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THROUGH THE EYES OF THE STATE GEOLOGIST

The Oregon Department of Geology and Mineral Industries has been releasing valuable
geologic information to the public through a periodical since November 1939. First titled
The Ore.-Bin, the publication was first produced by hand, using “state-of-the-art” mimeo-
graph equipment in the historic Woodlark Building. This building still stands on SW Oak
Street in historic downtown Portland.

Over the years, the manners of production have changed; the format has changed; and
the title has changed; (to Oregon Geology, beginning in 1979). Through all of this, the pur-
pose remained the same: timely release of interesting information on the geology of Oregon.

Concurrently, this agency has seen the expansion and deepening of the needs for geo-
logic information in a broadening array of problems in the state of Oregon. Included are
watersheds, public safety, and environmental protection. To meet this new array of con-
cerns among growing audiences and to begin to address their needs we must enhance that
part of our public education efforts that until now has been served under the historic Ore.-
Bin/Oregon Geology strategy.

Confronted with the choice of maintaining our current periodical with its focus on timely release of topical geo-
logic data or of expanding our communications in a more general way to meet emerging additional audiences we
have fashioned a creative solution: — We will do both.

Oregon Geology will become a scientific journal, dedicated to topics of interest about Oregon that are important
enough to be part of the researchable literature but perhaps too focused to be published in a magazine with a wider
scope. This is an important part of our mission as a science agency, and we are hoping to build a strong forum that
scientists and engineers will want to use to convey information about their latest findings and hypotheses. It will be-
come a quarterly publication, and we are expecting the next issue to be published in July.

But there is also a need to present good science to nonscientists, in a way that is accessible, understandable, and
usable. This will be the purpose of Cascadia. Topics being discussed for future issues include how to deal with a vari-
ety of hazards (earthquakes, landslides, volcanoes, etc.) and the geologic history of different areas of the state (how
that relates to available resources and land use today). It will also be a quarterly publication, and we are planning an
August debut for the magazine.

As a current subscriber you will receive both publications for the duration of your subscription.

John D. Beaulieu
Oregon State Geologist
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Cover illustration

This contour map shows the levels of rainfall in-
tensities beyond which landslides and debris flows
are likely to be triggered in western Oregon. It is the
result of a newly refined method of determining
such threshold values, which is proposed in the arti-
cle beginning on the next page.
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Relationship between rainfall and debris flows

in western Oregon

by Thomas J. Wiley, Oregon Department of Geology and Mineral Industries, Grants Pass field office

ABSTRACT

Records from four storms that hit
western Oregon during 1996 and
1997 confirm that the occurrence of
many landslides and debris flows can
be related to rainfall intensity and
duration. Three roughly equivalent
methods of measuring rainfall inten-
sity are discussed, including rainfall
as a percentage of mean December
rainfall, rainfall as a percentage of
mean annual precipitation, and rain-
fall as a multiple of rainy-day nor-
mal. Comparisons of landslide loca-
tions and rainfall records suggest
that absolute thresholds vary widely
from place to place but that there is
a linear relationship between typical
rainfall intensity and rainfall of suffi-
cient intensity to cause sliding. For
western Oregon, preliminary thresh-
old values of rainfall intensity/dura-
tion combinations that will trigger
debris flows are (1) 24-hour rainfall
equal to 40 percent of mean Decem-
ber rainfall (alternatively 6.67 per-
cent of mean annual precipitation or
14 rainy-day normals); (2) 12-hour
rainfall equal to 25 percent of mean
December rainfall (alternatively 4 per-
cent of mean annual precipitation or
8.75 rainy-day normals); or 36-hour
rainfall equal to 15 percent of mean
December rainfall (alternatively 2.5
percent of mean annual precipitation
or 5.25 rainy-day normals).

Rainfall exceeding the listed in-
tensities is likely to trigger landslides
and debris flows. Threshold values
of rainfall intensity for 24-hour peri-
ods are listed for weather stations
located west of the crest of the Cas-
cade Range. A map of threshold
rainfall rates for 24 hours has been
derived from weather records and
the State Climatologist's Map of
Mean December Precipitation for
Oregon. Listed thresholds are signifi-
cant only after approximately 8 in.

of autumn rainfall has been record-
ed. The relationships described here
could be used to refine the debris-
flow warning system used in west-
ern Oregon.

page and from two monthly publica-
tions of the National Oceanic and
Atmospheric Administration

(NOAA): “Climatological Data, Ore-
gon"” and “Hourly Precipitation
Data, Oregon.” The types of land-
slides herein termed “debris flows"
are not limited to true debris flows
but rather comprise all types of fast-
moving landslides that occurred dur-
ing these events. This work is an at-
tempt to refine U.S. Geological Sur-
vey work on landslide threshold esti-
landslides. The events examined in- mates for selected sites in Oregon
clude (1) the February 6-8, 1996, (Wilson, 1997) and extend it to
storm that affected northwest- .3 cover the state west of
ern Oregon; (2) the November : the crest of the Cas-
18-19, 1996, storm that caused 68 cade Range.
damage in Coos, Douglas, and
Lane Counties; (3) the Decem-
ber 8, 1996, storm that hit
Josephine and Douglas Coun-
ties; and (4) the New Year's
Day, 1997, storm that affected
Jackson and Josephine Coun-
ties. Events (1), (2), and (4)
were each accompanied by sig-
nificant landslide activity and 50/
flooding, resulting in disaster
declarations by the Governor
and responses by the Federal
Emergency Management
Agency (FEMA). Event (3)
was not reported widely, did
not trigger a disaster decla-
ration or FEMA involve-
ment, and was not origi-
nally included in this

study. It was added be-
cause rainfall records in-
dicated that debris-flow g
thresholds had been ex-

INTRODUCTION

Following is a look at rainfall
amounts recorded during four recent
western Oregon storms. The data
reveal several relationships between
rainfall intensity, storm duration, and
the occurrence of rapidly moving

ceeded. Rainfall records Josephine Jackson 9 Klamath
. 29 31 49

used for this study are 48

from stations reported 11 81 6% 232 3

by the National Weather
Service (Figure 1) on

the National Climatic
Data Center home

Figure 1. Location of current and historic National
Weather Service stations. Stations are identified by
numbers and listed in Table 1.
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QUANTIFYING TYPICAL RAINFALL

Other factors being equal, slopes
are more likely to fail when rainfall
occurs in abnormal combinations of
intensity and duration. To calculate
the boundary between “normal”
and “abnormal,” an appropriate
means of measuring typical rainfall
needs to be determined. Three com-
monly used rainfall measures use
mean December rainfall, mean an-
nual precipitation, and rainy-day
normal.

The first measure is based on
mean December rainfall. Through-
out western Oregon, December is
the rainiest month of the year. Typi-
cal December rainfall rates represent
annual flow maxima during which
almost all slopes are stable. Mean
December rainfall has been calculat-
ed for most gauges with December
data. In addition, the State Clima-
tologist has prepared a map of
mean December rainfall that shows
values interpolated between
gauges (Oregon Climate Service
Website, 1999).

A second measure of typical rain-
fall intensity is based on mean an-
nual precipitation (MAP). Repre-
senting the average amount of rain
that a site receives in a year, MAP is
roughly proportional to both the
other measures and is available for
virtually every station where records
have been kept. A MAP map is
available from the State Climatolo-
gist (Oregon Climate Service Web-
site, 1999).

1 Only two of the western Oregon stations
reporting normal December rainfall in Clima-
tological Data, Oregon (NOAA, 1996a) receive
more rain in a normal November or January
than they do in a normal December (NOAA,
19974, b, 1996¢). Lookout Point Dam re-
ceives an average of 6.93 in. in November
and 6.70 in. in December. Idleyld Park NE re-
ceives an average of 10.78 in. in November
and 10.47 in. in December. In contrast, the
National Climatic Data Center Web Site
(2000) reports 22 stations (out of 132) that
receive more rainfall during a normal Novem-
ber or January than December. At three of those
stations the difference exceeded 6 percent
(Parkdale II NE, 24 percent; Canary, 10 per-
cent; and Gardiner, 10 percent). The remain-
ing 19 varied by an average of 2.6 percent.

28

The third measure is based on
rainy-day normal. Described most
simply, one rainy-day normal equals
the amount of rain a site receives in
a year, divided by the number of
days on which measurable rainfall
occurs (Wilson, 1997). So, rainy-day
normal gives a measure of the water
falling on slopes on a typical rainy
day. (Note that the National Weath-
er Service defines the term “rainy-
day normal” differently.)

For a given latitude in western
Oregon, the mathematical relation-
ship between mean December rain-
fall and rainy-day normal is more or
less linear, with mean December
rainfall equal to about 31 times
rainy-day normal. (For rain gauges
along the coast, the ratio varies from
25 at Brookings to 36 at Astoria.)
This proportionality allows for rough
conversion between rainy-day nor-
mal and mean December rainfall at
most sites. Gauges that experience
disproportionate amounts of measur-
able fog, drizzle, or showers during
the other eleven months of the year
will have somewhat larger ratios. Be-
cause rainy-day normal emphasizes
low-precipitation events to a greater
degree than mean December rainfall,
it seems reasonable to expect a bet-
ter mathematical fit between mean
December rainfall and debris-flow
thresholds. In contrast to MAP and
mean December rainfall, a measure
based on rainy-day normal reflects
latitudinal variations in storm fre-
quency. Using mean December rain-
fall is generally more convenient
than using rainy-day normal, be-
cause the former is available for
more sites, published for more sites,
or has been recorded for longer peri-
ods than have data suitable for cal-
culating the latter.

Throughout western Oregon,
mean December rainfall is typically
15-17 percent of mean annual pre-
cipitation. The percentage varies sys-
tematically, decreasing eastward
across the state. Mean annual pre-
cipitation, like rainy-day normal, is
affected by tendencies to fog, driz-
zle, and showers in months other

than December. In western Oregon,
the errors associated with assuming
a constant ratio between mean De-
cember rainfall and mean annual
precipitation average 2.75 percent
and range up to 20 percent. The er-
rors associated with assuming a con-
stant ratio change dramatically east
of the Cascade Range, where mean
December rainfall may be less than
10 percent of mean annual precipi-
tation. December rainfall is not rep-
resentative of peak rainfall across
much of eastern Oregon, and addi-
tional investigations should be un-
dertaken before assigning debris-
flow thresholds to areas east of the
Cascades.

The considerations described
above suggest that, for western
Oregon, mean December rainfall
may currently be the best standard
for measuring debris-flow initiation
thresholds. Mean December rainfall
is calibrated to generally high rainfall
rates for which virtually all slopes re-
main stable, yet is roughly propor-
tional to rainy-day normal and mean
annual precipitation. It is not influ-
enced by local tendencies to low-
precipitation events such as fog,
drizzle, summer rains, and thunder-
storms that occur during the other
eleven months of the year.

FOUR WESTERN OREGON
STORMS

Following are brief histories of the
four storms from which data were
compiled. These vignettes outline
the unique aspects of each. For ex-
ample, during one storm the combi-
nation of melting snow and ice with
rising temperatures and rainfall of
long duration was critical. Two of the
autumn storms seem to have oc-
curred before soils were saturated.
None of the storms simply brings
rain with constant intensity for 6, 12,
or 24 hours and then stops. With
this variability in mind, the useful-
ness of a set of debris-flow thresh-
olds can be increased, if it is calculat-
ed in a way that anticipates variabili-
ty over broad areas and compen-
sates for regional trends. Factors
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such as storm path, internal varia-
tions in intensity, and geologic com-
plexity cannot presently be deter-
mined accurately enough to achieve
great precision. However, it is possi-
ble to define a general statement of
conditions that will regularly trigger
some sliding within broad areas
where thresholds have been exceed-
ed. Such thresholds can be designed
and refined by correlating regional
historic rainfall duration and intensity
to reported damage from fast-mov-
ing landslides.

Storm of February 6, 7, and 8,
1996, affecting northwestern Ore-
gon (Figure 2)

Prior to February 6, 1996, north-
western Oregon experienced normal
winter weather, including rainfall
that was more than adequate to
compensate for summer drying. Dur-
ing the week immediately prior to
the storm, low temperatures allowed
snow and freezing rain to accumu-
late locally throughout the Portland
area and eastward along the
Columbia River. Daytime high tem-
peratures rose above freezing on
February 5. Even so, the soil re-
mained frozen in many places, caus-
ing a light to moderate rainfall to
freeze when it hit the ground. Tem-
peratures rose dramatically as
overnight lows went from the teens
to the forties (degrees Fahrenheit)
on February 6. The increase in tem-
perature was accompanied by an in-
crease in rainfall intensity (NOAA,
1996f,g). Maximum daily rainfall
amounts reported in the data set
used for this study ranged from 2.16
in. in Portland to 7.05 in. at Laurel
Mountain. The greatest amount of
rain fell in the Coast Range between
Clatskanie and Laurel Mountain;
amounts decreased southward to
Eugene. Near Portland and eastward
along the Columbia River Gorge, the
combination of heavy rainfall with
melting snow and ice triggered nu-
merous landslides and debris flows.
"Avalanches” of accumulated frozen
rain pellets accompanied landslides
in the Gorge area. The long duration

of this storm and the relatively spot-
ty distribution of areas that exceeded
24-hour rainfall thresholds suggest
that, in calculating rainfall intensity,
thresholds for 48- or 72-hour peri-
ods may be useful. These data also
suggest that rainfall thresholds need
to be modified to account for melt-
ing snow and ice. The affects of
frozen ground on soil drainage and
saturation, which in turn influence
the potential for sliding, should also
be investigated.

Storm of November 18 and 19,
1996, centered on Coos, Douglas,
and Lane Counties (Figure 3)

One of the biggest single-day
storms in the last 100 years slammed
into the south coast on November
18, 1996, and over the next 24
hours worked its way north and
east. Several fatalities resulted direct-
ly or indirectly from debris flows
during this period. Even though the
storm occurred early in the season,
significant antecedent rainfall had al-
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Figure 2. Percentage of preliminary 24-hour threshold rainfall recorded at se-

lected stations during the February 6-8, 1996, storm in northwest Oregon. Pat-
terned area indicates the approximate zone in which the 24-hour threshold was
exceeded. The occurrence of many landslides outside this patterned area proba-
bly reflects a de facto increase in intensity caused by melting snow and ice as well
as the storm’s long duration at somewhat lower intensity. Stars= landslide sites
investigated by FEMA, squares = landslides reported by ODOT, Circles = addi-
tional slides reported along highways.
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Figure 3. Percentage of preliminary 24-hour threshold rainfall recorded at se-
lected stations during the November 18-19, 1996, storm centered on the Coos-
Douglas-Lane County area. Patterned areas indicate the approximate zones in
which the 24-hour threshold was exceeded, in the darker areas by more than 50
percent. Note that 24-hour rainfall at many Portland area stations exceeded that
reported during the February storm (Figure 2). Landslide symbols as in Figure 2.

ready accumulated in many areas. In
what had been relatively dry areas
north of Roseburg, soil moisture
probably reached typical winter lev-
els during the storm. Antecedent
rainfall records for October and early
November ranged from just 2.3 in.
at Silver Creek Falls to 17.5 in. at
Leaburg in the Western Cascades.
The brunt of the storm was felt in
Coos, Lane, and Douglas Counties;
however, significant 24-hour rainfall
occurred from Troutdale (3.28 in.),
east of Portland, to Brookings (5.15
in.), at the California border (NOAA,
1996¢,d). Many Portland area sta-
tions recorded higher 24-hour rain-
fall totals during this storm than they
did during the February event de-
scribed above. Maximum reported
rainfall of 7.33 in. occurred in Lan-
glois, along the coast near the Coos-
Curry County line; larger amounts
were reported from gauges not used
in this study. Landslides and debris
flows occurred in areas where more
than 8 in. of rain had fallen since
October 1 and where rainfall intensi-
ty exceeded normal rainfall intensity
by large amounts, mainly between
Bandon and Cottage Grove. Normal
rainfall intensity was exceeded by
the greatest margin at Grants Pass,
which received 85 percent of its typ-
ical December rainfall total in just 24
hours—more than twice the debris-
flow threshold proposed in this
study. However, the lack of an-
tecedent rainfall in areas north of
Salem and southeast of Roseburg,
including Grants Pass, corresponds
directly to the lack of reported land-
slide activity in those areas.

Storm of December 8, 1996, in
Josephine and Douglas Counties
(Figure 4)

On December 8, 1996, heavy
rainfall occurred between Brookings
(5.56 in.) and Roseburg: (3.53 in.)
(NOAA, 19964,b). Grants Pass and
Cave Junction both received more
than 4 in. of rain. Significant autumn
rainfall, including the November
storm described above, had occurred
throughout the area prior to Decem-
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ber 8. Rainfall was particularly in-
tense in an area underlain by de-
composed granitic soils associated
with the Grants Pass Pluton. These
thick, porous soils seem to require
large amounts of antecedent rainfall
to reverse the effects of summer
drying. The storm had not been
widely publicized and did not lead to
a disaster declaration; it was “dis-
covered” during a search for rainfall
records with intensities exceeding
preliminary estimates of debris-flow

thresholds. A subsequent search of
newspapers covering the affected
areas revealed reports of damaging
landslides in the Myrtle Creek-Riddle
area of Douglas County and in Cali-
fornia just south of Josephine Coun-
ty along U.S. Highway 199.

Storm of January 1, 1997, affect-
ing Jackson and Josephine Coun-
ties (Figure 5)

On New Year's Eve, 1996, the
northern edge of a strong storm

0
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Figure 4. Percentage of preliminary 24-hour threshold rainfall recorded at se-
lected stations during the December 8, 1996, storm centered on the Josephine-
Douglas County area. Patterned areas indicate the approximate zones in which
the 24-hour threshold was exceeded, in the darker areas by more than 50 per-
cent. Triangles show locations of slides reported in area newspapers.
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moved into the Rogue Valley. By this
time, earlier storms had produced
enough rain to raise soil moisture to
winter levels throughout southwest-
ern Oregon. Reservoirs were typical-
ly filled up to or above mandated
flood control levels, due to the
November and December storms.
Intense rainfall occurred from Cave
Junction northeast to Prospect and
south well into California. Ashland,
normally one of the driest spots in
western Oregon, received 2.86 in. of
rain in 24 hours (NOAA, 1996a,b;
1997a,b).

CORRELATING THRESHOLD RAIN-
FALL TO THE DISTRIBUTION OF
DAMAGING DEBRIS FLOWS

Wilson (1997) examined rainfall
records associated with several de-
bris flows in Pacific Coast states. His
findings indicate that debris flows
may occur when antecedent rainfall
requirements have been met and
24-hour rainfall exceeds 14 times
the rainy-day normal. This equates
to about 40-45 percent of mean
December rainfall or about 6.67 per-
cent of mean annual precipitation
for sites in western Oregon. The dis-
tribution of debris flows and other
landslide types during the four west-
ern Oregon storms described above
confirms that those regions where
24-hour rainfall exceeded 40 per-
cent of mean December rainfall
were far more likely to experience
damaging slides. A rigorous mathe-
matical best-fit analysis was not un-
dertaken; the 40-percent figure re-
sulted from comparing the locations
of landslides mentioned in early
media reports to the locations of
gauges that exceeded 30, 35, 37.5,
40, 42.5, 45, and 50 percent of
mean December rainfall. According-
ly, 40 percent of mean December
rainfall was selected as the 24-hour
rainfall threshold for gauges in west-
ern Oregon. Using this threshold we
can expect that at least some gauges
in an affected area will indicate that
hazardous conditions exist before
sliding begins.
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Figure 5. Percentage of preliminary 24-hour threshold rainfall recorded at se-
lected stations during the January 1, 1997, storm centered on the Jackson-
Josephine County area. Patterned areas indicate the approximate zone in which
the 24-hour threshold was exceeded, in the darker areas by more than 50 per-

cent. Landslide symbols as in Figure 2.

The percentage may be some-
what low for any specific gauge
(where 45 percent may be more ac-
curate). However, the focus is on
larger areas—in which one, two, or
three gauges probably will not cap-
ture rainfall maxima. By the same
token, the internal variability of
storms insures that if some gauges
exceed the 40-percent threshold,
then there will be ungauged areas
where rainfall is still more intense.

Figures 2—5 show percentages by
which some areas met or exceeded
their threshold rainfall amounts dur-
ing each of the four storm events
examined here (combined in a pat-
terned area), as well as percentages
from selected stations that did not.
The areas in which the threshold was
exceeded are compared with land-
slide locations reported by FEMA
and ODOT for the February (Figure
2), November (Figure 3), and Jan-
uary (Figure 5) events and with
landslide locations reported by local
newspapers for the December event
(Figure 4). The January storm shows
particularly good agreement between
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areas where 40 percent of mean De-
cember rainfall was exceeded and
areas where slides occurred.
Because relatively small amounts
of data were examined in this study,
the thresholds described should be
considered preliminary estimates.
This is particularly true for drier re-
gions of the state (those with less
than 25 in. of annual precipitation),
where a relatively large percentage
of total rainfall can come from a
small number of storms. In those
areas, hillsides are probably in equi-
librium with greater rainfall intensity
than is suggested by the thresholds
reported here. Increased thresholds
may also be appropriate for these
areas, if soils experience any drying
between storms. Some important
factors have not been considered,
e.g., the propensity of high-elevation
sites to receive some precipitation as
snow rather than rain. Local varia-
tions in soil, climate (e.g., north-fac-
ing slopes vs. south-facing slopes),
and bedrock geology also affect cal-
culation of threshold values but are
beyond the scope of this study.

OREGON DEBRIS-FLOW WARN-
ING SYSTEM

Since the four storms occurred,
several state agencies have worked
together to develop a debris-flow
warning system for the northern and
central parts of the Coast Range. As
originally envisioned, advisories and
warnings would be issued whenever
any area experiences or is expected
to experience any of the following
three conditions: 2 in. of rain in 6
hours, 3 in. of rain in 12 hours, or 5
in. of rain in 24 hours.

During the winter of 1998-1999,
the system was modified to use
those thresholds for coastal gauges
at Coos Bay, Reedsport, and Tillam-
ook to issue warnings for Coast
Range areas lying downwind along
expected storm tracks. For the win-
ter of 1999-2000, the system was
again modified to use those thresh-
olds for coastal gauges from Ban-
don to Seaside and a threshold of
2.5in. in 24 hours at Ashland.
Gauges at Roseburg and Cascade
Locks can also be used. However,
the system is not designed to issue
warnings for most areas east of the
Coast Range.

Data from the four storms de-
scribed above can be used to help
evaluate the debris-flow warning
system. A closer look at Figures 2-5
reveals several trends:

1. Rainfall at inland stations may
exceed thresholds for debris flows
before coastal gauges exceed the
threshold, or coastal gauges may not
exceed the threshold at all. This oc-
curred during the February storm
when the Tillamook, Newport, North
Bend, Seaside, and Bandon gauges
all failed to record 5 in. of rain in
any 24-hour period. No warning
would have been issued.

2. Storms may miss the gauges.
This occurred during the December
storm in southern Oregon (Figure 4)
when gauges at Bandon, Roseburg,
and Ashland reported less than
threshold rainfall. No warning would
have been issued. Many of the
wettest storms approach Oregon
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from the southwest (the so-called
"pineapple express"), therefore
southern Oregon is unevenly served
by the current warning system.
Storms may also approach the Port-
land area from Washington along a
track between stations at Seaside
and Cascade Locks.

3. Melting ice and snow add to
rainfall totals. This was significant
during the February storm when de-
bris flows occurred at many snowy
or icy localities before the thresholds
were exceeded (Figure 2). Anticipat-
ed snowmelt could be subtracted
from debris flow thresholds and the
resulting modified thresholds com-
pared to forecast or measured rain-
fall.

4. The distribution of damaging
debris flows reported from these
four storms confirms that different
stations have different debris-flow
thresholds.

5. Comparing the distribution of
damaging debris flows to the areas
where thresholds were exceeded
during the November storm (Figure
3) suggests the need for a significant
antecedent-rainfall component in ad-
dition to the rainfall thresholds.

The current warning-system
thresholds are generally adequate for
the central Oregon Coast and the
nearby west-central part of the
Coast Range. By utilizing data from
additional stations and modifying the
thresholds to consider the trends de-
scribed above, the system could
serve all of western Oregon.

To supplement the warning sys-
tem, state agencies have distributed
a self-help brochure, entitled Land-
slides in Oregon?. Unfortunately, the
brochure is somewhat vague when it
addresses the question what people
should do during dangerous weath-
er, vaccillating between advice to be

2 Produced jointly by the Oregon Departments
of Geology and Mineral Industries, Forestry, and
Consumer and Business Services and by Oregon
Emergency Management; available from
DOGAMI through the Nature of the Northwest
Information Center, 800 NE Oregon St., Suite
177, Portland, OR 97232, phone 503-872-
2750, web site http://www.naturenw.org.

watchful and instructions for evacua-
tion. The following is an excerpt
from that particular section of the
brochure:
During intense, prolonged rainfall, listen
for advisories and warnings over local radio
orTV. ..
Be aware that you may not be able to re-
ceive local broadcasts in canyons and that
isolated, very intense rain may occur out-
side warning areas. You may want to in-
vest in your own rain gauge. “Intense”
rainfall is considered over two inches of
rain in any four-hour period. Debris flows
may occur if this rainfall rate continues for
the next few hours . . .
Don’t assume highways are sdfe . . .

Watch carefully for collapsed pavement,
mud, fallen rock, and other debris . . .
Plan your evacuation prior to a big storm.
If you have several hours advance notice,
drive to a location well away from steep
slopes and narrow canyons.

Once storm intensity has increased, . . .
you may need to evacuate by foot.

Listen for unusual sounds. If you think
there is danger of a landslide, evacuate
immediately—don’t wait for an official
warning.

Get away from your home. Be careful but
move quickly . . .

Among other things, this advice
implies, somewhat ambiguously, that
residents should abandon their homes
when “intense” rainfall (2 in. in 4 hours)
continues for a few hours after an
initial 4 hours. This rainfall intensity
suggested as a trigger for evacuation
is exceedingly high for any area that
is generally drier than the central
Coast Range, yet the brochure is dis-
tributed statewide. During the four
storms studied here, most residents
who would have waited to evacuate
their homes until, say, 4 in. of rain
had fallen in an eight-hour period
would have already been involved in
slides or would have found them-
selves trapped on highways blocked
by debris flows. In fact, during these
four storm events, only gauges at Il-
lahe, Bandon, and Allegany (on
November 18) exceeded 4 in. of rain
in eight hours, while landslides actu-
ally occurred in numerous places
well away from these gauges.
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ANTECEDENT RAINFALL

Debris flows typically do not
occur until soils are thoroughly
rewetted following the dry season.
The amount of rainfall needed to
rewet a soil is termed “antecedent
rainfall.” Rain that falls early in the
season combines with other effects
such as shorter days and lower tem-
peratures to increase soil moisture.
Once slopes become sufficiently wet,
additional intense rainfall may fill soil
voids faster than they drain. This
produces an increase in hydrostatic
pressure that eventually reduces me-
chanical strength along the base of a
slide. It also increases slide mass (as
water replaces air in the soil) and the
downslope component of gravita-
tional forces acting on the slide.

Antecedent rainfall is considered
to be the amount of rainfall needed
to moisten the soil to the point that
additional water is subject to gravi-
tational drainage. This amount gen-
erally reflects five parameters: soil
thickness, moisture incorporated in
swelling clays, moisture to wet the
surfaces of mineral grains, moisture
to fill small pore spaces, and soil
drainage. Calculating antecedent
rainfall requirements is very com-
plex, depending not only on season-
al variations in temperature, humidi-
ty, vegetation, and rainfall, but also
on the soil thickness, mineralogy,
granularity, porosity, and permeabili-
ty. In laboratory and field experi-
ments antecedent rainfall is often
determined by measuring soil mois-
ture or hydrostatic pressure directly.

Antecedent rainfall requirements
vary with soil type and climate. For
the San Francisco Bay area, Keefer
and others (1987) report that an-
tecedent rainfall requirements range
from 250 to 400 mm (10-16 in.).
That area experiences much longer,
drier summers than western Oregon,
and antecedent rainfall requirements
are expected to be lower here. Wil-
son and Wieczorek (1995) report
that antecedent rainfall requirements
approximate the “field capacity" of
a soil. Soil surveys by the USDA Nat-
ural Resource Conservation Service
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(NRCS) report “available water ca-
pacity,” which is a somewhat smaller
number than field capacity and
would therefore be an even more
conservative estimate of antecedent
rainfall requirements. Available water
capacity in most western Oregon
soils ranges from 0.03 to 0.50 in. (1
to 12 mm) of water per inch of soil,
with typical 60-in.-thick soil profiles
having capacities between 4 and 11
in. (100-280 mm) of water.

In examining the four flood
events, significant antecedent rainfall
had occurred before the February,
December, and January events. Dur-
ing the February storm, most areas
in the northwestern part of the state
already had significant surface water
stored as ice on the ground and in
the soil. It seems likely that this ice
might have locally reduced near-sur-
face permeability with the affect of
decreasing soil drainage rates and in-
creasing the likelihood of developing
levels of hydrostatic pressure suffi-
cient to cause instability.

During the November event,
however, antecedent thresholds had
not been reached in all areas prior to
(or even during) the storm. If they
had, sliding would presumably have
been much worse and far more
widespread. A review of antecedent
rainfall and debris-flow distribution
during the November storm suggests
that no less than 8 in. (200 mm) of
rain fell in October and November
(NOAA, 1996d,e) before debris
flows occurred. Figure 6 shows areas
where 24-hour rainfall exceeded 40
percent of mean December rainfall
and 8 in. of antecedent rainfall had
occurred. A comparison of Figures 3
and 6 indicates that the lack of an-
tecedent rainfall dramatically re-
duced the area that experienced
slides as a result of that storm. The
footprint of areas that exceeded the
thresholds of both rainfall and an-
tecedent rainfall matches the distri-
bution of slide activity much more
closely. In fact, at many Portland
area gauges, 24-hour rainfall from
the November event (Figure 3) ex-
ceeded that of the February storm
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(Figure 2). Data from the November
storm confirm the notion that a sin-
gle storm of sufficient intensity can
exceed the antecedent rainfall re-
quirements, at the same time as
rainfall exceeds threshold intensities
required to trigger debris flows. This
effect underscores the importance of
incorporating an antecedent rainfall
requirement into warning thresholds.
Water tables may fluctuate on
some slopes to the point that satura-
tion or reduced gravitational drain-
age can accompany an autumn rise

in groundwater levels. This effect is
heralded by renewed flow in season-
al streams and springs on dry days.
It may explain why the Grants Pass-
Cave Junction area experienced rela-
tively few landslides during the De-
cember 8 event as compared to the
January 1 event, even though an-
tecedent rainfall, as defined above,
had been exceeded prior to Decem-
ber 8. This area is geologically atypi-
cal in that development has occurred
largely on thick, coarse-grained allu-

(Continued on page 39)

Figure 6. Percentage of preliminary 24-hour threshold rainfall recorded at se-
lected stations during the November 18-19, 1996, storm centered on the Coos-
Douglas-Lane County area.—The same as in Figure 3, but the patterned areas are
restricted to stations that exceeded the threshold and also received 8 in. or more
of antecedent rainfall. Landslide symbols as in Figure 2.
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PLEASE SEND US YOUR PHOTQOS

Since we have started printing color pictures on the front cover of Oregon Geology, we are finding ourselves
woefully short of good color photographs showing geologic motifs in Oregon.

We also want to make recommendations for scenery well worth looking at in a new series of black-and-white
photos on the back cover of Oregon Geology. For that, too, your contributions are invited.

Good glossy prints or transparencies will be the best “hard copy,” while digital versions are best in TIFF or EPS
format, on the PC or Mac platform.

If you have any photos that you would like to share with other readers of this magazine, please send them to
us (you know, “Editor, etc.”). If they are used, the printing and credit to you and a one-year free subscription to
Oregon Geology is all the compensation we can offer. If you wish to have us return your materials, please include
a self-addressed envelope.

Information for Contributors

Oregon Geology is designed to reach a wide spectrum of readers interested in the geology and mineral indus-
try of Oregon. Color photos for publication on the front cover are highly welcome, as are letters or notes in re-
sponse to materials published in the magazine and notices of meetings that may be of interest to our readers.

Two copies of the manuscript should be submitted. If manuscript was prepared on common word-processing
equipment, a file copy on diskette should be submitted in place of one paper copy (from Macintosh systems,
high-density diskette only). Hard-copy graphics should be camera ready; photographs should be glossies. All illus-
trations should be clearly marked; captions should be together at the end of the text.

Style is generally that of U.S. Geological Survey publications. (See USGS Suggestions to Authors, 7th ed., 1991,
or recent issues of Oregon Geology.) Bibliography should be limited to references cited. Authors are responsible
for the accuracy of the bibliographic references. Include names of reviewers in the acknowledgments.

Conclusions and opinions presented in articles are those of the authors and are not necessarily endorsed by the
Oregon Department of Geology and Mineral Industries.

Authors will receive 20 complimentary copies of the issue containing their contribution.

Manuscripts, letters, notices, and photographs should be sent to Klaus Neuendorf, Editor, at the Portland office
(address in masthead on first inside page).

Permission is granted to reprint information contained herein. Credit given to the Oregon Department of Geol-
ogy and Mineral Industries for compiling this information will be appreciated.

PUBLICATION ORDER AND OREGON GEOLOGY RENEWAL FORM

Use the publication lists on the following pages. Mark desired titles and enter total amount below. Separate price lists for open-file reports,
tour guides, recreational gold mining information, and non-Departmental maps and reports will be mailed upon request.

Send order form to The Nature of the Northwest Information Center, Suite 177, 800 NE Oregon Street, Portland, OR 97232-2162,
or to FAX (503) 731-4066. If you wish to order by phone, have your credit card ready and call (503) 872-2750 or access the Center's
homepage: http://www.naturenw.org. Payment must accompany orders of less than $50. Payment in U.S. dollars only. Publications are
sent postpaid within the U.S., except where noted. All sales are final. Subscription price for Oregon Geology: $10 for 1 year, $22 for 3 years.

Renewal _ / new subscription  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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AVAILABLE PUBLICATIONS
OREGON DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES

BULLETINS Price*
103 Bibliography (8th supplement, 1980-84). 1987 8.00
102 Bibliography (7th supplement, 1976-79). 1981 5.00
101 Geologic field trips, W. Oregon/SW Washington. 1980 10.00
99 Geologic hazards, NW Clackamas County. 1979 11.00
98 Geologic hazards, E. Benton County. 1979 10.00
97 Bibliography (6th supplement, 1971-75). 1978 4.00
96 Magma genesis. Chapman Conf. on Partial Melting. 1977  15.00
95 North American ophiolites (IGCPproject). 1977 8.00
94 Land use geology, central Jackson County. 1977 10.00
93 Geology, min. res., and rock material, Curry County. 1977  8.00
92 Fossils in Oregon. Reprints from the Ore Bin. 1977 5.00
91 Geol. hazards, Hood River, Wasco, Sherman Co. 1977 9.00
90 Land use geology of western Curry County. 1976 10.00
89 Geology and mineral resources, Deschutes County. 1976 8.00
88 Geology and min. res., upper Chetco R. drainage. 1975 5.00
87 Environmental geology, W. Coos/Douglas Counties. 1975  10.00
82 Geologic hazards, Bull Run watershed. 1974 8.00
78 Bibliography (5th supplement, 1961-70). 1973 4.00
71 Geology of lava tubes, Bend area, Deschutes County. 1971  6.00
67 Bibliography (4th supplement, 1956-60). 1970 4.00
65 Proceedings of the Andesite Conference. 1969 11.00
53 Bibliography (3rd supplement, 1951-55). 1962 4.00
46 Ferruginous bauxite, Salem Hills, Marion County. 1956 4.00
44 Bibliography (2nd supplement, 1946-50). 1953 4.00
36 Papers on Tertiary Foraminifera (v. 2 [parts VII-VIII]). 1949  4.00
33 Bibliography (1st supplement, 1936-45). 1947 4.00
MISCELLANEOUS PAPERS
20 Investigations of nickel in Oregon. 1978 6.00
19 Geothermal exploration studies in Oregon, 1976. 1977 4.00
15 Quicksilver deposits in Oregon. 1971 4.00
11 Articles on meteorites (reprints from the Ore Bin). 1968 4.00
5 Oregon's gold placers. 1954 2.00
SHORT PAPERS
27 Rock material resources of Benton County. 1978 5.00
25 Petrography of Rattlesnake Formation at type area. 1976 4.00
OIL AND GAS INVESTIGATIONS
19 Qil and gas potential, S. Tyee Basin. 1996 20.00
18 Schematic fence diagram, S. Tyee Basin. 1993 9.00
17 Cross section, Mist Gas Field to continental shelf. 1990 10.00
16 Avail. well records and samples, onshore/offshore. 1987 6.00
15 Hydrocarbon exploration/occurrences in Oregon. 1989 8.00
14 Oil and gas investigation of the Astoria Basin. 1985 8.00
13 Biostratigraphy—explor. wells, S. Willamette Basin. 1985 7.00
12 Biostratigraphy—explor. wells, N. Willamette Basin. 1984 7.00
11 Biostratigraphy, explor. wells, Coos, Douglas, Lane Co. 1984  7.00
10 Mist Gas Field: Explor./development, 1979-1984. 1985 5.00
9 Subsurface biostratigraphy, E. Nehalem Basin. 1983 7.00
8 Subsurface stratigraphy, Ochoco Basin. 1984 8.00
7 Cenozoic stratigraphy, W. Oregon/Washington. 1983 9.00
6 Prospects f. oil and gas, Coos Basin. 1980 10.00
5 Prospects f. natural gas, upper Nehalem Basin. 1976 6.00

* Non-Departmental publications require additional $3 for mailing.

Price*
4 Foraminifera, E.M. Warren Coos County 1-7 well. 1973 4.00
3 Foraminifera, General Petroleum Long Bell #1 well. 1973 4.00
SPECIAL PAPERS
29 Earthquake damage and loss estimates for Oregon. 1999 10.00
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. 1990 7.00
23 Forum on Industrial Minerals, 1989, Proceedings. 1990 10.00
22 Silica in Oregon. 1990 8.00
21 Geology, NW%4 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 geochemistry, 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
MISCELLANEOUS PUBLICATIONS
Oregon earthquake and tsunami curriculum. 1998. 3 vols., ea.  25.00
*QOregon fossils.1999 40.95
*Living with earthquakes in the Pacific Northwest. 1998 21.95
*Islands & Rapids. Geologic story of Hells Canyon. 1998 25.00
*The Pacific Northwest coast: Living with shores. 1998 18.50
*Hiking Oregon's geology, E.M. Bishop and J.E. Allen, 1996 16.95
*Assessing EQ hazards in the PNW (USGS Prof. Paper 1560) 25.00
*Geology of Oregon, 5th ed. 1999 41.95
*Geologic map of Oregon. 1991 11.50
*Geology of the Pacific Northwest. 1996 45.00
*Geologic highway map (AAPG), PNW region. 1973 8.00
*Landsat mosaic map (published by ERSAL, OSU). 1983 11.00
Mist Gas Field map. 2000 (OFR O-00-01) 8.00
Digital disk (CAD formats .DGN, .DWG, .DXF) 25.00
Mist Gas Field production 1979-1992 (OFR O-94-6) 5.00
Oregon rocks and minerals, a description. 1988 (OFR O-88-6)  6.00
Mineral information by county (OFR O-93-8), 2 diskettes 25.00
Directory of mineral producers. 1993 (OFR O-93-9) 8.00

Geothermal resources of Oregon (DOGAMI/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 information, 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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GMS-99
GMS-98
GMS-97
GMS-95
GMS-94
GMS-93
GMS-92
GMS-91
GMS-90
GMS-89
GMS-88
GMS-87
GMS-86
GMS-85
GMS-84
GMS-83
GMS-82
GMS-81
GMS-80
GMS-79
GMS-78
GMS-77
GMS-76
GMS-75
GMS-74
GMS-73
GMS-72
GMS-71
GMS-70
GMS-69
GMS-68
GMS-67
GMS-66
GMS-65
GMS-64
GMS-63
GMS-62
GMS-61
GMS-60
GMS-59
GMS-58
GMS-57
GMS-56
GMS-55
GMS-54
GMS-53

AVAILABLE PUBLICATIONS
OREGON DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES (continued)

GEOLOGICAL MAP SERIES

GMS-113 Fly Valley 7%2' quad., Union County. 1998
GMS-110 Tucker Flat 7%4' quad., Union/Baker C. 1997
GMS-109 Brownsboro 7' quad., Jackson County 1998
GMS-108 Rio Canyon 7' quad., Jackson County 1998
GMS-106 Grizzly Peak 7%>' quad., Jackson County. 1997
GMS-105 EQ hazards, Salem East/West 774" quads. 1996
GMS-104 EQ hazards, Linnton 7' quad. 1996
GMS-101 Steelhead Falls 74" quad. 1996

GMS-100 EQ hazard maps for Oregon. 1996

Tsunami hazard map, Siletz Bay, Lincoln C. 1996
Dora and Sitkum 7%' quad.s, Coos County. 1995
Coos Bay 772" quad., Coos County. 1995

Henkle Butte 7%%' quad., Deschutes County. 1998
Charleston 772" quad., Coos County. 1995

EQ hazards, Siletz Bay area, Lincoln County. 1995
EQ hazards, Gladstone 774" quad. 1995

EQ hazards, Lake Oswego 7' quad. 1995

EQ hazards, Beaverton 7'2' quad. 1995

EQ hazards, Mt. Tabor 7'2' quad. 1995

Lakecreek 774" quad., Jackson County. 1995
Three Creek Butte 7%' quad., Deschutes C. 1996
Tenmile 774" quad., Douglas County. 1994

Mount Gurney 7' quad., Douglas/Coos C. 1994
Remote 7%2' quad., Coos County. 1994

Kenyon Mountain 772" quad., Douglas/Coos C. 1994

Limber Jim Creek 74" quad., Union County. 1994
Tumalo Dam 774" quad., Deschutes County. 1994
McLeod 77" quad., Jackson County. 1993

EQ hazards, Portland 7%>' quad. 1993

Price*

10.00
6.00
10.00
6.00
6.00
12.00
10.00
7.00
8.00
6.00
6.00
6.00
10.00
8.00
20.00
10.00
10.00
10.00
10.00
8.00
6.00
6.00
6.00
6.00
6.00
5.00
6.00
5.00
20.00

Mahogany Mountain 30°60' quad., Malheur C. 1993 10.00

Vale 30°60' quad., Malheur County. 1993

Camas Valley 7'2' quad., Douglas/Coos C. 1993
Portland 7' quad. 1991

Namorf 7%2' quad., Malheur County. 1992
Cleveland Ridge 7' quad., Jackson County. 1993
Little Valley 772' quad., Malheur County. 1992
Westfall 7'2' quad., Malheur County. 1992

Boswell Mountain 774" quad., Jackson County. 1992

Harper 77" quad., Malheur County. 1992

Reston 774" quad., Douglas County. 1990

South Mountain 7%2' quad., Malheur County. 1990
Jonesboro 7' quad., Malheur County. 1992
Mahogany Gap 772" quad., Malheur County. 1990
Sheaville 7' quad., Malheur County. 1990

Vines Hill 7' quad., Malheur County. 1991

The Elbow 774" quad., Malheur County. 1993
Mitchell Butte 7' quad., Malheur County. 1990

Damascus 7%2' quad., Clackamas/Multnomah C. 1994

Lake Oswego 7' quad. 1989

Double Mountain 7' quad., Malheur County. 1989
Grassy Mountain 7%' quad., Malheur County. 1989

Adrian 7' quad., Malheur County. 1989
Owyhee Dam 772" quad., Malheur County. 1989

Graveyard Point 7'4' quad., Malheur/Owyhee C. 1988

Owyhee Ridge 7' quad., Malheur County. 1988

10.00
6.00
7.00
5.00
5.00
5.00
5.00
7.00
5.00
6.00
6.00
6.00
5.00
5.00
5.00
8.00
5.00
8.00
7.00
5.00
5.00
5.00
5.00
5.00
5.00

Price*
GMS-52  Shady Cove 7' quad., Jackson County. 1992 6.00
GMS-51  Elk Prairie 7' quad., Marion/Clackamas C. 1986 5.00
GMS-50 Drake Crossing 774" quad., Marion County. 1986 5.00
GMS-49  Map of Oregon seismicity, 1841-1986. 1987 4.00
GMS-48 McKenzie Bridge 15' quad., Lane County. 1988 9.00
GMS-47  Crescent Mountain area, Linn County. 1987 7.00
GMS-46 Breitenbush River area, Linn/Marion Counties. 1987  7.00
GMS-45 Madras West/East 772" quads., Jefferson County. 1987  5.00
as set with GMS-43 and GMS-44 11.00
GMS-44 Seekseequa Junction/Metolius Bench 7%>' quads. 1987  5.00
as set with GMS-43 and GMS-45 11.00
GMS-43 Eagle Butte/Gateway 7' quads. 1987 5.00
as set with GMS-44 and GMS-45 11.00
GMS-42 Ocean floor off Oregon & adj. cont. margin. 1986 9.00
GMS-41 Elkhorn Peak 774" quad., Baker County. 1987 7.00
GMS-40 Aeromagnetic anomaly maps, north Cascades. 1985 5.00
GMS-39 Bibliogr. & index: Ocean floor, cont. margin. 1986 6.00
GMS-38 NWVs Cave Junction 15' quad., Josephine County. 1986 7.00
GMS-37 Mineral resources, offshore Oregon. 1985 7.00
GMS-36 Mineral resources of Oregon. 1984 9.00
GMS-35 SWY4 Bates 15' quad., Grant County. 1984 6.00
GMS-34 Stayton NE 774" quad., Marion County. 1984 5.00
GMS-33 Scotts Mills 74" quad., Clackamas/Marion C. 1984 5.00
GMS-32 Wilhoit 72" quad., Clackamas/Marion Counties. 1984  5.00
GMS-31 NW74 Bates 15' quad., Grant County. 1984 6.00
GMS-30 SE"a Pearsoll Peak 15' qu., Curry/Josephine C. 1984 7.00
GMS-29 NEY4 Bates 15' quad., Baker/Grant Counties. 1983 6.00
GMS-28 Greenhorn 7'4' quad., Baker/Grant Counties. 1983 6.00
GMS-27 The Dalles 1° “ 2° quadrangle. 1982 7.00
GMS-26 Residual gravity, north/ctr./south Cascades. 1982 6.00
GMS-25 Granite 7%2' quad., Grant County. 1982 6.00
GMS-24 Grand Ronde 77" quad., Polk/Yamhill Counties. 1982 6.00
GMS-23 Sheridan 7%2' quad., Polk and Yamhill Counties. 1982 6.00
GMS-22 Mount Ireland 7%>' quad., Baker/Grant C. 1982 6.00
GMS-21 Vale East 774" quad., Malheur County. 1982 6.00
GMS-20 S Burns 15' quad., Harney County. 1982 6.00
GMS-19 Bourne 7' quad., Baker County. 1982 6.00
GMS-18 Rickreall, Salem W., Monmouth, Sidney 77" quads. 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/Malheur C. 1979 4.00
GMS-12 Oregon part, Mineral 15' quad., Baker County. 1978 4.00
GMS-10 Low- to intermediate-temp. thermal springs/wells. 1978 4.00
GMS-9 Aeromagnetic anomaly map, central Cascades. 1978 4.00
GMS-8 Bouguer gravity anom. map, central Cascades. 1978 4.00
GMS-6  Part of Snake River canyon. 1974 8.00
GMS-5 Powers 15' quadrangle, Coos and Curry C. 1971 4.00
INTERPRETIVE MAP SERIES
IMS-16 EQ scenario and probabilistic maps, Portland. 2000 80.00
IMS-15 EQ scenario ground shaking map, Portland. 2000 10.00
IMS-12 Tsunami hazard map, Warrenton area. 1999 10.00
IMS-11 Tsunami hazard map, Astoria area. 1999 10.00
IMS-10 Rel. EQ hazard maps, coastal urban areas. 1999 20.00

(Continued on next page)
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AVAILABLE PUBLICATIONS
OREGON DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES (continued)

Price* Price*

IMS-9 Rel. EQ hazard maps, Cottage Grove to Ashland. 2000  20.00  pAINED LAND RECLAMATION PROGRAM STATUS MAPS
IMS-8 Rel. EQ hazard maps, Canby to Sweet Home. 2000 20.00

IMS-7 Rel. EQ hazard St. Helens to M th. 2000 20,00 MLR-03 Clackamas County. 1998 10.00
7SSl G TG, 9% ISADS 1O ellohiar: ' MLR-10 Douglas County. 1998 10.00

IMS-6 Water-induced landslide hazards, Salem Hills. 1998 10.00 .

IMS-5 Water-induced landslide hazards, Eola Hills. 2000 1000 MLR-17 Josephine County. 1998 10.00
O EAALEHESRGWERIRI e ) WG Rl ' MLR-24 Marion County. 1998 10.00

IMS-4 Geology/faults/sedim. thickness, Oregon City quad. 1997 10.00

IMS-3 Tsunami hazard map, Seaside area. 1998 6.00 U.S. GEOLOGICAL SURVEY MAPS PLOTTED ON DEMAND

IMS-2 Tsunami hazard map, Yaquina Bay area. 1997 6.00 OFR 97-513 Volcano hazards at Newberry volcano 10.00

IMS-1 Relative EQ hazards, Portland metro area. 1997 12.00 OFR 97-089 Volcano hazards in the Mount Hood region 10.00

OFR 94-021 Geologic map, Tillamook highlands (2 sheets) 20.00

Allow 2 weeks for delivery on all maps plotted on demand.

Highlighting Recent Publications
now available from The Nature of the Northwest Information Center
Relative Earthquake Hazard Maps for Selected Urban Areas in Western Oregon

ard

\ _Amplification ﬂaz _

Liquefaction Hazard : By I.P Madin and Z. Wang. Interpretive
: _— — Map Series IMS-7, IMS-8, IMS-9, and
IMS-10, 1-2 map sheets, scale 1:24,000, 21-
25 p. text, 1 compact disk, each set $20.

These four sets of (colored) maps cover urban
areas in western Oregon that were not included in
similar but more exhaustive studies for major
metropolitan regions like Portland, Salem, and Eu-
gene (most recent DOGAMI publications for these:
GMS-105, IMS-14, IMS-15, IMS-16). The maps
and the data provided on paper and in digital
form serve emergency response and hazard miti-
gation planning as well as land use planning, con-
siderations for seismic retrofitting, and other mea-
sures to strengthen homes, buildings, and lifelines.

Each printed report includes paper-copy relative
earthquake hazard maps overlaid on U.S. Geologi-
cal Survey topographic base maps. Available only
in digital form are the maps for individual hazards
such as ground shaking amplification, liquefac-
tion, and earthquake-induced landsliding, which form
the basis for the comprehensive relative earthquake hazard maps,
as illustrated on the left.

uake Hazard The following urban areas are included:
~Relative Earthd e IMS-7: St. Helens-Columbia City-Scappoose, Sandy, Hood
- River, McMinnville-Dayton-Lafayette, Newberg-Dundee,
Sheridan-Willamina, Dallas, Monmouth-Independence.

IMS-8: Canby-Barlow-Aurora, Woodburn-Hubbard, Sil-
verton-Mount Angel, Stayton-Sublimity-Aumsville, Lebanon,
Sweet Home.

IMS-9: Cottage Grove, Sutherlin-Oakland, Roseburg,
Grants Pass, Ashland.

IMS—10: Astoria-Warrenton, Brookings, Coquille, Flo-
rence-Dunes City, Newport, Reedsport-Winchester Bay, Sea-
side-Gearhart-Cannon Beach, Tillamook.

Landslide Hazard
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(Continued from page 34)

vial and granitic soils that require
large amounts of rainfall to raise
water tables and achieve saturation.

Until better numbers can be de-
veloped, a conservative threshold of
8.00 in. (203 mm) of antecedent
rainfall should be used in conjunc-
tion with thresholds for rainfall in-
tensity and duration.

It is important to note that an-
tecedent rainfall thresholds can be
exceeded during a storm as well as
before it. Intensity-duration thresh-
olds are not simply added to the an-
tecedent requirement. Both thresh-
olds can be exceeded during the
same storm, at the same time, and
should be tracked separately. For ex-
ample, suppose a station with an in-
tensity-duration threshold of 3.5 in.
in 24 hours has received 5 in. of rain
since the end of September. If the
next storm drops 4 in. of rain in 24
hours it will have exceeded both the
intensity duration threshold (4>3.5)
and the 8-in. antecedent threshold
(54+4=9, 9>8). This occurred at
many stations during the November
storm.

THRESHOLD VALUES FOR
WESTERN OREGON

Recognizing that hillsides are in
equilibrium with typical rainfall rates
and that they generally fail catas-
trophically during atypical events, we
can prepare a set of daily and hourly
thresholds for western Oregon. The
24-hour thresholds are based on the
slide history reported here. The 6-
and 12-hour thresholds are derived
from the 24-hour threshold.3 The
thresholds include the following per-
centages of mean December rainfall
in the indicated times: 40 percent in

3 This is done using an approximate fit to a
curve that parallels the mean of three empiri-
cal intensity-duration curves cited in Keefer
and others (1987, p. 923). Using even multi-
ples of 5 percent, 0.33 percent, or 0.5 percent
for mean December and MAP thresholds, or
0.25 for rainy-day normal thresholds, as is
done here, results in 12-hour values that are
5-10 percent higher than a true fit to the
mean.
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24 hours, 25 percent in 12 hours,
and 15 percent in 6 hours. This
equates with mean annual precipita-
tion percentages of 6.67 percent in
24 hours, 4 percent in 12 hours, and
2.5 percent in 6 hours. Rainy-day
normal multiples of 14 in 24 hours,
8.75in 12 hours, and 5.25in 6
hours give similar thresholds. In ad-
dition, a threshold requirement of
8.00 in. (203 mm) of October-
November antecedent rainfall is rec-
ommended to avoid false alarms
early in the wet season.

Table 1 lists 24-hour rainfall inten-
sity thresholds for most western
Oregon stations reported by the Na-
tional Weather Service. These
thresholds are combined with a
derivative of the map of mean De-
cember precipitation (Oregon Cli-
mate Service website; Daly and oth-
ers, 1994, 1997) to produce a map
of debris-flow thresholds for western
Oregon (Figure 7). This map can
provide citizens in high-risk areas
with reasonable estimates of rainfall
rates that could trigger debris flows.
Such thresholds, as well as the pre-
liminary 8-in. antecedent rainfall re-
quirement, should eventually be re-
fined to reflect local geologic condi-
tions, microclimate, soil character,
and latitudinal variation in storm fre-
quency.

Existing thresholds for the debris-
flow warning system use one set of
values for every station but Ashland.
Changing to thresholds stated in
terms of either mean December rain-
fall, rainy-day normal, or mean an-
nual precipitation would have the
advantage of an inherent compensa-
tion for “rain shadows” and other
orographic (mountain-related) ef-
fects in the areas surrounding the lo-
cation of the measuring station. For
example, if a mountainside near the
measuring station typically receives
twice as much rain as the station it-
self, the numbers for both sites will
still be the same when stated as
multiples of rainy-day normal, De-
cember rainfall, or annual precipita-
tion. Warnings issued for the station
will, therefore, be appropriate for

the surrounding area. This contrasts
to trying to use one set of numbers
statewide, so that mountainside
warnings are not issued until some
multiple of the threshold rainfall has
fallen (when the statewide threshold
is exceeded at the adjacent lowland
station).

CONCLUSIONS

After autumn rains compensate
for summer drying, landslides and
debris flows will occur if rainfall in-
tensity and duration exceed certain
thresholds. Although rainfall thresh-
olds are influenced by local geology
and soil development, over large
areas they are generally proportional
to typical local rainfall fluxes. Data
from four recent storms suggest that
slides will occur in western Oregon
where 8 in. of rain has fallen since
the end of September and 24-hour
rainfall exceeds 40 percent of mean
December rainfall.

The Oregon debris-flow warning
system could be modified to incor-
porate these findings. Debris-flow
advisories would be issued once
forecasts indicate that the annual 8
in. antecedent rainfall requirement
will be exceeded and an amount
equal to 40 percent of mean Decem-
ber rainfall is expected during a 24-
hour period. Debris-flow warnings
would be issued once 8 in. of an-
tecedent rain has fallen and 40 per-
cent of mean December rainfall has
been measured in 24 hours. Resi-
dents and businesses can estimate
local thresholds by finding their loca-
tion on Figure 7 or by calculating 40
percent of mean December rainfall
wherever a gauge has been active
for some time.

SUGGESTIONS FOR FUTURE
WORK

The thresholds described here are
preliminary. They are based on a
combination of simple mathematical
models and comparisons of historic
debris-flow occurrences with associ-
ated rainfall. Eventually, more accu-

(Continued on page 42)
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Table 1. 24-hour rainfall thresholds for selected active and historic weather stations in western Oregon as reported by
the National Weather Service (NWS) and the National Climatic Data Center (NCDC) calculated three ways: 40 percent of
mean December rainfall calculated from (a) stated monthly average in Climatological Data, Oregon, December 1996
(NOAA, 1996a) and (b) mean of December data reported on the NCDC website. In the final column, an alternative 24-hour
threshold based on 0.067 times mean annual precipitation (MAP) is shown for comparison. n.d. = not determined

40 percent Dec 40 percent Dec 0.067 X
Number Station Latitude Longitude (a) (b) MAP
1 ALSEA FISH HATCHERY 44.40 -123.75 n.d. 6.54 6.04
2 ASHLAND 42.22 -122.72 1.22 1.22 1.32
3 ASTORIA WSO AP 46.15 -123.88 4.22 4.29 4.43
4 BANDON 2 NNE 43.15 -124.40 3.93 3.66 3.67
5  BELKNAP SPRINGS 8 N 44.30 -122.03 5.11 5.11 4.85
6  BONNEVILLE DAM 45.63 -121.95 n.d. 4.93 4.89
7  BROOKINGS 42.05 -124.28 4.78 5.19 5.18
8 BUNCOM 1 NNE 42.18 -122.98 n.d. 1.67 1.55
9  BUTTE FALLS 1 SE 42.53 -122.55 n.d. 2.27 2.31
10 CASCADIA 44.40 -122.48 3.70 3.76 4.14
11 CAVE JUNCTION 1 WNW 42.17 -123.67 4.43 4.85 3.98
12 CLATSKANIE 46.10 -123.20 3.71 3.85 3.78
13 CLOVERDALE 45.20 -123.90 5.24 5.28 5.72
14 CORVALLIS STATE UNIV 44.63 -123.20 3.09 2.85 2.67
15 CORVALLIS WATER BUREAU 4452 -123.45 4.98 4.92 4.45
16 COTTAGE GROVE DAM 43.72 -123.05 3.00 n.d. n.d.
17  CRATER LAKE NPS HDQTRS 42.90 -122.13 n.d. 4.45 4.51
18  DALLAS 2 NE 44.95 -123.28 3.64 3.55 3.26
19  DETROIT DAM 44.72 -122.25 5.59 5.60 5.73
20 DILLEY 1S 45.48 -123.12 n.d. 3.23 2.94
21 DORENA DAM 43.78 -122.97 2.78 2.87 3.15
22 DRAIN 43.67 -123.32 3.1 3.17 3.06
23 ELKTON 3 SwW 43.60 -123.58 3.89 3.87 3.42
24  ESTACADA 2 SE 45.27 -122.32 3.56 3.42 3.81
25  EUGENE WSO AP 44.12 -123.22 3.44 3.33 3.1
26  FALLS CITY 2 44.85 -123.43 5.30 5.14 4.66
27  FERN RIDGE DAM 44.12 -123.30 3.23 2.92 2.66
28  FOREST GROVE 45.53 -123.10 3.06 3.31 2.89
29  GOLD BEACH RANGER STN 42.40 -124.42 5.38 5.40 5.25
30 GOVERNMENT CAMP 45.30 -121.75 n.d. 5.30 5.72
31 GRANTS PASS 42.42 -123.33 2.28 2.20 2.03
32 GREEN SPRINGS POWER PLANT 42.12 -122.57 n.d. 1.60 1.47
33 HASKINS DAM 45.32 -123.35 n.d. 5.67 4.96
34 HEADWORKS PTLD WATER BUR 45.45 -122.15 4.62 4.69 5.36
35 HILLSBORO 45.52 -122.98 2.64 2.74 2.51
36 HOLLEY 44.35 -122.78 n.d. 3.38 3.49
37 HONEYMAN STATE PARK 43.93 -124.10 4.96 4.87 4.52
38 HOOD RIVER EXP STATION 45.68 -121.52 2.40 2.25 1.99
39 HOWARD PRAIRIE DAM 42.22 -122.37 2.33 2.46 2.08
40 IDLEYLD PARK 4 NE 43.37 -122.97 4.19 797 5.17
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Table 1 (continued)

40 percent Dec 40 percent Dec 0.067 X
Number Station Latitude Longitude (a) (b) MAP
41 LANGLOIS 2 42.92 -124.45 4.96 4.87 4.91
42 LEABURG 1 SW 4410 -122.68 3.87 3.97 4.23
43 LITTLE RIVER 43.25 -122.92 n.d. 3.39 3.27
44  LOOKOUT POINT DAM 43.92 -122.77 2.68 2.73 2.96
45  MARION FORKS FISH HATCHERY 44.60 -121.95 4.56 4.65 4.45
46  MC KENZIE BRIDGER S 44.18 -122.12 4.26 4.55 4.65
47  MC MINNVILLE 45.23 -123.18 3.1 2.94 2.71
48  MEDFORD EXPERIMENT STN 42.30 -122.87 1.46 1.47 1.36
49  MEDFORD WSO AP 42.38 -122.88 1.33 1.28 1.21
50 NEWPORT 44.58 -124.05 4.90 4.47 4.49
51 NORTH BEND FAA AP 43.42 -124.25 4.31 4.24 4.14
52 N WILLAMETTE EXP STN 45.28 -122.75 2.78 2.78 2.66
53  OAKRIDGE FISH HATCHERY 43.75 -122.45 2.88 2.67 2.96
54  OREGON CITY 45.35 -122.60 3.06 3.06 3.01
55 OTIS 2 NE 45.03 -123.93 6.22 6.33 6.37
56  PORTLAND WSFO AP 45.60 -122.60 2.45 2.42 2.45
57  PORT ORFORD 2 42.75 -124.50 4.85 4.49 4.58
58 POWERS 42.88 -124.07 4.17 4.32 3.98
59  PROSPECT 2 SW 42.73 -122.52 2.73 2.66 2.68
60 RESTON 43.13 -123.62 n.d. 3.77 3.14
61 RIDDLE 42.95 -123.35 2.22 2.28 2.01
62 ROSEBURG KQEN 43.20 -123.35 2.23 2.40 2.14
63 RUCH 42.23 -123.03 n.d. 1.92 1.72
64 ST HELENSR F D 45.87 -122.82 2.93 2.76 2.73
65  SALEM WSO AP 44.92 -123.02 2.72 2.78 2.63
66  SANTIAM PASS 44.42 -121.87 n.d. 6.02 5.53
67  SCOTTS MILLS 9 SE 44.95 -122.53 5.18 5.06 5.28
68  SEASIDE 45.98 -123.92 4.61 4.74 4.98
69  SEXTON SUMMIT WSMO 42.62 -123.37 n.d. 2.30 2.36
70  SILVER CREEK FALLS 44.87 -122.65 4.84 4.52 5.11
71 SILVERTON 45.00 -122.77 3.00 3.18 3.02
72 STAYTON 44.78 -122.82 3.29 3.33 3.53
73 SUMMIT 44.63 -123.58 n.d. 4.53 4.32
74  TIDEWATER 44.42 -123.90 n.d. 6.08 5.91
75  TILLAMOOK 1 W 45.45 -123.87 5.57 5.81 5.96
76  TOKETEE FALLS 43.28 -122.45 2.99 3.15 3.18
77  TROUTDALE SUBSTATION 45.57 -122.40 2.83 2.68 2.96
78  VALSETZ 4483 -123.67 n.d. 8.89 8.28
79  WATERLOO 44.50 -122.82 n.d. 2.83 297
80 WILLAMINA 2 S 45.05 -123.50 n.d. 3.81 3.44
81  WILLIAMS 1 NW 42.23 -123.28 n.d. 2.70 2.19
82  WINCHESTER 43.28 -123.37 2.38 2.57 2.32
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Figure 7. (Colored version on front cover page) Map of proposed 24-hour rain-
fall intensity-duration thresholds for Oregon. Contours are derived from the
State Climatologist’'s map (Oregon Climate Service website) of mean December
precipitation. The contour interval is in inches for the 24-hour threshold. These
values can be multiplied by 0.6 for a 12-hour threshold or by 0.375 for a 6-hour
threshold. For example, the areas within the <2-in. contour in the Rogue Valley
region have 24-hour thresholds ranging from 1 to 2 in., 12-hour thresholds rang-
ing from 0.6 to 1.2 in., and 6-hour thresholds ranging from 0.375 to 0.75 in.
Threshold values for locations within the individual areas (see also Table 1) vary
according to distance from adjacent contour lines.

(Continued from page 39)

rate models should be produced that
consider several additional variables.
(1) Chief among these is storm fre-
quency, which results in the north-
south divergence between thresh-
olds based on rainy-day normal and
mean December rainfall. More accu-
rate intensity-duration thresholds,
perhaps incorporating December
rainy-day normal or a percentage of
the 100-year storm, could probably
be calculated to improve the num-
bers for western Oregon and extend
coverage to eastern Oregon. (2) The
8-in. antecedent rainfall threshold
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reported here is preliminary. Soil
maps produced by the Natural Re-
source Conservation Service (NRCS)
should be digitally recast, using re-
ported values for available water ca-
pacity and soil thickness to give bet-
ter local estimates for antecedent
rainfall thresholds. (3) The extent to
which land has been developed in-
fluences the thresholds due to over-
steepened slopes, placement of arti-
ficial fill, concentration of drainage,
and increased flashiness of storm-
water drainage. Maps of slides oc-
curring in developed areas should be
compared with triggering rainfall to
develop local intensity-duration

thresholds. (4) Finally, intensity thresh-
olds for rainfall of longer duration
should be calculated to provide a
more accurate representation of the
hazard that accompanies multi-day
storms like the February 1996 event.

ACKNOWLEDGMENTS

Shortly after the New Year's Day
storm of 1997, John Cassad, a mete-
orologist in the Medford office of
the National Weather Service, con-
tacted the Department of Geology
and Mineral Industries to inquire
about the possibility of relating rain-
fall to landslides. Work on this report
started a few days later. Raymond
Wilson and David Keefer of the U.S.
Geological Survey provided a review
of the state of practice and critical
direction in this investigation. Jon
Hofmeister of Dames & Moore [now
with the Oregon Department of Ge-
ology and Mineral Industries, ed.]
compiled landslide location data
used to check the “ground truth” of
the listed thresholds. Critical reviews
were provided by John Cassad, Jon
Hofmeister, Keith Mills (Oregon De-
partment of Forestry), Dennis Olm-
stead (Oregon Department of Geol-
ogy and Mineral Industries), George
Taylor (Oregon State Climatologist),
and Raymond Wilson.

REFERENCES CITED

Daly, C., Neilson, R.P, and Phillips,
D.L., 1994, A statistical-topo-
graphic model for mapping clima-
tological precipitation over moun-
tainous terrain: Journal of Applied
Meteorology, v. 33, p. 140-158.

Daly, C., Taylor, G.H., and Gibson,
W.P, 1997, The PRISM approach
to mapping precipitation and
temperature, in 10th Conference
on Applied Climatology, Reno,
Nev. [Proceedings]: American
Meteorological Society, p. 10-12.

Keefer, D.K., Wilson, R.C., Mark,
R.K., Brabb, E.E., Brown, W.M.,
Ellen, S.D., Harp, E.L., Wieczorek,
G.F, Alger, C.S., and Zatkin, R.S.,
1987, Real-time landslide warning
during heavy rainfall: Science, v.
238, p. 921-925.

OREGON GEOLOGY, VOLUME 62, NUMBER 2, MARCH/APRIL 2000



National Climatic Data Center
(NCDC) website:
http://www.ncdc.noaa.gov.

NOAA (National Oceanic and Atmo-
spheric Administration), 1996a,
Climatological data, Oregon, De-
cember 1996: U.S. Department of
Commerce, v. 102, no. 12, p.
2-7.

1996b, Hourly precipitation
data, Oregon, December 1996:
U.S. Department of Commerce, v.
46, no. 12, p. 40-43.

1996¢, Climatological data,
Oregon, November 1996: U.S.
Department of Commerce, v.
102, no. 11, p. 2—7.

1996d, Hourly precipitation
data, Oregon, November 1996:
U.S. Department of Commerce, v.
46, no. 11, p. 30-33.

1996e, Climatological data,
Oregon, October 1996: U.S. De-
partment of Commerce, v. 102,
no. 10, p. 3-7.

1996f, Climatological data,
Oregon, February 1996: U.S. De-
partment of Commerce, v. 102,
no. 2, p. 2-7.

1996g, Hourly precipitation
data, Oregon, February 1996:
U.S. Department of Commerce, v.
46, no. 2, p. 28-31.

1997a, Climatological data,
Oregon, January 1997: U. S. De-
partment of Commerce, v. 103,
no. 1, p. 2-7.

1997b, Hourly precipitation
data, Oregon, January 1997: U.S.
Department of Commerce, v. 47,
no. 1, p. 30-33.

Oregon Climate Service website:
http://www.ocs.orst.edu.

Wilson, R.C., 1997, Normalizing
rainfall/debris-flow thresholds
along the U.S. Pacific Coast for
long-term variations in precipita-
tion climate, in Cheng-Lung
Chen, ed., Debris-flow hazards
mitigation: Mechanics, prediction,
and assessment. Proceedings of
First International Conference,
San Francisco, Calif., August 7-9,
1997: New York, N.Y., American
Society of Civil Engineers,

p. 32-43.

Wilson, R.C., and Wieczorek, G.F,
1995, Rainfall thresholds for the
initiation of debris flows at La
Honda, California: Environmental
& Engineering Geoscience, v.1,
no. 1, p. 11-27. 0

DOGAMI PUBLICATIONS

Released January 20, 2000:

Earthquake Scenario and Proba-
bilistic Ground Shaking Maps for
the Portland, Oregon, Metropoli-
tan Area, by |. Wong, W. Silva, J.
Bott, D. Wright, P Thomas, N. Gre-
gor, S. Li, M. Mabey, A. Sojourner,
and Y. Wang. Interpretive Map Se-
ries IMS—15 (one map, $10) and
IMS-16 (11 maps, 1 CD, $80).

This set of 12 new maps looks at
a number of different possible earth-
quake scenarios for the Portland
metropolitan area, mapping the de-
gree of shaking at the ground sur-
face. These maps differ from earlier
earthquake hazard maps for the Port-
land metropolitan area in that they
combine a number of effects and
conditions, including bedrock shak-
ing, soil response, and proximity to
faults. They also are the first maps
to show all known faults in this area,
the Portland Hills, East Bank, Oat-
field, and Molalla-Canby faults.

Map IMS-15 contains the scena-
rio most significant for possible earth-
quake damage and most informative
for the general user. The remaining
set of 11 maps (IMS-16) completes
a comprehensive look at the effects

of various conditions that might arise
from a magnitude 6.8 quake on the
Portland Hills fault, or a magnitude
9.0 quake on the Cascadia fault, or
other earthquakes of varying proba-
bility and strength. IMS-16 also
comes with a CD containing GIS lay-
ers for all maps and is most useful
for engineers, emergency planners,
and other technical users.

Released January 26, 2000:

Relative Earthquake Hazard
Maps for Selected Urban Areas in
Western Oregon, by I.P Madin and
Z. Wang. Interpretive Map Series
IMS-7, IMS-8, and IMS-9, scale
1:24,000, 21-24 p. text, 1 compact
disk, $20 each set.

Together, the three sets cover 48
inland communities, from Columbia
City to Ashland (the set for 9 coastal
communities, IMS-10, was released
in October 1999), on 28 maps that
combine the effects of ground shak-
ing amplification, liquefaction, and
earthquake-induced landsliding to
show the earthquake hazards relative
to the local geologic conditions. The
following urban areas are included:

IMS-7: St. Helens-Columbia City-
Scappoose, Sandy, Hood River, McMinn-
ville-Dayton-Lafayette, Newberg-
Dundee, Sheridan-Willamina, Dallas,
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Monmouth-Independence.

IMS-8: Canby-Barlow-Aurora,
Woodburn-Hubbard, Silverton-Mount
Angel, Stayton-Sublimity-Aumsville,
Lebanon, Sweet Home.

IMS-9: Cottage Grove, Sutherlin-
Oakland, Roseburg, Grants Pass,
Ashland.

The compact disk that is part of
each map set contains both the
printed combined-hazard map and
the individual-hazard maps.

The study was conducted by the
DOGAMI authors over a period of
two-and-a-half years and was fund-
ed by the State of Oregon and the
U.S. Geological Survey.

Released February 14, 2000:

Water-Induced Landslide Hazards,
Eastern Portion of the Eola Hills,
Polk County, Oregon, by A.F. Har-
vey and G.L. Peterson. Interpretive
Map Series IMS-5, 1:24,000, $10.
This is the second publication in a
two-part pilot project that was sup-
ported by federal, state, and local
governments. The Eola Hills are a
landslide-prone area with intensive
development in the western part of
Salem—similar to the Salem Hills in
the south of Salem that were the sub-
ject of the earlier map publication

(Continued on page 47)
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Site-specific seismic reports in DOGAMI library nearing 200

Part 3—Oregon counties that are part of the Portland metropolitan area

On May 1, 1994, the Oregon
Structural Specialty Code, a part of
the Oregon Administrative Rules,
was changed to order that a copy of
each legally required “seismic site
hazard report” should be deposited
with the DOGAMI library and acces-
sible to the public for inspection.
This growing collection now holds
nearly 200 reports. The following list
is derived from the records in the li-
brary's bibliographic database. It is
organized by county and USGS 7%»-
minute topographic quadrangle.

This list covers the quadrangles
that are, completely or partially, part
of the Portland metropolitan area.
The preceding two parts, counties
outside the Portland metropolitan
area, were published in the July/Au-
gust and September/October 1999
issues of Oregon Geology. A few re-
ports are associated with more than
one quadrangle.

PORTLAND METRO AREA
QUADRANGLES

Beaverton

15592. Braun Intertec Corporation (1996):
Site-specific seismic evaluation for the pro-
posed Jesuit High School addition, SW
Beaverton-Hillsdale Hwy. and SW Apple
Way, Portland, Oregon. (Report for Jesuit
High School, Project no. EAAX-96-0564,
Report no. 09-106-2392; submitted by
Soderstrom Architects, PC., Portland), 12
pages, 2 figs., 33 p. app.

15885. Braun Intertec Corporation (1997):
Site-specific seismic evaluation, proposed
74-unit motel, Pacific Hwy. 99W and
Durham Road, King City, Oregon. (Report
for Super One, Inc., Beaverton, Oregon,
Project No. EAAX-96-415A, Report No.
09-117-3446), 13 pages, 3 figs., 20 p.
app.

15692. Braun Intertec Corporation (1997b):
Site-specific seismic evaluation, proposed
Covenant Church, SW Pacific Hwy and
SW Naeve Road, Tigard, Oregon. (Report
for IMF Development, Project No. EAAX-
97-0187), 13 pages, 3 figs., 5 tables, 25
p. app.

15552, Carlson Testing,Tigard (1996): Seismic
hazards report, Tigard United Methodist
Church, 9845 SW Walnut Place, Tigard,
Oregon 97223. (Report prepared for Ar-
chitect*LA, 805 SE Sherman Street, Port-
land, Oregon 97214, CTI Job No. 96-
4363), 9 pages, 5 figs., 36 p. app.
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14883. David J. Newton Associates (1996):
Geotechnical investigation and seismic
hazard evaluation, proposed recreation/
aquatic center, Southwest 125th Avenue
at Southwest Conestoga Road, Beaverton,
Oregon. (Report for Tualatin Hills Parks
and Recreation District, Project No. 568
112. Also submitted by BOORA Archi-
tects, Inc., Portland, under project no.
94058.01), 19 pages, 3 figs., 19 p. app.

15883. H.G. Schlicker & Associates (1997):
Seismic site hazard investigation, proposed
Erickson Place project, 5670 SW Erickson,
Beaverton, Oregon. (Report for Dave
Amato Associates, PO. Box 19576, Port-
land, Oregon 97219, Project No.
971539), 14 pages, 7 figs., 25 p. app.

15926. Squier Associates, Inc. (1998): Site-
specific seismic hazards evaluation, JAE
East Building addition, Tualatin, Oregon.
(Report for Shimizu America Corporation,
Tigard, Oreg., Project No. 98328), 6 p.

Camas

15590. Dames & Moore (1996): Groundwa-
ter pump station/interstate facility seismic
vulnerability study, Portland, Oregon. Final
report. (Report prepared for Portland
Water Bureau, Job no. 02110-088-004),
var. pages, 3 vols., app. 16076. Fujitani
Hilts and Associates, Inc. (1999): Seismic
site hazard investigation, Fairview City
Hall, Fairview, Oregon. (Report prepared
for Heery International, Inc., Portland,
Oreg., submitted to library by Group
Mackenzie, Inc., Portland, Oreg., Fujitani
Project no. F-2995.03, Mackenzie Project
no. 298314), 10 pages, 1 fig.

12595. Geotechnical Resources, Inc. (1995):
Foundation investigation, Fujitsu facility
additions, Gresham, Oregon. (Report for
Technology Design & Construction Co.,
Project No. 1.887, deposited by TDC as
Project No. 3225), 14 pages, 6 figs., 37 p.
app.

15605. Geotechnical Resources, Inc. (1996):
Foundation investigation and site-specific
seismic hazard study, Act Ill theaters, Divi-
sion Street Cinema, Portland, Oregon.
(Report for Soderstrom Architects, PC.,
submitted by Doug Walton Architect, PC.,
Portland, Job No. 2-309), 10 pages, 4
figs., 28 p. app.

15776. Geotechnical Resources, Inc. (1997):
Site-specific seismic hazard study, pro-
posed IBEW facility, NE 158th Avenue at
Airport Way, Portland, Oregon. (Report
for Specht Properties, Inc., Beaverton,
Oreg., Job No. 2331), 11 pages, 7 figs.

Canby

14851. Geotechnical Resources, Inc. (1994):
Geotechnical investigation, Horton Reser-
voir No. 2, S Day Road, West Linn, Ore-
gon. (Report for Murray, Smith, and Asso-
ciates, Consulting Engineers, Portland,
Oreg., Job No. 1.585), 7 pages, 2 tables,
4 figs.

Damascus

15887. Braun Intertec Corporation (1997):
Site-specific seismic evaluation, Mountain
View Golf Course clubhouse, 27195 SE
Kelso Road, Boring, Oregon. (Report for
Mountain View Golf Club, Boring, Ore-
gon, Project No. EAAX-97-0635, Report
No. 09-117-3432), 12 pages, 3 figs.,

27 p. app.

Forest Grove

12580. Dames & Moore (1995): Seismic haz-
ard investigation, new police and fire sta-
tion, Cornelius, Oregon. (Report for City
of Cornelius, Job No. 30452-001-016),

8 pages, 2 figs.

15804. GeoEngineers, Inc. (1997): Revised
report of geotechnical engineering ser-
vices, seismic hazard study (incl. response
to seismic peer review), Matsushita Elec-
tronic Materials, Inc., chemical storage
building, Forest Grove, Oregon. (Report
prepared for and deposited by Silicon For-
est Industries, Inc., Wilsonville, Oregon,
Job No. 5797-001-43), 5 pages, 2 p. Re-
sponse to peer review.

Gladstone

12596. AGI Technologies (1994): Geotechni-
cal investigation/seismic hazard evalua-
tion, proposed new fire station, 6600 SE
Lake Road, Milwaukie, Oregon. (Report
prepared for Clackamas County Fire Dis-
trict #1. AGI Project No. 30,109.013), 12
pages, 10 figs.

15892. AGRA Earth & Environmental (1998):
Seismic hazard study, Eastport Plaza Mall
Cinema, Portland, Oregon. (Report pre-
pared for MMI Realty Services, 1901 Av-
enue of the Stars, Suite 820, Los Angeles,
Calif. 90067, Job No. 6-61M-08643-1), 9
pages, 2 figs.

16074. Braun Intertec Corporation (1999):
Site-specific seismic evaluation, proposed
high school, SE 122d Avenue and SE 132d
Avenue, Clackamas County, Oregon. (Re-
port for North Clackamas School District
No. 12, Project No. EAAX-96-0405, Re-
port No. 09-076-2177. Revised March 16,
1999.), 13 pages, 3 figs., 24 p. app.

14898. David J. Newton Associates (1996):
Geotechnical investigation and seismic
hazards evaluation, for the new elemen-
tary school, SE 129th Avenue and Masa
Lane, Clackamas County, Oregon. (Report
for Architects Barrentine Bates Lee AlA,
Lake Oswego, Project No. 689 101), 19
pages, 4 figs., 17 p. app.

13348. GeoEngineers, Inc. (1995): Seismic
hazard study, Milwaukie, Oregon, Stake
Center, Cason Road, Gladstone, Oregon.
(Report for The Church of Jesus Christ of
Latter-Day Saints, c/o Lee/Ruff/Stark Ar-
chitects, Portland, File no. 1314-095-P36,
deposited by Lee/Ruff/Stark as Project No.
93199-2.06), 5 pages, 2 figs.

15921. PBS Environmental (1998): Seismic
hazards report, proposed church, parish
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hall, and assisted living facilities, St. An-
thony Village, Portland, Oregon. (Report
for St. Anthony Village Enterprise, Project
No. 12691), 6 pages, 1 fig.

Hillsboro

13382. David J. Newton Associates (1995):
Geotechnical investigation and seismic
hazards report, proposed Hillsboro Union
High School, SW Johnson Street and SW
234th Avenue, Hillsboro, Oregon. (Report
for Mitchell Nelson Welborn Reiman Part-
nership, Portland, Oregon, Project No.
372 131), 22 pages, 3 figs., 1 table, 25 p.
app.

14888. GeoEngineers, Inc. (1996): Report of
geotechnical and seismic services, pro-
posed Asahi [Glass] and Tokai [Carbon]
developments, Hillsboro, Oregon. (Report
prepared for Graham & James LLP/Riddell
Williams PS., Seattle, Wash., File No.
5069-001-36, deposited by Mackenzie/
Saito & Associates, Portland, Project No.
295561. Second copy received 6-12-96
from GeoEngineers.), 10 pages, 3 figs.,
17 p. attachments.

14853. GeoEngineers, Inc. (1996): Seismic
hazard report, Asahi [Glass] and Tokai
[Carbon] sites, Hillsboro, Oregon. (Report
prepared for Gray Construction, Lexing-
ton, KY, File No. 4785-001-00, deposited
by Mackenzie/Saito & Associates, Port-
land, Project No. 295521 and 522),

4 pages, 1 fig.

13386. Geotechnical Resources, Inc. (1994):
Foundation investigation, Intel D1B-Site X,
Hillsboro, Oregon. (Report for Technology
Design & Construction Co., Portland,
Oreg., Job No. 1.656, deposited by TDC
as Project No. 2995), 15 pages, 6 figs.,
127 p. app.

12578. Geotechnical Resources, Inc. (1994):
Geotechnical investigation, proposed
Dawson Creek Development electronics
manufacturing facility, Hillsboro, Oregon.
(Report for Van Domelen/Looijenga/Mc-
Garrigle/Knauf, Consulting Engineers,
Portland, Oreg., Job No. 1.644), 8 pages,
3 figs.; App. 3 p., 2 tables, 18 figs.

12594. Geotechnical Resources, Inc. (1995):
Site-specific seismic hazard study, IDT fa-
cility, Hillsboro, Oregon. (Report for Inte-
grated Device Technology, Hillsboro,
Oreg., Job No. 1.908, deposited by Van
Domelen/Looijenga/McGarrigle/Knauf,
Portland, as copy of report to City of Hills-
boro), 10 pages, 9 figs.

15556. Geotechnical Resources, Inc. (1996):
Geotechnical investigation and site-specific
seismic hazard study, proposed DYNIC
USA Corporation facility, Hillsboro, Ore-
gon. (Report for Van Domelen/Loijen-
ga/McGarrigle/Knauf, Portland, Job No.
1913), 9 pages, 2 figs., 30 p. app.

15566. Geotechnical Resources, Inc. (1996):
Site-specific seismic hazard study, pro-
posed BOC industrial gas facility, Hills-
boro, Oregon. (Report for BOC Process
Plants, Murray Hill, NJ/City of Hillsboro,
Job No. 1.897, deposited by Fujitani Hilts
& Associates, Portland (reviewer), as copy
of report to City of Hillsboro), 10 pages,
7 figs.

15629. Kleinfelder, Inc. (1997): Seaport site
#WA-METRO-9, Washington County,
Hillsboro. Final report, prison site location
analysis, State of Oregon, Department of
Corrections. (Report for KPFF Consulting
Engineers/ODC, Project No. 60-8080-24),
var. pages.

15567. PacRim Geotechnical, Inc. (1996): Re-
port of seismic hazards evaluation, pro-
posed Ronler Acres fire station, 229th
Street and Evergreen Road, Hillsboro, Ore-
gon. (Report for City of Hillsboro, PGl Job
No. 008-003-02, deposited by Fujitani
Hilts & Associates, Portland (reviewer),

7 p., 3 figs., 7 p. app.

Lake Oswego

15802. Braun Intertec Corporation (1997):
Site-specific seismic evaluation, proposed
new gymnasium, Riverdale School, 11733
SW Breyman Road, Portland, Oregon. (Re-
port for Riverdale School District, Project
No. EAAX-97-0465), 16 pages, 3 figs., 26 p.
app. + 20 p. geotechnical evaluation.

12584. Dames & Moore (1995): Seismic haz-
ard investigation, planned centers for the
humanities and visual arts, Lewis and Clark
College, Portland, Oregon. (Report for
Lewis and Clark College, Job No. 00288-
021-016), 10 pages, 2 figs., 3 tables.

14895. Dames & Moore (1996): Seismic haz-
ard investigation, hospital addition, Provi-
dence Milwaukie Hospital, Milwaukie,
Oregon. (Report prepared for Andersen
Construction Company, Portland, job no.
04156-035-016), 8 pages, 2 figs.

12598. GeoEngineers, Inc. (1995): Report of
geotechnical engineering services, pro-
posed John's Landing office building, Port-
land, Oregon. (Report prepared for Gerd-
ing Investment Company, File No. 4190-
001-P36, deposited by Mackenzie/Saito &
Associates, Portland, Project No. 294416),
18 pages, 4 figs., App. 47 p.

15553. Geotechnical Resources, Inc. (1996):
Geotechnical investigation, Reed College
Auditorium, Portland, Oregon. (Report for
Shiels Obletz Johnsen, LLC, Portland, OR
97209, Job No. 2174), 7 pages, 5 figs.,
27 p. app.

15956. West Coast Geotech, Inc. (1998):
Seismic hazard report, Day Road Middle
School site, Clackamas County, Oregon.
(Report prepared for West Linn/Wilson-
ville School District, Project No. W-1238
(update of report of March 28, 1996)), 6
pages, 3 figs., 21 p. app.

Linnton

16052. Braun Intertec Corporation (1998):
Site-specific seismic evaluation, proposed
St. Pius X parish hall, 1280 NW Saltzman
Road, Portland, Oregon. (Report for St.
Pius X Catholic Church, Portland, OR,
97229, Project No. EAAX-98-0402), 13
pages, 3 figs., 29 p. app.

12600. David J. Newton Associates (1995):
Geotechnical investigation and seismic
hazard report for the proposed expansion,
Terpenning Recreation Center, NW 158th
Ave. and SW Walker Road, Beaverton,
Oregon. (Report for Tualatin Hills Parks
and Recreation District, Project No. 568
103), 21 pages, 5 figs., App. 18 p.
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15806. Geotechnical Resources, Inc. (1997):

Site-specific seismic hazard study for the
expansion of the Kanto Corporation facili-
ty, Rivergate Industrial District, Portland,
Oregon. (Report for Industrial Design Cor-
poration, Portland, Oreg., Job No.
J/Seismc-2-422), 11 pages, 7 figs.

15817. Wright/Deacon & Associates (1997):

Site-Specific Seismic Studies, French-Amer-
ican International School, Portland, Ore-
gon. (Report for Laurence Ferar and Asso-
ciates, Architects, Portland, Project No.
J96-521), 8 pages, 8 figs.

Mount Tabor
16047. Braun Intertec Corporation (1998):

Site-specific seismic evaluation, Cherry-
wood Village Adult Community, SE Cherry
Blossom Drive and SE 106th Avenue, Port-
land, Oregon. (Report for Terrace Con-
struction Company, LLC, Portland, Ore-
gon, Project No. EAAX-98-0205), 14
pages, 3 figs., 36 p. app.

13381. Dames & Moore (1995): Dynamic site

response analysis, seismic hazard investi-
gation, central utilities plant expansion,
Portland International Airport. (Report for
Port of Portland, Job No. 00283-149-016),
9 pages, 4 figs.

14881. Dames & Moore (1996): Seismic site

hazard investigation, proposed parking
structure and helipad, Providence Portland
Medical Center, Portland, Oregon. (Report
for Jon R. Jurgens and Associates, Archi-
tects, Beaverton, JRI&A Project No.
95129, D&M Job No. 04156-033-016),
10 pages, 2 figs.

12587. Dames & Moore; Fujitani Hilts & As-

sociates (1995): Seismic hazard investiga-
tion, new fueling facilities, Portland Inter-
national Airport. (Report prepared for
Portland Fueling Facilities Corporation.
Compiled by Bovay Northwest, Inc., Job
No. 1893-010; 3 parts: Seismic hazard in-
vestigation [D&M, 1995], Surcharge mon-
itoring, etc. [FH, 1993], Preliminary foun-
dation investigation [D&M, 1970]), var.
pages.

12602. Fujitani Hilts and Associates, Inc.

(1995): Geotechnical investigation and
site-specific hazards study, new East
Precinct, Portland, Oregon. (Report pre-
pared for City of Portland, Bureau of Gen-
eral Services, Project No. F-2732-01; sec-
ond copy received from Mackenzie/Saito
& Associates, Portland, under Project No.
295065), 17 pages, 13 figs.

15559. Fujitani Hilts and Associates, Inc.

(1996): Site-specific hazards study and
geotechnical investigation, proposed In-
verness Jail expansion, Portland, Oregon.
(Report prepared for KMD Architects and
Planners, Portland, Oregon, Project No. F-
2830-01), 18 pages, 12 figs., 1 table,

24 p. app.

15922. Fujitani Hilts and Associates, Inc.

(1997): Seismic site hazard investigation
and geotechnical investigation, proposed
new church and parish center, SE Asian Vi-
cariate, Portland, Oregon. (Report pre-
pared for SE Asian Vicariate, Portland,
Oregon, Project No. F-2943.01), 15

pages, 6 figs., 6 p. app.
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16043. PBS Environmental (1998): Seismic
hazards report, proposed day care facility,
Portland, Oregon. (Report for Lennar Af-
fordable Housing, Portland, OR, Project
No. 12491.06), 6 pages, 7 figs.

13388. Squier Associates (1995): Geotechni-
cal investigation, Airport Embassy Suites
Hotel, Portland, Oregon. (Report for
Howard Needles Tammen & Bergendoff
Co., Kansas City, Mo., Project No. 95987,
deposited by Jim Griffith & Associates,
Inc., Portland, File No. 473.000), 24
pages, 5 figs., App. 37 p.

12599. West Coast Geotech, Inc. (1995):
Seismic hazard report, new Parkrose com-
munity center/high school, Portland, Ore-
gon. (Report prepared for Parkrose School
District, Project No. W-1190), 5 pages,

2 figs.

Oregon City

16062. Braun Intertec Corporation (1999):
Site-specific seismic evaluation, proposed
Willamette Falls Hospital addition, 1500
Division Street, Oregon City, Oregon. (Re-
port for Willamette Falls Hospital, Project
No. EAAX-99-0132), 14 pages, 3 figs., 22
p. app.

15612. David J. Newton Associates (1997):
Geotechnical investigation and seismic
hazard evaluation for the Oregon City
United Methodist Church, 18955 South
End Road, Oregon City, Oregon. (Report
for Oregon City United Methodist Church,
¢/o Architect [Matthew Mattsson, Archi-
tect LA, PC, Portland, Oregon], Project
No. 724-101), 20 pages, 4 figs., 12 p. app.

Portland

15928. AGI Technologies (1997): Geotechni-
cal engineering study, West Coast
[Paramount] Hotel facility, Portland, Ore-
gon. (Report for Kurt R. Jensen & Associ-
ates Architects, Seattle, Wash., Project No.
30,562.001), 25 pages, 15 figs., 16 p.
app.

14889. AGRA Earth & Environmental (1995):
Geotechnical investigation, Liberty North-
west Insurance Building, Portland, Oregon.
(Report prepared for The Ashforth Com-
pany, Stamford, Conn., Job No. 21-
08432-00, submitted by Hoffman Con-
struction Company, Portland, Oreg.), 14
pages, 5 figs., 14 p. app.

14896. AGRA Earth & Environmental (1996):
Geotechnical investigation, Metropolitan
Exposition Center expansion, Portland,
Oregon. (Report prepared for Yost Grube
Hall, Portland, Job No. 21-08598-00, sub-
mitted by Yost Grube Hall), 15 pages, 3
tables, 6 figs., 17 p. app.

15935. AGRA Earth & Environmental (1998):
Site-specific seismic evaluation, Hamilton
Il replacement housing (site two), SW
12th Avenue and SW Clay Street, Port-
land, Oregon. (Report prepared for Hous-
ing Authority of Portland, Job No. 8-61M-
9684-4), 10 pages, 3 figs.

12567. Braun Intertec Corporation (1994):
Site-specific seismic evaluation, proposed
new fire station, Tomahawk Island Drive,
Hayden Island, Portland, Oregon. (Report
for Portland Fire Bureau, Project EAAX-94-
0383, No. 09-124-4508), 44 pages; at-

46

tached letter by Braun Intertec, dated Jan
6, 1995, in response to meeting with City
officials on report on Jan. 3, 1995, 3 p.)

15592. Braun Intertec Corporation (1996):
Site-specific seismic evaluation for the pro-
posed Jesuit High School addition, SW
Beaverton-Hillsdale Hwy. and SW Apple
Way, Portland, Oregon. (Report for Jesuit
High School, Project no. EAAX-96-0564,
Report no. 09-106-2392; submitted by
Soderstrom Architects, PC., Portland), 12
pages, 2 figs., 33 p. app.

15884. Braun Intertec Corporation (1997):
Site-specific seismic evaluation, proposed
74-unit motel, N. Hayden Island Drive,
Portland, Oregon. (Report for Super One,
Inc., Beaverton, Oregon, Project No.
EAAX-97-0630, Report No. 09-117-
3454), 14 pages, 3 figs., 32 p. app.

15590. Dames & Moore (1996): Groundwa-
ter pump station/interstate facility seismic
vulnerability study, Portland, Oregon. Final
report. (Report prepared for Portland
Water Bureau, Job no. 02110-088-004),
var. pages, 3 vols., app.

13383. David J. Newton Associates (1995):
Geotechnical investigation and seismic
hazard report for student services building,
Portland Community College, Cascade
Campus, Portland, Oregon. (Report for
Portland Community College, Plant Ser-
vices Office, Project No. 478 113, revision
of Oct. 5, 1994, report), 19 pages, 3 figs.,
1 table, 11 p. app.

15551. David J. Newton Associates (1996):
Geotechnical investigation and seismic
hazard evaluation for the proposed Em-
manuel Temple Church, North Missouri
Avenue at North Sumner Street, Portland,
Oregon. (Report for Emmanuel Temple
Church, 1032 North Sumner Street, Port-
land, Oregon 97217-2500, Project No.
717-101), 19 pages, 4 figs., 17 p. app.

15803. David J. Newton Associates (1997):
Geotechnical investigation, proposed PSU
student housing and elementary school,
PSU project no. 781302, Portland, Ore-
gon. (Report for Portland State University,
Facilities Department, Project No. 674
102), 21 pages, 4 figs., 34 p. app.

15615. Fujitani Hilts and Associates, Inc.
(1997): Geotechnical and seismic hazard
study, College of Urban and Public Affairs,
Portland State University. (Report prepared
for Portland State University, Director of
Facilities, Project No. 2875-01), 18 pages,
13 figs., 3 p. app.

16006. Fujitani Hilts and Associates, Inc.
(1998): Seismic site hazard investigation
and geotechnical investigation, proposed
new parking structure, Portland, Oregon.
(Report prepared for Wilshire Financial
Services Group, Portland, Oregon, Job No.
F-2996.01), 18 pages, 13 figs.

16027. Fujitani Hilts and Associates, Inc.
(1998): Seismic site hazard investigation
and geotechnical investigation, proposed
Park Avenue Lofts, Portland, Oregon. (Re-
port prepared for Enterprise Development,
Portland, Oregon, Job No. F-2951.01),

13 pages, 1 table, Figures 1-4, 6 (Fig. 5
missing).

14863. Geotechnical Resources, Inc. (1995):
Revised report for site-specific seismic re-
sponse study, Broadway and Washington
parking structure and hotel, Portland, Ore-
gon. (Report for Ralph M. Schlesinger Co.,
Portland, Job No. 1.678), 11 pages, 1
table, 9 figs.

15805. Geotechnical Resources, Inc. (1997):
Site-specific seismic hazard study, pro-
posed restaurant and banquet facility,
Washington Park Zoo, Portland, Oregon.
(Report for Ankrom Moisan Associated Ar-
chitects, Portland, Oreg., Job No.
J/Seismc-2-2443), 12 pages, 12 figs.

15750. HartCrowser,Earth and Environmental
Technologies (1997): Seismic evaluation
report, ODS Tower Project, Portland, Ore-
gon. (Report for Wright Runstad and
Company, Seattle, Wash., submitted by
Zimmer Gunsul Frasca Partnership, Port-
land, ZGF Project No. P20239.02,
HartCrowser Job No. 243102). Unpub-
lished, 10 pages, 1 fig.

16045. Kelly,Patrick B. (1998): Final report
on geotechnical investigation and seis-
mic hazards study, proposed new foun-
dation for four reactors, existing build-
ing at 3625 N. Suttle Road, Portland,
Oregon. (Report for Lacamas Laborato-
ries, Project No. K322.01), 10 p., 5 figs.,
11 p. app.

13349. Redmond & Associates (1995): Seis-
mic site characterization and hazard evalu-
ation, proposed North Harbor site, NE
Marine Drive, Portland (Multnomah Coun-
ty), Oregon. (Report for Prima Donna De-
velopment Corp., Project No. 103.005.G),
6 pages.

15917. Rondema, Don, GeoDesign (1998):
Seismic hazard study, proposed Mount St.
Joseph assisted-living facility. (Report for
KPFF Consulting Engineers, Portland,
Oreg., submitted to Sellen Construction,
Seattle, Wash., GDI Project Sellen-2),

2 pages.

13387. Wright/Deacon & Associates (1995):
Seismic review, The Blazers Boys and Girls
Club, NE MLK Blvd. and Roselawn St.,
Portland, Oregon. (Report for Boys and
Girls Clubs of Portland, Project No. J95-
353; deposited by JKS Architects, Port-
land), 7 pages, 3 figs.

Sandy

16075. Braun Intertec Corporation (1999):
Site-specific seismic evaluation, proposed
Boring fire station addition, 28655 SE
Highway 212, Boring, Oregon. (Report for
Boring Fire District No. 59, Project No.
EAAX-99-0150, Report no. 09-039-3097),
14 pages, 3 figs., 22 p. app.

12581. Dames & Moore (1995): Seismic site
hazard investigation, proposed Firwood
Road fire station, Permit No. B0154395,
Sandy, Oregon. (Report prepared for
Sandy Fire District 72, Job number 30453-
001-016), 5 pages, 1 fig.

Sauvie Island

15924. John McDonald Engineering (1996):
Seismic study for Sauvie Island fire station.

(Report for John R. Low Consulting Engi-
neers, Portland, no Job No.), 3 pages.
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15925. John McDonald Engineering (1998):
Seismic hazards report, permit no. BLD98-
01867 Sauvie Island fire station. (Report
for City of Portland, no Job No.), 4 pages,
4 p. app.

15632. Kleinfelder, Inc. (1997): Sauvie Island
site #MT-SI-1, Multnomah County, Sauvie
Island. Final report, prison site location
analysis, State of Oregon, Department of
Corrections. (Report for KPFF Consulting
Engineers/ODC), var. pages.

Scholls

15633. Kleinfelder, Inc. (1997): Butternut Or-
chard site #WA-SAFETY-222, Washington
County, Hillsboro/Aloha. Final report,
prison site location analysis, State of Ore-
gon, Department of Corrections. (Report
for KPFF Consulting Engineers/ODC), var.
pages.

15631. Kleinfelder, Inc. (1997): Rood Bridge
Rd. site #WA-HS-1, Washington County,
Hillsboro. Final report, prison site location
analysis, State of Oregon, Department of
Corrections. (Report for KPFF Consulting
Engineers/ODC), var. pages.

Sherwood

15291. Kleinfelder, Inc. (1996): Phase | geo-
technical study, Oregon Department of
Corrections, Dammasch site, Wilsonville,
Oregon, ODC #CK-WS-1. (Report for
KPFF Consulting Engineers/ODC, Project
No. 60-8080-23), 3 tables (text missing?).

15301. Kleinfelder, Inc. (1996): Phase |
geotechnical study, Oregon Department
of Corrections, Dammasch Hospital site,
Wilsonville, Oregon, ODC #CK-WS-2.
(Report for KPFF Consulting
Engineers/ODC, Project No. 60-8080-23),
5 pages, 1 fig., 3 tables.

15300. Kleinfelder, Inc. (1996): Phase |
geotechnical study, Oregon Department
of Corrections, Wilsonville Tract site,
Wilsonville, Oregon, ODC #CK-WS-1.
(Report for KPFF Consulting
Engineers/ODC, Project No. 60-8080-23),
5 pages, 1 fig., 3 tables.

15635. Kleinfelder, Inc. (1997): Dammasch
site #CK-WS-2, Clackamas County,
Wilsonville. Final report, prison site loca-
tion analysis, State of Oregon, Depart-

ment of Corrections. (Report for KPFF
Consulting Engineers/ODC), var. pages.

15832. Kleinfelder, Inc. (1997): Geotechnical
exploration report, medium-security prison
and intake facility, Oregon Department of
Corrections, Dammasch site, Wilsonville,
Oregon, ODC #JF-MA-6. (Report for
KPFF Consulting Engineers/ODC, Project
No. 60-8080-23/D01), 17 pages, 4 figs.,
57 p. app.

15636. Kleinfelder, Inc. (1997): Tippet Or-
chard site #CK-WS-3, Clackamas County,
Wilsonville. Final report, prison site loca-
tion analysis, State of Oregon, Depart-
ment of Corrections. (Report for KPFF
Consulting Engineers/ODC, Project No.
60-8080-42/A01), var. pages.

15918. Kleinfelder, Inc. (1998): Geotechnical
exploration report, DOC women's prison
and intake center, alternate Wilsonville
site, SW Clay Rd., SW Grahams Ferry Rd.,
and SW Cahalin Rd., Washington County,
Oregon. (Report for Oregon Department
of Corrections, project number 60-8229-
01/A01), 27 pages, 2 figs., 66 p. app. O

DOGAMI PUBLICATIONS

(Continued from page 43)

(IMS-6, released in 1999). The areas
are important because the sliding is
regional and cannot be easily stud-
ied or controlled in tax-lot-sized
parcels.

The map outlines six levels of risk.
The city of Salem and Marion Coun-
ty are in the process of developing
hillside ordinances for the study
areas, and the overall project is
being considered as a model that
other communities with similar prob-
lems can follow. This is being done
with public involvement at each
level and technical assistance from
DOGAMI.

Released March 6, 2000:

Mist Gas Field Map, 2000 edi-
tion. Open-File Report O-00-01,
map scale 1:24,000; includes pro-
duction statistics for 1993-1999.
Paper, $8; map on digital disk $25.

The map shows the field divided
into quarter sections. It displays lo-
cation, status, and depth of all exist-
ing wells

The production summary includes
well names, revenue generated, pres-
sures, production, and other data.

A cumulative report of past pro-

duction at the Mist Gas Field be-
tween 1979 and 1992 is available in
a separate release under the title
Mist Gas Field Production Figures as
DOGAMI Open-File Report O-94-6
(price $5).

Released March 13, 2000:

Mitigating Geologic Hazards in
Oregon: A Technical Reference
Manual, by John D. Beaulieu and
Dennis L. Olmstead, Special Paper
31, 60 p., $20.

Geologic Hazards: Reducing
Oregon's Losses, by John D.
Beaulieu and Dennis L. Olmstead,
Special Paper 32, 27 p., $10.

The two new publications are de-
signed to give policy makers and the
general public better tools to reduce
the toll of geologic processes on
people and property.

Special Paper 31 includes informa-
tion on Oregon's past disasters, po-
tential for future problems, issues to
address when more than one hazard
is present (for example, flooding and
landslides), and a wide variety of
strategies to mitigate hazards. It is
primarily designed for planners, emer-
gency managers, and policy makers.

Special Paper 32 is an illustrated
summary of this technical manual
and is designed for nontechnical
users. O
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Letter to the editor

[Regarding the cover photo of the
September/October 1999 issue (Oregon
Geology, v. 61, no. 5), showing an out-
crop of the Eagle Creek Formation near
the Columbia River Gorgel

It might be of interest to you that
the foreground vegetation shown in
the cover photo of Metasequoia
Creek fossil tree remains is Japanese
Knotweed (Polygonum cuspidatum),
a Class B noxious weed in Oregon,
which is invading many of our open
riparian areas. Would be nice if some-
one could go in and give it a shot of
Rodeo (glyphosate) about the time
it begins to bloom this year.

Craig Markham

ODOT Wetlands Biologist
1158 Chemeketa St, NE
Salem, OR 97301-2528
(503) 986-3513 (voice)
(503) 986-3524 (fax)

Correction

The cover photo in our Novem-
ber/December 1999 issue (Oregon
Geology, v. 61, no 6) was supplied
to the Orrs, authors of the main ar-
ticle, by Landslide Technology, Port-
land. We regret the omission of this
credit. ed.

47



OREGON GEOLOGY Periodicals postage paid

Suite 965, 800 NE Oregon Street # 28, at Portland, OR
Portland, OR 97232-2162

Places to see—Recommended by the Oregon Department of Geology and Mineral Industries:

Sand dunes at Honeyman State Park in the Oregon Dunes National Recreation Area (photo courtesy of Ore-
gon Department of Transportation)

Sand dunes that have formed since the end of the Ice Age occupy approximately 140 of Oregon's 310 miles of
coast—more than in Washington or California. The oldest dunes are not easily visible any more; they are perched
on marine terraces or eroded or covered with vegetation. The post-Ice-Age dunes in the coast segment between
Coos Bay and Sea Lion Point (just north of Florence) are the most spectacular parts of the National Recreation Area.
This is the longest strip of dunes along the Oregon coast, extending for about 55 mi and mostly about 2 mi but in
places up to 3 mi wide. The dunes can be as much as a mile long and nearly 500 ft high. The slipface, the steeper,
leeward side of the pictured dune, shows marks of sand streams where the dune corrects its oversteepening slopes.

Access: From Honeyman State Park on U.S. Highway 101 (coastal highway), 3 mi south of Florence. Most dunes
are between the park and the ocean. Or look for South Jetty Road (Sand Dunes Drive) closer to Florence.
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