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The Departmerlt 's s t a f f  and i t s  c o n s u l t m t s  have reviewed the  geologic  

arid s e i s n i c  i n v e s t i g a t i o n  r e p o r t s  made by PGE f o r  the  l e b b l e  Spr ings  

n ~ c l e a r  s i t e  and f i n d  tha t  they a c c ~ . r a t e l y  and comprehensively def ine  

geologic  condi t ions  i n  the region. There a r e  po in t s  of conten t ion  with 

some of the i r ~ t e r p r e t a t i o n s  regard icg  r eg iona l  geologic  h i s t o r y ,  b a s a l t  

s t r s t i g r a p h y ,  and o r i g i n  of c e r t a i n  volcanic  rocks b ~ t  t hese  disagreements 

do no: change the  na in  conclusions regarding s a f e t y  of t he  s i t e .  We concur 

with the  gene ra l  conclusions of PGE consu l t an t s  and commend PGE f o r  t he  

d e t a i l  and q u a l i t y  of i t s  inves t ige t ions .  The Pebble Spr ings  s i t e  appears  

t o  be geo log ica l ly  acceptab le  f o r  cons t ruc t ion  of a  nuc lea r  power p lan t .  

The g r o ~ n d  a c c e l e r a t i o n  va lue  t o  be used i n  seismic design should be 

deternined by the  ISuclear Sc Zhermal Energy Council  before a  cons t ruc t ion  

pemiT i s  issued.  TWO va lues  were c i t e d  i n  t he  PGZ r e p o r t ;  0.20g and 

Q.l5g. Also, t he  recommendation by J. h. E e l l ,  S o i l  Mechanics and Foundation 

Consul tant ,  should be acknowledged before f i n a l  approval  i s  given regarding 

geologic  condi t ions  a t  the si:e. The Department expects  t o  be n o t i f i e d  

when a d d i t i o n a l  t renching i s  completed so t h a t  i t s  r e p r e s e n t a t i v e s  can 

view the  exposed bedrock, 



Scope of t h e  9eviex 

Ye have reviewed a l l  of the r e p o r t s  made by X E  concerning geology 

and se im, ic i fy  as w e l l  as other published geologic investigations made in 

the Columbia F l a t e m  region. Ke a l s o  attended several meetings with PGE 

consulzants  t o  discuss  various phases of t h e i r  investigations and later 

condccted o u r  own f i e l d  investiga3ions t o  con f im  the work done by PGE. 

3. h. Bell, Frofessor  of C i v i l  Engineering at OSU, was contracted 

by the Department t o  exmine foundation test data and laboratory reports 

to deternine if conclusions regarding this material were consistent with, 

the  data presented. 3. D. Bentley, Professor of Geology at Central 

ilYashington S t a t e  College, was employed t o  review regional tectonic reports  

and to cornmerit on stratigraphic carrelations. A sumnary of comments by 

Zentley are contained in the appendix at the end of t h i s  report.  J. R .  

>ell's recornendations w i l l  be svbmitted at a Later date as the reports 

he is t o  coment on were not  issued until the latter part of February 1975. 

2Eiemorandm re2orts  on f i e l d  investigations by N. V. Peterson and V. C. 

Newton are included in t h e  appendix. 

Location of the  Flant  Site, 

The proposed Pebble Springs nuclear site is situated 2 miles southeast 

of Arl ington,  a port city on the Columbia River in north-central Oregon 

(see Figure 1). 3ebble S p r i n g s  served as a watering place and sheepherder's 

c a p  mrq years ~ g a .  The plant site and resemoir  w i l l  be constructed on a 

p l a t e a ~  approximately 500' above r iver  level .  k t  present, the land is 

used mainly f o r  grazing of ca t t l e  and is poorly suited for other agricultural 

use. 





The 3ebble Spr ings  site Lies  in a region underlain by the Columbia 

X v e r  Group, a t h i c k  series of late Xiocene f l o o d  basalts that covers a 

large part of northeastern Oregon and southeastern Washington. The upper 

flow units interfinger with gravels and lake-bed sediments of Ithe Ellensburg 

Formation, Overlying the Columbia River Group are Pliocene gravels of the 

Dalles Formation and Pleistocene gravels and wind-blown silt. 

in the Pebble  Springs  area, the Pomona flow, which 1s one of the upper 

units of the Columbia River Group, forms the surface of the plateau. The 

younger sediments have been scoured off by the ancestral. Columbia River and 

only a few remnant r idges of Zllensburg and Dalles gravels remain on the 

Pomona surface. 

S tm ctural Summary 

The Pomona flow and underlying mits of the Columbia River Group are 

warped into folds ar~d in some places  broken by faults. The general regional 

trend of the f o l d s  is east-west and that of the faults ia northwest-southeast 

(see Sigure 2). Several f o l d s  and one f a u l t  are present in the vic in i ty  of 

the Pebble Sp r ings  site. A s  shown on Figure 2, the axis of the Dalles- 

UmatilLa syncline passes j u s t  nor th  of the proposed nuclear power faci l i ty.  

A small, unnamed anticline trending parallel t o  the large synclinal structure 

passes through the south half of t h e  reservoir. The high ridges forming 

the nor th  bank of the  Columbia River across from Arlington a r e  part of a 

large fold called the Columbia H i l l s  anticline which extends f r o m  The Dalles 

7G miles east to Wallula Gap. 

The Arlington-Shutler s t ruc tu re ,  a northwest-trending lineament, lies 

3 miles-west of Pebble Springs.  If is of particular concern to the proposed 



project because a f a u l t  is pro jec ted  by f i e l d  mapping along its crest for 

a distance of 9 miles. Because this faul t  is quite close to the site, 

investigators deemed it imperative t o  date the age of latest movement, The 

evidence f o r  late fau l t  movement described later in the review showed that 

the last movement occurred nore than 700,000 years ago. Geologist who have 

studied the Columbia ?lateau indicate that the last major tectonism in 

this region occurred near the  end of the Pliocene epoch and in the early 

part of the Pleistocene epoch and that regional deformation had subsided 

by middle Pleistocene time. No evidence was uncovered in the site studies 

to suggest that tectonic a c t i v i t y  had affected rocks of late Pleistocene, 

age ex younger. 

Najor f a u l t s  and folds reflect past stress patterns in the earth's 

crust and the most recent trends can be used t o  estimate where future 

movements w i l l  occur, The work by Shannon & Wilson and others show that 

north to northwest trending structures are cut by generally east-west 

trending folds indicating that crustal stress changed in the last f e w  

million years. The east-west f o l d s  are believed to be the youngest structures. 

Several of these major structures were described by Shannon & Wilson t o  

obtain an estimate of latest movement in the Pebble Springs region, 

The ColumSia H i l l s  an t i c l i ne  is a Large east-west trending fold 

system that plunges f r o m  1,800' elevation near Wishmm, Washington to 100' 

at Wallula Gap where it terminates against the  Wallula-Walla Walls Pault 

system. This f a u l t  system wag found to be the most probable earthquake 

producing s tmcture  in the region. 

Three large northwest trending faul t s ,  the Laurel, Warwick and Goldendale, 

cross the west  end of the  Columbia H i l l s  anticline.  Lesser faults hare been 

mapped along the crest of the Colmbia H i l l s  nor",east of Boar- (~aterson 

Ridge ~ a u l t )  and along the  axis of the  Arlington-Shutler lineament a few 





- 
miles  northwest o: the "ebble Spring s i t e .  The magnitude of f o l d i n g  and 

f w l t i n g  can be seen t o  i nc rease  going westward toviard the  Cascade Bange. 

Evidence f o r  L a t e s t  Fau l t  Xovement -- 

'Jhat appears  t o  the w r i t e r s  t o  be the  l a t e s t  f a u l t  movement i n  the  

reg ion  i s  seen a t  the south end of t h e  Warwick f a u l t ,  another  major f a u l t  

25 n i l e s  vies t of Ar l ing ton ,  where i t  c ros ses  t he  Columbia H i l l s .  B a s a l t i c  

l avas  appro;ciaately 0.9 m i i l i o n  yea r s  o l d  by K A r  da t ing  i ssued  from a 

vent  a t  Haystack b u t t e  and flowed down the  south s lope  of t h e  Columbia 

i i i l l s  n e a r  t he  town o f  Vishram, Washi .%ton arid covered the  f a u l t .  This  

relationship is  v i s i b l e  i n  a smal l  canyon j u s t  e a s t  of Highway 1 4  on the  

h i l l s i d e  above i , l i l l e r  I s land .  The young lava  does no t  appear  t o  have 

been d i s tu rbed  by a y  more r ecen t  e a r t h  movement. 

The age of f a u l t i n g  n e a r  Pebble Spr ings  has  been i n f e r r e d  from the  

above c i t e d  evidence and from s t u d i e s  of r eg iona l  tectonism. PGE: and i t s  

c o n s ~ l t a n t s  appear  t o  have explored the  reg ion  thoroughly f o r  information 

on the  l a t e s t  age of f a u l t  movement. 

The c l o s e s t  p o t e n t i a l l y  a c t i v e  f a u l t  s t r u c t u r e ,  t he  Wallula-Walla 

'Calla system, l i e s  approximately 55 mi les  no r theas t  of Pebble Springs.  A 

g r e a t  d e a l  of recent  s e i smic i ty  i s  a s soc i a t ed  wi th  t h i s  f a u l t .  The 

Goldendale f a u l t ,  15 mi les  west of t he  p l an t  s i t e ,  is  the  c l o s e s t  hewn 

major f a u l t .  I t  has been mapped a s  a low-angle t h r u s t  which developed 

as fo ld ing  steepened the  s o ~ l t h  limb of the  Columbia H i l l s  a n t i c l i n e .  The 

Goldendale f a u l t  gresumably cont inues nor thwes ter ly  a s  a s t r i k e - s l i p  type 

but  no a c t u a l  f a u l t  su r f ace  has  been found along the  t r end ,  i t s  su r f ace  

t r a c e  i s  pos tu la ted  on the  b a s i s  of topographic expression. Evidence f o r  

t he  l a t e s t  movement along t h i s  s t ruc%ure  i s  inconclus ive  but  i s  est imated 



to be more than 703,000 years ago besed upon paleomagnetic studies of the 

Sirncoe Lavas which overlie the projected fault trace north of Goldendale, 

Washington, 

The Paterson IIidge fault was mapped as having a normal-type displacement 

of approximately 200 fee t ,  down on the nor th  side. The f au l t  is postulated 

f r o 3  apparent offset of the basalt f l o w  which forms the ridge, The actual 

fau l t  plane is n o t  exposed. Younger mck has been eroded f r o m  the ha l l  

top so it is not possible to estimate the latest age of movement except 

by inference to regional tectozism. 

There is indication of p o s s i b l e  fau l t ing  7 miles west of the Pebble  

Springs site where a l i nea r  depression occurs along the crest  of the 

Arlington-Shutler structure.  Although the evidence for fault movement 

a t  t h i s  locat ion is inconclusive, shear zones car, be seen approximately 

2 miles to the north where $he Arlington-Shutler structure is intersected 

by Highway 801T. This same structure can be traced northwesterly to the 

3"shington side of the Columbia Eiver where i t  is characterized by a 

l i nea r  coulee, A r a i l r o a d  f i l l  on the VJashington shore obscures any other 

posit ive evidence of a faul t ,  if it does occur here. The fault is given 

a probable length of 9 miles based upon topographic features. Because 

movement along the fault appears to have been less than 100' vertically, 

this is not a major f au l t  zone but more l i k e l y  a breaking up of the basalt 

f lows  due t o  folding stress. KO o t h e r  evidence of f a u l t  movement has been 

found along the more than 3Gmile length of the Arlington-Shutler lineament. 

Dating of the latest fault movement is not possible along the s t ruc ture  

because the youngest rock units have been removed by erosion. 

Earthquakes a ~ d  Seismic Design 

Oregon i s  only moderately act ive  seismically w h i l e  portions of adjoining 



Figure 3 

Figure 3 Damaging earthquakes in the Unit4 Stater through 1969 (won Hake and Chd,  1!Vl), 

NOAA 1969 



states contain seismically active areas ( s e e  Figure 33. Only two E s t o r i c  

earthquakes have been recorded rwithin 20 mi le s  of Pebble Springs,  both of 

these were IT Intensity 11. The epicenter of one of these was located 

near A r l f  ngton. Fhe pmposed nuclear site is approximately equidistant 

between the siesmically active Cascade Range and the Wallula-Walla Walla 

faul t  system (a distance of 55 miles) and it is probable that earthquakes 

of moderate size w i l l  continue to occur at both places. Micro-earthquake 

s tud ies  in the Boardman region by Stewart W. Srdth & Associates s u b ~ ~ n t i a t e  

thzt the firlington area is one of l o w  ae imic i ty .  

Page 2.5-4 of the Lay 1974 PGZ "Site Characteristics Report," a design 

basis f o r  v ib ra to ry  gmucd motion of O.1Sg is recommended. In this same 

repor-c, on page 2.5-100, a ground acceleration des ign  f ac to r  of 0.20g is 

recomended. The conservative design for ground acceleration is stated 

to be 0.15g on page S-52 of t h e  "Site Certificate Application," December 14, 

1974. The apparent c o c t r a d i c t i o n  should be resolved. The reviewers to not 

favor the  lower design factor. Figure 2-5-50 of the "Site Characteristics 

Report" shovrs tha t  an PIDG In tens i ty  V 1 I  e a r thq~ake  20 to 40 miles f m m  the 

site w 5 l l  probably produce a peak acceleration of between 0.20g and 0.09g 

at the site. The 0.20g design for 55 m i l e s  1s conservative. 

Pa tential Volcanism 

Eruptions of lava and ash have been f a i r l y  common events in the Cascade 

Xange up u n t i l  the last few thousand years. ( s e e  Figure 4 ) .  In h i s t o r i c  

time such eruptions have been of minor significance. However, the paat 

activity suggests that emptions  w i l l  continue t o  .occur along this north- 

trending alignment of volcanoes. Detailed studies of 7 1 3 .  Rainier   rande ell 
znd Xaldon, 1973) show there have been more than a dozen eruptions f r o m  this 
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Figure 5 
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FIG.$ Map of C ~ s c r d u  Range, showing area cavered by pumice cn~pkion at siie of 
Cratrr take  about 7,000 years ago. The outer line shows maximum limits O F  ash Fall; 
inncr line (patzcrn) shows arca rovcred by 6 inches or more of pumice. The same &inch 
thic.kncss linc is shown supcrimpuscd on the othcr rnaiclr volcanoes of the range. Data 
from rcports by I-lowcl Williams and H. A. Powers and R. E. Wilcox. 



venr; and 55 md flows wi th in  the  last IO,G00 years. The youngest mudflow 

occurred 450 years ago and extended 30 miles f r o m  the base o f  the mountain. 

An ash  eruption from !Jaunt St. Helens 3,500 years ago deposited 2 feet 

of pumice 50 n;ifes from the vent. 

Post ice-age lavas issued from near I:lt, Adams along the trend of the 

'Namiclc f a u l t  zone. This event made the Fulton R i d g e  site a questionable 

l oca t ion  for a nuclear p l a n t  (~hannon & Wilson, Age of Deformation Report, 

page 52). Lavns 0.9 n i l l i o n  years o l d  poured from Haystack Butte and covered 

p a r t  of the Warwick Fault  just north of the Fulton Ridge site, The Pebble 

S p r i n g s  nuclear site is located 75 airline miles fmm ] a n t  ddams and 70- 

miles from Tbount 3ood a ~ d  it is 40 miles  fmn the Haystack 3utte flows. 

The site lies a t  the eastern margin of p o t e n t i a l  ashfall from Cascade 

Volcanoes and is outside any probable damaging eruptive activity (see 

Figures .  . 

Foundat ion Conditions 

D e t a i l e d  geology and topography of the Pebble Springs site Figure 2.5-11 

of the " S i t e  Characteristics 2eport" shows t h a t  the  p lan t  site is approxi- 

mately 40 feet above high water level of the reservoir. A t  t h i s  paint 

there is 30' to 40' of sedimentary rock cover consisting of Dalles Formation 

gravels and Eattlesnake Ridge member silts overlying Pomona basalt, 

A total of 11 borkngs penetra t id  to the Sclah Formation, member of the 

2llensburg Formation, below the Pomona basn1.t et the p l a n t  aft@, These test 

d r i l l i n g s  provide adequate information to define stratigmphy and to show 

that  no significant faulting occurs Seneath the proposed plant, Boring 3-16 

penetrated w e l l  i n t o  the Colanbia River basalt TOO' below the surface in 

the p l a n t  area. The subsurface data shows t ha t  the Pomona f low is 65' thick 



at t h i s  locat ion and t ha t  it is underlain Sy 300' of ashy Selah member 

sedinen t s .  

Founda Lions for the  main bui ld ings  a r e  shown in Figure 2,5-20 of the 

Site Characteristics %port t o  Se in the breccia zone at the t o p  of the 

Pornona basalt. O u r  investigations at' the Tomona brcccia disclosed that 

it i~ no t  a tgpicai. f iov: brecc:i.z but that t h e  basult f-ents and blocks 

a r e  separated bjr fairly large spaces filled yith al tered volcanic ash. 

The rack haz the appearance of near vent-type material. Because the 'breccia 

v r i l l  be v:atercsaturated wheL t he  reservoir  is f u l l ,  results of bearing t e s t s  

under saturated conditions should be closely evaluated, h 

The west  d m  is located 2 ni les  d i rec t ly  up stream fmm the t o m  of 

Arlington. This  s t ructure  w i l l  be founded in the dense Pomna flow (we 

v s i L 1  not  ~~lnr ; le i? t  in any dctail. o n  these stmctures as this r e s p o n s i b i l i t y  

lies with the S t a t e  3ngineer). 

Yearly everywl~ere that the Selah member 5s cut by drafnage canyom, 

s l i d e  problems develop =and block s l ~ m p i x  occurs in the overlying Pomona 

f l o w .  The proposed west d m  structure is approxisately 1 mile f r o m  A U c a l i  

Canyon but 2 or 3 drainages reach t o  very Gear the base of the dam. It 

may be necessary t o  gmut or provide cut-off curtains at these points. 

The abutments at the east d m  cons is t  of silts and gravels which have 

potential f o r  excessive leakage if some type of cut-off is not provfded. 

Mammal bones and charred wood were found in excavations at the east dam 

excavations and dating of these f o s s i l s  is recommended, 
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Figure 1, Pomona Basalt breccia zone exposed 
in  excavation west of the west darn ageo. Dark 
gray to black angular vesicular basalt fragments 
and blocks in a white to tan tuffaceous to silty mat 
Near the base of the cut, open and porous area5 are 
common. 

axposed Figure 3. Part of an elephant tusk 4 

west wal l  of bulldozer cut in southeasr rese 
area, Pebble Springs. In sandy silt layer o 
Dal'les fm, 

Figure 
loosely 
dozer curs In easr purr or reservoir area. 

ck lens€ 
idated c 

ate 
3ull- 
. . 

Figure 
. 1  

;s Rock 4 
- . . I  rne norrnwesr Trenalng escarprnenr mar proDn 

ably rn 
fan at 

larks a f 
the rnoL 

ek slide 
.ary can 

and de 
!yon, 



Figure 5 .  Cooking south across 1-80 Freeway Figure 6 ,  Looking across all four lanes of 1-80 
at 6' wide shear zone along east side of ArJing- at 60' wide sheared zone i n  bascrlt. This zone 
ton - Shutler lineament, N o  displacement appears to strike N-S not quite parallel to the 
i s  apparent, Arlington - Shutfer lineament. Again, no 

displacemenl. i s  apparent. 

Figure 7, Looking south from Columbia River Figure 8, looking west along eastbound lanes 
to Railroad cut about 1 mi le  west of Arlington. of 1-80 toward Arlington. Active landslide 
Shear zone associated with Arlington - Shutler toe i s  about 3/4 the way up the slope. Selah 
lineament has been gunited to prevent rbck Formation, 
fall, There i s  some apparent displacement but 
can't be sure thot this i s  true. 



December 31, 1974 

Geology a t  fiays-tack 3 u t t e  i s  c r i t i c a l .  t o  the study. There may be 
1 ,COG'  o r  nore of tkrow on .;,ke 't't'arriick Faul t  i n  t h i s  a rea .  

6 major, more o r  l e s s  cont,i.nuous, f a u l t  Ins) e x i s t  along the  s t e e p  
hsjm~ietri:: s l d e  of' the Goluabia H i l l s  An t i c l ine  between Paterson  . . 
!:j.dge westward t.o t he  Or t l ey  i2nticl ine.  E:ovcment a l o ~ g  I -h is  f a u l t  
;r.obnhly occurrc.d Setv:eer, 13 mi.llion yea r s  ago to  1 m i l l i o n  yea r s  
~ c o .  Perhaps soae n o v e ~ e n ~  has occurred nore recent ly .  

?\.d6it?onal ~ n v e ~ t i g a t i o l :  should bc done along Alder Eidge t o  obta in  
s o r e  i n f o m a t i o n  on the  sus2ected major f 'aul t  a long t h e  south limb 
of the  Columbia F1.11c Ant ic l ine .  

Check tne  Arl ington-Shutler  s t r u c t u r e  In more d e t a i l .  Geologic 
na2piq;  done f o r  X E  does not  show t h e  Roza f low thinning ac ros s  t he  
to? of the Arl~r~gtori-ShLt1i.r s t m c t u r e .  

Check the  hock Oreelr fault.::. 

T ~ c l u d e s  a d i scuss ion  of b a s a l t  s t r a t ig raghy  i n  the  Columbia Pla teau  
z.eg ion. 

The Age of  Defomat ion  i:: d i f f i c u l t  t o  p in  down, but from h i s  s t u d i e s  
i)r. 5 e n t l e y  concluded t h a t  reg ional  de fo rma~ion  has  occurred periodi-  
c a l l y  f ron 13 m i l l i o n  g e a r s  ago t o  6 m i l l i o n  years  ago. P~Tost f a u l t s  
i n  the  reg ion  show evidence of repeated deformations. Dating t h e  
l a t e s t  f a1;lz movemen t i n  t he  Columbia Pla teau  region i s  very d i f f i c u l t .  
l,!ow?iere i n  t he  p lafeac  i s  the re  any evidence of  l a t e  P le is tocene  
def oma t ion .  

Inc ludes  a  d i scuss ion  of Shannon B Wilson's "Age of Deformation" 
arguaenls .  D r .  Bentley d isagrees  wi th  some of these.  He concludes 
tha t  i t  i s  probably impossible t o  prove t h a t  no deformation has  
occilrred i n  t he  p la teau  region  i n  the  l a s t  0.5 mi l l i on  yea r s  f o r  two 
reasons: i s )  :here e r e  no co r re l a t eab le  u n i t s  with ages between 
3C,000 R.P. and 3.5 my&. ( b )  F k r  da t e s  a r e  very u n r e l i a b l e  over  
t h ~ s  range of ti:ne. 
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M r .  R. E.  Corcoran 
S t a t e  G e o l o g i s t  
1400 S. W. 5 t h  
Room 1069 
P o r t l a n d ,  Oregon 

Dear Andy: 

PEBBLE SPRINGS NUCLEAR PLANT 
C o n s u l t a n t  's Report  

I n  s u p p o r t  o f  o u r  a p p l i c a t i o n  f o r  a s i t e  c e r t i f i c a t e  f o r  c o n s t r u c t i o n  
of t h e  Pebb le  S p r i n g s  Nuclear  P l a n t  I am e n c l o s i n g  f o r  your  i n f o r m a t i o n ,  
a  copy of a  r e p o r t  p repared  by D r .  G. T. Benson o f  P o r t l a n d  S t a t e  
U n i v e r s i t y .  The r e p o r t  is t i t l e d  " ~ e v u e  of Geologic  S t u d i e s  of Columbia 
Rive r  B a s a l t  S t r u c t u r e s  and Age o f  Deformation - The D a l l e s  - U m a t i l l a  
Region, Washington and  rego on." 

D r .  Benson was r e q u e s t e d  as a n  independent  c o n s u l t a n t  t o  s t u d y  t h e  age 
o f  d e f o r m a t i o n  o f  t h e  Columbia H i l l s  a n t i c l i n e  and t h e  A r l i n g t o n  
S h u t l e r  B u t t e  l ineament .  The r e p o r t  is based on h i s  r e v i e w  of  t h e  
Shannon & Wilson Age o f  Deformation Repor t ,  and f i e l d  i n v e s t i g a t i o n s  
of t h e  s t r u c t u r a l  geology of t h e  a r e a .  D r .  Benson is  i n  agreement  
w i t h  t h e  c o n c l u s i o n s  p r e s e n t e d  by Shannon & Wilson. 

S i n c e r e l y ,  

S. R. C h r i s t e n s e n  

Enc losures  

c :  J. L. Wi l l i ams  
3.  E. Grund (5) 
C.  P. Yundt 
'rJuclear P r o j e c t  F i l e  (2) 

Manager of Generat  i o n  E n g i n e e r i n g  
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Memo Report - Pebble Springs Nuclear Plant Site 

This includes 3 days in the field (Nov. 6, 7, 8) and a review o f  PGE Report #2004,. 

Site Characteristics, Pebble Springs Nuclear Plant, dated May 1974. . - 

In reviewing the report I didn't spend a great deal of time on the regional geology as 

i t  i s  the same as for the Carty site. 

Site Geology 

The site geologic map was checked i n  the field and found to be accurate. I did , 

not have the latest S & W report to locate a l l  the backhoe and bulldozer excavations, 

however, did examine the excavations. The dril l ing program and excavations appear 

to be extensive enough to allow for their engineering interpretations. Also the tests 

made for the engineering properties o f  the subsurface materials appear to me to be 

adequate for building foundation design and reservoir design, 

In their description of rock units on p. (2.5 - 64) the description of the structure 

of the Pomona breccia zone i s  accurate except for the statement that i t does not contain'. 

open voids. During our field inspection of excavations at the west dam abutments, we . 

noted several vuggy porous areas in  the lower part (Figure 1 ). This w i l l  apparently 

have no great effect on leakage of the reservoir or cause an unstable condition for 

structures. The origin of this rock structure i s  baffling to me as i t  i s  widespread under ' 

the Pebble Springs site and also at the Carty site. The upper basalt surface appears to 

be similar to an aa lava flow except that the loose blocks are generally completely 

surrounded by the ashy tuffaceous material, the size and abundance of  rock fragments 

diminishes upward and in some places grades upward into a light colored loosely con- 

solidated clayey tuff. 
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Memo Report - Pebble Springs Nuclear Plant Site 

I do have some questions about the possibility of excessive leakage out o f  the - s '  

reservoir through the porous sand and gravel zones in  eastern part of the reservoir, 

' #  \ 
especially just south of the east dam (Figure 2). We should probably ask about this 

, 

i f  i t  i s  part o f  our responsibility. In examining the bulldozer cuts in  the east dam % 

. i 

area, I noted charred wood and also part of an elephant tusk (Figure 3). 1 did hear 
, . 

also that bones were found during the time the excavations were being made and 

wonder i f  these fossil discoveries may help to more accurately date the Dalles 

Formation in  this area. 

Vibratory Ground Motion A L 

. . 
This subject i s  covered i n  great detail i n  the report and my only comment i s  that . r %  

on page 2.5 - 4 that the design basis for vibrating ground motion (SSE) should be 0.15 g 

without the need to design for surface faulting. Then on page 2.5 - 100 they recommend a 

0.20 g value. Perhaps their later report w i l l  take care of this conflict. 

Surface Faulting 

During our f ield inspection we made a traverse of Rock Creek and i t  certainly 

appears that upper Rock Creek marks a fault. It has a relatively straight steep escarp- ' 

ment with massive talus piles and landslide at the base (Figure 4), Tributary canyons 

have deposited conspicuous fans of debris over a long period of time. We could see no 

evidence for recent activity along this fault. We could find no evidence to substantiate 

a parallel fault to the west. 

The Arlington - Shutler lineament was examined i n  the 1-80 Freeway road cuts, 

railroad cuts, and along the Columbia River banks plus a foot traverse along the segment 
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from Alkal i  Canyon to 1-80. The 6' wide sheared zone (Figure 5 )  at the east end of the 

highway cut just west of Arlington does not appear to have any recent movement or any 

appreciable displacement at anytime. At the western edge of this same cut there i s  a 

sheared zone 60' wide (Figure 6) that also contains sheared weathered basalt, reddish 

scoria, and yellowish ash that may indicate proximity to a vent. Neither of  these 

shear zones can be seen in  the Railroad cuts just to the north although one area has been 

gunited (Figure 7) and may mark the trace of  the 6' wide east shear, I t  appears to me 

that this Arlington - Shutler trend of smal l topographic highs could be interpreted as being 

former vents for the Pomona lava flows along a northwest zone of weakness. I f  this i s  the 

case there does not appear to have been any post-Pliocene activity along the zone. 

Stability of  Subsurface Materials and Slope Stability 

As we arrived i n  Arlington on November 5 we noted that there was an active 

landslide about 3/4 mile east of  town. We looked at the slide with Roland Van Cleave 

3 
of  the Highway Dep't. on Nov. 7. The slide involves about 200,000 yds of  colluvium 

and Selah member tuffs (Figures 4 and 5). Dr i l l  information shows the slip plane to be in  a 

greenish clay zone in the Selah about 50 to 60 feet below the upper surface, This should 

be the driest time o f  the year, why i s  i t  sliding now? 

This w i l l  cause some concern for the Pebble Springs project as their water intake from the 

Cblumbia River i s  about a mile beyond and they have projected the pipeline to angle up 

and across materials like the ones that are involved in  this active slide. 
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SUMMARY 

If we can establish the basis for vibratory ground motion (SSE) at 0.20 and i f  we 

can pretty well  establish the age for the last deformation as reported by Shannon and 

Wilson, the site appears to be geologically a l l  right for the proposed power plants. 

Report by: N.V. Peterson November 15, 1974 



STATE OF OREGON 

- - - - - -- 

INTEROFFICE MEMO 

TO. 1:. -. . ,orcorciri DATE: November 15, 1974 

FROM: V. C. !%:fwton 

JBJECT: 3'1 e l d  Ctlec!: or, Age of' Defonn:rt:on, Columbia Pla teau  

Nom Petersori and I met Cl ive  Kienle, geo log i s t  f o r  Shannon & Wilson, 

Xngirxers, Inc. a t  ?li(i;~s Junctiorl or. IJovember 19, 1974. The purpose of our  

f i e l d  inves t iga t ion  w a s  t o  have Cl ive  show u s  h i s  evidence f o r  da t ing  

the l a t e s t  f a u l t  movement i n  the  region r e l a t i v e  t o  the  Pebble Spr ings  

nuclear  s i t e .  A l l  t h e  evidence f o r  da t ing  the  l a t e s t  tectonism is  loca ted  

norsh of  t he  (:olumbia :liver, i n  '!;ashingtor. s t a t e .  

'ihs first f i e l d  check w a s  made a t  liaystack But te  across  the Coluinbia 

-- 
l-;ive.:- f ~ o m  ;;hc? l?7ultorl ~-~icii;e n i k .  riere Quaternary l ava  poured down the  

:;ou;h slo2e of' the  C0lumbi.s i i i l l s  a n t i c l i n e  probably causing the  damming 

of t h e  C o l ~ ~ b i : !  2 iver  a s  k l i i l e r  I s l and  c o n s i s t s  of  t h i s  lava. Fhe lava  

fron H:iys;ac:k i ju t te  can be seen overlying b a s a l t  t a l u s  which developed on 

t h e  o lde r  underl.ying lavao of the  Columbia Hiver Group ( ~ l i o - ~ J i o c e n e  age). 

A t  or?c p o i r ~ t  this your~g l ava  (radio-isotope age of 0.9 mi l l i on  

covers t h c  southerfi end of zhe ;j!amick f a u l t .  This  is the  only place where 

yocci; rock can be saen overiyini; a major f a u l t  i n  the  region around north- 

cer,tml (!r$gon m a  nouzn-central '!iashington. We conf inned the geologic 

condi i.ioris rnn;)ped by Kicriic:.  

V !  .#e  next t r ave l i ed  e ~ s t  t,o where the  Golaendale f a u l t  c rosses  the 

Colmbie  ! i l l l a  s t ruc tu re .  Fiere the  f a u l t  changes from a s t r i k e  s l i p  type 

fa~is xo E t h r u s t  f a d :  a:; i . t  c rosses  the  Columbia I i i l l s .  Cl ive showed 

us evide:ice of major. f a u l l i n g  along the south s lope  of t he  Columbia H i l l s  



w i ~ i c h  col;sint.ed of l a r g e  zoncs 0.'' b r ,?cc ln i ion  aaci i r a c s u r i n g  i n  the  Columbia 

:;iver lavas. Goi::~ r;orsli i o  Goldei-idnle, lzienle poin ted  t o  an ou tc rop  of  

Lo;,:i i ' l o , ~ ~  nar: o i   hi: iro?de:ldalc i*':.i~l.t :in& t o l c  ~ ; s  tnat o t  t h i s  po in t  

;:c.,:_ t;:i:;:~lt wr-.:: a~air:::t. ;.:.sn~:j:i b;:rj:il, ii!d5.catinl; a v e r t i c : ~ 1  o f f s e t  wi th  

the- e:~r;t sicit. linviri;; r!lov!;d I A ~ I  re7.::i.. ve  t o  t he  viecc s ide .  Except f o r  t h i s  

ev idence ,  t he  s i e e p  :slo?c i n  t.:ua te rnary  b z s a l t  conse rva t ive ly  i n t e r p r e t e d  

LO 'ce :i Sau l% scnrp  ri .~rr-h 02' Gol.Cei:ciale ma the  &;enera1 northwest-south- 

e a s t  i i l . i g ~ ~ r ~ ~ ~ r : ' i  of Qui? t,emiar;r vo lcan ic  cones, t h e r e  w a s  l i t t l e  o t h e r  evidence 

so s u b s t a n r i t i . e  t h e  cx',i.ri:;ioi! of the Golaendzle E'a~llt n o r i h  of t h e  Columbia 

H i l l s .  & .dd i i ?~ f i a I  evident* ci:;eci l o r  f z c l t i n g  nea r  Goldendale w a s  an 

mdio-i::oto;if~ d a t e  oi' 4.;. mjll.io:i yea r s  i n  b z s n l t  nort;h of  t h e  town of 

Golasrldzle ;?zu ri 1.3'3, n i l l - i o n  y e a r  age aar;e on b a s a l t  i n  a quarry  west of  

:!?e ton-:I. If  t h e r e  i s  :i l'aclt as :;ugges-~ed, t hen  l a v a s  4.5 m i l l i o n  y e a r s  

o l e  ::.:I,: bi:r::; o f f s e t  5;,r novi.merA-, on ihe  1:i~l:. k 'ur tner  n o r t h  a t  Kacknife 

B ~ t i , e  !c;.~:;:- c l ' r 's :6  :IS ij.7 rnillioxi yea r s  olci o r  o l d e r  cover t h e  proposed f a u l t .  

2-herr-~'orc:, r;e i.fiI'erci~cz iiiong :nis p ~ s + ~ u l n t e d  f a ~ i l  t is tha t  the l a t e s t  

move.-fierat or :curxd  prior t o  0.7 m i l l i o n  yea r s  ago. Quaternary l a v a  a t  

I)s :kc  '!G L r k c  !.ir3zr Jacjcnif E BE t tc  ,,:.as dated by the  radio- i so tope  method a t  

3-6 r,li.llj.ol: :;ca.r:;? th:~:; 1nov~:rnent along :his p o s ; ~ l a t e d  f zult  probably 

. . ,. occi.r.r*t.d bc:.~iee;.i 3 .  :, ;:if l i o n  yea r s  azo acd 4.5 ia i l l io l l  y e a r s  ago and 

pro'D:ltjl; 'si:fort: 3.6 1nilLiol1 gelir;; q;o. 

. I  

-1.: i,~,:i:: :iu Lte :-; ..i71<: t b re  I .s po:;ti,lcted on a l i  j f iq~efit  of two c inde r  

. - 
c ; ~ g < : : ; ,  :! S:.~:A.LL iA:~iicLiri:ji ia~iirp T I C ~ I -  the Col~.,.?ibi& I - I i l l . 7  zn6 i n f e r r e d  f m l t i n g  

;no?e:! t y  Sh;.;i,:~rd, 136.7. S i r u c ; u r i l  e v i d e ~ c e  i s  l i m i t e d  and no outcrops  

.of : ' i i ~ . i ;  ;l?.c::.-; have beer, found a1ob.g the  hypo t h e t i  c a l  s - l n c t ~ t r e .  

i . < > r ~ ;  y c  :,erso:, t,r.d I v-i::.i. tcd the b r l i u t ; t o : ~ - ' S h ~ l ~ l e  lineamerix on %he n o r t h  

j idc:  of ;h(: 'Jo::;nbiz :liver GI: the fol lowing da~; .  The l i nemLen t  vras 



(;rl>I'&c :.2v&<.L . . -  
' , , , . r i  by hfi Li::ar>.i!.t:d, f ' l : .~ i - ' ~@' ; t~~~ .?d  cal;yor! on ~ h i s  a i d e  of t h e  

CoI~ r~ t ' i : ;  ;ti.vk?' ::i.~i!.:~-r t.0 tilt: ii~?~res:Lor, z.,lonk, tile c r e s t  of the  s t r u c t u r e  

-. ;r,;ies :,ouch 0;' Ari i : ; , ; :~ ; . ;  fine ,n-. -. .:lies ~ ~ e s ;  of r;he 7ebble  S p r i x s  s i t e .  

..<. 
-22 :.::;.;vt?l. (?:LC oj' th.2 i ._::~;:OJ: o:: ,i* ':,2;i:i:16~:~il side was br idged wish s l i d e  

I.;2L ,-. ;.i::i (7 ': , . . . ( . : : C : : ; : ~ ? C ,  'i,i:r: ~.::.:lro:~ii ciits i1i.u~- t h e  r.:iver and w ~ l k e d  the 

ri:-c_.r k : i , i ; : - .  loc,r;i:lg :'or evi  dct.ce of f ;i~,;.:,iq;. >;orre  COG^^ be Sourla, but a 

-! - ( .: ---:A;.(! .Y s t r e  ~ c h  be L~o<::i :ha i.::i :-rosd -.. cu:s xyas f i l . led with rock and t h i s  

co-:12r1.:c ..he r i v e t .  t:j~!i! :is well . :-videnee of f scl.i;i.nl;: coc ld  very w e l l  have 

. .  see!^ obr;cureri b; :he  roc:'^ f i l l .  Stanulri<; 01-1 the edge of t h e  gully we could 

.: , L: , -he krlii.1,;t~o:i-2h1a:,le:. s i . n c z u r e  on ;he Oregon s i d e  of t h e  ri.ver and then 

l=o;; j 56 :lgr;h n e  c ~ ] . : !  ~-~ . ' -e  . c;' ,\, - :ne s:.:~c-:.ere near t h e  r idge  of t h e  C o l u b i a  

7 . .  ..,, . . . n?  ev l de:!ctl r.':? r: icre!?c.!.i r'sbl:ln(; vins cpixe apljarent from this view- 

;joir~:. ( ~ e e  :;<::.;<;he5 bt.?low). 

Dreron s i d e  o f  t h e  Co1ur;bia R i v e r  

br'ashington s i d e  of  the  G~lurnbia  River 
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Memo Report - Pebble Springs Nuclear Plant Site 
with special emphasis on "Age of Deformation Boardman Nuclear Project" 
contained in Report #0-618~ by Shannon and Wilson 

This covers Nov. 19 and 20 which were spent i n  the field with Vern Newton 

C. F. Kienle Jr., i n  the Arlington, Oregon to Goldendale, Washington area reviewing 

the geologic evidence for determining the time of last deformation i n  the Arlington area. 

Warwick Fault 

We examined the area on the Washington side of the Columbia River in  the 

vicinity of  Haystack Butte where Pleistocene lava flows have entered the river canyon 

and make up a part of Mi l ler  Island (Figure 1). The Warwick fault i s  present here and 

curves into the Columbia Hills anticline about 13 miles northeast of  Wishram. Outcrops 

are not continuous but the Quarternary lavas do appear to cover the Warwick Fault with 

no appreciable offset (Figure 2). The K A dating of the lavas here 0.9 mill ion years 

would suggest that the Warwick fault has not been active since the lavas were erupted. 

The Goldendale Fault 

The Goldendale Fault i s  very similar to the Warwick fault wi th a northwest trend 

that curves around to east-west along the slope of  the Maryhil l  Cliffs on the Washington 

side o f  the Columbia River. The fault northward toward Goldendale was examined and 

although soil and debris covers most surface outcrops, Quaternary lavas again overlie 

the fault trace with no apparent offset. Again, K A dates indicate no recent movement 

on this large fault. 
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Arlington - Shutler Butte Lineament 
. , 

The trace of the Arlington Shutler Butte lineament north of the Columbia River 

was examined in detail just west of  Roosevelt (Figure 3) and on a traverse to the north 

up O ld  Lady Canyon we looked at some discontinuous topographic highs that tiould be 

its extension to the north. Thisconfirms the small size and discontinuous nature of the 

parts of this lineament, i f  i n  fact the features have a l l  been formed by the same tectonic 

event. 

This should complete our evaluation o f  the Pebble Springs site and I have 

assured myself that Shannon and Wilson have studied the geology carefully and made 

valid interpretations. The evidence available indicates that their determination of the 

age of deformation i s  most likely correct, 

Report by: N ,, V. Peterson, December 4, 1974 
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Figure 1 .  Quaternary basalt flows from Haystack Butte 
overlying colluvium I?). Eastern part of Miller 
Island capped by the same l a v a  in  the middle 

- .  
distance. November 20, 1974 

Figure 2. Looking across the Warwick Fault Figure 3. Looking northwest along the 
zone w i t h  a thin lava flow above trend of the Arl ington-Shutler 
overlying colluvium. Ncv,20,1974 Butte lineament, Th is  small coulee 

about 14 miles west of Roosevelt may 
mark a small  fold or fault zone, At 
river level to the south there are no 
bedrock outcrops. Nov. 20, 1974 
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' :om I'el..er:;on and 1 i~rvestii;ated niapped f a u l t s  i n  the  Arlingtori 

;,rt::i c:,l-:jr t h i s  monl.ti a n d  ri1:;o il:r:pected Lrenches excavated at the  p lan t  

s i t e  2:ld dz;;u. The !lock Creek. f a u l t s ,  15 mi les  south of t he  s i t e ,  were 

i n v e s t i ~ a t e d .  The maill ve l ley  i s  probably bordered on the  nor th  by a 

fuul t. However, i hc  fm1: 22F;jears to  be ?re-Holocene age a s  t he  "scarp" 

is  dee~-~l.y eroded 2nd : i l luv ia l  f m s  wei.1 developed aloiig t he  c l i f f .  No 

offuett-iri;  \*;as observed i : i  t!ie Tans. No evidence could be found f o r  the  

o t h e r  two proposed f 3 u i . t ~  i r i  t h e  3ock Creek area.  

The Ariir~c;toti-Sh~;ler. s t r u c t u r e  was i nves t iga t ed  alory; the e n t i r e  

length. Evidence f o r  :a f o l d  st,nictu.re is  me&ger, although t h e r e  i s  undoubtedly 

l i n e e r  topographic expressiori t o  support soae s o r t  of assoc ia ted  s t ruc tu re .  

Pau1tir.i; a t  the northwes; e ? ~ d  of :he Ar1inii;ton-Snuutler lineament wzs examined 

i n  c~;r; along i!ighw:iy i30 1,;. Cr~e &foot  f a c l t  zone can be seen which a l i g n s  

:.rith the  i ineanent .  A ;)zr:tl lel f a u l t  (?)  can be seen a t  t he  west end of the  

highway cut  where zn 6'3-f oa t zo:ie of sc0ri.a and py roc l a s t i c  volcanic ma te r i a l  

ca:1 be seen. This  c!ouid be u vect .  'l'he Arl ington-Shutler  lineameni; may be 

a >2rie of aligned veilt:;" Anothe~ 60-foot shear  zone can be seen i n  the  

hlghrvay ch i  :: ;niLc:: wccl ot' thc t l r l ineton-Shutler  s t ruc tu re .  

A Arlington-Shutler s t r u c t u r e  i n  flighway Cut 



k'curig roc.< \;1;15:; have beer, eroded off :ne c r e s t  of the Arl ington-Shutler  

$51-~csure ;ii:d reLatsd faajts so i.iil;.t, 2iitir.i; the  l a t i i s t  f a u l t  movement is  

j~ lposc ib l e .  '?hi? Sh:lnnon & i i i i lso~l i;;udy described -2ii.s s i t u a t i o n  and the 

cor:sul.:sn:.s proceeded t o  search :or eviderice tilorig nearby no r~hwes t -  

southeas-t trefi6ir-g fnulzs .  '!hey regorsealy fou i~d  young l a v a s  covering two 

of the neighboring i'ailts nad by da-iiile; che l avas  by r a d i o  i so tope  methods 

,~ng i~ the region occ~ i r r ed  before 0.7 mya. The Depsrtment conclcided ;hat f a u l '  " . 

iins n c t  beer, a b l e  i o  confirm sh i s  s i t ~ a t i o r i  a s  y e t  and f i n d s  it  d e s i r a b l e  

:G have ;he PGZ consulta:iss a s s i s ;  i n  confinni~lg t h i s  evidence i n  the f i e l d .  

hccordir-g 7.0 LC( :  f ~ l e : - : .  a!-1j7 f a u l t  v;iihin 5 mi l e s  of  ~ h e  s i t e  which c m ~ o t  

bc d a c e d  : xLs i  sssu-med ac t ive .  

,. - i,ir:;:ic i?ikes hzve beell descriTbed i:l t h e  Ar l ington  a r e a  and the  

I)ep:-?r:.mnt ' s ~:eologi.s?ii  fountl aorne ir i  sedi.men.tary rock i n  S i g h t  N i l e  Canyon, 

where the Ar1i:;i;tor;-Shutler linewneut c ros ses  the  canyon. If c l a s t i c  

d ikes  a r e  focxa I.:. lo?:nda;ion rocks a t  Y2bbi.e Spr ings ,  t h e  Department should 

t e  119;jf i ed .  C l a c ~ i c  d i k e s  a? t h i s  l o c a ~ i o n  cwino t be descr ibed  as t ens ion  

cracks renul;j.rig fro111 removal of l r i t e r a l  sv.ppoi..:. The Uepar",ment g e o l o g i s t s  

d id  :;or, see a:lj7 clastlc dike:; in :he ex i s t ing  t renches .  

,, , . :nc: C1:lcill ! ' ' o ~ m a i ; i o ~ ,  w l ~ i c h  : , :~de~- i i t . s  t h e  s j  t e  a;. a depth o f  60 o r  100 f e e t ,  

ex'ni .b .. : - "$5 s lope  proSlems vii.iiler.e exposed in canyoris i n  ;he area .  However, d m  

aoutnen: .~ s r a  I r ~ c a - ~ e d  I n  :ruck:; overl:;i~lg  he Selah  Forciation. There may be 

:i~;" iirojict;;ir: i:, t r : c i  :jbuLn~e!.i:s a ;   he eas;  d;ni a s  the  abutmerit, m a t e r i a l s  

::ri: ~.ince!n~~nte?. aanti.; ;.i!iJ ,!;r.!lvcls. 

"0:-;c.j.l. bo~ ic s  ,;cd ele;jh:>n; ! ,~: :k / , s  have been fourid i n  t he  g r a v e l s  a t  the  

e z s :  etid :;i' ti?*; re:;t:r-~oL~.. C i d  I,;?:? u(;e aatilil ;  of t hese  co r i f im  geologic 

mappir.~'? 



::c!i snit : i u c i ~ r :  ~ i i  l! 5t??,;ii L;son t h e  de;e;?nination of the c l o s e s t  

!. - I ,  ..-,.P .,u,:.,,li: ,,., :. 7~c::i i-1.: i':tvtl:.i i;,g :;- 22rhhps .;hi? nerres-i Iioloccrie v o l c m i c  a c t i v i t y .  

2 ;;r;;: casc, ; -: ::hloci;i L? no lee:: than 0.20 i;, a;: recoxinended o n  page 2.5 .-100, 

t ,  ,' . . , . .. . 
ti t,? i:h:+rrL(- !,t>t..;s :;i .;c;)ol.;, '' :(>;y 1(3',!4 , b2 2,,11;. 

... ;'he i 'oi  i ~ ~ ~ i s , r  is :'c:c'o:mez2t..i before decid5r-ig on %he f i n a l  design of 

;fie F e b b l e  Spr-.ir:i:s ~ i i~c l . ea r  ;;l:int: 

( 9 )  Y i e l d  check. evidecce f o r  d a t i n g  of the l a t e s t  fault movement. 

( b j  Carif im I?us::l.t r;tz.atigraphy i n  the v i c i n i t y  of Arlington - by 

Cega~tment  cons~~l: ,ants.  

(c )  I n e ~ e c :  tiliy nevi %renching a t  -zhe s i t e .  


