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PART I 

I n t r o d u c t i o n  

Th is  report has been prepared for the State Nuclear and Thermal Energy Council 
to explain regional geologic criteria for siting nuclear power plants. I t  i s  accompanied 
by maps (in pocket) and tables (in appendix) compiled as guides to locating future power 
installations. Regional designations are based on siting suitabil i ty  as determined by the 
siting task force. After several transitions, the task force decided upon two classifica- 
tions: "suitable" and "less suitable". I t  was felt that more investigation would be needed 
before geological factors could be designated as "unsuitable" for construction of nuclear 
power plants. Therefore, i t  should be understood that within the areas shown on the siting 
map as "suitable" and "less suitable" are localities which are unsuitable for construction 
o f  power plants because of  the potential for certain geologic hazards. 

Geologic and seismic criteria for siting are taken mainly from Title 10, Chapter 1, 
Part 100, Appendix A of AEC Reactor Site Criteria. The two primary concerns related to 
location of  power reactors are active faults and areas of  high seismic potential. We have 
added a third primary criteria for Oregon: potential volcanism since there has been a vast 
amount o f  volcanism in  Oregon up until the last few thousand years. A secondary factor 
which should be considered because i t  may affect site stability i s  bedrock that i s  subject 
to sliding, i. e. fine-grained tuffaceous marine sediments and clayey volcanic sediments. 
Rocks which have been highly altered and sheared (metamorphic rocks) are also considered 
potential unstable foundation material. For this reason, fairly large areas underlain by 
rocks that might contribute to instability of  the proposed structure foundation are included 
i n  the regional criteria. 

In making this regional approach to siting, the Department of Geology and Mineral 
Industries proceeded by fulf i l l ing requirements of the AEC guide1 ines. Maps, charts, and 
finally this report were prepared for the Council. 

I t  was decided early in the project to organize geologic siting categories 
by geornorphic province since each o f  these 10 divisions of Oregon i s  characterized 
by somewhat similar topography, geologic history, and geologic structure. This 
system appeared to be quite adaptable for regional siting also because steepness of  
slope i s  inherent to the geornorphic classification, and slope gradient i s  an important 
engineering factor. 



AEC guide1 ines require that wherever possible earthquake epicenters be 
correlated with surface expressions of major tectonic features. A five-state tectonic 

and seismicity map was prepared to accompany the regional report for this purpose. 
The guidelines also cal l  for detailed investigations o f  al l  major faults within 200 
miles o f  the site and lesser faults up to within a few miles o f  the site. A tectonic 
map showing a l l  significant, presently known faults i n  Oregon was compiled forthis 
regional study. The compilation o f  the tectonic map was made from published and 
unpublished data by N . V. Peterson. A preliminary geologic map was also construc- 
ted for the present study. The U.S. Geological Survey i s  i n  the process of publishing 
a large-scale map o f  the state and i s  issuing a geologic map of the offshore geology 
sometime i n  1973. 

This regional geologic siting report contains discussions of forces affecting 
the earth's outer crustal rocks. The reason for such broad coverage i s  to apprise the 
Council o f  the mobility of crustal rocks and to put Oregon in  perspective with global 
tectonics. Monitoring i s  suggested for sites constructed i n  regions known to be presently 
under crustal stress. Major structures are described briefly i n  terms of current plate 
tectonic theories. I t  appears that Oregon i s  contained i n  a fair ly stable segment of 
crustal rock within the very active circum-Pacific region. Currently active major 

tectonic features are found to the north, east, and south of Oregon but apparently 
the bordering shelf i s  relatively inactive except for the southwestern portion near 
the Cape Blanco fracture. 

This study o f  regional geologic characteristics i s  necessarily incomplete as 
there i s  much to be learned about the geology o f  the state. The geology of Oregon i s  
very complex primarily because of the vast amount o f  past volcanism. Regional charac- 

teristics can be better understood as new data become available. 

Broad regional evaluations must be followed by detailed studies for specific 
locations. Such work w i l l  involve a complete array o f  geologic, hydrologic, and 
seismologic investigations besides including data from other disciplines. 

A c k n o w l e d g m e n t s  

The authors are very grateful for extensive help and advice from many individuals 
whi le preparing this report. Discussions and written comments on the early drafts by 
George Walker and Parke Snavely of the U.S. Geological Survey and Wil l iam Swiger o f  
Stone and Webster Engineering, Boston, Mass. were very helpful i n  the organization o f  
useful data. Richard Couch of Oregon State University gave considerable assistance on 

sections dealing with seismicity and tectonic structure o f  the Pacific Northwest. Many 

other persons contributed ideas and data for this report and they are listed with the 

correspondence i n  the appendix. 

We are especially grateful to Margaret Steere and John Beaulieu o f  the 
department's staff for their assistance wi th organization and for general editing o f  
the manuscript. 



E a r t h q u a k e s  i n  O r e g o n  

Oregon i s  situated i n  the mobile belt o f  rocks forming the western border 
o f  the North American continental plate. I t  i s  a part of  the circum-Pacific earth- 
quake belt, one of the most tectonically active regions i n  the world. According to 
available historic data, Oregon i s  contained wi th in a fair ly stable portion of crustal 
rock wi th in this earthquake belt. Couch and Lowell, 1971, report "The sector of  
the circumpacific earthquake belt which extends along the west coast o f  Nor th 
America bifurcates in  southern California; the western focus o f  earthquake act iv i ty 
passes out to sea i n  the vicini ty o f  northern California and i s  situated approximately 
200 to 300 kilometers west of the coast o f  Oregon and Washington. The eastern 
focus o f  act iv i ty extends northward through Nevada, Utah, Idaho, Wyoming and 
Montana. The eastern act iv i ty appears either to  terminate near the border between 
the United States and Canada or rejoin the earthquake act iv i ty i n  the vicini ty o f  
Puget Sound and Vancouver Island. Oregon appears as a relatively quiet island i n  
this very active earthquake belt ." (Figure 1) 

Earthquakes i n  Oregon are be1 ieved to be mostly o f  shallow origin, 70 km 
or less in  depth. Thus most o f  the expected future act iv i ty i s  l ike ly  to be within the 
crustal rocks. Calculated hypocenters are 5 to 15 km i n  depth i n  western Oregon 
and 20 to 25 km east o f  the Cascade Mountains (Couch and Lowel I, 1971). These 
calculations conform we1 l with gravity studies by Thiruvathukal (1 970) which indica- 
ted that the crust i s  20 km thick i n  western Oregon and 35 km thick i n  eastern Oregon. 

Couch and Lowell (1 971) state that none o f  the mapped fault traces i n  the state 
have been confirmed as being active i n  the sense that anyone has noted offset along 
the faults following an earthquake. This  i s  not too surprising, since Bonilla (1967) 
notes that only 35 known historic ground ruptures along faults have been recorded i n  
the United States. Vertical displacements i n  these instances ranged from 1 foot to more 
than 20 feet. Since Oregon was not heavily populated unti l  the last 100 years, historic 
data on earthquakes i s  fair ly limited. Ground rupture related to earthquakes was re- 
ported in  the July 18, 1930, Perrydale earthquake, the July 1936 Milton-Freewater 
earthquake, and the October 1968 Warner Val ley earthquake. Some cracks 200 feet 
long were observed i n  connection with the Mil ton-Freewater earthquake (Eppley , 1965). 
N o  instances o f  actual vertical or horizontal displacements of bedrock along known 
faults have been confirmed i n  Oregon; however, an elderly resident of Fields, Oregon 
described a fault rupture i n  Alvord Desert which had a 1;-foot offset as a result o f  an 
earthquake i n  the 1920's (personnal communication, Walker, 1972). 

Earthquakes result from shearing i n  crustal rocks. Since not a l l  shears and 
fractures i n  the crust a d  mantle rocks extend to the earth's surface, they are not 
always visibly detected. Also, humid climates such as i n  western Oregon produce a 
deep zone o f  weathering which masks structural features. Fault scarps visible in  the 
Basin and Range Province o f  eastern Oregon indicate vertical movements o f  several 
thousand feet since middle Pliocene time and some faults show displacement since the 



Figure 1 . Seismicity of the earth, showing all ESSA, CGS epicenters from 1961 to 1967, depths 000-700 km (Barazangi and Dorman, 1969). 



Mercall i  Equivalent 
Richter Magn. I n t ens i t y  Description of Ef fec t s  

Instrumental: detected only 
by seismographs 

Feeble: noticed only by 
s ens i t i ve  people. 

S l i gh t :  l i k e  the  v ibra t ions  from 
a passing truck; f e l t  by people 
a t  r e s t ,  e spec ia l ly  on upper f loors.  

Moderate: f e l t  by people walking; 
swaying of loose objects ,  including 
standing vehicles. 

h t h e r  Strong: f e l t  generally,  
most s leepers  awakened and 
b e l l s  ring. 

Strong: t r e e s  sway and a l l  sus- 
pended objects  swing; damage by 
overturning and f a l l i n g  of  loose 
objects.  

V I I  

V I I I  

Very Strong: general  alarm; 
walls crack; p l a s t e r  f a l l s .  

Destructive: c a r  d r ivers  se r ious ly  
disturbed,  masonry f issured,  chimneys 
f a l l ;  poorly constructed buildings 
damaged. 

Ruinous: some houses col lapse  where 
ground begins t o  crack, and pipes 
break open. 

Disastrous: ground cracks badly; 
many buildings destroyed; and 
r a i l r oad  l i n e s  bent; l ands l ides  
on s t eep  slopes. 

Very Disastrous: few buildings 7.4 t o  8.1 
remain standing; bridges destroyed; 
a l l  se rv ices  disrupted;  l a rge  land- 
s l ides*  and floods. 

Catastrophic: t o t a l  des t ruct ion Max. recorded 
ob jec t s  thrown i n t o  the  air ;  ground 8.9 
r i s e s  and f a l l s  i n  waves. 

Figure 2. Scale of earthquake intensities (after Holmes, 1964). 



beginning of Pleistocene time (Peterson and Mclntyre, 1970). Freshness o f  a few 
o f  the scarps indicate that some o f  the movement occurred late i n  Quaternary time. 

Earthquake intensities described i n  Figure 2 are stated i n  terms o f  the Modi- 
f ied Mercal l i  Intensity Scale, 1931, with Richter magnitude equivalents shown. 

Earthquake magnitude i s  ground motion measured at a given distance from an 
epicenter. This scale i s  related to the energy released by an earthquake and i s  
generally reported i n  the unified scale developed by Gutenberg. Only a few earth- 
quake magnitudes from Oregon are available prior to 1963. Couch and Lowell (1971) 
state "Observations indicate that intensities in  Oregon are slightly greater than expected 
for a given magnitude earthquake. Enhanced ground motion i n  Oregon i s  due to relatively 
shallow foci, ef f ic ient energy transmission i n  crustal layers, and response o f  the surface 
layers. In areas o f  moderate seismicity i n  Oregon, the surface layers are composed of 
al luvial  deposits. This type of material generally exhibits the greatest movement of any 
earth material during the passage o f  seismic waves." This i s  true for the Portland area 
and to a lesser extent for the Milton-Freewater area. Since calculations o f  energy 
release made thus far are based upon intensity data ( fel t  seismic events) the greatest 
amount o f  information has been collected from populated areas of the state. Couch 
and Lowell (1971) prepared a table showing energy release and earthquake probabil- 
ities (Figure 3). For siting o f  nuclear power plants, the mast severe earthquakes 
associated w i th  tectonic structures are to be determined i n  a conservative manner 
because of l imited historical data (Title 10-AEC, Chapter 1, Part 100). Calculations 
by Couch (personal communication, 1972) estimates the maximum magnitude for earth- 
quakes i n  the Portland and Umatil la areas to be 6.5 Richter (Equivalent V I I I  Modif ied 
Mercal l i  intensity). He also estimated maximum 7.1 Richter magnitude for offshore 
northern California, the Puget Sound area, and for western Montana. The maximum 
expected for western Nevada i s  7.5 Richter magnitude. Earthquakes centering i n  these 
areas could strongly affect adjacent communities i n  Oregon. 

Although no confirmed incidents of fault displacement have been recorded in  
Oregon during historic times, the locations of epicenters o f  historical earthquakes and 
mapped faults appear to be related i n  some cases. Recorded earthquakes offshore from 

Oregon since 1963 delineate a major fracture which has been described as the Cape 
Blanco fracture. The fissuring i s  evidently active at present with a postulated movement 
o f  5.8 cm per year (Atwater, 1970). Earthquakes appear to correlate fair ly we1 l with 
tectonic features i n  the west coast region (see regional tectonic map in pocket). As 
seen on this map, northwest-trending structures are dominant features and north-south 
tensional fractures are the second most prominent structural trend. Probably, the 
majority o f  earthquakes that could cause damage i n  Oregon w i l l  originate outside the 
state (Couch personal communication, 1972). For example, the Ol ympia-Tacoma earth- 
quake i n  1949, intensity VII I ,  registered an intensity o f  V I I  i n  Portland and several 
earthquakes i n  northwestern California and southeastern Washington have registered 
strong intensities i n  Oregon. I t  i s  also possible that earthquakes outside o f  the state 

may show greater intensities i n  certain locations i n  Oregon than at the epicenter 
(Couch and Lowell, 1971). 



Maximum Years of Average Average 
Physiographic Maximum Accelerot.on Maximum E/yr(E=ERG) ~ / ~ r / k m ~  1 Estimated Seismic 

Area Intensity+ (cm/sec I Intensity 1870-1970 1870-1970 Activi ty Level 

Portland Area V I I  68.1 1962 2.6 x lo1  8 . 7 ~  1013 One magnitude 4.8*(intensity V) quake per year; or 
One magnitude 5.3'(intensity VI) quoke per ten years 

Coast Rolge V I 31 .6 1957 6.4 x 1016 3.4 x 1012 One magnitude 5.0'(intensity V) quake per ten years 
1963 

Willamette Valley V I  31 .6 1896 1 .3 x l 0 I 7  9.6 x 1012 One magnitude 5.3'(intensity VI) quake per thirty years 
1930 
1961 

Klomath Mountains V I I I  147.0 1873 2.8 x 1018 1 .8 x 1 0 ' ~  Insufficient Data 

Cascade Range V l l l  147.0 1877 2 . 7 ~  l 0 I 7  9.6 x 1012 Insufficient Data 

Deschutesilmatilla VI I  68.1 1893 8.4 x l 0 I 7  4 . 4 ~  One magnitude 5,7*(intensity VI-VII) quake per forty years 
Plateau 1936 

Basin and Range VI I  68.1 1968 8.8 x 1016 3.3 x 1012 One magnitude 5.2*(intensity V-VI) quake per twenty years 
Province 

Blue Mountains V I 31.6 191 3 6.6 x 1016 1 .I x 10" One magnitude 5.l"(intensity V-VI) quake per fifteen years 
1969 

High Lava Plains I l l  3.2 1943 2.4 x 10' 1 .1 x l o 9  Insufficient Data 

Owyhee Upland IV 6.8 1944 2.0 x l 0 I 4  6.9 x lo9  Insufficient Data 

+ Modified Mercalli Scale (1956 Edition) 
Unified Magnitude Scale 

Figure 3. Earthquake characteristics of  Oregon (Couch and Lowel I, 1971). 



According to Couch and Lowell, 1971, "Recent observations suggest that 

the Portland area, the Deschutes-Umtilla Plateau, and the Basin and Range area 

are the most active areas within the state." These conclusions are based upon 
energy release calculations by the two above cited authors. The assumption can 
generally be made that past earthquake activity i s  a fairly good indicator of future 
activity. (Figures 4 and 5) 

Microearthquakes :There are a multitude of tiny earth tremors occurring every month 
which go undetected by the network of seismograph stations located around the world 
because they are below the sensitivity of the instruments. New technology and ultra- 
sensitive instruments have been devised to record microearthquakes. These small 
seismic events tel l  of  stress adjustments in  the crustal rocks. Fault activity can be 
located where the epicenters o f  microearthquakes show linearity . Like their larger 
kin, the microearthquakes are singular seismic events having an abrupt beginning and 
diminishing to zero amplitude within a short time. They differ from the meteorologic- 
a l ly  caused microseisms by their singularity and noncontinuous nature as well as consist- 
ing of both surface waves and body waves. Meteorologically caused microseisms are 
made up of surface waves only (Couch, personal communication). 

Well documented earthquake studies show that i f  a Richter magnitude 6.5 
earthquake occurs along a fault once i n  a thousand years i t  w i l l  be followed by from 
100 to 1,000 microearthquakes for a period of a few years (Raleigh, 1972). However, 
active faults may for a period of time exhibit no micro-activity so that a lack of micro- 
earthquakes i s  not conclusive evidence that a region i s  tectonically inactive. A t  some 
future time i t  may be possible using microearthquake recordings to predict major earth 

quakes. 

Two other phenomena associated with tectonic events pose a hazard to nuclear 
plant sites i n  coastal areas. 

Seiches: Seiches are oscillating waves i n  lakes and harbors caused by longitudinal 
earthquake waves. Large earthquakes originating within the crustal rocks produce 
longitudinal waves which travel great distances. These waves cause the earth's 
surface to oscillate horizontally and also cause the water in  harbors and lakes to 
shake. Vertical displacement of these waves i s  usually less than a foot. Seiches 

may also be started by arrival of a tsunamis i n  an estuary (Couch and Lowell, 1971). 

Tsunamis: Tsunamis are giant sea waves produced by submarine earthquakes or volcanic 
eruptions. Some of the greatest losses o f  l i fe  connected with earthquakes have been 
from these giant sea waves dhich inundate i n  habited shoreline areas. The collapse of 
the volcano Krakotoa i n  1833 caused a sea wave that drowned more than 36,000 people. 
Nearly as many were lost i n  1896 when a seismic sea wave hi t  the coast of Japan. The 
largest loss of l i fe  in  the 1964 Alaskan earthquake was from seismic waves. Tsunamis or 
seismic sea waves are usually caused by vertical movements along undersea faults. This 
type of movement i s  not expected off  the Oregon coast where fault movement i s  believed 
to be mainly in  the horizontal direction. Tsunamis generated at other places i n  the 
Pacific Ocean can produce seismic waves which reach the Oregon coast. A tsunami h i t  

the northern California and Oregon coasts 4 hours after the 1964 Alaskan earthquake. 
Four persons were drowned at Depoe Bay, Oregon, and 300 buildings were damaged at 
Crescent City, California. 



Figure 4. Seismic risk map of  Oregon. 



the various zones. 

*Modified Mercall~ lntens~ty Scale of 1931. 
/ I I 9+ 90 \ O P  (0 7d0 

l l d o  llOD 1 0 9  IW 

Figure 5 .  -Seismic Risk Map or tne Conterminous United States-after S. T. Algermissen, "Seismic Risk Studies in the United Stater," P d i n g s  
of the Fourth World Confemnce on Earthqua& Engineering (Vol. 1 ,  pp. 19-27], Santiago, Chile, 1969. 



Tsunamis move at speeds of more than 400 mph. (Pattullo, and others, 1968) 
Wave heights o f  from 10 to 16 feet above high tide resulted along the Oregon Coast 
from the Alaska earthquake (Shatz and others, 1964). Although such waves are 
rapidly dissipated along the rugged coastline, the inlets and embayments are partic- 
ularly sensitive to these seismic waves. Damage to the estuary environment and 
associated facil i t ies depends upon the individual characteristics o f  each embayment 
and on the offshore topography. Power plant siting must take into consideration these, 
and similar hazards, generated by tectonic act iv i ty outside the state of Oregon. 

A system o f  tsunami warning devices (Figure 6) has been installed at points on 
the Oregon Coast and approximately 4 to 15 hours o f  advance warning i s  provided to 
coastal residents (Couch and Lowell, 1971). Recently a series o f  seismic waves 0.5 
feet i n  height generated by an earthquake near Japan were detected by instruments at 
Newport, Oregon. The instruments gave warning 10 hours before the waves reached 
the Oregon Coast (Pattullo and others, 1968). 

R e c e n t  V o l c a n i c  A c t i v i t y  

Volcanism has been included as one o f  the main geologic criteria affecting 
the location of nuclear power plants i n  Oregon, particularly i n  regions where eruptions 
have occurred i n  the past few thousand years. The possibility o f  future volcanism was 
discussed i n  an article by Peterson and Groh (1963) and their conclusions were: "Oregon 
along wi th the other western states, i s  w i th in the zone o f  volcanic act iv i ty which surrounds 
the Pacific Ocean. Several hundred volcanoes i n  various phases of act iv i ty occur inthis 
circum-Pacific belt. This 'belt of f ire' i s  also noted for its seismic (earthquake) activity, 
which signifies mobility o f  the earth's crust along this zone." 

"Volcanic and seismic processes i n  different segments o f  this belt have varied 
greatly i n  intensity throughout past geologic time and also i n  historic time. For the 
present, Oregon i s  enjoying a stage when act iv i ty within its segment i s  probably at 
its least. Therefore, volcanism in Oregon should be considered only as dormant, not 
extinct. " 

Young volcanic areas i n  Oregon were outlined by the above authors i n  the same 
article. These eruptive rocks are typif ied by numerous mafic lava flows, si l ic ic domes, 
and pumice and cinder cones. Much of the High Cascades consist o f  young volcanic 
rocks as does Newberry Crater i n  the vicini ty of Bend, Diamond Crater, southeast o f  
Burnsfand Jordan Craters south of Vale. Ages of the youngest eruptions date from 10,000 
years ago up to a few hundred years ago. Some fumarolic act iv i ty st i l l  exists near the 
top o f  Mount Hood. Mount St. Helens just north of the Oregon border last erupted steam 
and ash i n  1838. Just south of the Oregon border i n  northern California the latest erup- 
tions occurred at Mount Lassen between 1914 and 1917. 

Large si l ic ic volcanic centers are numerous i n  eastern Oregon and were apparently 
associated with major block faulting. The largest number o f  these explosive vents date 
back to the Miocene-Pliocene epochs but a few are younger. Most o f  the youngest vol- 
canism was o f  the mafic lava-fissure type emanation (Greene and others, 1972). 



U.S. Navy, Midway 

Johnston Atoll 

Governor, American Samoa 

DCS - DEFENSE COMMUNICATIONS AGENCY CIRCUITS 

OCD -OFFICE OF CIVIL DEFENSE 

- 
I 

OEP - OFFICE OF EMERGENCY PREPAREDNESS 

Figure 6 . -Communications Circuits Serving United States Participants (excluding NOAA) in the Tsunami Warning System-NOAA. 



Eruptions of volcanoes (silicic type) are often preceded by earth tremor and 
rumblings l ike thunder produced by material being violently blown from the vent. 
Fissures commonly form in  the area surrounding the eruptions and hot springs appear 
at numerous places (Emmons and others, 1960). Because of the close association of 
hot springs and high geothermal gradients with late volcanic activity, known geo- 
thermal areas were outlined i n  this study. 

Of the young lava flows investigated by Peterson and Groh (1963), individual 
flows were found to have inundated from 12 to 200 square miles of surface. Some of 
the Miocene-Pliocene flows covered considerably more area than this. Calculations 
on the latest ash fall from Mount Mazama (now Crater Lake) by Williams and Goles 
(1968) show that ash accumulated to a depth of 5 feet twenty miles from Mount Mazama 
and a few millimeters of this same ash was found deposited in  British Columbia some 
600 miles away. 

Violent type eruptions such as occurred at Mount Mazama were common events 
i n  the last 10 mil l  ion years i n  Oregon. The Mount Mazama eruptions are dated at 
approximately 7,000 years and some other si l icic domes in  eastern Oregon probably 
originated i n  the last few thousand years. Craters left by violent explosions can be 
seen at Hole-in-the Ground and Big Hole i n  northern Lake County. A total of  33 
other explosion-type craters were located by Peterson and Groh i n  their 1963 study 
i n  Klamath and Lake Counties. Harney Basin may be a very large explosion volcanic 
feature of the caldera type and extensive Pliocene ash deposits i n  eastern Oregon may 
have originated from this source (Groh, 1966). 

T e c t o n i c  F e a t u r e s  o f  O r e g o n  

In order to postulate what stress fields affected crustal rocks in  past geologic 
time i t  i s  important to discuss the major tectonic features i n  Oregon. A synthesis of 
past activity provides a basis for making estimates for future movements of the crustal 
rocks. 

In rocks older than mid-Tertiary (see Figure 5) the geologic structure i n  Oregon 
i s  characterized by north-to-northeast -trending folds and faults. The northeast align- 
ment of folds suggests compressive forces were exerted in  northwest and southeast 
directions. I t  i s  theorized that underthrusting (subduction) of the Pacific sea floor beneath 
Oregon produced these compressive structures (Figure 7). As the underthrusting subsided, 
crustal stresses changed to strike-slip motion along the San Andreas Fault and along off- 
shore transform faults (Figure 8). Strike-slip movement of the crust i s  believed by some to 
have produced the extensional and normal faulting now represented by the north-trending 
Basin and Range topography i n  eastern Oregon. 

Dott, 1971 describes two main periods of crustal deformation in  Oregon which 
agree with the thesis on plate tectonics. The first prior to 20 mil l ion years ago and the 
second imposed from 20 mil l ion years ago to present. The isoclinal folds, thrust faults, 
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Figure 7 .  

Tectonic setting of the Pacific Northwest ond adjacent oceanic crust. Note the discordance between 

the Mesozoic to early Cenozoic orcuote structural pattern (dashed lines) and the superimposed late 
Cenozoic Cascade volcanic arc and faulting (heavy lines). Lateral and block faulting are confined to 
the western edge of the American lithosphere plate, ond do not extend to the Gorda oceanic plate, which 
appeors to becontinuing to spread from theGorda-Son Juan de Fuca ridge system and to be thrust beneath 
the continent. C.S. is the Coos Boy synclinorium. (Onshore: after Dott, 1965; offshore: after Mc- 
Manus, 1965; Morgan, 1968; Tobin and Sykes, 1968). 
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intrusive rocks of intermediate composition and gross lithologies o f  sedimentary and 
volcanic rocks of the Mesozoic and early Tertiary i n  southwestern Oregon are charac- 
teristic o f  underthrusting or subduction (Beaulieu, 1972). In addition, large tectonic 
shear zones, or melanges were produced by underthrusting during Jurassic and early 
Cretaceous time (Dott, 1971). Eruption of andesitic volcanics during the Tertiary 
period also supports the theorized subduction along the northwest coast. (Figure 9) 

In middle to late Miocene time a significant change i n  tectonic behavior 
occurred; basal t i c  lavas poured out of fissures i n  much of the state and continued to 
erupt during the ensuing 16 mil l ion years to the present. Underthrusting of the 
oceanic crust beneath Oregon apparently lessened approximately 20 mi l l  ion years 
ago and strike-slip movement was init iated along the San Andreas Fault system 
(Atwater, 1970; Silver, 1971). Northwest and north-south trending fractures were 
thus superimposed upon the older regional structures. 

Two significant structural features i n  Oregon should be mentioned, although 
there i s  not wide agreement i n  their interpretation; these are the Olympic-Wallowa 
lineament and the Brothers fault zone. The latter feature comprises a multitude of 
northwesterly aligned faults extending from the north end of Steens Mountain to the 
Cascade Range and possibly connecting with faulting in northwest Oregon (see the 
regional tectonic map in  appendix). Movements on this system of faults were pro- 
duced by tensional stress. Since the Brothers fault zone cuts rocks o f  Quaternary 
age, the faults were active at least as late as the last half mi l l  ion years. 

Skehan, 1965, describes the Olympic-Wallowa lineament as one of the 
most conspicuous surface features in  the Northwest. I t  transects physiographic 
provinces and geologic units of varying development and age. The lineament ex- 
tends from the Straits o f  Juan de Fuca southeastward to the edge of the Wallowa 
Mountains i n  northeastern Oregon. Faults i n  the Olympic-Wal Iowa trend also cut 
rocks o f  Quaternary age (Weissenborn, 1969). Skehan suggested this feature could 
be a reflection o f  a boundary i n  crustal blocks underlying the cover of Tertiary rocks. 
Trends of the Brothers fault zone and the Olympic-Wallowa l ineament are sub-paral lel  
and both features may be related to the same tectonic regime. 

U n s t a b l e  F o u n d a t i o n  R o c k s  

Weathering of surface rocks partly by mechanical breaking and partly by 
chemical decay can cause a physical weakening that creates unstable conditions such as 
inadequate strength for foundations, slope instability, or landslides. 

Metamorphic processes that result i n  completely changed rocks with a bright 
appearance and newly- crystallized minerals also result i n  changed engineering properties. 
Metamorphic minerals such as mica, chlorite, talc, and graphite are usually f lat and 
arranged i n  parallel layers that cause the rock to split easily i n  that plane. Also the 
softness of chlorite, talc, and graphite makes them act almost as lubricants when rocks i n  
which they are contained are stressed. Locally metamorphic rocks may not have suitable 
engineering properties for foundations of large structures. 



Slope instability: Landsliding i s  more common than generally realized. It i s  caused 
by a combination of factors: rock composition, rock texture, geologic structure, 
steepness of slope, and climate. When unstable material i s  loaded beyond its capacity 
to resist internal shear, sliding results. Sliding often occurs at the base of slopes when 
lateral support i s  removed by natural erosion or by man's activity. Some large massive 
earthslides have been caused by structural alignment i n  rock formations allowing the 
entire mass to move down dip on a zone of weakness. 

Ground water i s  quite often a factor in slope failure and base failure. I t  
produces a decrease i n  the shear strength of sedimentary rocks. Pore pressure i s  in- 
creased as the sedimentary rocks become saturated, increasing the tendency to shear. 

Debris slides and rock falls occur after natural processes eventually erode 
away down h i l l  support. Mass movements o f  this type sometimes occur rapidly and 
the rocks have great destructive force. A t  times the instability o f  soils and rock on 
slopes results in slow, continuous down-hi1 l creep rather than sudden failure. Only 
detailed site studies can ascertain the existence o f  slope instability or the potential 
for mass movement. Much of western Oregon i s  underlain by fine-grained marine 
sedimentary rock which i s  deeply weathered and when moistened by rains forms un- 
stable slopes. Volcanic ash and tuff also comprise a large percentage o f  the surface 
rocks i n  Oregon. Feldspar minerals and unstable glass i n  these rocks alter quickly to 
clays and they then become potential slide areas where slopes are moderate to steep. 

Soil liquefaction: Many granular soils lose their resistance to shearing stress when 
subjected to earthquake or man-induced ground motion. Liquid saturation of such 
soils also reduces their resistance to shearing stress because of increased pore pressures. 
The effects o f  liquefaction can include lateral movement of soils up to distances of 
several hundred feet and vertical adjustments covering large areas (Couch, personal 
communication, 1972). Factors determining the tendency to liquefaction are: grain 
size and sorting, soil density, and confining pressure on the soil. 

Frost heaving and expansion of sediments by the formation o f  ice crystals 
creates void spaces which f i l l  wi th water upon thawing. Liquefaction of the sediments 
occurs and mass flowage results (Schl icker, 1956). The possibil i ty  o f  l iquefaction 
during earthquakes i s  a serious concern for the design of containment structure founda- 
tions. Settlement o f  the soil beneath the structure may place large stresses on the 
massive, r igid containment building. Evaluation o f  oscillatory stresses and strains on 
saturated foundation material should be made to assist with the structural design 
(Housner , 1971 ) . 
Subsidence : In this section the term "subsidence" refers to settling, compaction, or 
collapse o f  rocks due to natural and man-made causes. I t  also refers to man-caused 
movements o f  rocks already under tectonic stress. One o f  the main man-made causes 
o f  subsidence i s  the withdrawal o f  fluids from rock formations. N o  areas o f  recent large- - 
scale subsidence are known i n  Oregon but subsidence could become a problem as the 
State continues to develop. 



Regional subsidence has taken place over a 2,500 square-mile-area o f  
the San Joaquin Valley of  California because o f  withdrawal of  ground water for 
irrigation. The ground i n  this region i s  sinking as much as one foot a year and 
i n  some places subsidence has reached as much as 20 feet over the past four 
decades (Marsden, Sci. Amer.). Subsidence has occurred in  connection with 
production o f  o i l  i n  several states. The most publicized occurrence i s  that con- 
nected with the Wilmington-Long Beach o i l  f ield i n  California. The ground has 
subsided a maximum o f  26 feet i n  the center of  an area o f  22 square miles. In 
recent years subsidence related to pumping underground fluids has been mitigated 
by curtailing withdrawals and by pumping water back into the rock formation. 
Thousands of  near-surface subsidence cracks were found while excavating for the 
San Joaquin Valley aqueduct. These tensional cracks formed as a result of  pre- 
historic compaction brought about in  alternate wetting and drying by streamflow 
i n  fan sediments. Subsidence of  5 - 10 feet occurred on some of the larger alluvial 
fans (Bul I, 1972). 

Large voids beneath the surface may become foundation problems when 
encountered. Karst topography (sink holes) develops in  areas underlain by lime- 

stone. Circulating ground water dissolves the soluble carbonate and creates under- 
ground caverns which cave i n  as they enlarge. Although Karst caverns are not 
common i n  Oregon, other types of underground cavities have been encountered. 
Caves and irregular voids have formed at the terminus of  many lava flows. Foundation 
construction of a large building in  Portland was complicated a few years ago when 
excavation uncovered a cavern i n  the underlying lava rock. Since the cavity had 
not been detected i n  preliminary investigations, the foundation had to be redesigned 
(William Hi l l ,  personal communication, 1971). A lava tube cave was recently exposed 
i n  the excavation o f  the diversion tunnel o f  the Lost Creek Dam. Therefore,areas that 
are underlain at shallow depth by young lava flows are subject to loading collapse i f  
lava tubes (caves) are present. 

Many notable examples of  seismicity related to man-made causes have been 
reported. Seismic recordings before and after the f i l  l ing of  certain reservoirs prove 
beyond any doubt that the small earthquakes were a result o f  loading stress and increased 
fluid pore pressures. Lake Meade, Nevada i s  a classic example of  this type. Fi l l ing of  
the dam began i n  1936 and was completed in 1941 . The first earthquakes were felt i n  
1936 (Richter 5.0) and significant shocks recorded i n  1945, 1948, and 1968. A similar 
occurrence was noted at Kariba Lake on the Rhodesian-Zambian border. Three years 
after completion o f  the dam at Kariba Lake nine shocks were felt  ranging in magnitude 
from Richter 5.1 to 6.1. There i s  no indication thus far that man-made lakes in  Oregon 
have caused earthquakes. Earthquakes were reported as far back as 1893 in  the Mi l ton- 
Freewater and Hermiston areas, years before the construction of  McNary Dam on the 
Columbia. 

The incident of  the Denver earthquakes i s  a we1 l -known example of  man-caused 
seismicity in  a region under tectonic stress. The U. S. Army began pumping waste-war 
chemicals into a 12,000 foot disposal we1 l near Denver in  1962 because its surface 
disposal faci l i ty was found to be endangering water supplies. The well  was dri l led to 



Precambrian gneiss and waste chemical pumped into fractures i n  the gneiss. Recordings 
of  seismic activity correlated very closely with periods of  the fluid injection between 
1962 and 1967. Earthquakes of magnitudes up to 5.0 and 5.3 were felt i n  Denver. The 
seismic act ivi ty diminished after injection was ha1 ted (Hol l ister and Weimer, 1968). 

S i t i n g  C h a r a c t e r i s t i c s  b y  G e o m o r p h i c  P r o v i n c e  

The regional siting criteria discussed i n  this report are presented on the basis 
of  the state's 10 physiographic divisions (see geomorphic province map i n  pocket). As 
mentioned earlier, each province has its characteristic topographic features and gen- 
eral ly  related geologic history. 

The most crit ical geologic criteria relative to siting nuclear power plants in  
Oregon are; tectonisrn, seismicity, and volcanism. Secondary features which influence 
site foundation and slope stabilities are; rock type and alteration, including weathering. 

Coastal Plain : The coastal lowlands are not known to be in  a currently active tectonic 
zone except, perhaps, the southern coast which i s  at the north end o f  the San Andreas 
fault zone and known to be active. Earthquakes i n  historic times have been slight to 
moderate. Along the southern part of  the coast, seismicity related to the San Andreas 
or the Cape Blanco fracture zone could have strong effects on adjacent areas in  Oregon. 
The geology of  the adjacent continental shelf and slope i s  largely unknown at present. 
Reactor sites located along the coast would require offshore studies to determine geologic 
structure and the location and attitudes of  faults. There are some local areas of uncon- 
solidated sediments in  this province including sand dunes which contain fine-grained 
material o f  unstable characteristics. High rainfall i n  this region combined with fine- 
grained clayey rocks pose landslide problems, especially i n  northwestern Oregon. Suitable 
sites for nuclear plants should be available on the coastal plains north of  Coos Bay. 

Coast Range: Recorded seismicity in  the Coast Range has been slight i n  the southern half 
and considerably more active i n  the northern half. Rocks of  this province include large 
quantities of submarine basaltic lava mainly of  Eocene age. N o  active faults are known 
i n  the province but detailed investigations should be made of  faults within a few miles o f  
any proposed site. Some large faults have been mapped and under close examination may 
prove to have been active i n  the past few thousand years. High rainfall and abundance 
of  fine-grained sedimentary rocks result in unstable slopes where terrain i s  steep. Geo- 
thermal measurements indicate that heat flow in  the Coast Range i s  normal or subnormal 
and there i s  no evidence of young magmatic activity. High-heat flow i s  an indication 
o f  fairly recent intrusion of magma. The Coast Range province i s  generally suitable for 
locating nuclear power plants, subject to slope stability problems. 

Klamath Mountains: The overall region i s  fairly stable as far as seismic act ivi ty i s  con- 

cerned; no earthquake epicenters have been reported in the last 20 years. Large faults, 
including thrust faults, are mapped but none are known to be active. Topography i s  steep 
and rugged and w i l l  l imit  favorable sites. Zones of  weakness resulting from shearing, 



faulting, and metamorphism occur local ly throughout the province. Parts o f  the area 
are suitable. The proximity of the southwest part o f  the area to the offshore San 
Andreas/Blanco tectonic systems may l imi t  the suitability somewhat. 

W i l  lamette Val  ley: The central and northern portions of the Willamette Val ley are 
moderately seismic. The Portland area has the greatest recorded seismicity o f  any 
part o f  the state. Thick alluvium i n  the northern end o f  the valley tends to increase 
response to earthquakes. There are local areas o f  unstable slopes because o f  high 
rainfall, clayey soils, and fine-grained unconsolidated silt. The area can be classi- 
f ied as less suitable for siting. 

Western Cascades: The Cascade Range has been historically quiet as far as earthquake 
act iv i ty  i s  concerned. This sub-province has been moderately folded and faulted but 
the extent o f  faulting i s  not wel l  understood because of eradication o f  fault scarps by 
erosion and weathering. Zones o f  hydrothermal alteration are common i n  these rocks. 
Measured geothermal gradients indicate a slightly higher than normal heat flow for the 
Western Cascades (high heat flow i s  believed to be related to recent intrusion o f  molten 
rock from below the crust). The Western Cascades are tentatively classified as less 
suitable for siting but the geology of the region has been l i t t l e  studied up to this time. 

High Cascades: The seismicity o f  this sub-province i s  generally fair ly low as far as 
historic data describe i t .  A small amount o f  seismicity has been recorded north o f  
Mount Hood and southeast o f  Crater Lake. Geothermal gradients are believed to be 
moderate to high for the High Cascades. Volcanism occurred i n  this sub-province no 
longer than a few thousand years ago. Fumaroles are sti l l  active near the top o f  Mount 
Hood. The north-south alignment of the contact between rocks o f  the High Cascades 
and the Western Cascades suggests a deep fracture zone by which ascending magmas 
were channeled. The fairly recent volcanic act iv i ty  and the detection o f  high-heat 
flow make this region less suitable for siting o f  nuclear plants. 

Columbia Plateau: The Umatil la and Milton-Freewater area i s  the second most seismic 
portion o f  the state. Several large faults have been mapped in  the Columbia Plateau 
province but recent movement along these fractures has not been reported. Unconsoli- 
dated Quaternary f i l l  occurs i n  the Umatilla-Boardman area which could accentuate 
earth movement. A t  other locations i n  this province, unstable slopes are l ike ly  to 
develop where clayey-tuffs are exposed. Very few geothermal measurements have 
been made i n  this region but i t  i s  believed to be an area o f  above-average heat flow 
(Blackwel I, 1969). A l l  but the eastern margin of this province i s  generally suitable for 
sit ing o f  nuclear plants. 

High Lava Plains: There i s  no historical record o f  significant earthquakes i n  this region. 
Several large faults cut lavas of  Quaternary age showing that displacement occurred 
along them wi th in the last half  mi l l ion years. Some o f  the lowlands contain accumula- 
tions o f  young unconsolidated alluvium and intermixed pyroclastics which have unfavor- 
able foundation characteristics. Exposures o f  clayey tuff are subject to sliding. Recent 
volcanic act iv i ty  and associated high geothermal gradients suggest that future volcanism 
and seismicity are possible. This province i s  less suitable for siting o f  nuclear power plants. 



Basin and Range: Much of  the area has been tectonically active i n  Pleistocene time 
and some faulting may be Holocene (recent) age. Block faulting has occurred on a 
large scale in  the past few mil l ion years. Earthquakes o f  moderate intensity may be 

associated with block faulting. Earthquakes along similar type faults i n  northwestern 
Nevada have registered magnitude of  7.1 to 7.6. Down-faulted valleys are covered 
wi th unconsolidated Quaternary sediments which may have accentuating characteristics 
to earth shocks. This province i s  less suitable for siting. 

Owyhee Upland: Portions of  the Owyhee Upland province have had Holocene volcanic 
activity, and measurements o f  geothermal gradients indicate much higher than normal 
heat flow. Some Quaternary fault movement may also have occurred i n  the province. 
The region i s  generally less suitable for siting. 

Blue Mountains: The eastern margin of  the Blue Mountain Province has been a moder- 
ately active earthquake area i n  the past. The region i s  cut by many northwest trending 
faults and subordinate northeast trending faults. Thrust faults occur in  some areas. Up- 
turned beds o f  Pliocene pyroclastic rocks and deep Quaternary erosion testify to warping 
and probable fault movement into Pleistocene time (Dickinson and Vigrass, 1965). North- 
west striking faults in the Grand Ronde drainage probably belong to the latest period o f  
crustal deformation, as fault scarps are relatively uneroded. Hampton and Brown (1964) 
state, "The fault system (in the Grand Ronde drainage) probably developed i n  about 
middle to late Pleistocene time." Rocks in  this province have been complexly folded 
and faulted during several cycles of  stress, and the shearing, faulting, and extreme 
deformation (metamorphism) have produced zones of  weakness in portions o f  the province. 
The region i s  less suitable for siting. 

R e c o m m e n d a t i o n s  - G e o l o g y  a n d  S e i s m i c i t y  

Criteria established by AEC related to geologic and seismic conditions do not 
rule out any region of  the state based upon the present knowledge of existing conditions. 
Consideration o f  mapped faults and records of earthquakes, however, does suggest that 

certain areas of the state are questionable for siting o f  nuclear plants. The location of 
Oregon wi th in a mobile belt  of  rocks forming the western border of  North America i s  
sufficient reason to require that for every prospective site a study be made of known faults 
to establish their potential for movement in  the next few hundred years and, where possible, 
to determine the potential magnitude of that movement. Seismicity o f  the site should be 
thoroughly investigated, as i s  now required by AEC guide1 ines, and micro-seismic measure- 
ments should be made where there i s  a history o f  earthquakes. 

Design for seismicity should be based on dynamic considerations. A t  the present 
time the effects of earthquakes on structures i s  not well understood, and current methods 
o f  earthquake design do not closely reflect the actual performance under earthquake 
conditions. Safety factors now used for nuclear power plants are 3 to 5 times those used 
for fossil fueled plants. A sophisticated approach to earthquake design i s  the use of the 
response spectrum to  estimate expected intensities of  ground shaking (Housner, 1971). 



I t  i s  desirable to have instrumentation installed at every containment building to 
record motion of  the structure base during earthquakes. I t  i s  probably accurate to 
say, however, that present containment structure design i s  such that expectable 
earthquakes w i l l  not cause any damage. 

Recent discussions of structural integrity of nuclear power plants have cen- 
tered on the postulation that offset rupture occurs i n  the foundation rock beneath 
the containment structure. The structures are designed to withstand small displace- 
ments i n  the foundation materials but design for more than a small displacement would 
increase construction cost exponentially i n  relation to the amount of expected displace- 
ment (Housner,l971). Sites should avoid rocks where rupture and offset could occur. 

Intensities of  significant earthquakes should be projected to the site using 
standard formulas, and i f  such seismicity cannot be identified with known faulting 
then the extrapolation should be made to the site from the nearest boundary of  the 
tectonic regime in which the significant earthquake occurred. 

A seismic intensity map should be prepared for Oregon relating earthquake 
probabilities to siting of nuclear power plants. Procedures for measuring seismic 
response could also be outlined for power companies planning to build nuclear reactors 
i n  the state. We recommend that R. W. Couch, Oregon State University, be asked to 
prepare a state seismic intensity map and be consulted on matters of measuring seismic 
response. 

Where reactor facilities are within a few tens of miles from a known active 
fault, or where the site lies within a fairly active seismic region, instrumentation 
should be instal led to measure earth movements. Such instrumentation would include 
seismometers, tiltmeters, and microseismic recorders, geodetic strain and precise 
leveling equipment (Raleigh, 1972). 

I t  i s  recommended that a strong-motion-triaxial accelograph be situated i n  
the basement of the reactor containment structure and another placed at a higher 
elevation in the same structure (Swiger, personal communication, 1972). Where founda- 
tion rocks are known to be under tectonic stress, laterally or vertically, precision 
measurements should be made in  order to measure the amount of  movement. Regions 
o f  potential slope instability should be outlined by additional geologic study to alert 
planners of  problem areas. Landslide conditions are not as we1 l pub1 icized as earth- 
quakes and fault movements, but such conditions can be a serious problem to the 
stability of  particular sites. 

This study to determine regional geologic siting criteria i s  one of  the first of 
its kind to be conducted i n  the United States. Possibly there are other geologic factors 
that should be considered, but their analysis would require additional time and further 
research . 



PART I 1  

G e n e r a l  G e o l o g y  o f  O r e g o n  

Rocks exposed at the surface i n  Oregon are perhaps the most varied of  any 
found i n  North America (see Figure 10 and geologic map i n  pocket). They include 
a complete suite o f  volcanic rocks, along wi th a wide variety of  metamorphic, 
sedimentary, and intrusive rocks. The western margin o f  Oregon consists o f  marine- 
deposited sedimentary rocks thousands o f  feet thick containing interbedded flows of 
submarine lava. In the southwest, the Klamath Mountains represent up1 ifted and 
folded Mesozoic marine rocks considerably older than those to the north i n  the Coast 
Ranges. 

The Cascade Range forms a broad north-south trending pi le o f  volcanic rocks 
i n  western Oregon. The High Cascade volcanoes and Quaternary flows rest upon a 
broad base o f  older volcanic flows and ash and volcanically derived sedimentary rock. 
Lavas and volcanic ash have poured out upon the region now described as Oregon for 
the past 50 mi l l ion years i n  voluminous quantity obscuring al l  but the highest areas o f  
older rocks. 

The high areas of  older rocks constitute the peaks o f  the Blue Mountains and 
the Klamath Mountains. Rocks in  the old exposures are composed of Mesozoic marine 
sedimentary and volcanic materials which have been squeezed into sharp folds, fractured, 
and faulted by movements o f  the earth's crust. Granitic plutons are exposed at high 
elevations i n  the northeastern Blue Mountains and in the Klamath Mountains. Although 
older rocks may be present elsewhere in  Oregon at depth, exploratory dr i l l  ings have 
never penetrated deep enough (deepest 12,000 feet below sea level) to reach them. 

Lowland areas in the state are f i l  led with stream and lake sediments deposited 
i n  the last mi l l  ion years or less. Two known areas of  thick lake sediments are found 
i n  the Goose Lake Basin o f  south-central Oregon and the western Snake River Basin i n  
the eastern portion of the state. The latter basin contains a thickness of 10,000 feet 
or more of  young lacustrine sediments and interbedded volcanic flows (Newton and 
Corcoran, 1963). The W i  llamette lowland contains 100 to 200 feet o f  young river and 
lake sediment overlying marine rocks and basaltic lavas. In the Portland area several 
hundred feet of  stream and lake sediments overlie Miocene lava. 

The continental shelf of f  Oregon represents an extension o f  the geology seen 
i n  the Coast Range. As such, i t  consists of a thick accumulation of volcanic and 
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Figure 10. Map showing exposures of  major rock types i n  Oregon. 
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sedimentary rocks which date as far back as the Eocene. In regions o f  crustal down- 
warp more than 20,000 feet o f  mud, sand and silt has accumulated. Ages o f  samples 
collected at various places on the sea floor and data obtained from deep dr i l l ing show 
that sediment has continued to accumulate on the shelf to the present time. PI iocene 
and Pleistocene beds offshore measure several hundred feet i n  thickness. 

G e o l o g i c  H i s t o r y  

Oregon does not have a record o f  the very earliest geologic time (see Figure 11). 
N o  exposures o f  rocks older than Paleozoic have been found i n  the state. In  terms o f  
the new plate tectonic theory, i t  i s  conceivable that Oregon i s  underlain at depth by 
sea floor basalt rather than the more ancient rocks characteristic o f  the interior o f  the 
continent (Corcoran, 1969). 

Mesozoic and Paleozoic rocks can be observed through two rather large 
"windows" where younger strata have either been up1 ifted and stripped o f f  by erosion 
or perhaps were never deposited. These are: the Klamath Mountains o f  southwest 
Oregon and a sprawling, mountainous region i n  central and northeast Oregon generally 
referred to as the Blue Mountains. A third, much smaller window i s  i n  the Pueblo 
Mountains on the Oregon-Nevada border where metamorphosed sedimentary and vol- 
canic rocks o f  probable Permian or Triassic age, together wi th some intrusive rocks, 
form the core o f  the mountains. 

Paleozoic Era: Outcrops o f  Paleozoic age are very restricted i n  the state. Highly 
metamorphosed schists, probably derived from ancient sediments and vol canics, crop 
out along the Oregon-Cal ifornia border i n  southern Jackson County. According to 
Baldwin (1964) there i s  no direct geologic evidence i n  Oregon which could be used 
to date these schists. However, radiometric age determinations o f  the time o f  meta- 
morphism of the rocks indicates that they were originally deposited before the Devonian 
Period. 

Oregon's geologic past can be dated with certainty back more than 400 mi l l  ion 
years. In  Crook County i n  central Oregon, and i n  the eastern part o f  the Blue Mount- 
ains, fossil remains date the formations from Devonian (middle Paleozoic) to Permian 
(late Paleozoic). The beds mark several periods o f  marine deposition during this long 
span o f  time throughout much o f  what i s  now the state o f  Oregon. Lime, mud, sand, 
and volcanic flows and breccias deposited in  these seas were subsequently up1 ifted, 
folded, and faul ted several times by mountain-buildi ng processes. 

Mesozoic Era: Near the end o f  the Paleozoic Era and continuing into the early part 
o f  the Mesozoic, much o f  the western United States was above sea level and was under- 
going complex mountain building, intrusion, and volcanism. 

During the remainder o f  the Mesozoic (Late Triassic, Jurassic, and Cretaceous 
Periods) the sea extended across Oregon from the Klamath Mountains to the Wal lowas. 





Rocks now exposed at the surface indicate that many thousands of  feet of marine 
sediments were laid down and tremendous volumes of volcanic e jecta (pyroclastics), 
lava flows, and breccias were incorporated into sediments which were deposited in  
the sea. 

General up1 i f t  of the land toward the end of the Cretaceous Period caused 
the sea to retreat westward. Beginning i n  the early Tertiary, an accumulation of  
materials from numerous volcanic eruptions along the present axis of the Cascade 
Range formed a barrier to further encroachment by the sea into eastern Oregon. 

Cenozoic Era: The Cenozoic Era i s  the most widely represented geologic agedivision 
i n  Oregon and i s  therefore of  special interest. I t  i s  characterized by marine sedimen- 
tary and volcanic rocks in the western part of  the state and continental sedimentary 
rocks and associated volcanic eruptives i n  the eastern part. Crustal deformation took 
place throughout the whole o f  this interval and has continued up to the present time. 

During early Cenozoic time, 63 to 36 mill ion years ago, western Oregon was 
part o f  the sea floor which probably extended from the Klamath Mountains northward 
about 400 miles through western Washington (Snavely and Wagner, 1963). The sea 
began an episodic northwesterly retreat in  Oregon about 40 mill ion years ago which 
continued until about 12 mill ion years ago. This withdrawal resulted from crustal 
deformation which involved uplift of the entire western margin of  the North American 
continent. A few minor embayments persisted along the southwestern coast into Plio- 
cene time . 

From 25 to 12 mil I ion years ago, during the Miocene Epoch, general up1 i f t  
occurred i n  the Coast Range and most of western Oregon which resulted in  an almost 
complete withdrawal of  the sea. Accelerated volcanic activity during this period 
corresponds in  age to increased tectonism throughout much of the Pacific Basin. 

During the Miocene Epoch, volcanism continued to pi le up lavas, tuffs, 
and other volcanic rocks in  the Cascade region. Pyroclastic eruptions showered 
central Oregon with ash that aided i n  preservation of  remarkable numbers of fossil 
plants and animals i n  the John Day country. 

The major volcanic event i n  Miocene time occurred between 12 and 16 mill ion 
years ago when flow upon flow of basaltic lavas poured out of fissures and covered 
extensive areas, particularly in  northern Oregon and southeastern Washington, to form 
the famous Columbia River Basalt plateau. More than 35,000 cubic miles of  lava 
poured out to cover 100,000 square miles in  Oregon, Washington, and Idaho (Waters, 
1 955). 

Great block faults developed in  south-central and southeastern Oregon i n  
Plio-Pleistocene time forming bold escarpments such as Abert Rim and the eastern 
front of Steens Mountain. Intermontane lakes that formed i n  basins between fault 
block mountains fluctuated greatly in size depending on seasonal variation in rain- 



fall, and over a period of  time they accumulated thick beds of  sediments interspersed 
with volcanic ash. The Blue Mountains, as we see them now, were elevated by fold- 
ing and faulting in early Pliocene time and sculptured by stream erosion and glacial 
scouring during the Pleistocene. 

One of the outstanding events of the Pleistocene Epoch i n  the western United 
States was the building of a row of large composite volcanic cones, extending from 

Mount Baker in Washington to Mount Lassen in California. Volcanoes such as Mount 
Hood, Mount Jefferson, Mount Washington , Three Sisters, Broken Top, Mount McLough- 
lin, and Mount Mazama (Crater Lake) were superimposed on the older rocks of the 
Cascade Range. 

The Pleistocene was also the time of  the great Ice Age, and although continen- 
tal ice sheets did not extend as far south as Oregon, alpine glaciers covered many of 
the peaks in  the Cascade Range as well as the higher parts of  the Blue and Klamath 
Mountains. Glacier-scoured, U-shaped valleys on the slopes of Steens Mountain show 
that ice once covered the crest of that upraised fault block. 

Streams and rivers emptying into the Pacific Ocean carried large amounts of 
sediments from upland areas to the continental shelf before and after the melting of 
the continental glaciers and the accompanying 450 foot fall and rise of sea level 
(Byrne, 1963). Large fresh-water lakes developed i n  the lowland regions during the 
glacial advances and persisted for thousands of years. Summer Lake, Lake Abert, 
and Alkal i  Lake are remnants of  much larger pluvial lakes o f  the Pleistocene Epoch. 

About 7,000 years ago Mount Mazama erupted spreading approximately 3.5 
cubic miles o f  ash over much of  the northwest. The associated withdrawal of lava 
from'the magma chamber to deeper parts of the crust caused the summit to collapse 
giving us the present-day Crater Lake caldera. A t  about the same time, another 
caldera formed on top of Newberry Volcano south of Bend, but on a slightly smaller 
scale. More recently, flows o f  basalt poured out on the surface at McKenzie Pass, 
Santiam Pass, and Lava Butte near Bend, Diamond Craters south of  Burns, and Jordan 
Craters near Jordan Valley. Trees that were covered by these flows and preserved 
from decay have recently been dated by carbon-14 and show that some of  the lavas 
are less than 1,500 years old. Other flows on which no absolute age dates are yet 
available appear to be less than 1,000 years old. 

E v i d e n c e  f o r  P r e s e n t  C r u s t a l  M o v e m e n t s  

The dynamic behavior o f  the earth's crust i s  reflected in the major structural 
features of Oregon (see tectonic overlay in appendix). I t  i s  be1 ieved that regional 
structural complexes are related to deep seated movements of immeasurably long 
duration and localized structures are a result of  shorter term movements (Petrushevsky, 
1969). The lithosphere has been involved for hundreds of  millions of  years in move- 
ments which have produced zones of major rift ing i n  places and has compressed large 
blocks of crust to form high mountains in  others. 



Upl i f t  and downwarp: Tectonic stability of portions o f  the earth's crust i s  thought to 

be dependent upon the composition of the rocks at depth and their position relative 

to plate tectonic boundaries. Very o ld  rocks in  central Nor th America form a stable 

central core of the continent (Canadian Shield). Crustal rocks bordering the core 

become increasingly mobile away from the stable interior. Rocks of western United 

States have been subjected to continuous movements from at least 500 mi l l ion years 

ago to the present time. Deep faults are believed to separate uplifted regions from 

depressions i n  mobile crustal belts. in  the stable core area of North America, these 

deep faults commonly become inactive for mil lions of years but revive again when the 

stable platform i s  subjected to renewed tectonic stress (Khain and Muratov, 1969). 

This suggests that perhaps no major fault can be described as total ly inactive within 

the framework o f  geologic time and earth processes. Inactivity must be described i n  
a relative sense. To state that a particular fault i s  inactive i s  to say that the geologic 

region of the crust i n  which i t  occurs w i l l  continue to react to maior stresses as i t  has 

done for at least the past few thousand years. Although there i s  unquestionably some 

speculation i n  such proiection, i t  i s  also true that earth forces and associated move- 

ments i n  the crust occur continuously and more or less predictably at a slow rate. 

Vert ical  movements i n  the earth's crust detected in  the last 50 to 300 years 

have been studied i n  detail. Surveys of Scandinavia and Europe show that upl i f t  and 

subsidence there have ranged from 2 to 10 mm per year. Measurements of isostatic 

movements show that these vertical adiustments i n  crustal rocks are sti l l  i n  progress 

today. Certain uplifts result from adjustment fol lowing the melting o f  continental 

glaciers at the close o f  the Ice Age. Rates of movement are calculated to have been 

as much as 10 cm per year soon after melting o f  the glaciers compared to the present 

rate o f  1 cm per year. Isostatic movements are estimated t 3  be taking place i n  the 

region of the Canadian Shield now at a rate of 3 to 5 mm per year. The Gu l f  Coast 
basin i s  presently subsiding while the Shield, Appalachian Mountains, and Ozark 

Mountains are being uplifted. Regions o f  highest isostatic adiustment rates are often 

associated w i th  earthquake act iv i ty (Artyushkov and Mescherikov, 1969). 

Vert ical  displacement of 1 cm per year i s  believed to be taking place i n  the 

Puget Sound area of Washington. Similar movement o f  4 cm per year has been esti- 

mated at Glac ier  Bay, southwest Alaska. Coastal upl i f t  i n  Oregon, based upon extrap- 

olated paleontological data, indicates vertical movement of 1 cm per year (R.W. Couch, 

personal communication, 1972). 

In  Oregon, mountain ranges have risen, the sea has encroached and withdrawn 

many times and large areas o f  sea floor covered wi th sediments in  the past 300 or 400 

mi l l ion years. Providing that the amount of subsidence can be roughly measured by 

thickness of accumulations o f  the sediments, at least 7 km (23,000 feet) of regional 
subsidence can be inferred in  central Oregon since the beginning of Mesozoic time. 

In the western portion of the state where stratigraphic relations are more complex, 

subsidence has probably been on the order of 5 km (16,400 feet). 



Crustal s l  ippage: Early earth scientists explained tectonics solely by gravity 

adjustments i n  the mantle and crust. Outer mobile regions of continents were 

believed to be the sites of  downwarp and unundation by the sea. Gravity bal- 
ance i n  crustal rocks was thought to be the sole cause for building of  mountains 
i n  these sediment-filled troughts. According to present-day theories, these 
processes may be only a minor contribution to tectonism. The broader concepts 
o f  continental .drifting and plate tectonics may better explain observed tectonic 
features. The most plausible model currently being discussed includes isostacy, 
sea-floor spreading, and continental drifting. The linear character of  main 
tectonic features such as sea-floor ridges (Mid-Atlantic Ridge, East Pacific Rises, 
etc .) are favorably explained by thermal convection i n  which upwellings i n  the 
mantle result in tensional stress where they diverge near the earth's surface. 

Conversely, deep sea trenches are formed in  areas where the shifting lithosphere 
starts to descend back into the mantle. 

Whatever the outcome of current scientific discussions, the important 
fact remains that crustal rocks are probably continually involved i n  stress-caused 

movements. Large segments of the earth's outer shell are believed to be moving 
at rates different from adjacent segments. 

Rock units of  Oregon are part of the mobile be1 t of  rocks forming a per- 
imeter on the stable interior of the continent. Figure 8 shows what i s  now believed 
to be the structural condition off  the Oregon coast. Scientists (Silver, 1971) 
believe that strike-slip movement i s  taking place between plates along transform 
fractures west o f  the Oregon mainland. Displacement along the San Andreas Fault 
south of  the Mendocino fracture of f  northern California i s  thought to occur at a 
rate o f  4 to 6 cm per year. 
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A P P E N D I X  



OREGON EARTHQUAKES 1841 - 1970 

. Year - 
1841, 
1866 
1866 
1873 
1877 
1877 
1879 
1882 
1882 
1883 
1884 
1885 

' 1891 
W - 1891 

1892 
1892 
1892 
1893 
1895 
1896 
1896 
1897 
1897 
1898 
1902 
1902 
1902 
1904 
1 9 6  
1906 
1906 

Date 

Dec. 2 
Nov, 24 
Dec . 
Nov, 22 
Oct. 12 
Oct. 12 

Apr. 30 
May 1 
Sept, 28 
Jan, 4 
Oct, 10 
Sept, 17 
Nov. 9 
Feb. 3 
Feb, 29 
Apr. 17 
Mar. 7 
Feb. 25 
Apr. 2 
June 5 
Jan. 26 
Feb. 22 
Feb, 22 
June 15 
June 15 
Dec. 2 
June 16 
Apr. 3 
Apr. 19 
Apr. 23 

Time 

16 : 00 - - 
-- 
-- 
7- - - 
-- 

10 : 48 - - 
0Q:Oo 
04 : 40 
09:- 
04 : 30 
04:- 
20 : 3 
10 : 45 
2:50 
17 : 03 
4:47 
03  : 17 
06:20 
22 :45 
02 : 25 
09 : 15 
04 : 00 
09 : 00 
1o:Oo 
18 : 25 
05 : 00 
90:30 
09 : 12 

Local i ty  

F t  . Vancouver 
The Dal les  
The Dal les  
Por t  Orford 
Cascade Mtns . 
Portland 
Portland 
Par  t l and  
Portland 
Portland 
Portland 
Por t  land 
Salem 
Ashland 
Portland 
The Dal les  
Portland 
Umatilla 
Portland 
McMinnville 
Cape Blanco 
Newport 
Portland 
Portland 
Newport 
Newport 
Kerby 
Portland 
Ashland 
Pais ley 
Grants Pass 

In ten- 
s i t y  

I11 
IV 
111" 
VIII 
VII 
I11 
IV 
IV 
I11 
VI 
IV* 
11-111* 
IV 
IV 
VI 
IV 
IV% 
VII 
I11 
VI 
IV 
IV 
IV 
I11 
IV 
ITJ 
I11 
IV 
IV 
v 
VI?' 

W. 
Long. Remarks 

-- 
-- Epicenter a t  420 lat. 1240 - - 
-- 
-- 
-- R. C, Treasher, unpubl, 
- - 
-- 
- - 
- - 3 shocks 
-- 
-- 
-- 
-- 
-- R, C, Treasher, unpubl. 
-- 

-- 
-- Followed by 3 aftershocks -- ep icen te r  probably i n  N. Cal i f .  



OREGON EARTHQUAKES 1841 - 1970 

Year . - 
1906 
1906 
1907 
1909 
1910 
1910 
1913 
1913 
1913 

1914 
I 1914 
0 " I 1914 

1915 
1915 
1915 

1916 
1916 
1917 
1918 
1919 
1920 
1920 
1920 
1921 
1921 
1921 
1922 
1922 

Date 

Apr. 29 
Sept. 1 
May 27 
Dec. 31 
Feb. l5 
Aug. 5 
Mar. 15 
Mar. 16 
kt. 14 

Mar. 22 
Sept. 5 

Aug. 22 
Jan. 18 
May 18 
kt. 19 

Jan. 4 
May 28 
June 10 
Feb. 13 
Dec. 26 
Apr. 14 
NOV. 9 
Dec. 15 
Feb. 25 
Mar. 4 
Sept. 22 
Mar. 27 
May 15 

Locali ty 

Pais ley 
Baker 
Portland 
Portland 
Portland 
A t  s ea  
Medford 
Roseburg 
Seven Devils 

Region 
Portland 
Portland 

A t  sea  
Summerville 
Portland 
Frui ta , Wallowa 
County 
Newport 
Baker area  
A t  sea  
Portland 
Bullrun 
Crater  Lake 
Portland 
Cascadia 
Cascadia 
Portland 
Portland 
Portland 
Portland 

Inten- 
s i t y  

v 
I11 
I11 
IV 
IV 
VIII* 
I11 
IV 
VI 

IV 
I11 

VIII"" 
I11 
v 
I11 

IV 
I11 
VIII 
I11 
IV 
v 
I11 
111" 
v 
11-111s 
IVS 
IV 
IV 

W. 
Long, Remarks 

-- 
-- 3 d i s t i n c t  shocks 
-- 
117.1 

-- 
-- Shock i n t e n s i t y  V i n  Olympia, 

Un. a few hours e a r l i e r  
129 - - 
122.7 -- R. C. Treasher, unpubl. 

3 shocks f e l t  

Several shocks 



OREGON EARTHQUAKES 1841 - 1970 

Inten- 
Locali ty s i t y  

Magni- 
tude 

N. 
Lat. - 

W. 
Long. Remarks Year - Date 

O C ~ .  16 
Dec. 12 
Jan. 1 0  
Jan. 11 
Jan. 5 
Jan. 6 
Feb. 24 
Ju ly  2 
June 5 
Apr. 8 
Apr. 9 
Apr. 9 
Sept. 4 
Sept. 11 
Aug. 14 
Ju ly  8 
J U ~ Y  18 
Aug. 17 
Sept. 4 
Jan. 1 4  
June 20 
Mar, 26 
July 19 
Nov. 23 
Ju ly  6 
April  30 
July 15 
~ u l y  18 
July 30 
Ju ly  30 
Aug. 4 

Time 

04 : 20 -- 
20 : 30 -- 
3:15 
23 : 1 0  
05:45:10 
07 : -- 
19:50:24 
21 : 00 
09 : 30 
1 4 : m  
04 : 40 
12:36:19 
19:03:30 
20 : 30 
18 : 38 
19:20 
03  : 22 
16 : 18 
09:26:27 
19:05:53 
05:06:36 
14.25 
22 :50 
10:55:38 
23 : 08 
08 : 30 
11:20 
12:oo 
01 : 19 

Hermiston I11 
Pendleton a rea  I11 
Lakeview a rea  V 
Valley F a l l s  V 
S tanf ie ld  IV-V 
M i l  ton-Wes ton V 
A t  s ea  VII* 
Lakeview I11 
A t  sea  VII* 
Richland V 
Richland 1 1 1 - I V  
Richland 1 1 1 - I V  
Newport & Eugene I V  
A t  s ea  VIII* 
A t  s ea  V I  * 
Perrydale I11 
Perrydale V-VI  
Talent V 
Central  Point  I1 
Portland I V  
A t  s ea  VII* 
A t  s ea  VII* 
A t  s ea  VI* 
Portland I11 
North Bend I11 
A t  sea  V I I  * 
Northern Oregon V I I I  
Umatilla a rea  V 
Freewater I V  
Freewater I V  
Umatilla a rea  V 

-- 3 shocks 
-- 
120.5 -- R. C. Treasher, unpubl. 
-- R. C. Treasher, unpubl. 
-- 
127. o -- 
127-5 
117.2 -- 

-- 
128.5 
118.3 R. C. Treasher, unpubl. 
118.3 (MiltonFreewater;  v I I + , ~ e r ~ )  



OREZON EARTHQUAKES 1841 1970 

Inten- 
L o c a l i t y  si ty 

Magni- 
tude - N. 

Lat. - 
W. 

Long. Remarks Year - Date Time 

Milton Freewater V 
A t  s e a  VIII* 
Dallas I V  
A t  s e a  VII* 
A s  t o r i a  I V  
A t  s e a  VII* 
M i l  ton IV 
M i l  ton I V  
Mission IV 
Tillamook a r e a  I V  
Portland I11 
Port land I11 
Waldport IV 
Portland I1 
A t  s e a  V I  * 
A t  s e a  V I  * 
Medford I1 
Tigard I V  
S e a l  Rock I11 
A t  s e a  VII* 
Robinette 1 1 1 - I V  
Robine t t e  111-IV 
Port land V I  
Corva l l i s  V 
Halfway V 
Pine I11 
Pine 111 
Portland V 
Madras I V  
Bend I11 
Rockville , I11 
Malheur County 

Aug. 27 
Sept. 25 
Dec. 14 
May 28 
July 23 
Aug. 3 
Aug. 11 
Oct. 27 
Jan. 26 
Feb. 1 4  
Apr. 13 
Nov. 15 
May 25 
Feb. 16 
June 9 
June 9 
July 7 
J u l y  26 
Oct. 20 
Oct. 31 
Dec. 23 
Dec. 23 
Dec. 29 
May 12 
June 12 
June 12 
June 14 
Nov. 1 
Nov. 1 
June 24 
Aug. 4 

-- 
-- R. C. Treasher, unpubl. 
126.0 
126.0 -- 

-- 
- - Tremors believed t o  be 

r e l a t e d  t o  steam vent 
on Leake Ranch. 



OREGON EARTHQUAKES 1.841 - 1970 

In ten- 
s i t y  

Magni- 
tude 

N. 
Lat. - 

W. 

Long. - Remarks Year - Date Time Locality 

Mar. 5 
Mar. 5 
Mar. 6 
Mar. 6 
Sept. 20 

Dallas 
Dallas 
A t  sea 
A t  sea 
Rockville , 
Malheur County 
A t  sea 
Homestead 
A t  sea 
Fort  Klama th  
Klamath Fa l l s  
A t  sea 
Buxton 
Hildebrand 
A t  sea 
Foss i l  
A t  sea 

I11 
v 
VII* 
VII* 
IV 

Dec. 30 
Feb. 13 
Sept. 28 
Oct. 11 
Dec. 24 
Jan. 10 
Mar. 1 
Mar. 22 
May 25 
Dec. 20 
Mar. 24 

VII* 
IV 
VII* 
IV 
IV 
VI* 
IV 
v 
VII* 
IV 
VII* 

126.75 -- R. C. Treasher, unpubl. 
126.0 

-- 
126.5 In tens i ty  I11 f e l t  a t  Grants 

Pass -- Apr. 3 
Apr. 4 
Dec. 22 
Jan. 27 
June 19 
Dec. 16 
Jan. 7 
Jan. 29 
Feb. 17 
Mar. 25 
Apr. 3 
June 16 
June 17 

Grants Pass 
Klamath Fa l l s  
Klamath Fa l l s  
A t  sea 
A t  sea 
A t  sea 
McNary 
A t  sea 
Surprise Valley 
Portland 
Klamath Fa l l s  
A t  sea  
A t  sea  

I11 
IV 
IV 
v* 
IV* 
v* 
v 
VI * 
I1 
I1 
IV 
VII* 
VII* 



In ten- 
Local i ty  s i t y  

Magni- 
tude 

W. 
&%.L. Remarks Time Year - Date 

act. 13 
Dec. 26 
Aug. 20 
Feb. 23 
Nov. 4 
Dec. 16 

A t  s e a  V* 
A t  s e a  IV* 
A t  s e a  V I I *  
A t  s e a  V* 
C o r v a l l i s  111 
Northwestern V I  
Oregon 
Por t land a r e a  I V  
A t  s e a  V I  * 
A t  s e a  VIII* 
A t  s e a  V I  * 
Alsea I11 
N.W. o f  Salem V I  
Por t land 111 
Port land I1 
Milton-Freewater V 
Por t land 111 
Heppner I V  
A t  s e a  V I I *  
15 m i .  South o f  I V  
S t .  Helens 
Northwestern V I  
Oregon 
N.W. o f  Por t land V I  
Por t land V 
Por t land I V  
Scappoose I11 
Lebanon I V  
West Linn I1 
East of  Por t land V I I  
NW Oregon V 

127.0 
127.0 
127.0 
124.5 --- Q i c e n t e r  a t  sea 
122.7 

Apr. 23 
Feb. 3 
Aug. 23 
J u l y  6 
Mar. 22 
Nov. 17  
Nov. 29 
Mar. 13 
Jan. 21 
Aug. 4 
Nov. 9 
NOV. 8 
Jan. 4 

200 miles  o f f  Newport 

NOV. 6 
Nov. 7 
Nov. 29 
Dec. 15 
Sept. 5 
act. 17  
Nov. 5 
Mar. 7 



OREGON EARTHQUAKES 1841. - 1970 

Inten- Magni- N. W. 
Year Date Time Locality s i t y  tude Lat. Long. Remarks 

Dec. 26 
Mar. 2 
Mar. 7 
Dec. 27 
Oct. 1 
May 28 
May 28 
May 30 
June 3 
June 4 
June 4 
June 5 
June 5 
June 12 
June 21 
June 22 
Mar. 5 
Aug. 14 
Feb. 12 
June 25 

N. W. Oregon 
Portland 
N.W. Oregon 
N.W. Oregon 
N.W. Oregon 
S.E. Oregon 
S.E. Oregon 
S.E. Oregon 
S.E. Oregon 
S.E. Oregon 
S.E. Oregon 
S.E. Oregon 
S.E. Oregon 
S.E. Oregon 
S.E. Oregon 
S.E. Oregon 
N.W. Oregon 
N.E. Baker 
S.E. Salem 
W. Portland 

V I  
Iv 
v 
v* 
v 
IV* 
IV* 
VI* 
V I  * 
v* 
IV 
v 
I V  
Iv 
I V  
I V  
I11 
I V  
I 
IV 

* In tens i ty  estimated according to  Chart, page 901, Arthur Holmes, 1964 
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( B o n i l l a ,  1967 
US Geo l  Survey ~ I D - 2 L 1 2 b )  IIISTCHIC SUWACE FAULTING 

CONCLUSIONS 

S e v e r a l  t e n t a t i v e  c o n c l u s i o n s ,  i m p o r t a n t  i n  t h e  s i t i n g  
o f  v i t a l  s t r u c t u r e s  s u c h  a s  n u c l e a r  r e a c t o r s ,  c a n  b e  
r e a c h e d  o n  t h e  b a s i s  o f  t h i s  p r e l i m i n a r y  s t u d y  o f  h i s t o r i c  
s u r f a c e  f a u l t i n g :  

1. B r a n c h  a n d  s e c o n d a r y  f a u l t i n g  c o m m o n l y  a c c o m p a n i e s  
t h e  m a i n  f a u l t i n g .  A b o u t  h a l f  o f  t h e  m o r e  t h a n  3 0  m a i n  
r u p t u r e s  o f  u n d o u b t e d  t e c t o n i c  o r i g i n  h a d  b r a n c h  a n d  
s e c o n d a r y  r u p t u r e s  a s s o c i a t e d  w i t h  t h e m .  T h e  p r o p o r t i o n  
i s  p r o b a b l y  g r e a t e r  t h a n  h a l f  h o w e v e r ,  b e c a u s e  i n  o n l y  
o n e - s i x t h  o f  t h e  e v e n t s  a r e  we r e a s o n a b l y  c e r t a i n  t h a t  
b r a n c h  a n d  s e c o n d a r y  f a u l t i n g  d i d  n o t  o c c u r .  

2 .  T h e  m a i n  f a u l t  z o n e  a n d  t h e  z o n e s  o f  b r a n c h  f a u l t s  
a n d  o f  s e c o n d a r y  f a u l t s  a r e  n a r r o w e r  f o r  s t r i k e - s l i p  
f a u l t s  t h a n  t h e y  a r e  f o r  n o r m a l  f a u l t s ,  r e v e r s e  f a u l t s ,  
o r  d e x t r a l - n o r m a l  f a u l t s .  T h e  maximum d i s t a n c e s  ( f o r  
t h e  p a r t i c u l a r  e v e n t s  s t u d i e d )  f r o m  t h e  c e n t e r  o f  t h e  
m a i n  f a u l t  z o n e  t o  t h e  o u t e r  e d g e s  o f  t h e  t h r e e  z o n e s  
a r e  A )  f o r  m a i n  z o n e ,  a b o u t  0 . 0 6  m i l e  f o r  s t r i k e - s l i p  
f a u l t s  a n d  0 . 5  t o  0 . 6  m i l e  f o r  t h e  o t h e r  t y p e s ;  B) f o r  
b r a n c h  f a u l t s ,  0 . 8 5  m i l e  f o r  s t r i k e - s l i p  f a u l t s  a n d  1..6 
t o  3  m i l e s  f o r  t h e  o t h e r  t y p e s ;  C )  f o r  s e c o n d a r y  f a u l t s  
1 . 8  m i l e s  f o r  s t r i k e - s l i p  f a u l t s  a n d  8 t o  8 . 5  m i l e s  f o r  
t h e  o t h e r  t y p e s .  S e c o n d a r y  f a u l t i n g  i n  t h e  Y a k u t a t  Bay 
e a r t h q u a k e  o f  1 8 9 9  may h a v e  b e e n  a s  much a s  1 6  t o  2 1  
m i l e s  f r o m  t h e  m a i n  f a u l t .  

3 .  A t o t a l  o f  s e v e n  r u p t u r e s ,  a s s o c i a t e d  w i t h  t h r e e  
e a r t h q u a k e s  g e n e r a t e d  by  n o r m a l ,  d e x t r a l - n o r m a l ,  a n d  
r e v e r s e  f a u l t s ,  o c c u r r e d  7 . 5  t o  8 . 5  m i l e s  f r o m  t h e  m a i n  
f a u l t s .  T h e  d i s p l a c e m e n t s  r a n g e d  f r o m  0 . 3  f e e t  t o  4 
f e e t  a n d  w e r e  e q u i v a l e n t  t o  3 . 5  p e r c e n t  t o  1 7  p e r c e n t  
o f  t h e  maximum d i s p l a c e m e n t  o n  t h e  m a i n  f a u l t .  

4 .  T h e  d i s p l a c e m e n t s  o n  i n d i v i d u a l  b r a n c h  a n d  
s e c o n d a r y  f a u l t s  w e r e  l e s s  t h a n  3 0  p e r c e n t  a s  l a r g e  a s  
t h e  d i s p l a c e m e n t  o n  t h e  m a i n  f a u l t ,  w i t h  t h r e e  d o u b t f u l  
e x c e p t i o n s  t h a t  r a n g e d  b e t w e e n  5 0  a n d  8 0  p e r c e n t .  

5 .  W i t h  o n e  p o s s i b l e  e x c e p t i o n ,  t h e  m a i n  f a u l t i n g  
o c c u r r e d  a l o n g  f a u l t s  t h a t  w e r e ,  o r  c o u l d  h a v e  b e e n  
i d e n t i f i e d  b e f o r e h a n d  b y  g e o l o g i c  m e a n s .  T h e  p o s s i b l e  
e x c e p t i o n  i s  t h e  S o n o r a ,  M e x i c o  f a u l t i n g  1 8 8 7 ,  f o r  
w h i c h  d a t a  a r e  i n c o m p l e t e .  

6 .  O n e - t h i r d  o f  t h e  b r a n c h  a n d  s e c o n d a r y  f a u l t i n g  
c o v e r e d  i n  t h i s  s t u d y  i s  known t o  h a v e  o c c u r r e d  o n  
p r e e x i s t i n g  f a u l t s  t h a t  c o u l d  h a v e  b e e n  i d e n t i f i e d  b y  
s i m p l e  g e o l o g i c  i n v e s t i g a t i o n s ;  w h e t h e r  t h e  o t h e r  
t w o - t h i r d s  c o u l d  h a v e  b e e n  a l s o  i s  n o t  known .  



B o n i l l a ,  1967 
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F i g u r e  5.--Haximum d i s p l a c e m e n t  on main  f a u l t  as r e l a t e d  t o  ea r thouake  magni tude 
( a r i t h m e t i c  v l o t ) .  
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III. DISASTER PROTEClTON-I. VOLCANOES 

@ MT. JEFFERSON 

@ THREE SISTERS 

@ CRATER LAKE 

I 

1 

Figure 2.-Dormant Volcanoes of the Pacific Northwest- 
U.S. Geological Survey. 

Lava Flows. These flows are completely destructive 
but confined to restricted areas in the immediate vicinity 
of the generating volcano. They may be effusive, 
represented by a slow outpouring from a crater or a 
fissure, or result from an explosive eruption which may 
generate a river of molten materials tens of yards wide, 
with rates of flow up to 30 miles per hour. 

Volcanic soils are very productive, and the slopes of 
relatively quiescent volcanoes are often farmed exten- 
sively. Residences are sometimes situated on the slopes 
and in adjoining valleys in well-populated areas. This is 
prevalent in Mexico, Italy, Hawaii, and Japan. The 
property in the path of a lava flow cannot be saved, and 
any economic use of the slopes of c volcano involves a 
calculated risk. 

Fyroclastic Ejecta. These are rock particles formed by 
the explosive fracture of liquid and solid material by 
rapidly expanding gases. When the particles are fine, 
they are combined with other debris and blown aloft in 
enormous quantities, where they remain suspended for 
long periods. Settling in a stifling blanket over wide 
areas, they cause respiratory problems, kill crops, and 

reduce the productivity of the land for many years until 
they assimilate into the soil. 

Pyroclastic flows are the most dangerous and difficult 
volcanic phenomena to guard against. If people are not 
well clear of the danger area before the eruption, there is 
little hope of escape. These flows arise when airborne 
pyroclastic rocks are too heavy to remain aloft and flow 
downslope like a hot liquid. They attain speeds of more 
than 60 n3es per hour, behaving much like an avalanche 
and causing plants and buildings to burst into flame. 

Volcanic Mudflows. The threat posed by active 
volcanoes is not restricted to eruptions. The large 
amounts of loose ejecta scattered on slopes near active 
volcanoes, as well as parts of the volcanoes themselves. 
are highly susceptible to sudden downslope movement in 
the form of volcanic mudflows. The volcanoes of the 
Cascade Range are particularly susceptible to mudflow 
hazards because of the high rainfall along the crest of the 
Cascade Range and the large volume of water that is 
temporarily stored as snow and glacier ice at higher 
altitudes on the volcanoes. 

During heavy rains, large volumes of unconsolidated 
debris can be stripped from steep volcanic slopes and 
carried quickly downslope by mudflows. A subtle 
increase -in thermal emission can cause ,release of 
melt-water, saturating large quantities of debris and 
making it highly susceptible to mudflow transport. More 
than 55 mudflows have originated on the slopes of Mt. 
Rainier in the past 10,000 years. The largest of these, 
4,800 years ago, traveled 45 miles down the valley of the 
White River before spreading out on the Puget Sound 
lowland as a lobe 20 miles long and 3 to 10 miles wide. 

Capabilities and Limitations. 

Mitigation. Becsuse of the devastating force of 
volcanic eruptions, mitigation of damage has proved to 
be difficult. Some success has been attained in slowing 
or diverting lava flows by strategically locating stone 
barricades. Danger zones on slopes can be mapped and 
controlled to prohibit entry by humans and domestic 
animals. During periods of danger, animals and some 
items of property can be moved out of the paths of lava 
flows to safer locations. 

Prediction and Warning. The capability to predict 
volcanic activity and give proper warning varies from 
acceptable to clearly inadequate, depending on the 
geographic a'reas involved. 

Hawaii. HVO, through its seismic and deformation 
monitoring, has given accurate warning of eruptions of 
Kilauea, most notably in 1955 and 1960,~ and again in 
August and September 197 1. The extensive and accurate 
Kilauea data do not afford a basis for prediction of 
eruption of other volcanoes, although some techniques 
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E N G I N E E R I N G  

December 18, 1972 

&ax Vernon, 

Please accept my apology f o r  not  writ ing sooner regarding your proposed 
draft on s i t i n g  f o r  the Oregon Nuclear and Thermal Mergy Council. We 
a re  i n  the process of completing PSAR on several la rge  nuclear power 
s ta t ions  and the last several weeks have been extremely busy. You 
spec i f ica l ly  requested guidance or! two problems, storage of radioactive 
mater ials  on s i t e  and l iquefac t ion  of granular soi ls .  

It is  against AEC ru l e s  t o  s tore  radioactive mater ial  on s i t e ,  other  
than f u e l  i n  the reactor  o r  temporarily spent f u e l  i n  the spent f u e l  p i t ,  
from the time it i s  removed from the reactor  during a refuel ing operation 
u n t i l  it can be placed i n  a lead  container and shipped to a f u e l  
reprocessing plant. There it is  broken down chemically and unspent f u e l  
remanufactured f o r  fu r the r  use. A l l  other nuclear waste must be disposed 
of promptly. A t  the termination of useful  l i f e  of a power stdion, it i s  
thoroughly cleaned up, a l l  f u e l  removed, and the p lant  deactivated. This 
was done on the Carolina Virginia, tube type reactor  a t  Parr Shoals, 
North Carolina, which was r e t i r e d  from servicezbout four  o r  f i v e  years  
ago. Jus t  what would be done with the reactor  vessel, t ha t  is, the s t e e l  
vessel  i n  which the reac tor  i t s e l f  i s  ac tua l l y  located, which probably 
would have some residual  a c t i v i t y  a f t e r  a long period of service, i s  not  
completely established. Presum~l-Ly, it would be l e f t  in place and f i l l e d  
with concrete. The l e v e l  of r eac t iv i ty  would be low and probably 
negl igible  a t  the  outside w a l l  of the containment structure.  
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December 12, 1972 

Mr. Vernon C. Newton, Jr. 
Petroleum Engineer 
Department of Geology and Mineral Industries 
1069 State Office Building 
Pbrtland, OR 97201 

Dear Vern: 

I am sorry to hear that the DEQ did not grant Chem-Nuclear a 
license for rsdwaste disposal; I firmly believe Arlington is an excel- 
lent site and the Company really does need this facility. I was pleased 
that their application had the support of the Oregon Survey. 

I am sorry that I don't have anything to offer with reference 
to your particular problem on the longevity of reactor facilities. Though 
we have two nuclear stations on the line in Illinois, we have never been 
involved with this particular aspect of the problem. 

Give my regards to Andy, and Merry Christmas. 

Sincerely, 

Robert E. Bergstrom 
Geologist and Head 
Section of Ground-Water Geology 
and Geophysical Exploration 



United States Department of the Interior 
GEOLOGICAL SURVEY 

Branch of  Western Mineral Resources 
345 Middlef i e l d  Road 

Menlo Park, Ca l i fo rn ia  94025 

November 21, 1972 

MY . Vernon C . Newton, Jr . 
Department of Geology & Mineral Indus t r i es  
1069 S t a t e  Office Building 
Portland, Oregon 97201 

Dear Vern: 

I have j u s t  f in i shed  a c r i t i c a l  review of your repor t  and am faced 
with a number of major questions, perhaps t he  most important being 
t h a t  I am s t i l l  i n  t he  dark as  t o  t he  purpose and audience of t h i s  
opus. The r epo r t  touches b r i e f l y  on a number of topics--tectonism, 
volcanism, subduction, g r av i t y  s l id ing ,  microseisms, fundamentals 
of se ismici ty ,  seiches,  tsunamis, e tc . ,  etc.--without c l e a r l y  de- 
f i n i n g  t h e  necess i ty  fo r  t h i s  very broad coverage. Perhaps what I 
am t r y ing  t o  say i s  t h a t  t he  repor t  appears t o  l ack  d i rec t ion  (or  
purpose) and, hence, many of the  data  and speculations seem un- 
warranted or misdirected. 

My recommendations a re :  

1. Include i n  the  "Introduction" some of t he  object ives  and 
reasons f o r  wri t ing t he  repor t .  Several  of these  a re  covered i n  
your t r ansmi t t a l  l e t t e r  t o  me, bu t  are  not  adequately covered i n  
your repor t .  

2. Emphasize f a c t u a l  data--areas t e c ton i ca l l y  and volcanologic- 
a l l y  ac t ive ,  as  demonstrated by seismic records and by systematic 
geologic mapping, areas of over-steepened slopes and ac t ive  land- 
s l i d e s ,  etc.--and c u r t a i l  hypothet ical  par ts- -pla te  t ec ton ics ,  
spreading r idges ,  subduction, e t c .  Most, i f  not  a l l ,  of t he  l a t t e r  
i s  h ighly  speculative and ce r t a in ly  should not be a major p a r t  of 
a r epo r t  prepared f o r  a Council es tabl ished t o  consider preliminary 
planning f o r  nucle'ar p l an t  s i t i n g s .  Their opinions, decis ions ,  and 
r epo r t s  must necessa r i ly  dea l  with p r e t t y  hard f a c t s ,  not  with geo- 
l og i c  speculations except as  it bears on s i t e  s t a b i l i t y .  Specula- 
t i o n  as  t o  whether volcanic or t ec ton ic  a c t i v i t y  can be expected i n  



areas recent ly  act ive i n  Oregon i s ,  of course, warranted and should 
be discussed. Furthermore, I would attempt t o  draw a more c r i t i c a l  
d i s t inc t ion  between what i s  geologically old and of l i t t l e  seismic 
concern versus evidence of very young ( l a t e  Pleistocene and ~ o l o c e n e )  
volcanism and tectonism, as well as h i s t o r i c  and l a t e  prehis tor ic  
gravity s l id ing.  Also I would attempt t o  develop the  theme t h a t  
broad, regional  evaluation must be followed by deta i led  s i t e  evalua- 
t ions  involving a very complex array of geologic, hydrologic, and 
seismologic data, as well as data from other d isc ipl ines .  

I've made a few minor comments on the manuscript pages and add a 
few here fo r  your consideration. 

p. 4- or what it1 s worth, an e lder ly  resident  of Fields, Oregon, 
t o ld  me t h a t  following an earthquake i n  the 1920's--felt by him and 
other res idents  of Alvord Valley--a d i s t i n c t  northeast rupture was 
found crossing the playa of Alvord Desert. m e  rupture o f f se t  
surface layers about 1.5 f e e t  i n  a ve r t i c a l  sense. Also on p. 4, I 
wonder whether the emphasis i s  wrong i n  terms of the  age of major 
f a u l t  blocks i n  the Basin and Range. Certainly some of the fau l t ing  
i s  l a t e  Pleistocene, but most i s  older, with some major increments 
i n  the period from middle Pliocene ( & 5-6 mil l ion years) through 
ear ly  Pleistocene (& 1-2.5 m.y.). 

Hope t h a t  these few comments w i l l  be of some value. 

Sincerely, 
n 

e % ~  George W. a lker ,  Chief 
Branch of Western Mineral Resources 



U.8. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
ENVIRONMENTAL DATA SERVICE 

Nat iona l  Geophysical  and S o l a r - T e r r e s t r i a l  
Data Center  

Boulder,  Colorado 80302 

September 18,  1972 

M r .  Vernon C .  Newton, Jr .  
Department of Geology and Mineral  I n d u s t r i e s  
A d m i n i s t r a t i v e  O f f i c e  
1069 S t a t e  O f f i c e  Bui ld ing  
P o r t l a n d ,  Oregon 97201 

Dear M r .  Newton: 

Your l e t t e r  of August 11, 1972 has  been r e f e r r e d  by t h e  Na t iona l  Weather 
S e r v i c e  o f f i c e  a t  S a l t  Lake C i t y  t o  t h i s  o f f i c e  f o r  r e p l y .  

Enclosed i s  our Earthquake H i s t o r y  of t h e  United S t a t e s ,  P a r t s  I and I1 
which l i s t .  t h e  s t r o n g e r  shocks through t h e  end of 1963. The summary on 
page 114 of P a r t  I g i v e s  by d a t e  t h e  ea r thquakes  f e l t  i n  Oregon. Dates  
n o t  preceded by a n  a s t e r i s k  i n d i c a t e  shocks l o c a t e d  o u t s i d e  t h e  s t a t e .  
D e t a i l s  on most of t h e s e  ea r thquakes  a r e  covered i n  t h e  Washington and 
Oregon c h a p t e r ,  pages 74-84. A few of t h e  ear thquakes  (Oct. 10,  1915, 
May 12,  1916, Dec. 20, 1932, J u l y  12,  1944, Feb. 13,  1945, Oct .  11, 1956, 
and Aug. 18,  1959) a r e  l i s t e d  i n  t h e  Western Mountain Region c h a p t e r  o r  
w i t h  C a l i f o r n i a  and w e s t e r n  Nevada i n  P a r t  11. 

One a d d i t i o n a l  ear thquake o c c u r r i n g  o u t s i d e  Oregon caused i n t e n s i t y  V I  
and lower e f f e c t s  i n  Oregon: A p r i l  29, 1965 - E p i c e n t e r  47.4O N ,  122.3' 
W - Puget Sound, Washington a r e a  - Magnitude 6 .5  - Maximum I n t e n s i t y  V I I I  
i n  S e a t t l e  a r e a .  

I f  t h i s  o f f i c e  can supply f u r t h e r  s e r v i c e  p l e a s e  l e t  u s  know. 

S i n c e r e l y ,  

pigr j, ,,% pvL /:+- (( . 
C a r l  A. von Hake 
Earthquake Informat  i o n  

Enc losures  



DAVID J. FOGARTY 

VlOL C-LOIDLNT 

South ern California Edison Company 
P. 0 .  BOX 8 0 0  

2244 WALNUT GROVE AVENUE 

ROSEMEAD, CALIFORNIA 91770 TELEPHONE 

213 - 572-2796 

M r .  Vernon C.  Newton, Jr. 
Geologis t -Petroleum Engineer 
Department of  Geology and 

Mineral  I n d u s t r i e s  
1069 S t a t e  Of f i ce  Bui lding 
P o r t l a n d ,  Oregon 97201 

Dear M r .  Newton: 

A s  r eques ted  i n  your l e t t e r  da ted  August 25, 1972, we 
have reviewed t h e  geo log ic  c r i t e r i a  f o r  t h e  Oregon Nuclear 
S i t i n g  Council  and have t h e  fo l lowing  comments: 

1. Rule No. 40-005, Sec t ion  4 ,  Geology (Revised 7/17/72) 
We have two sugges t ions  which would make more s p e c i f i c  
t h e  scope of t h e  r e q u i r e d  geo log ic  s t u d i e s .  We 
sugges t  t h a t  t h e  t h i r d  sen tence  of t h e  s e c t i o n  be 
reworded t o  read :  

"Submarine geo log ic  and geophysical  i n v e s t i g a t i o n s  
w i l l  be r e q u i r e d  f o r  c o a s t a l  p l a n t  s i t e s  where o f f -  
shore  f a u l t i n g  i s  suspec ted .  " 

Such o f f sho re  geo log i ca l  and geophysical  i n v e s t i g a -  
t i o n s  would determine subsu r f ace  s t r u c t u r a l  geology,  
f a u l t  t r e n d s  and, where p o s s i b l e ,  t h e  youngest  
format ions  which a r e  c u t  by f a u l t i n g .  

A t  t h e  end of t h e  paragraph ,  we sugges t  t h a t  t h e  
f i r s t  t h r e e  i tems l i s t e d  be r e v i s e d  t o  r ead :  

"a.  Areas where ear thquakes  have been recorded  o r  
a r e a s  w i t h  recorded macro-se i smic i ty .  

b .  Areas o f  recorded l a t e  Quaternary f a u l t i n g  and 
volcanism. 



c .  Areas where p o t e n t i a l l y  u n s t a b l e  s l o p e s  could 
e f f e c t  p l a n t  s a f e t y . "  

2 .  Dra f t  Rule No-. _@-005,  Sec t ion  7 ,  Geology and Seismo- 
logy (a)  Maps and ' cha r t s  

We sugges t  t h e  fo l lowing r e v i s i o n  t o  i tem 3 :  

"3. Geological  map o r  maps which show geo log ic  
s t r u c t u r e s  i n c l u d i n g  f a u l t s  and s i g n i f i c a n t  
s t r u c t u r a l  t r e n d s  ." 

We a l s o  sugges t  t h e  a d d i t i o n  of an i tem 6 ,  which.would 
r e q u i r e  maps showing h i s t o r i c a l l y  recorded  ear thquakes  
w i t h i n ,  s ay  50 t o  100 mi le s  of t h e  s i t e .  

(b) Physiographic 

We sugges t  t h a t  t h i s  s e c t i o n  should be reworded t o  
c l a r i f y  t h e  a u t h o r ' s  meaning. 

(h) Seismic 

We sugges t  t h a t  t h i s  s e c t i o n  c o n t a i n  requirements  f o r  
geophys ica l  i n v e s t i g a t i o n s  and l a b o r a t o r y  t e s t i n g  t o  
determine s i t e  dynamic response dur ing  t h e  maximum 
probable  ear thquake .  In  a d d i t i o n ,  d e s c r i p t i o n  of  
ear thquake  i n t e n s i t y  a t  t h e  s i t e  du r ing  h i s t o r i c a l  
ear thquakes  shoulc! be r e q u i r e d .  

We a l s o  sugges t  t h a t  t h e  l a s t  sen tence  of t h i s  s e c t i o n  
be modif ied t o  r e a d :  

"The p o s s i b l e  e f f e c t s  of  l i q u i f i c a t i o n  s h a l l  be 
cons idered ."  

3 .  Draf t  Rule No. 25-010, Sec t ion  7 ,  Geology and 
Seismology (Revised 8/24/72) 

We do no t  have any comments on t h i s  s e c t i o n .  

I f  you have any q u e s t i o n s  r ega rd ing  our  comments o r  
wish t o  d i s c u s s  t h e  gene ra l  s u b j e c t  f u r t h e r ,  p l e a s e  c o n t a c t  
M r .  P h i l  West of  ou r  Environmental Engineering o r g a n i z a t i o n ,  
who has  been i n t i m a t e l y  involved  w i t h  a l l  our  s e i s m i c  i n v e s t i g a -  
t i o n s ,  a t  (213) 572-1887. 

Yours ve ry  t r u l y ,  
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CONSULTANTS IN ENGINEERING GEOLOGY SLOPE STABILITY 

~ ~ ~ ~ S O C ~ T E S  ENVIRONMENTAL GEOLOGY . SOIL AND ROCK MECHANICS 

TO: F. V. BurklanJ 

SUBJECT: Oregon Zeo;.o,si.,ical. Su;c.vey, Cori~nent.ary on Appl icat ion 
f o r  a $ i c e  Certific3ts fo:: a Thermal Power P l . sn t  

Keferei:ci> -prel~mi.ns.xy :na.nusi..rip+ 2repzred by t h e  C ~ - o l ~ g S c a l .  Silrvcy 
of O r  cgon has be211 r :?uF~:+ied.. 'i'k.2 f ol:lowing comenLs a re  f o r  y o ~ ~ r  
i r t f o r n a t i o i ~  and considerat . i r jn.  

1. Locai:i.cn and  I )es r r ip t ion  

S ~ ~ g ~ e s t  s m . ~ i l  Icicat-i.cn :lisp shimirig p o s i  t l .on of ~i t:c ~it?.-..iil 

cocl-i.Ly cjr s t a t e  b o r d e r s  :;lj.tt.t mtieage s c a l e  t o  cc3r;ps.i-e w i t h  
nearby features ~f i n i y c r c s t .  

2 .  General  P lan t  D e s c r i p t i o n  

Perhaps s p e c i a l  emphzsi s c?l f o u n d a t i o n  l cads  , dep i-h atl es:-,aTr:;$ -- 
tion, heigh aad s l o p e s  oZ c u t ,  ; ? ~ - ~ p o s e d  methods of rock s t a b i -  
1-SzaCion (rock b o l t i ~ ~ g ,  g rou t i ng ,  cribbfng, e t c  .) sh*;,tild be 
i n d i c a t e d  here. l e r h a p s  a l r e a d y  c.=tvered ir, S e c t i ~ n  7 ( 2 )  

3 .  Ayusovals  . A a i ~ d  Consul taLions 

4 .  Sevzd fcr Power 

5. Populat ion 

6 .  Nearby F a c i l i t l c s  

333 FAIRCHILD DRIVE MOUNTAIN VIEW, CA. 94040 P.O. Box 820 (415) 969-3990 
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7.  Geology and Seismology 

Appears most complete. Possible  reference needed t o  cover 
slope creep o r  lands l ide  p o s s i b i l i t i e s .  

8. Meteorology 

No spec ia l  comment. 

9. Floods 

No spec ia l  comment. 

10. Land Use 

No spec ia l  comment. 

11. Water Use 

Possible  use of p ipe l ines  from adjacent a reas  t o  supply p ro jec t ,  
o r  p lan t  requirements may be indicated under c e r t a i n  circumstances. 

12 .  Heat Dissipation 

No spec ia l  comment. 

1 3 .  Chemical Discharge 

Possible  underground or  surface temporary s torage methods of 
undesirable chemicals or  concentrates may requi re  descr ip t ion  
of procedures and techniques. 

14. Sani tary Wastes 

No spec ia l  comment. 

15. Radioactive Discharges 

Again temporary or  permanent s torage may be indicated.  

16. Biological  Impact 

No spec ia l  comment. 

1 7 .  Noise Control 

No spec ia l  comment. 

18. Aesthet ics  

No spec ia l  comment. 

BURKLAND AND ASSOCIATES 



29 June 1972 

19. Plant Economics 

No special comment. 

20. Applicants' Financial Ability 

No special comment. 

21. Operational Ability 

No special comment. 

22. Application Form 

No special comment. 

General Remarks: 

The construction of the draft is excellent, and the wording clear. 
So far as the undersigned can discern, no essential or important 
factors have been omitted. 

J. J. Hayes 

BURKLAND AND ASSOCIATES 
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N E W  YOR6 
BOSTON 
C H I C A G O  
H O U S T O N  
L O 5  ANGELES 
SAN FRANCISCO 

M r .  Vernon C. Newton, Jr. 
Geologist  - Petroleun; Ehgineer 
Department of Geology and Mineral Indus t ry  
Adrrini s t r a t i v e  Office 
1069 S t a t e  Off ice Building 
Port land,  Oregon 97201 

D E S I G N  
C O N S T R U C T I O N  
REPORTS 
APPRAISALS 
E X A M I N A T I O N S  
C O N S U L T I N G  

E N G I N E E R I N G  

June 26, 1972 

Dear Yk-. Newton: 

This  i s  i n  answer t o  your l e t t e r  of June 1 2  asking t h a t  I corment on t h e  
geologic  s ec t ions  of t h e  proposed s i t i n g  c r i t e r i a  which you a r e  working on 
f o r  t h e  Oregon Nuclear and Themal Energy Council. The geologic c r i t e r i a  
seem appropr ia te  f o r  design of nuclear  p l an t s  s ince  t h e r e  i s  a  poss ib le  
pub l i c  s a f e t y  problen with such p l a n t s  i n  t h e  evect  of a  v a j o r  accident .  
However, f o s s i l  f u e l  p l a n t s  do not involve publ ic  s a f e t y  problems. 
Accordingly, I f e e l  t h e  geologic s tud ie s  and s tud ie s  of s e i smic i ty  required 
by t h e  c r i t e r i a  a r e  more s t r i ngen t  than could reasonably be j u s t i f i e d .  
I suggest t h a t  a  d i s t i n c t i o n  be ~ a d e  i n  t h e  c r i t e r i a  between t h e  two. 
For nuc lear  p l an t s ,  t h e  c r i t e r i a  e s s e n t i a l l y  a s  w r i t t e c  could be required;  
I have made a few suggestions below. For f o s s i l  f u e l  p l an t s ,  I would 
suggest you n:erely r equ i r e  a r epo r t  by corpetent  s o i l s  engineers  and 
geo log i s t s ,  e s t ab l i sh ing  t h e  general  s i t e  geology, foundation condit ions,  
and b a s i s  of foundation design i n  accordance with good engineering p rac t i ce .  

For nuc lear  p l an t s ,  t h e  c r i t e r i a  which you a r e  proposing conform very c lose ly  
t o  t h e  standard format presenta t ion  of t h e  PSKR and FSPB a s  pronulgated by 
t h e  UEC. This,  i n  my opinion, i s  a  sound approach. The BZC requirements 
a r e  q u i t e  broad and very thorough; pa t te rn ing  your requirements d i r e c t l y  
on t h e i r s  with e s s e n t i a l l y  t h e  same item sequence w i l l  g r e a t l y  f a c i l i t a t e  
t h e  work of t h e  archi tect-engineer  i n  t h a t  he w i l l  no t  have t o  wr i t e  two 
r e p o r t s  t o  present  t h e  sane data .  

I n  l i n e  with t h i s ,  I would suggest t h a t  you change t h e  t e r ~ L n o l o g y  f o r  t h e  
Design Basis  Earthquake t o  Safe Shutdown Earthquake again simply t o  corre- 
spond with U C  procedures i n  order  t h a t  t i t l e s  w i l l  not  have t o  be changed 
on drawings. 

A s  I have r e f l e c t e d  upon t h e  AEC requirements a s  they would apply i n  Oregon, 
it seems t o  me t h a t  c e r t a i n  geologic problems pecu l i a r  t o  Oregon might wel l  
be emphasized although they  a r e  covered i n  general  terms. Among these  a r e  
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t h e  loca t ion  of t h e  p lan t  r e l a t i v e  t o  a c t i v e  o r  r ecen t ly  a c t i v e  volcanoes; 
considerat ion being given t o  t h e  p o s s i b i l i t y  of renewed volcanic a c t i v i t y  
which could r e s u l t  i n  l ava  flows, mud flows, o r  ash o r  pumice f a l l s .  
There has been s u f f i c i e n t  l a t e  Pleis tocene a c t i v i t y  of t h e  Cascade volcanoes 
t o  ind ica te  t h a t  t h i s  matter  should be given consideration. Another item 
which should be ca re fu l ly  documented would be t h e  p o s s i b i l i t y  of lava  tubes  
underlying t h e  s i t e ,  p a r t i c u l a r l y  f o r  s i t e s  located on t h e  Columbia River 
basa l t s .  Consideration should a l s o  be given t o  metastable s o i l s .  This 
would include l o e s s  depos i t s  i n  Eastern Oregon, playa depos i t s ,  a l l u v i a l  
fans ,  rock g lac ie r s ,  and mud flows, s ince  any of these  can involve open, 
low dens i ty  s o i l  s t r u c t u r e s  which can col lapse  upon wetting o r  under load. 
A s imi la r  problem which rrdght be considered would be t h e  s i t u a t i o n  where 
open work gravels  a r e  over la in  by f i n e r  grained mater ia ls ,  such t h a t  
i n t e r n a l  erosion can occur with t h e  f i n e r  overlying ma te r i a l s  migrating 
downward i n t o  t h e  coarse open work gravels .  

S l ide  hazards a r e  covered i n  t h e  standard format but ,  again, you might f ind  
it des i r ab le  t o  emphasize this problem, e spec ia l ly  s l i d e s  i n  s t i f f  f i s su red  
o r  highly consolidated c lays  o r  i n  weathered rock mater ia ls ,  and t h e  e f f e c t s  
on s l i d e s  of el iminat ing f o r e s t  cover. There i s  some ind ica t ion  t h a t  heavy 
f o r e s t  cover r e s u l t s  i n  s u f f i c i e n t  water usage t h a t  such cover a c t s  a s  a 
d e f i n i t e  s t a b i l i z e r  i n  s l i d e  prone areas.  

I a m  enclosing a copy of an i n t e r o f f i c e  memorandum by M r .  Allred, Assistant  
Chief Power Engineer, discussing i n  general  t h e  proposed c r i t e r i a  s ince  
t h e s e  comments may be of i n t e r e s t  t o  you. 

My t e n t a t i v e  p lans  c a l l  f o r  me t o  be on t h e  West Coast i n  t h e  week beginning 
J u l y  17- and, i f  it i s  convenient, I would indeed l i k e  t o  spend a day with 
you discussing geologic and foundation problems f o r  nuclear  power s t a t ions .  
I n  t h e  meantime, I t r u s t  t hese  comments w i l l  be of some ass i s t ance  t o  you 
i n  your undertaking. 

Please give my regards t o  Andy Corcoran. 

Senior consult ing Engineer 

Enclosure 

WS: ER 



INTEROFFICE MEMORANDUM J.O. W.O. O R  NO. 
A 040.26 

SUBJECT COMMENTS ON INFORMATION TO BE DATE June 26, 1972 
INCLUDED I N  STATE OF OREGON 
APPLICATION FOR A THERESAL POWER FROM WBAllred : RR 
PLANT SITE CERTIFICATE 

To C C  General Files 
WFSwiger 

I have reviewed the document which outlines information t o  be 
furnished with an application for  a s i t e  ce r t i f i ca te  t o  the State 
of Oregon fo r  a thermal power plant. The document includes a 
substantial amount of information on reactor safety, environmental 
effects,  economic impact, and plant description which are currently 
required i n  the 10CFR50 for  SAR documents, required by EPA i n  an 
environmental impact statement, or required by the Corps of 
Engineers i n  indicating thermal discharges t o  in te rs ta te  waters. 
On face value it could be said that  a f t e r  preparation of these 
documents, the application and supporting information could be 
readily prepared for  the State of Oregon. 

However, the schedule for  the s i t e  ce r t i f i ca te  application i s  
such tha t  t h i s  information probably would be required in advance 
of the other documents. This suggests, therefore, that  project 
planning for  thermal power plants must be started even ea r l i e r  
than i s  currently required- t h i s  tendency would be one t o  res i s t .  
I would also comment that  the State of Oregon appears t o  be 
pre-empting some of the prerogatives of the AEC in  regard t o  plant 
safety as well as the prerogatives of EPA and the Corps of 
Engineers i n  the area of environmental effects.  

My comments are general with regard t o  the geology and seismicity 
of the s i t e .  I have not attempted t o  comment on t h i s  area since 
it  i s  currently being handled by you. 

W. B. Allred 
Assistant Chief Power Engineer 



COMMISSION 

ERNST CLOOS 
CHAIRMAN 

8.  JAMES CAMPBELL 

RICHARD W. COOPER 

G. VICTOR CUSHWA 

STATE OF MARYLAND 

JOHN C. GEYER 

M A R Y L A N D  G E O L O G I C A L  S U R V E Y  
LATROBE HALL. THE JOHNS HOPKINS UNIVERSITY 

BALTIMORE. MARYLAND 21210 

Mr. Vernon C. Newton, J r  . 
Geologist - Petroleum Engineer 
Department of Geology and Mineral Industries 
1069 Sta te  Office Building 
Portland, Oregon 97201 

DIRECTOR 

KENNETH N. WEAVER 

TELEPHONE: 258-0771 
258-1192 

Dear Mr. Newton: 

Regarding your l e t t e r  of May 2 we thus f a r  have not developed any 
formal geologic s i t i n g  c r i t e r i a  fo r  nuclear reactor plants i n  Maryland. 

Maryland's new power plant s i t ing  act with which you are familiar 
requires several levels  of environmental investigations before a power 
plant s i t e  is  approved by the State. Most of the  research ef for t  regard- 
ing general e f fec ts  of power plants as well a s  specif ic  s i t e  evaluations 
i s  being carried out through research contracts t o  Universities and p r i -  
vate consulting firms. A s  a member agency of the  Department of Natural 
Resources we have the  opportunity t o  review and recommend on geologic 
problems which may be important a t  specif ic  s i t e .  We may also become 
involved i n  some geologic investigations re la t ing  generally t c  power plant 
s i t i n g  . 

You may be famil iar  with the  AEC Safety and Information Guide. In 
the event you do not hawe a copy of the geologic requirements i n  this 
guide I have attached a copy of some. Sp,scific de ta i l s  about other as- 
pects of the Power Plant Si t ing  Program should be directed to: 

Mr. Lee Zeni, Director 
Power Plant Si t ing Program 
Sta te  Office Building 
Annapolis, Maryland 21401 

Sincerely yours, 

 ad& 
Kenneth N. Weaver 
Director 

KNW: crb 
CCE L. Zeni 

Enc . 
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THERMAL POWER PLANT SITE EVALUATION 
820 EAST FIFTH A VENUE, OL YMPIA, WASHINGTON 98507 PHONE a 

Srt, , > . . . ,+ ,- ",*, , " . 

GOVERNOR DANIEL J. EVANS 
Cha~rman: Oswald Greagei 

April 14, 1972 

Mr. Vernon C. Newton, Jr. 
Geologist - Petroleum Engineer 
Dept. of Geology & Mineral Industries 
1069 State Office Building 
Portland, Oregon 97201 

Dear Mr. Newton: 

As you requested by letter of April 4, 1972, we are enclosing a 
booklet containing WAC 463-12, the "Guidelines to Applicants," 
. - I - :  1- L - - - -  
w , ~ L ~ L l  lldvL bcsi; ~ d o p t e d  by the T h e ~ z l  Foxcr  ?:ant Site 3~&lu&tion 
Council. The only reference therein to geological information is 
in WAC 463-12-020(4). I question that these guidelines will be of 
particular assistance to you, however, if you have specific areas 
in which our recent experience in reviewing the Washington Public 
Power Supply system's application for certification of its proposed 
Hanford No. 2 plant might be helpful, we will be happy to attempt 
to share that experience. 

You should know that Dr. Kelly Woods of your Nuclear and Thermal 
Energy Council is very familiar with our law and its application. 

Do not hesitate to contact us again if you feel that we might be 
of help. 

Very truly yours,- 

Joseph F. L,ightfoot 
Executive Secretary 

JFL: els 

Enclosure 
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