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Cover photo 
Nestucca Spit, projecting south from Cape Kiwanda, 

demonstrates the erosion power of storm waves in this 
picture of March 1978. Two articles in this issue de
scribe the intensifying effect the EI Nino and La Nina 
phenomena exert on coastal hazards in Oregon. Photo 
by Oregon Department of Transportation. 

Chinese earthquake scientists 
visit to learn from Oregon 

A 12-member delegation of seismologists and engi
neers from eastern China met with staff of the Depart
ment of Geology and Mineral Industries (DOGAMI) in 
April. The visit was organized by the Oregon Office of 
Emergency Management (OEM) as a means to ex
change information on earthquake hazards and com
munication techniques 

Each of the delegates was a director of a local branch 
of the Chinese National Earthquake Bureau_ The func
tion of the bureau is to disseminate earthquake-related 
information and to assist local government on earth
quake issues. The visitors were especially interested in 
the methods used by DOGAMI to communicate infor
mation to various sectors of the public. 

Dr. Zhenming Wang, a geotechnical specialist with 
DOGAMI, helped organize the trip and provided trans
lation assistance. Dr. Wang previously worked for nine 
years at the Earthquake Bureau of Fujian Province before 
coming to the United states. Fujian Province is a sister 
state to Oregon and was one of the stops Governor John 
Kitzhaber made during his visit to China earlier this year. 

State Geologist Don Hull and director -of earthquake 
programs Yumei Wang explained Oregon's earthquake 
hazards and how Oregonians deal with them. They 
discussed ways of disseminating earthquake informa
tion and how state and local governments and the 
public are partners in earthquake hazard mitigation 
efforts. As in China, many Oregon areas are at risk from 
multiple hazards, where shaking is followed by such disas
ters as collapsed bUildings, landslides, and tsunamis. 

Although Chinese experts have predicted a few of 
the many large earthquakes that have occurred in China 
in this century, most earthquakes came without any warn
ing. The Chinese government has adopted a new policy, 
Earthquake Prevention and Disaster Reduction, that 
places emphasis on mitigation rather than prediction. 

The Chinese shared valuable lessons in preparedness, 
particularly from their public schools. On September 16, 
1995, the city of Zhangzhou was shaken by an earth
quake (M 7.3). The students in a middle school without 
earthquake education reacted in a panic, and several 
thousand suffered injuries. But students in a city primary 
school that had conducted earthquake education re
acted correctly, and no one was hurt. Because of other 
experiences like this around the world, Oregon law 
requires schools to hold at least two earthquake drills a 
year. Coastal schools must hold three drills a year and 
include tsunami evacuation drills. 

Delegates also visited OEM, Portland State University, 
the Portland area Metro office, the Emergency Manage
ment Center in Keizer, Marion County, and the Rural Fire 
Protection District of Cannon Beach, Clatsop County. 0 
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Impacts of the EI Nino Southern Oscillation 
on the Pacific Northwest 

by George H Taylor, State Climatologist, Oregon State University, Corvallis, Oregon 97331
1 

INTRODUCTION 
The EI Nino Southern Oscillation (ENSO) exerts a 

profound influence on global weather and climate 
patterns. A great deal of time and effort has been 
spent investigating the phenomenon, with good suc
cess. Increasingly, ENSO predictions and assessments 
are being used for decision-making, with benefits for 
the economy, public safety, and the environment. 
Oregon and the Pacific Northwest are strongly influ
enced by ENSO, and as ENSO information has im
proved and become more pu blicized it is being used 
more frequently in both the public and private sec
tors for everyday and long-term decisions. Below is a 
brief overview of ENSO effects in this region, fol
lowed by several examples of how such information 
is influencing decisions. 

HISTORY OF ENSO 

Residents of the west coast of south America have 
long been aware of occasional changes in weather 
patterns that dramatically change the landscape. North
ern Chile and southern Peru are among the driest areas 
in the world, while cold offshore currents and strong 
upwelling produce some of the richest fishfng grounds 
anywhere. Every few years, however, a warm, south
ward moving current flows along the coast that raises 
water temperatures significantly and abruptly ends up
welling. The warm current is accompanied by heavy 
rains that turn the desert into a lush garden and replace 
barren sand with green pastures. Such episodes were 
known as "anos de abundancia" (years of abundance) 
to the locals (Philander, 1990). Unfortunately, the ef
fects on the ocean conditions were just the opposite: 
the normal abundance of bird and marine life virtually 
disappeared, devastating a major portion of the local 
economy. These periods of warm offshore waters be
came known as "EI Nino" (Christ Child) because they 
generally appeared immediately after Christmas. Later, 
they were often known as "warm events" or "warm 
episodes. " 

Early in the 20th century, Sir Gilbert Walker began to 
study large-scale weather patterns in the tropics in 
hopes that they could explain the occasional disastrous 
failures of Indian monsoons. Walker became Director
General of Observatories in India in 1904; a few years 

, Oregon weather and climate are the subject of the internet home 
page of the Oregon Climate Service at http://www.ocs.orst.edu/ 
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earlier, a poor monsoon had led to a widespread famine 
in that country. Walker discovered that interannual 
pressure changes over the Indian Ocean and the east
ern tropical Pacific Ocean are out of phase: lower than 
average pressures over the Indian Ocean correspond 
with higher than average pressures over the east Pacific 
and vice versa. Walker named this phenomenon the 
"southern Oscillation." It became clear that monsoons 
are part of a global climate system, and Walker under
took an effort to better understand the components 
and variables in hopes of producing better predictions 
for monsoon timing and intensity. 

Between 1923 and 1937, Walker and his associates 
published many papers and reports and successfully 
found correlations between the I ndian monsoon and 
weather in various parts of Africa, Asia, North America, 
and the Atlantic and Pacific Oceans. Unfortunately, the 
attempts to produce a prediction scheme failed. This 
lack of a prediction scheme and of a good physical 
explanation for the cause-effect relationship, caused 
Walker's contemporaries to be very skeptical of his 
work. As a result, interest in the southern Oscillation 
faded during the mid-20th century (Philander, 1990). 

If Walker had had better sea-surface data, his find
ings might have been much more significant (and better 
accepted). Unfortunately, the available data were quite 
inadequate. It was not until the International Geophysi
cal Year of 1957-58 that thorough measurements were 
made during a period of Significant ocean and atmo
sphere anomalies. A strong "warm event" occurred 
that year, and warm surface waters were found to 
extend nearly to the Date Line. For the first time the 
true extent of EI Nino was revealed. Accompanying the 
large area of warm surface waters were weak trade 
winds and heavy rains throughout the eastern tropical 
Pacific. After many decades, Walker's theory had been 
observed and verified. 

Nonetheless, EI Nino events remained poorly under
stood and infrequently studied. In the 1960s and 1970s, 
Dr. William Quinn of Oregon State University, an 
oceanographer, became interested in the EI Nino phe
nomenon C'.nd began making trips to South America to 
study it. Quinn taught himself Spanish and Portuguese 
so he could pore over explorers' log books, fishing 
records, and other Peruvian and Chilean documents in 
search of anecdotal information about EI Nino occur
rences. His published results (Quinn and Neal, 1987) list 
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EI Nino events back to A.D. 1525. At the time of his 
death in 1994, Quinn was working on an EI Nino data 
set dating to A.D. 622. Quinn's conclusion was: The EI 
Nino phenomenon has been with us for millennia. 

In 1982-83, the strongest EI Nino event of the 
century formed in the Pacific and began affecting the 
Pacific Rim and most of the rest of the world. Severe 
weather and climate effects were widespread and disas
trous on almost every continent. Australia, Africa, and 
Indonesia suffered droughts, dust storms, and brush 
fires. Peru was hit with the heaviest rainfall in recorded 
history-11 ft in areas where 6 in. was the norm. Some 
rivers carried 1 ,000 times their normal flow. The United 
States, particularly California, was hit very hard. World
wide, the event was blamed for between 1,300 and 
2,000 deaths and more than $13 billion in damage to 
property. 

The EI Nino devastation of 1982-83 gave the world 
a wake-up call. Suddenly, the potential effects of a 
strong EI Nino event were recognized and understood. 
Scientists began measuring and studying the tropical 
Pacific in hopes of being able to identify and forecast 
the conditions and help citizens of the world to prepare 
for trouble. In the past 15 years, EI Nino has been 
thoroughly studied and discussed. Philander (1990) and 
Diaz and Markgraf (1992) provide excellent overviews 
of the ENSO phenomenon. 

This improved understanding paid off handsomely in 
1997. Quite suddenly in the early spring, an EI Nino 
event began to develop. It was immediately identified 
by scientists, who began to inform regulatory agencies 
and emergency response teams, as well as the media. 
Despite a great deal of hype (some have called this "the 
weather event of the century," which it certainly is 
not!), agencies have been able to prepare for this event 
like no other in history. When California and the Gulf 
Coast began to be pummeled by massive storms in early 
1998, just as scientists had predicted, the advance 
warning was appreciated. 

EL NINO AND LA NINA 

Typical EI Nino events begin with a decrease in 
easterly winds off South America, reducing upwelling 
and causing sea-surface temperatures to increase. This 
warms the atmosphere and lowers the pressure over the 
eastern Pa'Cific, causing the trade winds to be further 
reduced. Gradually this process continues until EI Nino 
develops. In strong EI Nino situations, anomalously 
warm waters cover nearly all of the eastern and 
central tropical Pacific. The area of strong convection 
(large rain clouds) usually shifts eastward as waters in 
those areas warm. 

EI Nino has a counterpart, which happens approxi
mately as often: it is known as "La Nina" or "cold 
event." During normal conditions, the sea-surface tem
peratures across the tropical Pacific increase steadily 
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from east to west. EI Nino conditions cause a reduction 
in this temperature gradient. La Nina events, on the 
other hand, see an increase in the east-west gradient, 
with western Pacific temperatures even warmer than 
average and eastern waters cooler. The result is an even 
stronger, more concentrated area of convection in the 
western Pacific with above-average precipitation and 
more tropical storms than usual. 

The sequence of events that is thought to cause EI 
Nino conditions (described above) may also apply to La 
Nina formation, except in reverse. In the latter case, 
increased easterly winds off South America would cause 
greater upwelling, cooler sea temperatures, higher air 
pressure, and hence still stronger winds. Bjerknes 
(1969) suggested "a never-ending succession of alter
nating trends by air-sea interaction in the equatorial 
belt." He added, "just how the turnabout between 
trends takes place is not yet quite clear." Bjerknes 
believed that investigations of ocean dynamics held the 
key to understanding these transitions. 

EFFECTS OF ENSO IN THE PACIFIC NORTHWEST 

The earliest systematic study of ENSO in the North
west was conducted by Redmond and Koch (1991). 
They concluded that there are "a few dominant modes 
which account for most of the temporal variation in the 
surface climate." They determined that the Southern 
Oscillation Index (501) can be used as a predictor for 
climate, especially during winter. SOl, originally used by 
Walker to define and detect the Southern Oscillation, is 
based on pressure differences between Tahiti and Dar
win, Australia. 501 values less than zero represent EI 
Nino conditions, near zero values are "normal" or 
average, and positive values represent La Nina condi
tions. According to Redmond and Koch, the greatest 
correlations between 501 and winter climate patterns in 
the Northwest occurred with about a 4-month time lag, 
with summer average 501 correlating well with condi
tions in the Northwest during the following winter The 
results were sufficiently strong that the authors sug
gested a cause-effect relationship. 

In recent years, the Oregon Climate Service (OCS) 
has studied various aspects of this SOl-climate relation
ship in the Northwest. We have also investigated use of 
other indices and correlations involving averages other 
than the summer 501. Some general results are listed 
below. 

Precipitation 

For the most part, EI Nino or warm events correlate 
with below-average precipitation the following winter in 
the Northwest. In southern Oregon, the correlation is 
fairly weak, but north of about Roseburg (and extend
ing into Bristish Columbia) the correlation is fairly 
strong. The winter of 1982-83 was a notable exception 
in that it was a very wet winter throughout the North-
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west, but the intensity and timing of that event was 
unprecedented, at least in the last 75 years. 

Figure 1 is a plot showing the summer average 501 
versus precipitation during the following winter at Bon
neville Dam on the Columbia River. EI Nino years 
(negative 501 values) are associated with average or 
lower than average winter precipitation, while La Nina 
conditions (positive SOls) are likely to produce wetter 
than average winters. The horizontal lines denote the 
average for each 501 category. 

Figure 2 shows the water-year (October-September) 
precipitation for the Oregon coast climate division com
pared with the previous summer's 501 (by categories), 
showing a similar relationship as Figure 1 . 

Temperature 

Winter temperatures correlate well with 501 values. 
In general, negative-SOl (EI Nino) conditions are associ
ated with mild winter temperatures, while positive-SOl 
(La Nina) conditions have a greater likelihood of colder 
than average winter temperatures. These correlations 
apply for both long-term (monthly and seasonal aver
ages) and short-term (individual days) periods. 

Figure 3 shows mean monthly February temperatures 
at Astoria, Oregon, compared with the aver- 70 

age 501 of the previous October-December 
period. EI Nino years (negative values) gen
erally result in mild conditions during late 
winter, while La Nina years are associated 
with colder temperatures. Figure 4 shows 
extreme low temperatures in Salem, Ore
gon, in February compared with the same 
October-December 501 average. Extreme 
cold events occur almost exclusively during 
La Nina years. 

Snowfall 
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Figure 1. Bonneville Dam winter precipitation vs. previ
ous summers SOL Data points show correlation of nega
tive SOl values (EI Nino, diamonds) with low precipitation 
and positive SOl values (La Nina, triangles) with high 
precipitation during the following winter months. Squares 
= average; horizontal lines = average of category. 

SIrongEl 
Nino 

A consistent correlation throughout Ore
gon exists between 501 and total snowfall. 
At either end of the 501 distribution (strong 
EI Nino or strong La Nina), total snowfall in 

Figure 2. Water-year precipitation, Oregon coast, vs. previous summer SOl. 

valley locations is relatively low; this is true both east and 
west of the Cascades. Although years with moderate 
(near-zero) 501 values may also have low snowfall 
totals, the years with greatest snowfall occur in con
junction with these moderate values. Figure 5 shows a 
plot of total winter snowfall compared with the 501 of 
the previous summer for Hood River, Oregon. 

EFFECTS OF ENSO NATIONWIDE 

ENsO conditions cause greatly differing impacts in 
the northern and southern halves of the United States. 
In the southern tier of states (from California on the 
west to Florida on the east), the wettest winters occur 
during EI Nino years, while La Nina years tend to 
produce dry winters. The northern states, on the other 
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Figure 3. Mean January-March temperature in Astoria, 
Oregon, vs. preceding October-December average SOl. 
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As the 1997 EI Nino began to 
unfold, emergency response person
nel were warned to take preventive 
action to mitigate the disasters that 
were expected to occur. In many 
cases, this was justified and was 
borne out by the very severe weather 
that affected California and other 
parts of the United States. On the 
other hand, many areas were not 
adversely affected, including Oregon. 

Figure 4. Extreme low temperature, Salem, Oregon, February, vs. preceding 
October-December average 501. 

Yet, this should not surprise us, for EI 
Nino winters are generally quite benign 
here, milder than normal, and with av

erage or below-average precipitation. 
Nonetheless, many stern warnings 100 
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80 EI Nino IIAveragell ... La Nina 

were given Oregonians this year. In 
August, 1997, a "Watch Out For EI 
Nino" article appeared in the Los An-
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geles Times. It warned of potentially 
serious weather during winter and 
suggested that readers prepare their 
homes and property for heavy rains, 
mudslides, and flooding." The abun
dant rains of January and February 
1998 are testimonies to accurate fore
casts of EI Nino effects. In Oregon, the 
same article, without modification, ran in 
the Salem Statesman-Journal with the 
headline "Prepare for a Wild Winter." 

2.5 What is true for California is some
times completely untrue for Oregon, 
as in this case. 

Figure 5. Total winter snowfall, Hood River, Oregon, vs. 501 values of What Oregonians should fear, how
ever, is La Nina. Severe flooding during previous summer. 

hand, experience their driest winters during EI Nino 
periods and the wettest during La Nina periods. Figure 
6 is a chart of precipitation extremes during EI Nino 
events for the months of December through February. 

In the case of temperatures, EI Nino events generally 
bring mild winters to the entire West Coast and the 
northern tier of states as far east as the Great Lakes. 
Figure 7 shows December-February temperature ex
tremes during EI Nino periods and indicates that only in 
the western Gulf Coast and western Great Plains are 
cold winters likely during EI Nino periods. For the past 
winter (1997-98), observed temperature patterns have 
closely paralleled those in Figure 7. Oregon and Wash
ington have been unusually mild all winter, as have the 
northern central states. In Minnesota, where the ice
fishing season generally begins in November, most lakes 
did not freeze until early January. 

S4 

the winters of 1995-96 and 1996-97 
was attributable largely to the combination of heavy 
snows and warm, intense tropical rain. The tropical 
moisture arrived in Oregon from the western tropical 
Pacific, where ocean temperatures were well above 
normal (La Nina conditions), causing greater evapora
tion, more extensive clouds, and a greater push of 
clouds across the Pacific toward the northeast. During 
such conditions Oregon is on the receiving end. Severe 
flooding, the worst in the state since 1964, killed several 
people and caused widespread property damage. Mud
slides and landslides were numerous. The Oregon coast 
was lashed with strong winds, violent surf, and heavy 
rains. Nearly every river in Oregon reached or exceeded 
flood stage, some setting all-time records. 

Looking back over similar damaging winters in the 
past, we see them coinciding frequently with La Nina 
events. There is now evidence that EI Nino and La Nina 
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events, which historically occur with about the same 
frequency, are bunched into periods of 20-25 years, 
some of those years dominated by EI Nino, others by La 
Nina. There is also evidence that a regime shift has 
occurred and that we have moved from an EI Nino 
period (1975-1994) to one with many more La Nina 
events. The latter regime would resemble that which 
occurred here from about 1948 through 1973, a 
period dominated by cool, wet weather, abundant 
snows, and floods. Based on what has been observed 
in such periods in the past, it is likely that about 75 
percent of the years will be wetter than normal in the 
next 20 years. 

This year's rather dull winter (mild temperatures, 
lower than average snow pack, and only average 
precipitation) may be merely a brief respite in what 
may be an exciting and perhaps very damaging 
period between now and 2020. Watch for La Nina, 
and be prepared! 
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Oregonians need more information 
about tsunamis to save lives 

Do you know how to save your life if a tsunami 
strikes the Oregon coast? Poll results recently released 
by the Oregon Department of Geology and Mineral 
Industries (DOGAMI) suggest Oregon coastal residents 
need more information to protect themselves from 
these giant waves. Tsunamis are waves that are gener
ally up to 25 ft high, but can be 50 ft high, and are 
generated by undersea earthquakes. 

Tsunamis can be generated by earthquakes off the 
Oregon coast, or they can be triggered by undersea 
earthquakes elsewhere in the Pacific Ocean. When 
asked, "If you feel an earthquake at the Oregon coast, 
how much time do you have to evacuate to a safe place 
before the first tsunami wave hits?", only 31 percent of 
coastal residents correctly answered 30 minutes or less. 
Almost half (49 percent) said they didn't know. 

Only 27 percent knew that after a distant earth
quake, they would have 1 to 8 hours before the first 
tsunami wave hit the Oregon coast. 

When asked, "After a tsunami has struck, when is it 
safe to return to low-lying areas?", nearly one-fourth 
(22 percent) of the respondents incorrectly said it was 
safe to return when the wave receded. "Tsunamis are a 
series of waves," explained Lou Clark, Earth Science 
Information Officer for DOGAMI. "If you go back to 
the areas that were flooded by the first wave, you 
might get trapped by a second, third, or later wave." 
About a third of respondents (31 percent) gave the 
correct answer: "Return only when given approval by 
appropriate authorities." 

On the positive side, 80 percent of coastal residents 
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understood that a tsunami is a huge amount of water, 
and two-thirds (69 percent) understood that an earth
quake along the Oregon coast could cause a tsunami. 
Only 3 percent incorrectly said an offshore earthquake 
would definitely not cause a tsunami. 

To better prepare school children, coastal schools are 
required to participate in three earthquake and tsunami 
drills a year. One-fourth of respondents (24 percent) 
knew schools were holding drop, cover, and hold drills. 
About the same number (27 percent) knew schools 
were conducting tsunami evacuation drills. 

Residents in 18 coastal cities (Astoria, Bandon, 
Brookings, Cannon Beach, Coos Bay, Florence, Gold 
Beach, Lincoln City, Newport, North Bend, Pacific City, 
Port Orford, Reedsport, Rockaway, Seaside, Tillamook, 
Waldport, and Yachats) were polled. The survey has a 
margin of error of plus or minus 5 percent. 0 

IN CASE OF EARTHQUAKE, GO 
TO HIGH GROUND OR INLAND 
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EI Nino and coastal erosion in the Pacific Northwest 
by Paul D. Komar, College of Oceanic and Atmospheric Sciences, Oregon State University, Corvallis, Oregon 97403 

INTRODUCTION 
EI Nino Southern Oscillation (ENSO) has a profound 

effect on the Earth's weather and cl'imate and on ocean 
processes including water temperatures, currents, mean 
sea level and wave generation. The paper by Taylor on 
the preceding pages of this issue focused on changes in 
weather and climate in the Pacific Northwest, while the 
present paper deals with the oceanic processes that are 
important in causing beach and property erosion. 

We became particularly aware of the importance of 
EI Nino to coastal erosion in the Northwest during the 
extreme 1982-83 event (Komar 1986, 1997; Komar 
and others, 1988; Komar and Good, 1989), and this 
awareness has been reinforced by the 1997-98 EI Nino 
event. We have seen much news coverage of the 
erosion EI Nino produced along the coast of California 
(with accounts of floods and landslides). Beach and prop
erty erosion also has been severe in the Pacific North
west, having occurred at numerous sites along the coast. 

The main objective of this paper is to examine the 
atmospheric and oceanic processes produced by EI Nino 
that are important in causing erosion. Most of the 
discussion of the processes will center on the 1982-83 
event, since data collected from that period have been 
thoroughly analyzed. While measurements of the pro
cesses during the ongoing 1997-98 event are still being 
collected, it is evident that the processes important to 
coastal erosion are very similar to those experienced in 
1982-83. The paper will end with a brief account of 
erosional "hot spots" experienced during the 1997-98 
EI Nino event along the Oregon coast, which serve to 
illustrate how these processes combine to produce 
beach erosion and property losses. 

PROCESSES OF COASTAL EROSION 

Most occurrences of coastal erosion involve one or 
more of the following processes or factors: 

• *storm-generated waves; 
• high predicted tides; 
• *elevated water levels above the predicted tidal 

elevation; 
• an increase in relative sea level due to glacial 

melting plus land-level change; 
• *erosion of embayments by rip currents; 
• *alongshore movement of beach sediment; 
• *jetty or breakwater disruption of beach sand 

movement; 
• *migrations of tidal inlets and river mouths. 
The processes and factors that are enhanced during 

an EI Nino event are designated by an asterisk (*). The 
greatly increased erosional impacts along the west coast 
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of the United States during an EI Nino event are 
accounted for by the increased intensities of these 
processes and by the fact that they generally reinforce 
one another to maximize their impacts. These important 
processes and factors are briefly recounted here. 

Enhanced sea levels 

Particularly unusual during an EI Nino occurrence are 
the processes that locally alter mean water levels in the 
ocean. They become readily apparent when we com
pare predicted tides, those found in tide tables, with the 
measured tides that are actually experienced. During 
both the 1982-83 and 1997-98 EI Nino years, tides 
were typically on the order of 1.5 ft higher than 
predicted. The elevated water levels tended to drown 
out the beaches and were extremely important at times 
of high tides, since the water was able to reach sea cliffs 
and foredunes, allowing waves to attack and erode 
coastal properties. 

Part of this elevated water level on the Northwest 
coast owes its inception to changes in processes acting 
along the Earth's equator during an EI Nino event. 
Historically, the first recognized impacts of EI Nino were 
dramatic changes in water temperatures and effects on 
fisheries off the coast of Peru. Upwelling normally 
brings deep ocean water to the surface, much as it does 
off Oregon and Washington. The cold water, high in 
nutrients, has made the Peruvian fisheries one of the 
richest in the world. However, during an EI Nino occur
rence this system breaks down: the water becomes 
warm and fish and sea birds die en masse. Such an 
event usually develops during the Christmas season
hence its name, EI Nino, Spanish for "The Child. H 

NORMAL 

ASia(-i I / 1 / trade winds ( 

r-~-;,~m:«~(*---\'~~~ 
/ 1 \ \ 

ELNINO 

ASiaf'" ,\1/1// , r, i~~ 

: 
.• , ______ .;: __ ~ "l~ __ ~~t~ __ \ .... A:.:. merica 
; / .JJ~ 

/ /1 I 1 \ ' 
sea-level 'wave" 

Figure 1. Schematic diagram of the shift in trade winds 
and ocean currents along the equator in the Pacific Ocean 
during a normal year (upper part) versus an EI Nino year 
(lower part). The cessation of the trade winds during EI 
Nino produces a sea-level "wave" that travels eastward 
along the equator. 
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It once was thought that the onset of EI Nino off 
Peru was caused by the cessation of local coastal winds 
that produce upwelling. This view changed when the 
physical oceanographer Klaus Wyrtki demonstrated that 
these local winds do not necessarily diminish during an 
EI Nino event (Wyrtki, 1975). Instead, he found that the 
breakdown of the equatorial trade winds in the central 
and western Pacific trigger EI Nino, far away from the 
Peruvian coastal waters where its chief impact is felt. 
The process is illustrated schematically in Figure 1, con
trasting a normal period with an EI Nino year. During 
normal years, the trade winds blow toward the equator, 
but with a component directed toward the west, and 
generate ocean currents that flow toward the west 
parallel to the equator. The stress of the wind on the 
water and the westward flow of currents combine to 
produce an elevated water level in the western Pacific, 
centered in the area where the equator intersects the 
coast of Asia. The same effect is obtained when you 
blow steadily across a cup of coffee: the surface of the 
coffee becomes highest on the side of the cup away 
from you. If you stop blowing, the coffee surges back 
and runs up your side of the cup. The process is similar 
in the ocean, when the trade winds stop blowing during 
an EI Nino year. This condition is depicted in the lower 
half of Figure 1. The potential energy of the sloping 
water surface is released, and it is this release that 
produces the eastward flow of warm water along the 
equator toward the coast of Peru, where it kills fish not 
adapted to warm temperatures. 

Associated with this warm-water movement east
ward along the equator is a wavelike bulge in sea level, 
also depicted in the lower diagram of Figure 1. The 
eastward progress of the sea-level wave has been 
monitored at tide gauges located on islands near the 
equator. Data from a tide gauge can be averaged to 
remove the tidal fluctuations, yielding a measure of the 
mean level of the sea during that time interval. Such 
analyses were undertaken by Wyrtki to demonstrate the 
eastward movement of sea-level waves during EI Nino 
events (Wyrtki, 1977, 1984). Figure 2 shows the results 
for the 1982-83 EI Nino. From this series one can easily 
see the passage of the released sea-level wave as it 
traveled eastward across the Pacific, affecting in turn 
tide gauges on a series of equatorial islands. Sea level at 
Rabaul in the western Pacific reached a peak in March 
or April 1982 and then began to drop. The crest passed 
Fanning Island south of Hawaii in late August, Santa 
Cruz in the Galapagos at the end of the year, and 
reached Callao on the coast of Peru in January 1983. 

Upon its arrival on the coast of South America, the 
sea-level wave splits, and the separated parts respec
tively move north and south along the coast. Analyses 
of tide-gauge records along the full length of the west 
coasts of North and South America have demonstrated 
that the sea-level waves can travel as far north as 
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Figure 2. Sea-level waves measured on tide gauges of 
islands located along the length of the equator during the 
1982-83 EI Nino event (after Wyrtki, 1984). 

Alaska (Enfield and Allen, 
1980). The wave travels at 
a rate of about 50 mi per 
day, so it quickly reaches 
California and Oregon. The 
passage of the sea-level 
wave along the Oregon 
coast is depicted in Figure 3, 
which also shows the loca
tions of tide gauges used to 
monitor its movement. Fig
ure 4 gives the monthly 
mean sea levels measured 
by the tide gauge in Yaquina 
Bay, Oregon, during the 
1982-83 EI Nino year, con
trasting the levels with more 
normal years (Huyer and 
others, 1983). As in the 
analyses of Wyrtki, the tide
gauge record was averaged 

• tide gauges 
CA 

Figure 3. Schematic de
piction of the sea-level 
wave moving northward 
along the Oregon coast as 
measured by the series of 
tide gauges also indicated. 
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age winter level. Similar analyses are underway 
for the 1997-98 EI Nino. During January and 
February 1998, the measured sea levels were 
again 14-16 in. above the average winter level, 
indicating that water levels during this EI Nino 
event reached higher elevations than during 
the 1982-83 event. OJ 

i; 
10 ;;: The water-level increase during an EI Nino 

~ year along the Northwest coast is seen to be 
substantial, making the measured tides signifi
cantly higher than predicted (both high and low 
tides are elevated). For example, in the 1982-
83 EI Nino year, during a January 1983 storm, 
the highest spring tides of the month reached 

Figure 4. Monthly averaged sea levels measured on the tide gauge 
in Yaquina Bay, with the 1982-83 EI Nino extreme levels (heavy solid 
line) compared with previous years. The thin solid line in the figure 
follows the ten-year averages for the seasonal variations, and the 
dashed lines give the previous maxima and minima measured at 
Newport (after Huyer and others, 1983). 

+12.4 ft MLLW (Mean Lower Low Water, the 
standard reference), 34 in. higher than the 
predicted tide (elevated by both the EI Nino 
processes and the strong onshore winds of the 
storm). During a February storm, high tides of 
+10.3 ft were measured, 17 in. above the 
predicted level. All of these tides were excep
tional for the Oregon coast, where a spring tide 

to remove the tides, leaving the net difference between 
the predicted and measured tides for the month. During 
the 1982-83 EI Nino year, sea level reached a maximum 
during February 1983, nearly 24 in. higher than the 
mean water surface in May 1982, nine months earlier. 

The increased elevations in mean sea level along the 
Northwest coast during EI Nino are only in part due to a 
sea-level wave originating at the equator. Other factors 
include changes in water temperatures along the coast 
and the development of a northward-flowing current. 
The curves in Figure 4 in part reflect the normal sea
sonal cycle of sea level that is produced by parallel 
variations in water temperatures-colder during the 
summer than during the winter, due to the occurrence 
of upwelling in the summer. The thermal expansion of 
the warm water of the winter raises the water level 
along the coast, while the cold, dense water of the 
summer depresses the level. There is also a reversal in 
current directions from winter to summer. During the 
winter, the current flows toward the north, and the 
rotation of the Earth (the Coriolis effect) deflects the 
current toward the right, that is, toward the coast, 
elevating the level of the sea along the shoreline. These 
processes tend to occur every year, causing sea levels 
along the Northwest coast to be higher during the 
winter than the summer. But in an EI Nino year, these 
processes are more intense: the water during the winter 
is warmer than usual and the northward current 
stronger. So these factors add to the sea-level wave 
moving northward from the equator to produce the 
observed extreme water levels during an EI Nino winter. 

It is seen in Figure 4 that the 1982-83 sea levels were 
truly exceptional, reaching some 8-16 in. higher than 
previous winter maxima, about 14 in. above the aver-
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level of +9.0 ft MLLW is fairly representative (Komar, 
1997). This elevated water level is extremely important 
in producing coastal erosion during an EI Nino event. 
Beaches along the Oregon coast typically have a slope 
of about 1 -in-50, so an increase in water level of 17-34 
in., as experienced during the 1982-83 EI Nino winter, 
shifts the shoreline landward by about 70-140 ft, 
drowning out most beaches at high tide. This moves the 
shoreline to the base of the sea cliffs or foredunes, and 
permits the direct attack of waves against coastal prop
erties, in large part accounting for the extreme erosion 
during EI Nino winters. 

EI Nino storm waves 

Coastal property erosion usually occurs when storm 
waves combine with elevated water levels, and this is 
especially true during an EI Nino event, when these 
processes are intensified and act to reinforce one an
other. During EI Nino, the high-altitude jet stream in the 
atmosphere becomes narrow and strong and spins off 
cyclonic storms over the Pacific that are more intense 
than usual. The jet stream is also shifted further south 
than normal, so the storms cross the North American 
coast in southern California rather than in the North
west. These storm system are important to the genera
tion of high-energy waves, and in an EI Nino year, with 
the shift of storms to the south, communities such as 
Malibu Beach in southern California have a taste of 
wave energies to which they are not accustomed. 

Wave conditions along the Northwest coast are also 
intensified during an EI Nino year (Komar, 1986). Daily 
measurements obtained during the 1982-83 event 
demonstrated the occurrence of several storms that 
generated high-energy waves, three having produced 
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deep-water significant wave heights on the order of 
20-25 ft ("significant wave height" is the average of 
the highest one-third of the waves). The strongest 
storms occurred during January and February 1983, 
simultaneous with the occurrence of the highest water 
levels (Figure 4). Given this combination, it is under
standable that extensive erosion took place during the 
EI Nino winter of 1982-83. 

An intensification of wave conditions along the 
Northwest coast also occurred during the 1997-98 EI 
Nino. The first major storm of the winter arrived on 
November 14, 1997, when deep-water significant wave 
heights reached 16ft. The first su bstantial property 
erosion of the EI Nino winter occurred during a storm on 
December 13-14. Although the wave conditions were 
comparable to those on November 14, the tides were 
higher, and the beaches had been cut back during the 
preceding month, allowing the waves to attack sea cliffs 
and dunes. Storm wave activity increased significantly in 
January and continued through February. During those 
two months, 12 storms generated waves having deep
water significant wave heights in excess of 20 ft. Far 
and away the largest storm occurred on January 17, 
when the deep-water significant wave height reached 
30 ft-the waves often growing to some 35 to 40 ft in 
height as they traveled to the nearshore and broke on 
Northwest beaches. 

While we observed an overall intensification of wave 

Longshore movement of beach sand 
An important aspect of coastal erosion in the North

west caused by EI Nino storms and the waves they 
generate is the southerly shift of the storm systems. The 
result of this shift is that the storm waves approach the 
Northwest coast more frequently from the far south
west quadrant, compared with normal years. This re
sults in the northward movement of sand along North
west beaches, which exerts a strong control on the 
alongshore centers of "hot spot" erosion. 

Important to this control is the fact that the Oregon 
coast is divided naturally into a series of littoral cells, 
stretches of beach isolated by large rocky headlands 
(Komar, 1997). The stretches of beach may range from 
only a couple of miles to as long as 50 mi (in the case of 
the Coos Bay littoral cell that extends from Cape Arago 
in the south to Cape Perpetua in the north). There is 
little or no exchange of beach sand around the bound
ing headlands (shown by differences in beach sand 
grain sizes and mineralogies), so the stretch of beach 
within a littoral cell is largely isolated and self contained. 

A schematic diagram of a littoral cell is depicted in 
Figure 5, contrasting the wave directions and along
shore sand movements during normal years (left) with 
EI Nino years (right). In a normal year the summer 
waves dominantly approach the coast from the north
west, causing sand to move southward along the 
beaches, while the winter waves arrive from the south-

energies along the Northwest coast dur
ing both the 1982-83 and 1997-98 EI 
Nino years, compared with normal years, 

Normal Year EI Nino Year 

this intensification is significant more in 
the frequency of storm-wave occurrences 
than in the absolute extreme sizes of the 
generated waves. The 30-ft waves of 
January 17, 1998, have an expected re
turn interval of about 10-20 years and so 
are exceptional, while the 20- to 25-ft 
storm waves have return periods of 
roughly one year, which means that we 
experience waves with those heights es
sentially every winter. The decisive differ
ence is that we saw more storm wave 
occurrences having 20- to 25-ft heights 
during the EI Nino winters than during 
normal years. Higher waves can occur 
along the Northwest coast even during 
normal years, in part because the paths of 
storms cut directly across our shores. 
While extreme waves are generated by EI 
Nino storms (Seymour and others, 1985), 
their impacts are felt more directly in 
southern California than on the North-
west coast. 
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Figure 5. Schematic depiction of alongshore movement of beach sand 
within a littoral cell on the Oregon coast due to the seasonal shift in 
directions of waves approaching the coast. During normal years, there is an 
approximate balance of north and south sand movements, but in an EI Nino 
year the strong storm waves from the southwest move large amounts of 
sand to the north, causing "hot spot" erosion as shown. 
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Slope stability at aggregate mines in Oregon: 
Regulatory requirements and selected case histories 
by E. Frank Schnitzer, Reciamationist, Oregon Department of Geology and Mineral Industries 

This paper is a contribution to Environmental, Groundwater, and Engineering Geology: Applications from Oregon, edited by 
Scott Burns, Portland State University, and published 1998 in coordination with the Association of Engineering Geologists (AEG) 
as AEG Special Publication 11 by Star Publishing Company, Belmont, California (available from the Nature of the Northwest 
Information Center). We are printing it here by permission, with minor editorial changes, and apologize for the low quality of 
the figures for which the originals were unavailable due to circumstances beyond our control. -ed 

I. (ODFW). However, ODFW provides expertise and par-
The Oregon Department of Geology and Mineral ticipates in the permit decisions at the time the siting 

Industries (DOGAMI) administers the Mined Land decision is made by the county or city and also when 
Reclamation Act passed in 1971 by the Oregon Legisla- the individual state agency approvals are issued. 
ture (ORS 517.750-517.992). In the policy statement The DOGAMI-issued operating permit requires ap-
enacted by the legislature, mineral extraction was rec- proval of a reclamation plan submitted by the mine 
ognized as making an essential contribution to the operator. Reclamation plans determined to be complete 
economic well-being of the state. Policy directs can be further modified or restricted by conditions of 
DOGAMI to allow mining and to protect natural re- approval attached to the operating permit issued by 
sources during and after mining through reclamation of DOGAMI. Reclamation plan requirements also include 
undesirable conditions. DOGAMI's authority exists for mine development issues such as soil salvage and stor-
all types of surface and underground mining on lands age, storage of mine waste, mine sequence, mine 
under private, state, and federal ownership. The follow- dewatering, maximum depth, backfilling and slope re-
ing discussion pertains exclusively to aggregate mines construction, and interim and final slope angles. 
and includes all commodities except coal and precious After mineral extraction is completed (or concur-
metals. Federal law requirements for waterways and rently with mining if practicable), reclamation of the 
other federally protected lands such as the Columbia disturbed areas is reqUired and must be compatible with 
River Gorge Scenic Area are not discussed. local zoning. In most cases, the site is reclaimed to 

The Reclamation Act is implemented through the upland or aquatic habitats. Minimum reclamation re-
issuing of an operating permit that requires an approved quirements include stable revegetated uplands and gen-
mining and reclamation plan plus financial security tly sloping pond banks. 
based on the actual cost of reclamation. An application 
for a mine requires an on-site inspection by a reclama
tionist who is to evaluate the environmental conditions 
at the site and the adequacy of the proposal. A draft 
permit is then prepared and is circulated with the 
application to appropriate local, state, and federal agen
cies. Comments from these agencies are reviewed, and 
revisions are incorporated into the final permit as at
tached conditions. 

Certain activities require state and local agencies to 
issue separate permit approvals. All necessary approvals 
are listed in Table 1 below. Permits or approvals are not 
required by the Oregon Department of Fish and Wildlife 

II. 

Unloading and loading slopes are two common min
ing activities that often lead to instability problems. 
Regulation of these activities is handled on a case-by
case basis during the permit approval process. For an 
application for an operating permit, ORS 517.790 (1) 
allows DOGAMI to customize information reqUirements 
on an application for an operating permit by requiring 
that the applicant submit specific information consid
ered pertinent by the department. 

The DOGAMI permits are not static approvals. If 
field inspections indicate that a potential or existing 

Table 1 . Agency permits for aggregate mines in Oregon 

Permit type 

Water rights 

Air quality 

Water quality-process wastewaterlstorm water 

Fill/removal---in wetlands or streams 

Mine zone designation or conditional use 

Scenic waterway 

Operating 

OREGON GEOLOGY, VOLUME 60, NUMBER 3, MAY/JUNE 1998 

Regulatory agency 

Water Resources Department 

Department of Environmental Quality 

Department of Environmental Quality 

Division of State Lands 

County or local zoning authority 

State Parks and Recreation Department 

DOGAMI 
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slope stability problem is present, the permit can be 
modified by attached new requirements. These new 
requirements can be attached to preexisting permit 
approvals for protection of natural resources and recla
mation during the life of the mine. This is frequently the 
case with many of the more than 800 commercial 
aggregate mines in the state. 

Regulations provide general requirements on the 
angle of slopes left after mining (ratio of 1 Y2 horizontal 
[H] to 1 vertical [V] = 1 Y2H:1 V on cut slopes and ratio 
of 2H:1 Von fill slopes). DOGAMI has authority to allow 
steeper or require flatter final slopes. If a natural re
source protection or reclamation concern exists, 
DOGAMI may attach conditions to the permit to regu
late slopes, both those cut during mining and final 
slopes. 

For new sites or boundary expansions of existing 
sites, the requirements for a slope stability evaluation or 
engineered design and construction for a mine cut or 
disposal area are determined through permit application 
review or field inspection. The statutes allow DOGAMI 
to make site-specific requests for additional data collec
tion based on site characteristics. During both field and 
office reviews, DOGAMI receives assistance from spe
cialists in other agencies. 

In addition to reclamation plan forms, regulations, 
and statutes, guidelines were developed in 1995 to 
assist applicants and staff reclamationists. The gUide
lines list the types of additional baseline data that may 
be needed prior to permitting. They were written with 
the recognition that some sites inherently present a 
greater risk to natural resources than others and require 
more data collection and analysis prior to permit ap
proval to provide sufficient certainty in natural resource 
protection. The gUidelines were developed with review 
and input by state agencies, aggregrate operators, and 
consulting firms. 

With respect to slope stability, these guidelines re
quest a written plan to explain how the resource will be 
protected in situations where downslope risk to waters 
of the state is high or the probability of slope failure is 
high. The necessary information may range from a 
report describing preexisting conditions (springs, 
slumps, hummocky terrain, and ancient landslide fea
tures) to a geotechnical investigation and design. 

The DOGAMI guidelines include parameters to eval
uate the downslope risk to waters of the state. Table 2 
shows the parameters determining high risk for slopes. 

Complete information is often unavailable during the 
development stages of a quarry. As a site is mined, site 
conditions may change, or additional information may 
become available. The performance-based standards in 
the DOGAMI regulations allow a more flexible response 
to changing conditions than rigid construction-based 
standards for each activity or mine. This flexible regula
tory approach relies on a field inspection program and 
operator cooperation to recognize and correct situations 
before they become problems. 

III. 

The following text discusses three case histories of 
aggregate mines that illustrate the application of Ore
gon's reclamation program. 

Mosier Quarry 

This is a basalt quarry site where mining began in the 
1950s to help build the Columbia River Highway. It is 
located 75 mi east of Portland in Wasco County. Own
ership at the site includes both public and private 
property. The quarry properties cover lands located in 
the City of Mosier urban growth boundary and within 
the Columbia River Gorge National Scenic Area and 
encompass several hundred acres (Figure 1). 

The quarried areas are situated in the Pomona Mem
ber of the Columbia River Basalt Group and consist of 
talus deposits in ancient landslide terrain. 

Intermittent mining by the Oregon Department of 
Transportation (ODOT) over the last several decades on 
the pu blic property has caused slope movement. The 
effect of the slope movement is the formation of a head 
scarp in the talus and exposure of unweathered angular 
basalt blocks. This is considered a visual impact that 
should be avoided, because the scarp can be seen from 
key viewing areas within the boundaries of the National 
Scenic Area. 

A large basalt block, 190 ft thick, has separated from 
the ground above. The block is sliding on a thin interbed 
of volcanic tuff. Mining occurs on the talus material 
below the block. 

No potential impacts to other natural resources exist 
as a result of the current slope movement or the risk of 
continued slope movement. An intermittent stream is 
on ODOT property, and the Columbia River is nearby, 
but the amount of erodable fines present and the 
potential for erosion are both minimal. 

In 1993, the owner of the private quarry section 

Table 2. Guideline parameters for high downslope risk to waters of the state 
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Slopes 

>60% 

>30% 

15%-30% 

Fills of waste rock, overburden, or soils 

>2 ft 

>25 ft 

>25 ft 
or any storage within 300 ft of a stream 

Depth of cuts in rock steeper than 1'hH:1V 

>20 ft 

>100 ft 

Depth of cuts in soil 

>20 ft 
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Figure 2. Section profile of slope movement at the Cochran Quarry. Figure drawn Qy Dave Michael, Oregon Department 
of Forestry. 

the site and maintained equipment and materials for 
storm water and erosion control work. Slide movement 
affected the crusher pad, a reject storage area west of 
the crusher, the storm water retention ponds and 
ditches, the load-out facilities along the rail spur, and 
the main railroad line. 

The slide halted year-round production at the site. 
Since 1994, this approximately 20-acre site is used only 
for short-term, small-scale crushing projects during the 
summer. During the summer of 1996, the original storm 
water retention ponds were removed, and the land was 
reclaimed. Year-round production is not possible until 
newly located storm water retention ponds are de
signed and built. 

The storm water retention ponds had been located 
immediately upslope from the railroad main line. 
Cochran Pond and Pennoyer Creek are located on the 
opposite side of the railroad line. Periodic episodes of 
sedimentation have reached Pennoyer Creek. However, 
measurable amounts of sediment were not found in the 
creek channel downstream from the operation. Since 
fish cannot migrate up Pennoyer Creek because they 
are stopped by a waterfall, impacts to the sea-run 
cutthroat were likely minimal. 

68 

American Sand and Gravel 
Sand and gravel extraction and processing began at 

this site in the early 1970s. The 92-acre property is 
located near Barton in Clackamas County. The gravel 
source is an elevated terrace above the Clackamas River 
valley. Water draining from the site enters an unnamed 
tributary to Deep Creek, which then enters the Clacka
mas River 3-4 mi below the site. The Clackamas River is 
a protected scenic waterway at this location. 

The mine is situated in the Troutdale Formation, a 
series of interbedded layers of gravel, sand, and silt. At 
this location, it has a gravelly seam about 100 ft thick. 
The gravels have an overburden layer of silts and clays 
that ranges up to 40 ft in thickness. Below the Troutdale 
Formation lies the Sandy River Mudstone. This lower 
formation is a fine-grained rock that tends to be an 
impermeable barrier to groundwater. At the contact 
between the two formations along the Clackamas River 
valley wall, seeps and springs are found. 

These :;eeps and springs are located on the terrace 
escarpments, and wetlands occur on the flatter slopes 
below. The steep terrace escarpments are characterized 
by debris-flow and debris-avalanche landslide areas and 
talus slopes. Because of these features, the 1979 
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DOGAMI PUBLICATIONS 

Released May 1, 1998 

Geologic map of the Tucker Flat quadrangle, Union 
and Baker Counties, Oregon, by Ian P. Madin. Geolog
ical Map Series GMS-11 0, scale 1 :24,000, $6. 

Index to geologic maps of Oregon by U.S. Geological 
Survey topographic quadrangle name, 1883-1997, by 
Peter L. Stark, rev. by Ronald P. Geitgey and Klaus K.E. 
Neuendorf. Open-File Report 0-97-33, 65 pages, $6. 

Mined Land Reclamation Program status map, 
Douglas County, Oregon. Oregon Department of Ge
ology and Mineral Industries MLR Status Map 10, scale 
1 :250,000, $10. 

Mined Land Reclamation Program status map, 
Marion County, Oregon. Oregon Department of Geol
ogy and Mineral Industries MLR Status Map 24, scale 
1 :250,000, $10. 

The two MLR status maps are the first of a set 
planned for all counties of the state, with annual up
dates. They show all mining sites contained in the 
database record of the Mined Land Reclamation Pro
gram, differentiating between open and closed sites, 
various types of reclamation requirements, and non
metal and metal mining sites. The overall status of the 
program is indicated by acres of land reclaimed and 
acres subject to reclamation. Completion of the map set 
is planned in increments of two maps per month. 0 

(Continued from page 64) 
Komar, P.D., and Good, J.W., 1989, Long-term erosion 

impacts of the 1982-83 EI Nino on the Oregon 
coast: Coastal Zone '89, American Society of Civil 
Engineers, p. 3785-3794. 

Komar, P.D., Good, J.w., and Shih, S.-M., 1988, Erosion 
of Netarts Spit, Oregon: Continued impacts of the 
1982-83 EI Nino: Shore & Beach, v. 57, p. 11-19. 

Seymour, R.J., Strange, R.R., Cayan, D.R., and Nathan, 
R.A., 1985, Influence of EI Nino on California's wave 
climate: American Society of Civil Engineers 19th 
Coastal Engineering Conference, Proceedings, p. 
577-592. 

Wyrtki, K., 1975, Fluctuations of the dynamic topogra
phy in the Pacific Ocean: Journal of Physical 
Oceanography, v. 5, p. 450-459. 

---1977, Sea level during the 1972 EI Nino: Journal 
of Physical Oceanography, v. 7, p. 779-787. 

--- 1984, The slope of sea level along the equator 
during the 1982/1983 EI Nino: Journal of Geophysi
cal Research, v. 89, p. 10,419-10,424. 0 

Editor's note 
The author, Paul D. Komar, has just published a new 

book in which he describes and discusses comprehen
sively the processes and forces that shape and change 
the coastline of the Pacific Northwest. 

This book, The Pacific Northwest coast: Living 
with the shores of Oregon and Washington, is now 
available from the Nature of the Northwest Information 
Center for $18.50 (plus $3 for shipping). 
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GMS-33 Scotts Mills 7W quad., Clackamas and Marion Counties. 

1984. _______ -..,. _______ 5.00_ 
GMS-32 Wilhoit 7W quad., Clackamas and Marion Counties. 

1984. ___ --:_,---____ --:-____ 5.00_ 
GMS-31 NWV. Bates 15' quad., Grant County. 1984 6.00_ 
GMS-30 SEV. Pearsoll Peak 15' quad., Curry and Josephine 

Counties. 1984 7.00_ 
GMS-29 NEV. Bates 15' quad., Baker/Grant Counties. 1983 __ 6.00_ 
GMS-28 Greenhorn 7W quad., Baker/Grant Counties. 1983 __ 6.00_ 
GMS-27 The Dalles 10 x 20 quadrangle. 1982 7.00_ 
GMS-26 Residual gravity, north/ctr./south Cascades. 1982 ___ 6.00_ 
GMS-25 Granite 7W quad., Grant County. 1982 6.00_ 
GMS-24 Grand Ronde 7W quad., Polk/Yamhill Counties. 1982_6.00_ 
GMS-23 Sheridan 7W quad., Polk and Yamhill Counties. 1982 __ 6.00_ 
GMS-22 Mount Ireland 7W quad., Baker and Grant Counties. 

1982 ___ -:---:::--____ -:-____ 6.00_ 
GMS-21 Vale East 7W quad., Malheur County. 1982 6.00_ 
GMS-20 SV2 Burns 15' quad., Harney County. 1982 6.00_ 
GMS-19 Bourne 7W quad., Baker County. 1982 6.00_ 
GMS-18 Rickreall, Salem West, Monmouth, Sidney 7W quads., 

Marion and Polk Counties 1981 6.00 
GMS-17 Aeromagnetic anomaly map, south Cascades. 1981 __ 4.00= 
GMS-16 Gravity anomaly maps, south Cascades. 1981 4.00_ 
GMS-15 Gravity anomaly maps, north Cascades. 1981 4.00_ 
GMS-14 Index to published geol. mapping, 1898-1979. 1981 __ 8.00_ 
GMS-13 Huntington/Olds Ferry 15' quads., Baker and Malheur 

Counties. 1979 4.00_ 
GMS-12 Oregon part, Mineral 15' quad., Baker County. 1978 __ 4.00_ 
GMS-10 Low- to intermediate-temperature thermal springs 

and wells. 1978 4.00 
GMS-9 
GMS-8 
GMS-6 
GMS-5 

Aeromagnetic anomaly map, central Cascades. 1978 __ 4.00= 
Bouguer gravity anomaly map, central Cascades. 1978_4.00_ 
Part of Snake River canyon. 1974 8.00_ 
Powers 15' quad rangle, Coos and Curry Counties. 

1971 ________________ 4.00_ 

INTERPRETIVE MAP SERIES 

IMS-2 Tsunami hazard map, Yaquina Bay area. 1997 _____ 6.00 
IMS-1 Relative EO hazards, Portland metro area. 1997 12.00= 

MINED LAND RECLAMATION PROGRAM STATUS MAPS 

10 Douglas County. 1998, _____________ 10.00 
24 Marion County. 1998 10.00= 

U.S. GEOLOGICAL SURVEY MAPS PLOITED ON DEMAND 

OFR 97-513 Volcano hazards at Newberry volcano 10.00_ 
OFR 97-089 Volcano hazards in the Mount Hood region ___ 10.oo_ 
OFR 94-021 Geologic map, Tillamook highlands (2 sheetsl __ 20.00_ 

Allow two weeks for delivery on all maps plotted on demand. 
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AVAILABLE DEPARTMENT PUBLICATIONS (continued) 

SPECIAL PAPERS Price 0 MISCELLANEOUS PUBLICATIONS Price 
28 Earthquakes Symposium Proceedings, AEG Meeting. 1997_12.00_ 
27 Construction aggregate markets and forecast. 1995 15.00_ 
26 Cross section, N. Coast Range to continental slope. 1992 __ 11.00_ 
25 Pumice in Oregon. 1992 9.00_ 
24 Index to Forums on Industrial Minerals, 1965-1989.199o __ 7.00_ 
23 Forum on Industrial Minerals, 1989, Proceedings. 1990 __ 10.00_ 
22 Silica in Oregon. 1990 8.00_ 
21 Geology, NWV. Broken Top 15' quad., Deschutes Co. 1987_6.00_ 
20 Bentonite in Oregon. 1989 7.00_ 
19 Limestone deposits in Oregon. 1989 9.00_ 
18 Investigations of talc in Oregon. 1988 8.00_ 
17 Bibliography of Oregon paleontology, 1792-1983. 1984 ___ 7.00_ 
16 Index to Ore Bin and Oregon Geology(1939-82).1983 ___ 5.00_ 
15 Geology/ geothermal resources, central Cascades. 1983 __ 13.00_ 
14 Geology/geothermal resources, Mount Hood area. 1982 __ 8.00_ 
13 Faults and lineaments of southern Cascades, Oregon. 1981_5.00_ 
12 Geologic linears, N. part of Cascade Range, Oregon. 1980 __ 4.00_ 
11 Bibliography/index, theses/dissertations, 1899-1982. 1982 __ 7.00_ 
10 Tectonic rotation of the Oregon Western Cascades. 1980 __ 4.00_ 

9 Geology of the Breitenbush Hot Springs quadrangle. 1980 __ 5.00_ 
8 Geology and geochem istry, Mount Hood volcano. 1980 ___ 4.00_ 
7 Pluvial Fort Rock Lake, Lake County. 1979 5.00_ 
6 Geology of the La Grande area. 1980 6.00_ 
5 Analysis and forecasts of demand for rock materials. 1979 __ 4.00_ 
4 Heat flow of Oregon. 1978 4.00_ 
3 Rock material, Clackam./Columb./Multn./Wash. Co. 1978 __ 8.00_ 
2 Field geology, SW Broken Top quadrangle. 1978 5.00_ 

The PNW coast: Living w. shores. 1998 (add $3.00 for mailing)_18.50_ 
Environmental, groundwater, and engineering geology. 1998 __ 86.00_ 
Hiking Oregon's geology, E.M. Bishop and J.E. Allen, 1996 __ 16.95_ 
Assessing EO hazards in the PNW (USGS Prof. Paper 1560) __ 25.00_ 
Geology of Oregon, 4th ed. 1991 (add $3.00 for mailing) ___ 33.95_ 
Geol. map of Oregon. 1991 (add $3.00 for mailing) 11.50_ 
Geol. of the Pacific Northwest. 1996 (add $3.00 for mailing) __ 43.00_ 
Geologic highway map (AAPG), PNW region. 1973 8.00_ 
Landsat mosaic map (published by ERSAL, OSU). 1983 11.00_ 
Mist Gas Field map. 1997 (OFR 0-97-1) 8.00_ 

Digital disk (CAD formats .DGN, .DWG, .DXF) __ 25.00_ 
Mist Gas Field production 1979-1992 (OFR 0-94-6) 5.00_ 
Oregon rocks and minerals, a description. 1988 (OFR 0-88-6)_6.00_ 
Mineral information by county (MILOC). 1993 update 

(OFR 0-93-8), 2 diskettes (MS-DOS) 25.00_ 
Directory of mineral producers. 1993 (OFR 0-93-9) 8.00_ 
Geothermal resources of Oregon (NOAA map). 1982 4.00_ 
Mining claims (State laws on quartz and placer claims) ___ Free __ 
Back issues of Oregon Geology 3.00_ 

Separate price lists for open-file reports, tour guides, recreational 
gold mining infonnation, and non-Departmental maps and reports 
will be mailed upon request. 

The Department also sells Oregon topographic maps published by 
the U.S. Geological Survey. 
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Check desired publications in list on last two pages and enter total amount below. Send marked list and this order form to The Nature of the 
Northwest Information Center, Suite 177, 800 NE Oregon Street, Portland, OR 97232-2162, orto FAX (503) 731-4066. If you wish to 
order by phone, have your credit card ready and call (503) 872-2750. Payment must accompany orders of less than $50. Payment in U.S. dollars 
only. Publications are sent postpaid. All sales are final. Subscription price for Oregon Geology $10 for 1 year, $22 for 3 years. 

Renewal _ / new su bscription _ to Oregon Geology 1 yr ($10) or 3 yrs ($22) $ ________ _ 
Total amount for publications marked in list of available publications: $ _________ _ 
Total payment enclosed-or to be charged to credit card as indicated below: $ _________ _ 

Name/ Address/City /State/Zip ________________________ _ 

Please charge to Visa_ / Mastercard_, account number: ____________________ _ 

Expiration date: _______ Cardholder's signature ____________________ _ 
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