STRTION 
DIRECTION-NS 

SATSGP 13 - STATION 3 1016 11 S=:PT 75 
FOURIER POOfR Sf'ECTRUM 

BASE STATION 
OIRECnON-EW 

l~·~O~--------~~~~~--~----------~--~ 
2.0 400 6.0 

fREIlJENCY -CPS 

SATSOP 13 - STATION 3 1016 11 SEPT 75 
FOURIER PmtER SPECTRUM 

BASE STATION 
DIRECTION-VT 

4.0 6.0 
fREQlIENCY-CfS 

8.0 10.0 

8.0 10.0 



SATSOP 13 - STATION 3 1016 11 SEPT 75 
FOURIER paWER SPECTRUI'l 

PORTABLE STATION 
OIRECTl0N-N8 

SATSOP 13 - STATION 3 1016 11 SEPT 75 
FOURIER POf.lER SPECTRUM 

PORTABlE STATION 
o lRECTIGN-EW 

SATSOP 13 - STATlm~ 3 1016 11 SEPT 75 
FOURIER Pm.lER SPECTRlll1 

PORTABLE STRTIGN 
OIRECTION-VT 
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SATSOI" IS - STRTIONS 101S 11 SEPT 'is 
fOUlIER POWER SPECTRUl1 

BRaE STAmm 
RESULTANT 

I I 

SATSOP 13 - STATION 3 1016 11 SEPT 75 
FOURIER PMit Sf'ECTRUri 

PORTABlE STATION 
RESULTANT 

SATSOP 13 - STATION 3 1016 n SEPT 75 
Al'If'LIf KCATIeN 

RESULTANT 
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SATSOP 14 - STATION S 1245 11 SEPT 75 
FUIER POWER SPECTRI.l11 
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SATSOP 14 - STATION 3 1245 11 SEPT 75 
fOURIER POWER SPECTRUM 
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OIRECTION-EW 

SATSOP 14 - STATION 3 1245 11 SEPT 75 
fOURIER POWER SPECTRUM 

BASE STATION 
DIRECTION-VT 

S.O 10.0 
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SATSOP 14 - STATION S 1245 11 SEPT 75 
FOURIER POWER SPECTRUM 

PORTABLE STATION 
OIRECTION-NS 

SATSOP 14 - STATION S 1245 11 SEPT 75 
fOURIER POHER SPECTRUM 

PORTABlE STATION 
DlRECTION-EW 

SATSOP 14 - STATION::; 1245 11 SEPT 75 
FOURIER POWER SPECTRUM 

PORTABLE STATION 
DIRECTION-VT 
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AMPLIFICATION 
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SATSOP 15 - STATWN 3 1435 11 SEPT 75 
FOURIER POWER SPECTRUM 
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FOURIER POWER SPECTRUM 

PORTABLE STATION 
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SATSOP 15 - STATION 3 1435 11 5£PT 75 
FOURIER POWER SPECTRUM 
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