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FOREWORD
The massive eruption of Mount St. Helens

on May 18, 1980 propelled an estimated four
billion cubic yards of what was once the
peak's summit and northern side to the atmo-
sphere and down its slopes. Absolute dev-
astation resulted. To the northwest not a
single living tree was found within 15 miles.

The topography near and far from the vol-
cano was rearranged by pyroclastic flows,
landslides, mudflows and ashfall. A huge
landslide filled the North Fork of the Toutle
River, in the process damming Spirit Lake.
Enormous mudflows passed down both the
North and South Forks of the Toutle to the
lower Cowlitz River and thence to the Colum-
bia River. An estimated 2500 acre feet of
sediment and debris were deposited in the
Cowlitz River.

During the May 18 geological event, ash
fell over a 100,000 square mile area to the
east. The depth of the ashfall varied from
about two inches at Ritzville, Washington to
almost an inch at Pullman, Washington.
Within ten hours after the initial explosion,
ash had fallen to the ground as far east as
Missoula, Montana. The ash loading varied
from 25 kilograms per square meter at Ritz-
ville to a light dust visible on cars in Denver,
Colorado, a third of the continent away. Mil-
lions of ecosystems within the vast area of
the ashfall then had to begin to cope with
increased particulate matter, added nutrients
(such as phosphorus and sulphur), and in-
creased amounts of possibly toxic metals.

A conference was held in Pullman, Wash-
ingtonlocation of the State of Washington
Water Research Centershortly after the
eruption to evaluate the immediate situation
and the data gathered up until then (July 8,
1980). The assembled information indicated
that a wide range of possible effects from the
eruption and ashfall could influence both the
quality and quantity of water in the states
impacted by the eruption. This information
was carried back to Washington, D.C. by
several members of the Pullman meeting.
The U.S. Congress, recognizing both the seri-
ousness of the threat to the water resources
of the Pacific Northwest as well as the unique
opportunity to investigate the effects of a

volcanic eruption, appropriated two million
dollars for research, to be administered
through the U.S. Office of Water Research
and Technology.

The directors of the water research insti-
tutes and centers of the states of Oregon,
Montana, and Washington acted as a com-
mittee to implement this research program.
The State of Washington Water Research
Center acted as the lead center in this effort.
Meetings were held with federal and state
agencies to clarify the problems and arrange
the priorities. The directors of the centers
also worked individually and collectively with
investigators from the academic communities
of the various states to coordinate proposal
preparation, project planning, and coordina-
tion of the research project work with the
U.S. Office of Water Research and Tech-
nology.

In October, 1981, a conference with the
title, "Mt. St. Helens: Effects on Water
Resources," was held at Jantzen Beach,
Portland, Oregon to present the preliminary
research findings and to exchange and trans-
fer information with such agencies as the
U.S. Forest Service, Geological Survey, Army
Corps of Engineers, Soil Conservation Ser-
vice and the Bureau of Reclamation. State
agencies were represented as were state
legislators, industrial firms, and consultants
as well as interested individuals.

The institute and center directors involved
with committee work, project review, coordi-
nation and administration were: Dr. William
Hunt, 1980-82, (Montana); Dr. Howard
Peavey, 1982-83, (Montana); Dr. James Mull-
gan, 1980-82, (Idaho); Dr. James Busch,
1982-83, (Idaho); Dr. Peter Klingeman, 1980-
83. (Oregon); Dr. Jack Cassidy, 1980-81,
(Washington); and Dr. William H. Funk, 1981-
83, (Washington).

The publication describes in lay terms the
work done to date on the Mount St. Helens'
projects. Copies of the investigators' techni-
cal reports can be obtained from the appro-
priate state water research center or institute.

William H. Funk, Director
State of Washington
Water Research Center
August 1, 1983





[I

_r---1-__

KalispelllNGTON_III____flicoeurL1ene_____
MONTANA

Olympia

MOUNT

Ritzvitle

Missoula

.kima
Helena

Pasco

Mos ou

Butte
.

I \Portland I
/ is

rOREGON

)
IDAHO

IAREA OF THE

MAY 18, 1980 ASHFALL

Boise
o 100 200 300 KILOMETERS

I

I

o After Sarna-Wojcicki, USGS0 200 MILES
I

t

F. , f:
:

7

- .-... .-,

-. / a .
I.

b A: t - )lL

* p .' c

/ I;
.- ;lE

4



5



*1*11uIrrnat T1Ii

/

7
4

\

)
/

/
/



ASHFALL IMPACT UPON
NORTHERN IDAHO'S FOREST

STREAM ECOLOGY

The problem was essentially the same at both
placesbut the surroundings were con-

siderably different.
At one location, the main feature which

draws the eye is the dark green lake. Angling
from north to south, its flat surface is con-
fined between moderately steep ridges. On
some of the slopes, the sharp spikes of long-
needled pine trees are dominant, along wIth
the more delicate structures of western larch.
On the flatter ground, crops of hay and turf
grass seed are being grown.

Same problem but in different terrain

The body of water is Coeur d'Alene Lake,
considered one of northern Idaho's major
recreational assets. It stretches for thirty miles
from south to north, where it laps at the foot of a
small city bearing the same name. The article
on page 9 recounts how research is being
carried out to determine the impact of Mount
St. Helens ashfall on the tiny aquatic animals
living on the bottom of the lake.

At the second location the problem is the
sameMount St. Helens' ash. But the terrain
is considerably different. Densely forested
ridges, some around 4000 feet high, dominate
the view in all directions. Most bear the mark
of the logger in the form of extensive clearcuts,
which show the different stages of harvesting
and regrowth. At the bottom of the canyon a
minor stream winds back and forth through a
small, grassy meadow.

The topographical map identifies the tiny
clearing as Graves Meadow. The stream is the
upper Palouse River, which turns back and
forth here in the Bitterroot Mountains of north-
ern Idaho before heading west into the Palouse
Country of eastern Washington.

At left, sufficient amounts of ash fell on the western
slopes of the Bitterroot Mountains in northern Idaho
to raise the possibility of stream ecosystem disruption.
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Large amounts of ash or tephra from the
violent May 18, 1980 eruption of Mount St.
Helens fell on this region. This raised essen-
tially the same questions as at Coeur d'Alene
Lake, some twenty-odd miles to the northwest:
Would the ash deposits disrupt the functioning
of the food chain? Would the aquatic insects
upon which fish feed be killed?

In order to answer these questions, investi-
gators from the University of Idaho (UI) chose
the Graves Meadow reach of the Palouse River
as being representative of the forest streams
impacted by the ashfall. Performing stream
research were Profs. James H. Milligan, C.
Michael Falter, and Merlyn A. Brusven. Also
working on the UI investigative team were
Bradley Mitchell and Bruce A. Cochran. They
were assisted by graduate students George A.
lnverso, Daniel T. Wade, and C. Evan Hornig.

The UI investigators designed their study to
assess microhabitat characteristics affected
by volcanic ash in a representative stream;
determine the extent and movement of ash
through a stream in order to describe impacts

The light-colored ash from the May, 1980 eruption of
Mount St. Helens shows clearly in this section of turf dug
from Graves Meadow (located in the center of the aerial
photo at left).

Continued on next page



ASHFALL AND FOREST STREAMS
Continued from previous page

on primary production and insects; and assess
the effects of stream-transported volcanic ash
on primary and secondary production.

According to Milligan, checks made in
streams of northern Idaho and eastern Wash-
ington after the May 18 blastoff showed that in
some locations instream ecological conditions
had been significantly altered by the ash.

One of the project activities was to collect
144 aquatic insect samples from the Graves
Meadow area, an area heavily impacted by
ashfall from the May 18 eruption. The investiga-
tors believed analysis of these samples would
tell them what insect communities were pres-
ent in the riffles, the runs, and the pools of the
river, and how they were faring after the tephra
fallout.

The U! survey found the algae and insects
of the river to be very diverse, healthy, and
distributed among the riffles, runs, and pools
as one would expect in a well-established
stream. Milligan states: "It can be inferred that
within a year after the event the stream envi-
ronment (in the reach studied) had fully
recovered."

Another portion of the UI study was to
determine how the ash, once deposited in a
stream channel, would be scoured away, trans-
ported, and then deposited again. A mathe-
matical model was developed through a series
of laboratory and flume studies to predict the
quantities and distribution of silt-size volcanic

particles that might be incorporated into a
given stream reach.

. The influx of large quantities
of The . ash into a si-ream
environment caused dislocation at
first .

Attached benthic algae samples collected
from the Palouse River during 1981 also were
analyzed for biomass differences between runs,
riffles, and poolsas related to ash deposition.
The results of these analyses were used to
design artificial stream channels at the Clark
Fork Station site on Mosquito Creek, near Clark
Fork, Idaho. This site was free from any ash.

Laboratory experiments were made in addi-
tion to determine the effects of suspended ash
on detritus breakdown by stonef lies and the
effects of suspended ash on the leaf-feeding
activities of caddisflies.

Milligan and his co-workers concluded that
the influx of large quantities of the Mount St.
Helens' volcanic ash into a stream environment
caused great dislocation at first in the benthic
aquatic insect populations. "These disloca-
tions were short lived, however; benthic insect
population recovery apparently starts in a
matter of weeks and the system appears to be
fully recovered within a year of the event,"
the Idaho investigators report.

Experimental channels were added at the University of
Idaho's field station on Mosquito Creek to determine the
short-term impact on the benthic algae as well as on the
aquatic insects.

8



LAKE BENTHIC ORGANISMS
AND THE ASHFALL
FROM MOUNT ST. HELENS

At the one lake, the impact was immediate,
brutal, and catastrophic to life. At the other,

the impact was slow to develop, gentle in its
contact, and apparently survivable by most
forms of life.

The first body of water was unfortunate
enough to be located just five miles from the
summit of Mount St. Helens when the Cascade
Range volcano erupted on May 18, 1980.
According to the U.S. Geological Survey
(USGS), a massive debris avalanche and blast
"devastated an area nearly 30 km (19 miles)
from west to east and more than 20 km (12
miles) northward from the former summit of the
volcano. . . Part of the avalanche . . . displaced
the water from Spirit Lake, raising the lake in its
southern part by more than 60 meters (197
feet).* Needless to say, the execution of most
of the aquatic life in that once-prized recrea-
tional body of water was swift and efficient.

A slow deposition into the depths

It was a different story far to the east, in the
timbered ranges of northern Idaho. It was not
until early afternoon that tiny particles began to
fall from the eruption plume overhead onto the
surface of Coeur d'Alene Lake. From there the
ash slowly sank into the depths.

It had taken the tephra some seven hours to
make its way on the winds from Mount St.
Helens to the Idaho body of water, some 270
miles distant. By then the once-searingly hot
particles had cooled. In comparison to the
holocaust at Spirit Lake, there seemed to be
little threat to the fish, zooplankton, and phyto-
plankton then residing in Coeur d'Alene Lake.
But there was a potential long-range hazard,
nevertheless. Prof. Jack M. Skille of the Univer-

* From USGS Professional Paper 1250

At right, Coeur d'Alene Lake is one of Idaho's major recre-
ational assets, thus any potential damage to its aquatic
life was regarded as a threat worthy of full investigation.

9
Continued on next page



LAKE ORGANISMS AND THE ASH
Continued from previous page

sity of Idaho (UI) describes the possible effects
of the ashfall on the lake:

"Two impacts are postulated, both of
which may lead to a decline in benthos* *

abundance. First, the initial settling of
the ash may have smothered the organ-
isms in much the same way that eroded
silt smothers stream invertebrates. Sec-
ondly, the dense ash layer may prevent
the benthos from burrowing into the
sediment and thus eliminate those deeper
muds as potential habitat."

In late 1980, Skille, an aquatic ecologist,
prepared a proposal to the U.S. Office of Water
Research and Technology (OWRT) to study this
possible threat to Coeur d'Alene Lake. He was
joined in the research application by C. Michael
Falter, a professor of wildlife. Both Skille and
Falter are faculty members of the UI College of
Forestry, Wildlife, and Range Sciences.

Following project approval, Skille and Falter,
assisted by Will Kendra, began looking in June
of 1981 at what was taking place on the bottom
of the Idaho lake. The investigation is still
underway as of this writing.

one year after the fal/ouI
The average Thickness of ash on The
sediments of The lakes, rivers, and
dellas was 5.5 mm (1/4 inch). The
ash layer on The sedimenls is
relalively uniform .

According to Skille, the lower Coeur d'Alene
and St. Joe Rivers, the flood plain lakes along
the former stream, and the river deltas of the
two streams are all possible settling basins for
the ash which fell initially on the area's hills and
valleys. He states: "Since this large water sys-
tem is important to the economy of northern
Idaho, through its recreation and fisheries value,

* *These are organisms such as flatworms and flies, gnats
and midges in the larval form which live on the bottom
of lakes and reservoirs. They play an essential part in the
food chain leading up to fish.
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it was important to monitor the quantities and
effects of ash in the system."

The UI project has three major objectives:
1) to qualify and identify tephra (ash) in lake
sediments and in the water column; 2) to
describe the chemical conditions in the sedi-
ments and in the water column throughout the
river-lake system; and 3) to describe the impact
of tephra in the sediments and water column on
three aquatic communities (benthic inverte-
brates, zooplankton, and phytoplankton)
throughout the river-lake system.

One of the reasons for the concern over
the long-range impact of the ashfall was the

finding that within five months after the 1980
eruption, about one-half inch of ash had
covered the bottom of Coeur d'Alene Lake.
Another ten inches had accumulated in the
lower portions of the rivers feeding the lake.
The question waswould this ash continue to
build up on the bottom of the lake and seal the
bottom to future biological activity?

Burrowing affects exchange of materials

The importance of the benthic community
is stressed by Will Kendra: "The vertical distri-
bution of benthic animals influences the circu-
lation of matter in an aquatic system . . . (the)
burrowing activities (of the benthic animals)

pC DC D1

CD3 CR

COoc,

HARRIS

0.
-q

Coeur d'Alene Lake study area
Sample Sites Abbr. showing sampling site locations

Be
Gasser Point GP /
Brown's Bay BB
Hidden Lake ilL OB
Chatcolet Lake CL
Round Lake RL Be
CDA River Mile 138 CR
CDA River Mile 133 CR2 HL S
St. Joe River Mile 17 SR'

St. Joe River Mile 13 SR3
St. Joe River Mile 8 SR2
CDA River Delta CD' ,L_

CDA River Delta CD'
CL

CDA River Delta CD2 SR1

Rocky Point RP3
Beedle Point BP J

Q'Gara Bay OB
CDA Terrestrial CT
St. Joe River Terrestrial ST

SR2

SR3

ST. MARIES

11

affect the exchange of ions, gases, nutrients and
other materials between the sediment and over-
lying water."

The northern Idaho lake also has a problem
contamination by heavy metalsnot shared
by Spirit Lake. Skille explains:

"For many years the Coeur d'Alene
River has been carrying large concentra-
tions of heavy metals into the lake and
into flood plain lakes from the mining
districts of Kellogg and Wallace, Idaho.
Zinc, lead, and cadmium are of primary
concern and have deposited in the lake
sediments and continue to leach into
the waters. As a result there has been
evidence of decreased benthic invertebrate
production and primary production in
the north end of Coeur d'Alene Lake
because of metal toxicity. Deposition of
the tephra over these metals acts as a seal.
If this occurs concentrations of metals
may increase in the sediments further
decreasing benthic production. On the
other hand, metals may be sealed off from
entry to the water column and thereby
increase primary production since pri-
mary production in northern Lake Coeur
d'Alene has been shown to be limited by
high concentrations of zinc and
cadmium."

Deep core sampling from a specially modi-
fied tn-hull boat has been the major research
technique used by the Idaho investigators.
Cores were taken at the sites shown on the map
at the left. The cores revealed that during
the summer of 1981, one year after the fallout,
the average thickness of ash on the sediments
of the lakes, rivers, and deltas was 5.5 mm (¼
inch). The ash layer on the sediments is rela-
tively uniform, ranging from 2.0 mm to 9.6 mm
(1/16 to inches).

The layer is also very compact and cohe-
sive. While doing experiments with the benthic
communities on the lake bottom, the research-
ers found that the ash layer has not mixed with
pre-ash sediments. It could literally be rolled
up like a carpet.

Preliminary findings of the UI research team
are that the abundance and composition of the

Continued on next page



LAKE ORGANISMS AND THE ASH
Continued from previous page

benthic community has not been affected by
the ash deposition, and that the ash layer is not
an impediment to the burrowing animals of the
benthos.

According to Skille, the 1982 core findings
are now being analyzed. It appears that annual
sedimentation in the deltas and floodplain
lakes is as much as several inches, he reports.
Further data analysis should result in more
definite conclusions, Skille states.

At right, the initial analysis of the data gathered at the
lake indicate a minimal impact on the benthic organisms.

Below, Lake Chatcolet (actually the southern end of Lake
Coeur d'Alene) is shallow and eutrophic, making it vulner-
able to possible ash-caused disruption of lake organisms.

At the far right, channels eroded in the relatively loose ash
and debris deposited in the canyon of the North Fork of
the Toutle River, west of Mount St. Helens.

12
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SNOW AVALANCHE MODELS
ADAPTED TO MUDFLOWS

Most people would regard themselves as
reasonably experienced with mud. We

make mud pies as children, we splash through
mud puddles on our tricycles, our cars get
stuck on muddy back roads, and we track mud
into the house from the garden.

But despite their familiarity with the oozy
stuff, few residents along the Toutle or Cowlitz
Rivers were prepared for the massive flow of
mud and debris that came their way on May 18,
1980.

The eruption of Mount St. Helens at 8:32
am. melted the snow and glacial ice on the
peak's upper slopes. Destructive avalanches
of powdered rock and water began within
minutes to descend the slopes of the canyons
and valleys leading away from the mountain.

14

Swift Reservoir, on the south side of Mount St. Helens,
received large amounts of mud and other materials from
the eruption-generated mudf lows down several creeks.

These avalanches turned into mudfiows when
the debris reached less steep terrain.

Before this downslope movement was over,
more than 60 million cubic yards of sediment
had been deposited along the lower Cowlitz
and Columbia Rivers. Some of what used to be
the solid top of Mount St. Helens was depos-
ited over 70 miles away, in the estuary of the
Columbia. As mentioned elsewhere in this
publication, the mass movement resulted in
large losses of property along the rivers.

Hopefully, the painful experience of the
mudflows from Mount St. Helens can be a
lesson for the future. Two faculty members at
Montana State University (MSU) believe it can.
"The potential hazard of mudflows from other
latent volcanic peaks can be assessed by
evaluating the characteristics and dynamics
of the mudflows which occurred at St. Helens,"
Theodore E. Lang and Jimmie D. Dent state.

There is no shortage of "latent volcanic
peaks" in Washington, Oregon, and California.
From north to south, they include such well-



known mountains as Mounts Baker, Rainier,
Adams, Hood, Jefferson, the Three Sisters,
and Shasta.

Lang and Dent are concentrating on the
initiation and runout stages of the flows. Their
work is being coordinated with research at
Washington State University on the channel
stage. (The latter project is discussed on
pages 39 to 41.)

Snow avalanche modeling the forerunner

Lang and Dent previously had developed
techniques and computer programming for
analyzing the dynamic characteristics of
avalanches of snow and large rock slides. The
major thrust of their current research has been
to modify this computer model to handle the
different characteristics of the eruption-
initiated mudflows.

Information on the velocity and depths of
the mudflow down the North and South Forks

of the Toutle River was used in a computer
simulation performed by Lang and Dent. Their
results show the flow in the North and South
Toutle drainages to be of lesser viscosity,
containing more water, than the flows in the
Pine and Muddy Creek drainages.

Computer simulation a close match

Mudflows down the latter two drainages,
along with the discharge down Ape Canyon
(see map on pages 2 and 3) were given close
scrutiny by Lang and Dent. The MSU
researchers simulated the entire mudflow
release and runout event from these three drain-
ages into Swift Reservoir, lying southeast from
Mount St. Helens. The computer simulation
figures very closely matched the quantity and
timing of the volume of mudflow which actually
took place following the eruption on the
morning of May 18.
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TROPHIC IMPACT OF
ASH DEPOSITS ON
MONTANA LAKES

Considering the 400 miles that had to be
covered, it did not take too long for the

light-gray colored ash to get there. By mid-
afternoon the leading edge of the downwind
plume from the May 18 blastoff of Mount St.
Helens was crossing high over the lakes of
western Montana. By ten o'clock in the evening
the ash was sifting down onto Clearwater,
Rainy, Alva, lnez, Seeley and Placid Lakes, as
well as on the surrounding hills and forest.
Located northeast from Missoula, Montana,
these lakes are significant recreational assets o
the Treasure State. They are strung out like
handsome blue-green beads along the Clear-
water River as it plunges southward in a valley
encompassed by the Rocky Mountains.

Although the ashfall on this area of western
Montana was only a light dusting compared
to the heavy deposits in the immediate vicinity
of Mount St. Helens and in eastern Washington,
there was concern over its potential long-
range effects. The ash contained such water
plant nutrients as nitrate, ammonia, phosphate,
and some trace elements. The nutrients, once
dissolved in the streams or lakes, could change
the balance of plant life in these prized recre-
ational water bodies.

Continuation of earlier data-gathering

Therefore, studies by two faculty members
of the University of Montana (UM) Department
of Chemistry were funded. They had been mon-
itoring the health of these bodies of water
since 1975. Thus, beginning in early 1981,
Richard E. Juday and Edward J. Keller began
also to check for the effects of the ashfall
on the trophic status of the lakes.

Lakes are classed as oligotrophic, meso-
trophic, or eutrophic according to their produc-
tion of biota necessary in the lower food chain
of aquatic animals, Juday and Keller state.
"Lakes with very small amounts of naturally
occurring nutrients thus have low productivity

16

and are o!igotrophic; those with sufficient
nutrients for sustaining biological life neces-
sary to support animal life without impairing
the lake water quality are mesotrophic; those
lakes with an overabundance of nutrients pro-
ducing excessive algal growths which reduce
the light transmission and dissolved oxygen
levels, thus degrading the quality, are eutro-
phic," they state.

The Montana chemists were particularly
interested in determining if the ash which fell
into the Clearwater Lakes (or was washed into
the lakes by streams) would increase the popu-
lation of blue-green algae. These tiny plants
are considered unwelcome inhabitants of
recreational lakes, especially in large numbers,
and are usually symptomatic of eutrophic
bodies of water.

Ever since the project was started the UM
investigators have sampled the project area
lakes, and made field measurements for dis-
solved oxygen content, chiorophyl a, pH, and
transparency readings.

Laboratory analyses have included the
determination of calcium, magnesium, sodium,
potassium, iron, and manganese content and
the presence of nutrients such as nitrate N,
ammonia N, total nitrogen, inorganic phos-
phate and total phosphate. Sulfate and
chloride content also were measured.

"The ash contained such water plant
nutrients as nit rate, ammonia,
phosphate, and some trace elements.
The nutrients, once dissolved in the
streams or lakes, could change the
balance of plant life . .

The university faculty members detected a
higher level of algae growth in the summer of
1980 (following the ash deposition) than in
previous years. This elevated level continued
in 1981 but then fell in 1982 to pre-eruption
amounts.

"The (ash) fallout may have caused the
increase in the productivity in the 1980 and
1981 seasons," Juday and Keller state. They
add: "Chemical tests conducted on nutrients



found in the ash indicated the lake water
extracts contained approximately 20 times as
much phosphate (necessary for algae produc-
tion) as found in extracts conducted in distilled
water."

At left, the drainage of the Clearwater River and associ-
ated lakes, located to the northeast of Missoula, Montana.

Below, Prof. E. J. Keller (left) and R. E. Juday of the Uni-
versity of Montana do in-situ measurements of dissolved
oxygen, pH, and temperature in one of the study lakes.
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ASH AS NUTRIENT SUBSIDY

TO SUB-ALPINE LAKES?

Research similar to the work being done on
the Clearwater River Lakes by Profs. Juday

and Keller is being carried out about 150
miles to the north, along the northern border
of Glacier National Park. Faculty members
from the University of Montana (UM) are check-
ing to see if ashfall from Mount St. Helens has
affected the nutrient status of sub-alpine lakes
in that area. Profs. Jack A. Stanford, F. Rich-
ard Hauer, and Johnnie N. Moore are exam-
ining four lakes in the Kintla, Bowman, and
Quartz drainages to see if there has been any
biotic response to the ash which came from the
far-away Cascade Range volcano. These
Glacier Park bodies of water are considered to
be ultraoligotrophic in nature. They have very
low concentrations of major ions, including the
plant growth nutrients of phosphorus, nitrate.
and sulfate, according to Stanford. "Entire
catchments of many of these lakes are perched
on clastic argillite bedrock of pre-Cambrian
origin or on crystalline rock of igneous
origin, which explains the low concentrations
of dissolved ions," he states.

".. . MounI Sf. He/ens as/i could
yield concenfrafions of plan f9rowiLh
nut rients 10 to 20 times greater
than baseline . .

The UM biological research director adds
that Mount St. Helens' ash could yield concen-
trations of plant-growth nutrients 10 to 20 times
greater than baseline, pre-eruption conditions.
"Chemical leaching and stripping of nutrients
by microbes from ash deposited in catchment
basins will probably occur over a long period.
Consequently, the ash may act as a nutrient
subsidy, both as a short-term pulse and in
long-term cycling," Stanford relates.

He points out that Glacier National Park is
known for its pristine waters and mountain
grandeur, and has been declared an inter-
national biosphere reserve. Results from the
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UM research will be applicable to similar ultra-
oligotrophic waters throughout the mountainous
areas of the Northwest, such as the Bitterroots,
the Cabinets, and some areas of the Mission
Mountains.

The results of the Stanford/Hauer/Moore
research to date are not conclusive as to the
impact of the Mount St. Helens ash. Their
preliminary data indicates a higher level of
primary productivity than would be expected
from these lakes unless they were affected by
a nutrient subsidy from ash or sediment import
from local streams. The researchers report that
these lakes may receive nutrients from glacial
flour (argillite powder) from the surrounding
area which may have a fertilizing effect on the
lakes similar to that of the ashfall received
from the St. Helens eruption. Analytical pro-
cedures have been developed to separate the
effects of glacial flour from the ash.

At right, braided runoff patterns in the North Fork of
the Toutle River, below the "new" Spirit Lake.

Below, Glacier Park in Montana was at the edge of the
initial ash fallout from the May, 1980 eruption. Some of the
Park's lakes, noted for their pristine, oligotrophic status,
received some direct ashfall as well as from stream runoff.
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HERRiNG AND SMELT EGGS

AND LARVAE DAMAGED
BY THE SUSPENDED ASH?

In the first few days, nearly everyone wore one.
Persons venturing out-of-doors in the

eastern Washington towns hit by heavy ashfall
from the May 18, 1980 eruption kept small
masks over their noses and mouths. Most
health authorities advised against breathing in
the tiny particles of rock and glass. But at least
people had the option of trying not to take the
ash into their lungs.

Not so the many other forms of life affected
by the sudden destruction of the top part of the
Cascade volcano and the subsequent mud-
lows down the Toutle and Cowlitz Rivers.

Among these species suddenly placed at hazard
were the finny inhabitants of the Columbia
River downstream from that stream's confluence
with the Cowlitz. The ash and other particles
carried in the water moving downstream dra-
matically increased the amount of suspended
sediment in the water. Since fish must take
water through their gills to obtain oxygen, they
had no choice but to take in the tiny particles of
volcanic ash along with the water.

Estuary an important hatchery for some fish species

There were immediate fish kills when the
first large slugs of mud moved down the Cowlitz
and into the Columbia and the killing may not
be over, according to an Oregon State Univer-
sity (OSU) biologist. "The Columbia River estu-
ary is an important nursery ground for the
young stages of marine fishes," says George W.
oehlert, a faculty member at OSU's Marine

Science Center at Newport, Oregon. He points
out that several commercially important
speciessuch as Pacific herring and Columbia
River smelthatch and develop in the
Columbia's estuary.

"The eggs and larvae of these species are
subject to decreased oxygen levels, smother-
ing, abrasion, inability to see food, confusion
of suspended ash with food particles, and
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Some of the ash from Mount St. Helens was transported
down the Toutle, Cowlitz and Columbia Rivers to the estu-
ary of the latter, where it affected the hatching success
of the herring and smelt species.

other detrimental effects of volcanic ash sus-
pended by both normal river flow and dredging
activities," Boehlert asserts. He relates that
volcanic ash has been suggested as damaging
to gills and skin tissue of young chinook salmon.
He fears that even more severe damage may
be done to the herring and smelt larvae,
which are considerably smaller in size than the
salmon.

Information sought on lethal concentrations

Boehlert is presently directing a research
project to determine the extent of this ash-
caused damage to the eggs and larvae of the
herring and smelt.

The specific goals of the OSU project are
to determine:

lethal concentrations (mg/I) of volcanic ash
and of uncontaminated estuarine sediment
for the hatching success of demersal eggs;*
developmental anomalies and abnormalities
associated with larvae hatched from ash
and sediment-exposed eggs as compared
to controls;
lethal concentrations of volcanic ash and
of estuarine sediments on yolk-sac larvae
after hatching;
effects of ash suspenued upon feeding
success in healthy larvae; and
mechanical effects of volcanic ash upon

*eggs which fall or are attached to the bottom of a
stream or estuary.
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delicate larval gill, intestinal, epidermal, and
sensory tissues.
Scheduled to be completed in mid-i 983, the

research should provide needed information
for state and federal fishery resource managers,
according to Boehlert: "Man has some control
over sediment release and resuspension,
including volcanic ash, through timing of
dredging and water release at impoundments
and through placement of dredge spoil." The
threshhold levels for larval mortality can be
used in managing such activities to minimize
their impacts during times of maximum larval
fish residence in the lower Columbia River
estuary, he asserts.

"Blockage of Ihe . . . guf is nof
apparenf for The small-sized ash
parf ic/es, buf higher concenf rat ions
of boTh mud and ash reduce feeding
abilifies."

To date, Boehlert and his research team
have been using bioassay methods to deter-
mine the threshhold concentrations of the ash
for deleterious effects. The effects of ash and
sediment apparently act through smothering
rather than abrasion, since lower threshholds
are observed for static experiments, where the
particles are allowed to settle on the eggs.
The results also show that particles of ash
accumulate in the gut of Pacific herring larvae
during feeding experiments. Blockage of the
esophagus or gut is not apparent for the small-
sized ash particles, but higher concentrations
of both mud and ash reduce feeding abilities.
"Larvae show small tear and puncture-type
wounds on lateral surfaces and particular dam-
age to the finfold when subjected to suspended
ash at concentrations above 1000 mg per liter,"
he states.



Erosion Patterns
as of

December, 1981

I' r*5

Th

"The December 1981 map illustrates
the hydrologic responses to the
first series of fall storm events"

"The March 1982 map further
amplifies the dramatic hydro-
morphological changes that have
taken place within this particular
reach of the river .
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DRAINAGE PATTERNS IN
ERUPTION DEBRIS STUDIED

It was, as the U.S. Geological Survey phrases
it, "One of the most dramatic mass-

movement events of historic time.* The
collapse of part of the north slope of Mount St.
Helens on the morning of May 18, 1980 was
followed by an eruption that "evolved into an
enormous, pulsing, hot avalanche.* Accord-
ing to the federal agency, avalanche lobes
traveled as far as five miles to the north and
14 miles to the west in about 10 minutes.

Flood possibilities greatly increased

Before the avalanches and mudflows came
to rest, about 17 miles of the North Fork of the
Toutle River valley system was choked with
mud and other debris 150 to 400 feet thick.

With this massive amount of rock, ash,
pumice, snow, and ice choking the North Fork
a river long noted for its heavy runoff between
fall and springconcern soon mounted over
a possible flood during the following rainy sea-
son. This concern spawned a desire for more
information on what was happening to the
debris flow.

A project was funded in 1981 to help provide
such data. Directed by Prof. Charles L. Rosen-
feld of Oregon State University's (OSU)
Geography Department, the project objectives
were to:
delineate changes in surface water detention

over time;
map areas of soil saturation and monitor
changes in saturation conditions;
monitor changes in drainage channel devel-
opment on the debris flow surface; and
delineate areas of the debris flow most
susceptible to reliquification based on
surface detention, saturation conditions,
and current drainage patterns.
When the extent of the potential flooding

was realized, the U.S. Army Corps of Engin-
eers began dredging portions of these rivers.
The Corps also constructed a debris detention
dam across the North Toutle Valley in the

* Quotations from USGS Professiona' Paper 1250
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hopes of preventing downstream sedimentation.
It was felt that the OSU project would

provide information useful in determining areas
of surface water ponding in need of drainage
and provide a better understanding of how
stream channels develop on large debris flows.

Large-scale black and white aerial photo-
graphs taken at relatively low levels by the
Oregon Army National Guard were used by
OSU geographer Rosenfeld and his assistants
in their project work. Surface pools and
stream channels have been drawn as overlays
on the photos.

The maps show the spatial effects of rainfall
and snowmelt runoff from rainstorms. Rosen-
feld describes two of the maps as follows:

"The December 1981 map illustrates
the hydrologic responses to the first series
of fall storm events. At the upper end
of the mudflow deposit, the river network
has bifurcated such that the greatest
volume of discharge is flowing first
towards and then along the southern half
of the river valley, although the river has
continued to maintain a sustained flow
through the northern channel as well. An
extensive braided network of divergent
and convergent links has developed in
response to the entrained sediment load
input from upstream. Braiding originates
in a non-hummocky topographic surface
consisting of loosely consolidated sediment
that is heterogeneous but predominantly
coarse in size. The braided area is char-
acterized by aggradation of sediment,
lack of confining lateral banks, and a high
gradient/discharge ratio.

"The March 1982 map further ampli-
fies the dramatic hydro-morphological
changes that have taken place within this
particular reach of the river in response
to the fall/winter 198 1/82 storm events.
Comparison with. . . previous maps
reveals a significant number of modifica-
tions to the landscape in response to
fluvial and associated mass wasting pro-
cesses."
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RIVER-BORNE MOUNT ST.
HELENS ASH FILLING

COLUMBIA RIVER BERTHS

Aproblem at Astoria, Oregon, and at other
ports on the lower Columbia River will be

a long time going away, even if Mount St.
Helens behaves in the future. The now world-
famous blast of May 18 and the subsequent
mudflows down the Cowlitz River deposited
massive amounts of pumiceous sand and gravel
at Astoria's front door, so to speak. At least
six feet of the volcanic material and river
sediments picked up en routesettled out in
Astoria's harbor where they pose a problem
for large ocean-going ships that dock at the
Oregon city.

And more deposits are likely to come,
according to Oregon State University (OSU)
civil engineer Larry S. Slotta: "Lower-river ports
will experience prolonged shoaling due to
sediment from the Mount St. Helens eruption."
According to Slotta, there is an abundant supply
of ash on the flanks of the once-symmetrical
peak, and in "storage compartments" along
the lower Columbia and its bays. In addition,
sustained erosion of sediment deposits along
the Toutle and Cowlitz Rivers, strong tidal cur-
rents, and large seasonal flows on the rivers,
will team up to contribute shoals to the ports on
the lower Columbia. The OSU faculty member
came to these conclusions following a 19-month
StUdy.

The main goals of Slotta's research were to:
identify the siltation problems at the ports
prior to the May 18th eruption;
quantify and characterize the sediments in
the vicinity of Astoria;
attempt a determination of the source and
quantity of sediment being transported by
the Columbia River into the Port of Astoria's
harbor slips;
provide a data base for determining the
schedule for more extensive dredging of
lower Columbia River harbors as a result of
extraordinary siltation associated with

At left, a portion of the harbor at Astoria, Oregon.
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freshets, upstream dredge disposal, and
river transport of Mount St. Helens'
materials; and
gain an understanding of the critical harbor
shoaling problems on the lower Columbia
River related to the Mount St. Helens
sediment transport by the Columbia River.

"Once the sediment began sinking to
he bottom o the harbor, it
accumulated faster than
the . . . dredges could remove it."

The lower Columbia is a major artery of
ocean and river-borne commerce. According to
the U.S. Geological Survey, a dozen ocean-
going freighters utilizing the river per day is not
an uncommon occurrence. The ships head for
such ports as Astoria, Kalama, Vancouver, and
Portland. Each freighter can carry the
equivalent of three to five train loads of freight.
Any prolonged interference with the transit of
these ships thus would have major economic
implications.

Astoria noted little deposition in its harbor
slips following the first couple of freshets after
the Mount St. Helens eruption. Subsequently,
however, the harbor silted in with more than
six feet of material, Slotta reports. Once the
sediment began sinking to the bottom of the
harbor, it accumulated faster than the available
clamshell dredges could remove it.

As Murphy's law would have it, the Port of
Astoria had just completed its regular dredging
maintenance of the berthing area prior to the
eruption!

Slotta and members of his research group
began their investigation by studying the dredg-
ing records of the Port of Astoria and the U.S.
Corps of Engineers to see if a time history of
sedimentation in the harbor could be outlined.
This phase of the work was followed by a field
program designed to investigate the causes of
shoaling in the Astoria area. The spatial
variation of sediments within the estuary was
determined and the suspended sediments in the
water column and in the river bed were
compared.

The significance of fresh water vs. saline
flows was studied by Slotta and his assistants.
"Water circulation in the Columbia River estuary

Continued on next page
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ASH SEDIMENT CAUSING SHOALS
Continued from previous page

causes an upriver flow of dense salt water
along the bottom, beneath less-dense water,"
Slotta states. "Suspended sediment and bed
load are entrained in this flow to give a turbidity
maximum which shifts with fresh water river
discharge and tidal condition. Unfortunately,
the Port of Astoria is within the limits of excur-
sion (movement) of this turbidity maximum."
Suspended sediment concentrations in this
zone thus may be ten times the average for the
estuary, the OSU engineer reveals.

Physical model used to study tidal currents

Water movement in the Astoria harbor also
was examined through a physical model con-
structed to a horizontal scale of 1200:1 and a
vertical scale of 24:1. The model was arranged
so that the flow of the Columbia River could be
simulated for both incoming and outgoing tides.
Dyes were released at various points within
the model. The resulting circulation character-
istics were recorded on film, and provided a
good overview of the circulation patterns in the
harbor and river.

A mathematical sedimentation model also
was developed for use in studying the harbor
slips. The one-dimensional model approxi-
mated the body of water in the slip as a series
of "boxes" or cells of fixed width and length,
with depth varying as a function of the tide.

Slotta believes the options are limited for
coping with the shoaling. "If dredge spoils are
disposed of in the main Columbia River chan-
nel, the tides must be carefully considered.
Our model tests have demonstrated that a size-
able proportion of such spoils can be washed
back into the harbor during subsequent tidal
fluctuations," he warns.

Stabilization of upstream sources of sediment critical

However, Slotta's numerical computer
modeling also showed that the flushing rate
in the Astoria harbor slips is adequate to
prevent stagnant water conditions from occur-
ring and to give about 90 percent flushing at the
Iandward end of the slips. "If erodible
deposits of sediment in upriver areas can be
stabilized, shoaling problems in downriver
ports such as Astoria should again diminish to
pre-eruption levels," Slotta concludes.
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PHENOLIC COMPOUNDS
FROM TIMBER
COULD CONTAMINATE
DOWNSTREAM FISH

Qnce
the immediate shock and awe at the

massive power exhibited by Mount St.
Helens on the morning of May 18, 1980 wore off,
concern began to grow over the possible side
effects of the volcano's eruption and subse-
quent ashfall. Some of these potential prob-
lemsthe disruption of farm irrigation, camp-
ground water contamination, etcare reviewed
in the accompanying articles.

There was another potentially hazardous
situation (contamination of fish flesh) which
developed, however, that few persons might
have anticipated. It came about because of the
creation of a new" lake at the foot of the
mountain. When the massive slide on the north
side of the mountain took place, followed by the
powerful lateral blast, a new Spirit Lake was
created, greatly changed from its once serene
predecessor. The earlier body of water had
been surrounded by thick stands of tall timber
and underbrush. But the powerful blast
knocked many of these trees down in the basin
around the new Spirit Lake. When the piled-up
debris acted as a dam to prevent the drainage
of water away from the basin, the trees and
brush were submerged in the rising waters of
the lake. This was the genesis of the unex-
pected problem.

"Phenolic compounds may be toxic
to aquatic organisms, but they are
also known to bioconcentrate and
cause tainting of fish flesh"

By December, six months after the eruption,
high levels of phenolic compounds were de-
tected in the water of the new lake. Water
samples collected at the outlet and inlet by the
U.S. Army Corps of Engineers had phenolic
concentrations of 675 parts per billion, accord-
ing to a report prepared by Beak Consultants.
a Portland, Oregon firm. The source of the
phenolic compounds was believed to be
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The eruption toppled numerous trees into the canyon now
occupied by Spirit Lake. The decomposition of these
trees has added phenolic compounds to tributaries.

the logs decomposing in Spirit Lake. "Phenolic
compounds may be toxic to aquatic organisms,
but they are also known to bioconcentrate and
cause tainting of fish flesh. Chlorinated phenols
may taint fish flesh at concentrations much
lower than phenol and may also be bioconcen-
trated in fish flesh," according to the Portland
organization.

Contamination of fish flesh a major concern
Since the Columbia River and Cowlitz River

drainages support an important population of
food fishes, a pilot study of potential phenolic
contamination of fish in this region was
carried out by the Oregon firm.

A report prepared by the Beak firm points
out that phenol is highly reactive to chlorine
in dilute aqueous solutions: "Formation of
2-chlorophenol had been reported to occur dur-
ing the chlorination of sewage effluents and
cooling tower waters. Synthesis of 2-chloro-
and 4-chlorophenol and higher chlorinated
phenols occurred under conditions similar to
the disinfection of wastewater effluents." The
Oregon organization thus believed there was a
potential for the formation of chlorinated phe-
nols, particularly in areas downstream from
Mount St. Helens where there might be sources
of reactive chlorine from municipal or mill waste
treatment facilities.
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Following extensive sampling and analysis
of fish from the Toutle, Cowlitz, and Columbia
Rivers, Beak reported finding phenol in three
specimens: white sturgeon and coho salmon
from the Columbia River, and a sea-run cut-
throat trout from the mouth of the Cowlitz River.
Pentachlorophenol was found in eulachon from
the Cowlitz River and in salmonids from Deer
Creek, a tributary of the Toutle North Fork.

The Beak investigators concluded that the
reported levels of pentaclorophenol in fish
flesh could potentially affect the taste of the
flesh but they were safe to be eaten.



HOMING INSTINCT OF
SALMON DISRUPTED BY
ASH IN THE STREAMS?

Difficulty
in finding one's way back home

again is commonly thought of as a joke.
This is especially true if the person having the
problem has been imbibing spiritous liquids.

But it may be no joke to the finny travelers
of streams located near Mount St. Helens.
These watery voyagers are the sea-run salmon
and steelhead trout that have to find their way
back to the waters where they were spawned.
Unfortunately, the now world-famous blast of
May 18, 1980 which truncated Mount St. Helens
also resulted in large amounts of ash and other
debris reaching the North and South Forks of
the Toutle River and the Cowlitz River. Prior to
May 18, these streams were major producers of
salmon and steelhead.

These species of fish spawn in the head-
waters of creeks and rivers. Following their
hatching and a period of growth, the young fry
migrate to the sea. After a certain stage of
maturity is reached, the salmon and steelhead
then leave the sea and ascend the river and
creek of their birth, there to spawn, closing the
cycle.

". . . The upsreom por±ion of The
migrahon is guided
cfiiefly by olfacfion . .

The question ishow do they know which
is the right river and creek to choose, once they
start upstream? According to Prof. E. L. Bran-
non of the University of Washington, the answer
lies in their sense of smell. The "homing migra-
tion is guided by a variety of factors, but the
upstream portion of the migration is guided
chiefly by olfaction," Brannon states.

This dependence of the migrating fish on
their 'noses" raised some questions in the days
immediately following the eruption of Mount St.
Helens. Would the presence of the large
amounts of the tiny particles of ash in the
Toutle and the Cowlitz confuse the fish then
heading upstream to spawn? Would this confu-
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sion seriously reduce the number of migrants
reaching their destinations, thus cutting the
eventual spawning success of the new genera-
tion?

These were more than academic questions.
Salmon and steelhead are major commercial
and sport fishing factors in the economy of the
Pacific Northwest. Consequently, a study was
carried out by Brannon, R. P. Whitman, and
T. P. Quin. All are from the University of Wash-
ington (UW).

The goal of their research was to answer
four questions:

1) will exposure to ash reduce homing
ability?

2) can the established preference for home
water over non-home water be repli-
cated?

3) is this preference affected by the addi-
tion of ash from Mt. St. Helens to the
home water?

4) if it is affected, is the Influence of the ash
on home water preference due to avoid-
ance of ash, or to ash-related failure to
identify the home water as such?

Brannon reports that the experiments were
designed to simulate the alternatives presented
to a Toutle River salmon (one of the dominant
salmonids in the Cowlitz watershed) on its way
home as a means of estimating the likelihood
that such a fish might stray and spawn in a river
other than where it originally was spawned.

During their research work, extensive tests
were made by the UW investigators to deter-
mine if the presence of different levels of ash
would affect the homing ability of male chinook
salmon.

Univ. of Washington has a supply of fish test specimens

The homing tests were run with adult male
chinooks that had returned to the University of
Washington fish hatchery, located on the edge
of the University's Seattle campus. These
specimens had been spawned there, several
years earlier. See drawing on page 32.

Groups of 25 control and 25 experimental
fish were held for seven days in large tanks,
supplied with water from the Lake Washington
Ship Canal. The controls were held in flowing
water, the experimentals in aerated lake water
with approximately 650 milligrams per liter of
ash suspended in it. Aeration tubes were used
to keep the ash in suspension.

Following this acclimation period and a tag-



ging operation, these test specimens were
trucked back towards the Pacific Ocean almost
six miles. In effect, the test fish had to repeat
the last portion of their homing trip to the uni-
versity hatchery.

The results were as follows, Bran non
relates:

"Out of 118 salmon released, 66
(55.9%) were recaptured in the homing
pond. The number of returning controls
(56.9%) was not different from the nuin-
ber of ash-exposed fish (55.0%, z=0.209).
In the first release group, more controls
returned than experimentals (65% vs.
20%, z2.885, p<.01). In the other
releases, more experimentals returned
than controls, but the proportions were
not significantly different (P >.05)
between controls and fish exposed to
650 mg/liter ash concentrations prior to
testing."

In a separate part of the UW research,
other homing salmon were given a choice be-
tween entering a divided raceway in which their
"home" water was flowing versus Seattle muni-

Continued on next page
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SALMON HOMING AFFECTED?
Continued from previous page

cipal water. Mount St. Helens ash was added
to the "home" water and the city water at separ-
ate times. The fish definitely preferred their
home water. In one test, out of the 32 fish
released, 25 moved upstream far enough to
have made a choice between the two waters.
"Twenty out of the 25 fish that made a choice
entered the home water side," Brannon states.
He adds that when the salmon swam up into the
turbidity plume, they often turned around and
swam back into cleaner water. When the entire
raceway became turbid with the ash, the fish
slowed their movements and held their posi-
tions.

Brannon concluded from the experiments
that "the ability of salmon to return to their
home pond after exposure to ash indicates that
they still were able to gather sufficient olfactory
information to find their natal stream." He adds
that the studies indicate chinook salmon pre-

ferred home water even in the presence of ash
over a non-home water source.

"L4"fien the entire raceway became
turbid with The ash, The fish
slowed Their movements"

Brannon points out, however, that the turbi-
dities at the confluence of the Cowlitz and Col-
umbia rivers from later September to mid-
November in the first year following the erup-
tion when fall chinook and coho salmon passed
through were approximately three to five times
greater than the levels used in the UW tests. In
the long run, however, ash levels in the affected
rivers are not expected to influence the homing,
based on the research undertaken.

NUniversity of Washington

©
SEATTLE

1km

Map of the Lake Washington Ship Canal, Seattle, Washington, indicating(l) Puget
Sound, (2) the salmon release point at the Hiram Chittenden Memorial Locks, (3)
the homing pond at the College of Fisheries, and (4) Lake Washington
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Mud is mud is mudcould be the way
Gertrude Stein might have described this

ubiquitous substance which is seldom welcome
anywhere. Stein is famous, of course, for her
assertion that "A rose is a rose is a rosel"

But, according to two University of Wash-
ington geologists, all mud is not alikeand
especially not the mud which came flowing
down the North and South Forks of the Toutle
River on May 18, 1980. Following the early
morning eruption of Mount St. Helens, two mas-
siva f!ows of ash, dirt, ice, rocks, and other
debris surged down these two forks of the once
handsome Toutle. (See map on pages 2 and 3.)

It was a different story on each fork. Professors
1. Dunne and J. D. Smith describe the differ-
ence:

"Mudflows in the South and North
Forks of the Toutle Valley were generated
by different mechanisms. The former
was due directly to the eruption, the blast
cloud from which overtopped the summit
and travelled down the South Fork,
eroding and incorporating snow and ice,
and densifying into a mudf low with high
initial discharge, but short (in) duration.
The North Fork mudflow occurred as a
secondary consequence of the eruption.
Melting of snow and ice incorporated in
the North Fork debris avalanche deposit
raised the water content of that deposit to
a level that caused liquefaction when the
saturated pile was vibrated by seismicity
during the hours after the eruption. The
initial discharge of this mudflow was
only 10-15 percent of that in the South
Fork, but the peak discharge endured for
more than four hours."

Amount of damage may depend on how mudflow starts

The two faculty members of the University
of Washington (UW) studied Toutle mudflows
during a research study. As a result of their
investigation, Dunne and Smith concluded the
potential damage from mudf lows depends a
great deal on how the flow gets started. "The
difference in generating mechanism and thus
the initial discharge hydrograph caused a dif-
ference in the degree of attenuation of the mud-

33

DAMAGE FROM MUDFLOWS
MAY DEPEND UPON HOW
THE FLOW IS INITIATED

flow waves as they travelled downvalley," the
university faculty members state. "The South
Fork flow attenuated quickly, so that by the time
its peak reached the main Toutle Valley, its dis-
charge had decreased below that of the later
North Fork flow, which therefore caused more
damage."

Dunne, Smith and their assistants, Lee Fair-
child and Mark Wigmosta, calculated how
fast the mudflows were moving and the
amounts involved at a number of cross-section
points in the North and South Fork valleys. This
information, coupled with time observations
made by eyewitnesses during the May 18 flows,
made it possible for the UW investigators to
prepare hydrographs of the flows, showing the
amount of discharge versus time. "The hydo-
graphs have been used for calibrating a simple
storage-routing (Muskingum) model of potential
future mudflows," Dunne and Smith report.
They go on to say that the hydrographs can be

used also for testing more sophisticated
hydraulic routing schemes."

Green trees broken by the mudflows

The university geologists also did some lab-
oratory tests to determine the rheological (flow)
properties of the Mount St. Helens mud. The
tests, plus observations made in the North and
South Forks, indicate that the mudflows "had a
finite yield strength," Dunne and Smith assert.

In a summary report on their work,
Dunne and Smith reveal that trees of various
species in the Toutle River valleys were broken
by the drag of the mudflows. Similar green
trees were later broken in tests and their yield-
ing strength used to determine the maximum
and minimum rheological properties of the mud.
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GROU NDWATER
CONTAMI NATION
FROM LEACHATE PASSING

THROUGH ASH PLACED

IN CITY LANDFILLS?

The immediate problem washow to get rid
of it? The tiny gray particles of what

once was a handsome Cascade Range peak
had blanketed the yards, the sidewalks, the
streets. The small towns of eastern Washington

were almost immobilized by the thick accumu-
lation of volcanic ash. At Ritzville, 11/2 inches or

more of Mount St. Helens' debris had reduced
this community of modest homes and tall grain
elevators to near ghost town status. Only occa-
sionally did cars or pickup trucks disturb the
silence as the drivers slowly passed through the
deserted streets, pulling long trails of dis-
turbed, fluffy ash behind them.

Snow removal experience helpful in ash cleanup

It was obvious that the ash had to be
removed from the streets and the sidewalks of

of the towns such as RtzvilIe, which had been
unlucky enough to be under the fallout plume
from the May 18, 1980 eruption of Mount St.
Helens. (See map on page 4.) The economic
life of these farm-based communities of Odessa.
Moses Lake, etc. had to go on, ash or no ash.

Fortunately, the people and the work crews

of the towns had considerable experience in
removing winter snow from their streets and
parking lots. Even if there was little physical
resemblance to the white stuff, some of the

same removal techniques of sweeping and

blading could be applied, although inefficiently,

to the ash.
But then still another problem arose. Where

could the ash be placed after it had been loaded

into dump trucks? If it were to be hauled to
the edge of town and dumped into a vacant
field, the strong winds of the region could soon
resuspend the ash into the air.
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At left, landfill disposal sites such as this one in eastern
Washington, may turn out to be unacceptable places to
dispose of the ish which fell on May 18. 1980.

Continued on next page



GROUNDWATER CONTAMINATION
Continued from previous page

One town's work force tried the approach of
past decadesdump it down by the local river!
Environmental authorities soon realized the
hazard of water contamination from this method
of disposal.

About the only option left was the local
landfills, used until then to bury household
trash and other community wastes under a
coating of soil. In the end this was the solution
adopted by many eastern Washington towns
impacted by the fallout.

Placing ash with landfill refuse may release toxic metals

Although this method put the ash out of
sightand probably out of mindthere may be
a hazard in this approach, which could return
to haunt these communities, according to
Washington State University (WSU) civil and
environmental engineer Kenneth E. Hartz. "A
landfill is an acidic, highly reducing environ-
ment which promotes the release of both exotic
organic compounds and metals," Hartz states.
"Because the volcanic ash has a relatively high
surface area where the metallic ions may be
concentrated, the co-disposal of ash with refuse
may release high concentrations of toxic
metals."

According to the WSU faculty member, the
concentrations may exceed the capacity of the
underlying soils to remove these materials from
water seeping through the landfill before the
groundwater is contacted. The groundwater,
which could be tapped elsewhere for drinking
water, thus could be contaminated, Hartz warns.

Research to assess the extent of this
potential groundwater contamination is being
carried out by Hartz and WSU civil and environ-
mental engineer Surinder K. Bhagat. Joining in
the investigation are Kenneth R. Krivanek,
Leigh Starlin and Henry Mott.

The WSU engineers have collected ash and
soil from Othello, Moses Lake, Pullman, Ritz-
ville, Spokane, and Yakima. All these towns and
cities were under the May 18 eruption plume.
Unweathered ash was collected where possible
and soil samples were taken from the same
area from where the ash was collected.

Measurements subsequently have been
made to determine the pH of the soil and the
ash samples. Most have turned out to be
slightly acidic to neutral in nature.

The university investigators also have
determined the particle size of the ash and soil
samples which they collected. The smaller the
particle, the higher the surface to volume ratio.
This could lead, in turn, to a greater exchange
of ions when the ash or soil is alternately wetted

Plastic columns, packed with a mixture of municipal some communities located in eastern Washington where
refuse and ash from Mount St. Helens, are being used to ash was placed in landfills.
determine the potential hazard to the drinking supplies of



Laboratory analyses are being made for the metal content
of the soil and ash as well as for the ferrous oxide content.

and dried with the movement of precipitation
through the landfill. According to Hartz, most
eastern Washington ash and soil samples
contained a large percentage of particles
smaller than 200 mesh. "Most of this appears
to be silt, as there is still a small percentage of
clay-sized particles, considered to be the most
important site of attenuation in soils," he states.

Cation exchange capacity (CEC) is another
method being used at WSU to determine the
possible exchange of metal ions from the ash.
"CEC measurements for the ash are generally
low. The values for soils are somewhat higher,
and have a greater range than those of the
ash," Hartz says. He explains: "Although this
would seem to indicate that little leaching of
trace metals would occur from the ash, the
extreme pH and reducing conditions found in a
landfill could cause more transfer of metal ions
than indicated by the CEC tests. Also, with
the high toxicity of many of the trace metals,
even small amounts which could be displaced
from the ash could pose a hazard."

Soil samples and ash samples are also
being analyzed for metal contentboth total
and exchangeable. Additional measurements
are being made to determine the type of clays
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present in the soil samples, as well as the
ferrous oxide content.

Percolation through the landfills being simulated

A major portion of the Hartz, Bhagat et al
research program was just beginning as this
was being written. The accompanying photo-
graph shows a number of plastic pipes, each
six feet tall and some seventeen inches in
diameter. Each pipe is constructed to perform
as a lysimeter,* and has been filled with
mixtures of Mount St. Helens ash and refuse.

Water will be trickled down from the top of
the pipes to simulate the percolation of precipi-
tation from each associated location through
a landfill. "Leachate will be drawn out of the
lysimeters from a drainage portal near the
base of the pipe," Hartz states. This leachate
then will be used to dose columns of the
collected soil samples. What finally emerges
at the bottom of these soil columns will supply
the answers as to the potential hazard to
the groundwater under the towns where the
ash has been buried. Hartz describes the
eventual goal of the studies:

"The direct application of the results
will be the ability to evaluate each indi-
vidual landfill for potential groundwater
contamination as a result of volcanic ash
disposal. In addition, the time span for
contamination to occur can be projected.
In the event that contamination will
probably occur, the technical community
will be able to make appropriate design
and operating changes to the landfills and
will also understand the time frame to
effect the necessary changes (typical time
frames are eight to 25 years).

Because of the unique properties of
the volcanic ash, a wider range of data
will become available pertaining to soil
attenuation relative to retention and
transport properties. The potential for
significantly greater understanding of
landfill systems from a fundamental view-
point exists as a result of completing this
investigation."

*A device for measuring the rate of percolation of water
through soils and for determining the soluble constituents
removed in the drainage.
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MUDFLOWS STUDIED
TO DEVELOP COMPUTER
FORECASTING MODELS

Public concern over a natural disaster, such
as a flood, seldom persists, once the

muddy waters have receded. The concern may
be said to wax and wane, just like the physical
event.

This can be unfortunate. Although engineers
may bandy about such terms as "twenty-five
and one hundred year floods," there is no
reassurance that Mother Nature will stick to
any such timetable.

This could be the situation with public
attention on Mount St. Helens. Although the
Cascade Range volcano has subsided into
intermittent gurgling and burping since the
May 18, 1980 eruption, it would be foolhardy to
predict that its violent days are over. The same
can be said for the highly destructive mudfTows
set in motion on May 18 down the canyons
leading away from the peak. If another large-
scale eruption takes place, more damaging
mudflows will take place.

.the mud slurry appeared
viscous, and the depth, direction,
and velocity varied'

Nevertheless, public interest in the Mount St.

Helens mudflows undoubtedly has waned,
except for those persons living in the immediate
vicinity. But there are a number of engineers
and scientists in the Pacific Northwest who are
continuing to study the mudflow activity of the
Washington State volcano. The article on
pages 14-15 describes the work being done at
Montana State University. Research also has

been carried out at Washington State University
(WSU) by a team of geological and civil
engineers headed by Jerry D. Higgins, Howard
D. Copp, and John A. Roberson, all of the WSU
Department of Civil and Environmental Engi-
neering. Research assistance has been given

At left, mudbanks of Mount St. Helens ash in the
Cowlitz River.

Continued on next page



MUDFLOWS AND COMPUTER MODELS
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by Scott V. Mills and Bijayananda Naik. Prof.
Lakshmana Rao from the Institute of Science in
Bangalore, India, also contributed to the inves-
ti gat ion.

The WSU research was designed to
develop methodology for evaluating mudflow
hazards prior to their occurrence, in much the
same manner civil engineers do for possible
flood events. Five tasks were set forth:

identify site characteristics in the Pacific
Northwest where mudflows have occurred;
develop fundamental, hydrodynamic equa-
tions for steady-state mudflow motion;
expand the knowledge gained in the second
task to more realistic, unsteady flows;
generate numerical models to compute
stage-discharge relationships for mudflows;
and

prepare methodologies for site-specific
mudflow hazard assessments.
The university engineers point out that

evidence of earlier mudflows exists at Mount
Shasta in northern California, and at other
Pacific Northwest peaks, all the way to Mount

near the Canadian border. "Mudflows
during this century have occurred at Mount
Shasta because of earlier volcanic activity,"
Higgins states. He adds that at Mount Hood,
Oregon, mudflows have passed down the Sandy
River valley as far as Troutdale and down the
Hood River to the Columbia River. Mudflows
at Mount Baker, Washington, apparently have
been caused by avalanches on the upper slopes
in conjunction with glacial and snowmelt or
with steam eruptions, according to the WSU
geological engineer.

Mount St. Helens not the only Washington volcano
to have mudflows

Higgins reports that mudflows at Mount
Rainier have been extensive, reflecting pos-
sibly the size of this massive peak in Washing-
ton State. One, now called the Osceola Flow,
took place some 5000 years ago. It extended
about 64 kilometers (40 miles) down the White
River, then spread over 25 square kilometers
(10 square miles).

A much later mudflow, called Electron, took
place about 500 years ago, Higgins states. This
surge of water and sediment extended some 64
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kilometers (40 miles) down the Puyallup River
basin with 4.5 meters (15 feet) of mud coming
to rest near the present town of Orting.

The WSU investigators spent some time in
the field during the summer and fall of 1981 to
examine laharsvolcanic mud or debris flow
depositsand to collect samples for later grain-
size analysis. Information on Mount St.
Helens lahars also was obtained from U.S. Geo-
logical Survey staff, from published literature,
and from videotapes of mudflows collected by
the Washington Department of Natural
Resources.

Trees hit by the mudflows were cut off and knocked over

During their field observations of the North
Fork of the Toutle River (see map on pages 2
and 3), Higgins and the WSU group noted that
near the main channel of flow, trees were
sheared or toppled and highly abraded. 'Later-
ally from the main flow, trees remained stand-

Different concentrations of Mount St. Helens ash (or an
ash substitute) were used in laboratory's flume studies
to determine the mechanics of mudflow behavior.



ing, suggesting the velocity had decreased,"
Higgins states. "Mudlines on standing trees
indicated sharp velocity drops laterally from
the main flow channel. Slash marks were
evident on trees immediately adjacent to the
main mud flow but disappeared laterally."

The WSU faculty member disclosed that
near the lateral margins of lahar flow areas,
there were mobile homes, houses, and logs
that had floated passively on the mud and
were let down close to their original locations.

Mudflow not a uniform torrent

Apparently, the mud and debris flows at
Mount St. Helens were neither steady nor
uniform in nature. In the videotape records of
the North Fork Toutle River lahar flow, the
mud slurry appeared viscous, and the depth,
direction, and velocity varied considerably.
"Some of the flow had a smooth surface; how-
ever, there were many turbulent zones
exhibiting a great deal of splashing over irregu-
larities," Higgins states.

This non-uniform behavior makes the task
of predicting the impacts of such future events
difficult. However, the seriousness of the

hazards in the Pacific Northwest, with its chain
of volcanic peaks, makes the effort worthwhile.

A major portion of the WSU project was
devoted to the development of fundamental
hydrodynamic equations for steady-state mud-
flow motion (Task 2, mentioned above).
According to Prof. Higgins, this portion of the
work has been completed. "Steady uniform
flow theories have been developed and verified,
to the best possible extent, by laboratory
experiments," he states.

The methodologies developed through use
of the experimental flume were organized into a
computer program for computing the flow rates
for given depths, channel characteristics, and
fluid characteristics.

Prof. Higgins points out that the next step,
or task, is to extend the WSU theories to
unsteady state flow regimes. Sufficient informa-
tion is available from Mount St. Helens events
and additional information is being gathered
by others on a continuing basisto aid in
verifying the extended theories, he reports.

Mount St. Helens is not the only volcano in Washington Rainier, above, has been the source of large historic flows
State to have generated extensive mudflows. Mount that reached the lowlands of the Puget Sound region.
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GROUNDWATER POLLUTED
FROM HAZARDOUS
MATERIALS IN ASH, MUD?

It was not a matter of immediate concern.
There were too many other dramatic events

taking placethe immense, billowing clouds
of dark ash surging into the sky, the massive
flows of mud rearranging the bottom terrain of
the Toutle and Cowlitz River valleys, the blasted
landscape immediately north of Mount St.
Helens. It was not until considerably later,
after these awesome events had become
history, that concern grew over the possible
effect of the eruption on the quality of the
groundwater of the area. Analyses made by the
U.S. Geological Survey had found that
biologically hazardous substances had been
formed during or immediately after the May 18
eruption. These materials, among which were
phenolic and polycyclic aromatic hydrocarbon
compounds, were found in the muds, in the
fallen ash, and in the surface water after the
May 18 blast. The question thus posed was
would the organic material be leached out of
the mud and ash by the heavy rainfall of the
Cascades until they reached the groundwater?

A study was begun in July of 1981 by Ervin
Hindin, professor of environmental engineering
at Washington State University (WSU), to
answer this question.

Campground and municipal water sources checked

Hindin and his co-workers began by
collecting (or arranging for collection) of sixty-
one samples of mud and water from the Mount
St. Helens area. The samples were taken
from recreational campground springs, resi-
dential and municipal wells, streams and rivers,
and city water treatment plants.

Following collection, the samples were
preserved for transportation to the WSU
environmental engineering laboratories. Inten-
sive analysis followed utilizing gas chroma-
tog raphy.



Hindin reports that non-detectable amounts,
less than 63 ug/L, of some polycyclic aromatic
hydrocarbons were found in the samples.
"Trace quantities of phenol at a concentration
of 0.3 g/gram dried sample were found in
samples collected west of Mount St. Helens,"
he states. "East of Mount St. Helens in Gifford
Pinchot National Forest, amounts of 0.2 g of
phenol per gram of sample to non-detectable

Above, the water intake plant on the west bank of the
ash-filled Cowlitz River at Kelso, in southwest Washington.

amounts (less than 0.1 g/gram) were found."
Ash from Yakima, Pullman, and Moses Lake,
(all located in Washington) which had
been stored for one and a half years, contained
no detectable quantities of phenolic com-
pounds, according to the WSU faculty member.

Additional experiments were carried out to
find out if the organic compounds could be
desorbed from the mud deposited in the flood
plains of the Toutle and Cowlitz Rivers. Mud
from one site near the City of Toutle municipal
well and from the bank of the Cowlitz River
adjacent to the City of Longview water treatment
plant was packed in glass columns at WSU.
Water was then trickled through the columns
in amounts equal to the average annual rainfall
at the sampling site. In the case of the mud
collected near Longview, Washington, the rain-
fall is 45.67 inches per year. The Toutle River
sample was dosed with 112.29 inches of water
reflecting the high rainfall of that area.

Leachate from the columns was collected
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and tested for electrical conductivity, dis-
solved organic carbon, nine phenolic com-
pounds, and five polycyclic aromatic hydro-
carbons. Hindin reveals that biologically dan-
gerous phenolic compounds and specific poly-
cyclic aromatic hydrocarbons were not
detected in the WSU studies of the column
leachate. The university investigator adds:

"Although phenol is still present in
samples of ash/sediment deposited near
Longview and Toutle, Washington, and
near two campgrounds of the Gifford Pin-
chot National Forest, it is not being
leached in large enough quantities to
appreciably degrade the quality of under-
lying groundwaters. No polycyclic aro-
matic hydrocarbons were detected in
either ash/sediment samples or in corre-
sponding leachates fifteen months after
the Mount St. Helens eruption of May 18,
1980. Such compounds would not appear
to pose a health hazard to consumers of
water from these areas."

Laboratory analyses did not show sufficient quantities of
harmful compounds in the water for restricting water use.
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IRRIGATION EFFICIENCY 

ALTERED BY ASHFALL? 

By 9:30 in the morning, salt-and-pepper 
colored ash, about the size of beach 

sand, was falling on the neat farmhouses and 

green fields of Washington's Yakima Valley. 
Less than two hours later, the first of more than 

11/2 inches of ash, finer in size and light gray 
to tan in color, was beginning to submerge 

the gently rolling wheatlands around Ritzville, 

some 110 miles farther east. 

The first reaction of the orchardists and 
the row crop farmers of the Yakima Valley and 

of the wheat growers farther east undoubtedly 

was disbelief and awe at this massive dem- 
onstration of the power of a seemingly placid 
mountain peak. But as the ash continued to 
descend during May 18, 1980, concern began 

to grow for the crops then in the fields and for 
the tractors, trucks, and other farm machinery 

which would have to be operated in the ash 

to cultivate and harvest the crops. 
Some agriculturists also began to speculate 

upon what the ashfall might do to the irrigation 
process. The Yakima Valley is known through- 

out the West for its bountiful harvests of fruit 
and vegetables. The Columbia Basin Irrigation 

Project, lying between the Yakima Valley and 
the wheat farms of the Ritzville area, also is 

noted for high yields of alfalfa hay, mint oil, 

corn, and other valuable crops. 
Neither the Yakima Valley nor the Columbia 

Basin Irrigation Project area would be "boun- 
tiful" were it not for the copious use of irriga- 
tion water. The Yakima farmers draw their 

water from reservoirs in the Cascade Moun- 
tains; the Project is supplied from the massive 

Columbia River, impounded at Grand Coulee, 
Washington. 

Anxiety over the impact of the ash on irriga- 
tion thus was understandable. Would the 

steadily accumulating inches of the tiny frag- 

At left, the geometrically aligned farms of the Columbia 
Basin Irrigation Project near Royal Slope, Washington 

were studied after the Mount St. Helens ashfall to deter- 
mine if the presence of the ash would affect the amount 

of water reaching crop roots. 

Continued on next page 



ASHFALL AFFECTS IRRIGATION?
Continued from previous page

ments of pumice, glass, crystals, and rock keep
water from penetrating into the furrows?
Would the fluffy deposits be easily washed
away down the furrows by the irrigation stream,
carrying away with them valuable soil?
Would more irrigation water thus be needed to
adequately water the roots of the fruit trees
and row crops?

Still another worry was over what minerals
might be in the ash and how these might affect
the quality of the irrigation return flows of the
area, already considered to be too high in
chemicals, salts, and sediment.

Some immediate but short-lived damage to crops

As it turned out, some of these apprehen-
sions were justified, others were not, according
to Larry G. King, professor of agricultural engi-
neering at Washington State University (WSU).
He reports that the ashfal? had some "immediate
deleterious effects" on the farms: some low
growing crops were damaged by the sheer
weight of the ash; sunlight penetration to leaves
was cut, affecting photosynthesis and many
valuable pollinating insects, such as bees, were
killed. Most of these effects, however, were
short-lived.

The WSU agricultural engineer relates
that the abrasive nature of ash also affected the
farm machinery and implements. "Excessive
wear on gears, chains, bearings, cutting
edges, and other moving parts was wide-
spread." Frequent servicing and repairs were
a necessity, King reports.

The university faculty member reveals,
however, that there was little long-range impact
of the ash on the irrigation process. In a recent
report to the U.S. Dept. of the Interior, King
writes:

"No significant changes in furrow infil-
tration or runoff rates were evident follow-
ing incorporation of the 3 to 4 centimeter-
thick ash layer (into the soil). On an area-
wide basis, the eruption also had a rela-
tively short-lived impact on return flow
quality, with increased sediment levels
evident in tailwater return flows for only
a 5-week period."

King came to these conclusions following

46

a year's study of the effects of the May 18, 1980
ashfall on irrigation. There was an element of
serendipity in the study. Since 1977, King and
his co-investigators had been collecting
irrigation data on a 2000 acre region of farms
near Royal City, Washington. Located some fifty
miles to the northeast of Yakima, the Royal
City region is part of the Columbia Basin
Irrigation Project. The overall goal of the 1977
to 1980 research had been to reduce the
negative impacts of irrigation return flows on
water quality. The loss of sediment and nutri-
ents from the surface irrigated lands was the
focus of the investigation. The project had been
scheduled for completion at the end of the
1981 irrigation season.

This ongoing field research on the Royal
Slope thus provided a unique opportunity to
study the effects of the ash fallout on the
irrigation process using the before-eruption
data already being collected.

About 65 percent of the area being studied
was furrow-irrigated, with the remaining
irrigated acreage under center pivot, side-roll or

solid-set sprinklers. "With the high percentage
of cropland under surface irrigation, coupled
with the fine-textured soils and relatively steep
slopes throughout the sub-basin, the area is
subject to severe erosional losses," King states.

Typical crops in the study area included
wheat, beans, peas, corn, mint, apples, cherries,
pears, and peaches. Depending on crop and
soil moisture requirements, Royal Slope
growers follow different irrigation practices.
During pre- or early-season irrigations, furrows
are often irrigated in every-furrow block sec-
tions, or alternate furrows are irrigated across
the entire width of the field, according to King.

By the middle of the growing season, how-
ever, it is more common for the farmers to begin
spacing siphon tubes from five to seven or
even nine rows apart. Then they rotate the
tubes to a new set of furrows each day. Irriga-
tion is generally for a 24-hour period (or "set"),
though 12-hour sets are also used in some
cases, the WSU professor explains.

Sponsors of the ongoing research had
included the U.S. Environmental Protection
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Agency, the Washington State University
Agricultural Research Center, the Washington
State Department of Ecology, the U.S.
Geological Survey, the U.S. Bureau of Recla-
mation, the Quincy Columbia Basin Irrigation
District, the East Columbia Basin Irrigation
District, and the South Columbia Basin
Irrigation District.

Additional funding following the May, 1980
eruption was provided by the U.S. Department
of Agriculture, the Soil Conservation Service,
and the U.S. Office of Water Research and
Technology.

"Culfivaf ion praclices which
incorporafed he ash layer info he
soil profile . . . eliminafed
earlier adverse effecfs . .

Impact on irrigation checked at different sites

During the post-eruption investigation in the
Royal Slope farms, surface-water runoff was
monitored at twenty different flume sites
distributed throughout the study area. As many
as ten different sediment basins were covered.
Discharge through the flumes from individual
fields and/or contiguous farm units was moni-
tored with stilling wells and water-level
recorders, King reveals.

The intensive individual-furrow sampling
done in 1981 documented that no consistent
changes in soil infiltration rates had resulted
since the eruption, according to King. "Cultiva-
tion practices which incorporated the ash layer
into the soil profile soon after the ashfall
eliminated earlier adverse effects on infiltration
rates. Soil erodibility changes were also
short-lived."

The rapid incorporation of ash into the
ground by the growers and the efficient entrap-
ment of the mobilized ash by relatively empty
sediment basins throughout the study area
eliminated what might have been an agricul-
tural disaster. Better management of irrigation
by area farmers was a contributing factor in
the reduction in the ashfall effects, according
to King.





FLOOD HAZARDS
EVALUATED THROUGH
COMPUTER MODELS

In one sense, the timing of the eruptive blast
of Mount St. Helens was fortunate. The May

18, 1980 volcanic event took place toward the
end of the normal rainy season in Washington
State's Cascade Range. Had the once-placid
peak chosen to do its thing in October, for
example, the massive amounts of winter
precipitation could have added to the flooding
and mudflow problems on the Cowlitz and
Toutle Rivers.

However, a long rainy season is something
that happens every winter in this area of the
Cascades, almost without fail. Thus it was
imperative that information be developed soon
to assess the possibility of floods in the areas
covered by ashfall from the eruption.

Non-volcanic computer models adapted for use

Hydrological engineers at the University of
Washington had previously developed com-
puter-based mathematical models for predicting
floods in non-volcanic situations. Dennis P.
Lettenmaier and Stephen J. Burges, professors
in the university's civil engineering department,
were funded in early 1981 to utilize these
models to assess the new flood risks in
the Cowlitz River basin. The objectives of their
research were to assist the U.S. Geological
Survey in conducting a flood hazard evaluation
for the lower Cowlitz River basins, and to
identify changes in storm and seasonal runoff
response of selected portions of the upper
Cowiitz and Yakima River basins. A third task
was to evaluate how quickly the runoff
responses of the basins could be expected to
revert to pre-eruption conditions.

The UW investigators subsequently modeled
the upper Cowlitz basin above the confluence
with the Toutle, using the National Weather
Service River Forecast System rainfall (snow-
melt)/runoff model. Historic rainfall figures

At left, when sediment from the eruption of Mount St.
Helens filled much of the channel of the Cowl itz River, the
risk of serious flooding increased, especially at the cities
of Longview and Kelso.
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were used in the model studies, recalibrated
to reflect post-eruption watershed conditions.

there is little discernable
difference between pre- and pos±-
eruption run-off on the
daily time scale used"

The U.S. Geological Survey similarly
modeled the Toutle, constructing a pseudo-
historic record of runoff in the lower Cowlitz
basin. From this record, the risk of various
flood stages at key points in the populated
areas of the lower Cowlitz was assessed.

The results of the UW computer analyses
were "somewhat counterintuitive," according
to Lettenmaier and Burges. They explain:

"Reduced post-eruptive infiltration
capacity was originally expected to lead
to higher post-eruption runoff, especially
during periods of snowmelt. However,
the eruption also created increased
depression storage in the upper basin,
which appears to be the dominating factor
in reducing the amount of precipitation
appearing as runoff, especially during
the dry months. During the wetter
months, when depression storage has been
satisfied, there is little discernable differ-
ence between pre- and post-eruption run-
off response on the daily time scale used."

The National Weather Service rainfall-
runoff and the modified Constrained Linear
Systems models also were used to examine
the Crab Creek Basin, a 1042 square mile
drainage which lies in the area of maximum
ash accumulation in Eastern Washington.
Neither model could be successfully calibrated
due to the extremely erratic hydraulic behavior
of the basin, the UW engineers report. The large
size of the catchment, coupled with the
extremely low runoff (less than one inch annual
average) created a hydrologic system that is
essentially impossible to model because of the
lack of adequate rainfall data. "Much of the
basin appears not to contribute to runoff at all
except during extreme events, such as the
melting of occasional snow accumulations,"
state Lettenmaier and Burges.
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"About 10 s (seconds) later, 'a horrible
crashing, crunching, grinding sound'
came through the trees from the east.
Suddenly it became totally dark: 'I could
see absolutely nothing.' It immediately
got very hot, and almost impossible to
breathe. While the men were gasping for
air, the insides of their mouths and throats
were burned . . . All trees had been
knocked down, and everything was cov-
ered with about a foot of drab gray ash.
None of the men's clothing had been
burned but their bodies had been burned
extensively. Three of the men subse-
quently died.t

This U.S. Geological Survey description of
Mount St. Helens, which includes the

excerpts of a survivor's comments (in single
quotation marks) may help give an impression
of what it was like to have experienced first
hand the rare phenomenon of a volcanic blast.

But there were many other reactions that
we will never hear about. There were sixty-odd
human victims that perished. Then there were
the myriad other forms of life that were killed
in the heat, in the suffocating ash, or in the
gooey mud that flowed down the once tree-lined
stream channels.

Included in these latter fatalities were the
fish of the Toutle River watershed. "Catas-
trophic changes caused by the pyroclastic
flows, ash fallout, and mudflows destroyed fish
populations and habitat in the Toutle River
and in most tributaries located within the
eruption blast zone," states Douglas J. Martin,
a faculty member of the Fisheries Research
Institute at the University of Washington. He

*From U.S. Geological Survey Professional Paper 1250

**Presented at the conference Mount St. Helens: Effects
on Water Resources," sponsored by the State of Wash-
ington Water Research Center.

At left, an electrofishing device that temporarily stuns fish
was used in a tributary of the upper Toutle River to deter-
mine the number of survivors from the volcanic eruption.
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TIME FRAME ESTIMATED FOR

RECOVERY OF SALMON
POPULATION AND HABITAT

adds: "The subsequent erosion of ash and
mud deposits caused suspended sediment
levels that were lethal to juvenile salmon
through the summer and autumn of 1980."

Martin, and his co-investigators Lawrence
J. Wasserman, Robert P. Jones, and Ernest 0.
Salo began their study of the impact of the
eruption on the Toutle River salmon in the
spring of 1981.

The UW biologists knew that volcanic erup-
tions had taken place in the Cascade Range
during past geological eras and that these
mighty events undoubtedly wiped out the
salmon populations existing during those times.
In an October, 1981 paper,** Martin and his
co-workers expressed their belief this way:

"Mount St. Helens has erupted repeat-
edly during the last 4,500 years, and at
least two of the past events caused major
mudflows in the Toutle River. Since the
Ice Age, the Cascades have produced, on
the average, at least one major volcanic
outburst per century. Therefore, it can be
assumed that many rivers supporting
salmon population in this region have
been disrupted by volcanoes. The salmon
populations in these rivers eventually re-
covered as the channels stabilized and the
waters were recolonized by survivors
from the tributaries, by return adults from
the ocean, and by strays from other
systems."

However, this possibility of eventual recovery
from the 1980 devastation is small comfort to
the commercial and sports fishermen of Wash-
ington and Oregon of today who count the
anadromous inhabitants of the Toutle as part
of the resources from which they earn their
livelihood or derive their recreation. Martin

Continued on next page



SALMON POPULATION RECOVERY
Continued from previous page

points out that the length of time it will take
for the salmon population in the Toutle River to
recover is of major economic importance.

The university biologist estimates the value
of the fish lost in or as a result of the May 18
eruption at seven and one-half million dollars.
The future production potential for salmon in
the Toutle River also has been reduced to an
unknown level for an unknown time, according
to Martin.

Time for recovery of the salmon population not known

The UW study was initiated to supply
answers to some of these questions. The
specific objectives of the research were: one,
to determine the effects of the Mount St. Helens
eruption on salmon populations and habitat
in the Toutle River system; two, to identify the
environmental components that are presently
limiting natural production; and three, to
determine the most probable course and time
frame in which the natural recovery could
take place.

Martin and his co-workers began their
investigation by conducting a general survey of
blast region streams which had been previously
utilized by salmon and steelhead. The research
team wanted to determine the magnitude of
the May 18 eruption effects on habitat and
survival of fish. Measurements of food abun-
dance, water temperature, stream channel
morphology, and fish cover also were made to
document the quality of the habitat and to
identify those factors limiting the carrying
capacity of the streams, according to Martin.

Based on the results of their survey the
biologists then classified the area's streams
according to the type and intensity of impacts
on fish habitat and by the presence of fish. Nine
stream reaches, representative of different
types of effects caused by the eruption, were
then selected for intensive study.

The reaches selected for intensive study
either did not contain any fish or only had small
numbers of fish because of the devastating

The number of salmon smolts caught in a fish trapbuilt
on a stream impacted by the eruptionwere used to esti-
mate how many juvenile salmon survived the first year
after the May 18, 1980 eruption.
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Salmon fry were planted in a mudflow impacted stream
where all of the wild fish had been killed by the eruption.

events associated with the volcanic eruption.
It was necessary, therefore, to artificially seed
the study reaches with coho and salmon fry.
The growth and survival of these fry were moni-
tored by conducting population censuses in
June and September of 1981 through the use
of e!ectroishinn qear.

Martin and his fellow investigators found
the coho test population survived through
the summer in all of the study reaches, even
though extreme environmental conditions were
present in some streams. Some fish survived
lethal temperatures and large temperature fluc-
tuations in streams with no cover and few

The sIream channels affected
by The erupfion became more incised
in 1982 and are exhibiting
çireaJer diversii'y in depTh"
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pools. Nevertheless, the mortality during the
summer was generally greater in the affected
areas than in the unaffected streams.

Following the winter of 1981, measurements
made by the UW researchers indicate that the
overwinter survival of coho was very low in
the streams impacted by mudflows, compared
to the unaffected watercourses. The absence
of refuge habitat coupled with an unstable
channel is assumed by Martin to be the primary
reason for this low overwinter survival.

Greater diversity emerging in stream depths and velocities

The UW observer relates that the stream
channels affected by the eruption became more
incised in 1982 and are exhibiting greater
diversity in water depth and velocity. "Pools
and riffles have begun to develop in contrast
to the long-run type habitat observed in 1981,"
Martin states. He adds that the substratum is
shifting toward gravel and cobble size material,
as the finer sands are flushed from the system.



LONG-TERM EFFECTS OF

SUSPENDED ASH UPON

AQUATIC ANIMALS STUDIED

For many weeks it was about the only thing
people talked about. The unexpected cata-

clysmic eruption of Mount St. Helens on the
morning of May 18, 1980, caught the attention
of many people across the United States
and elsewhere in the world.

This conversational fixation was especially
pronounced in those regions of the Pacific
Northwest which experienced first-hand some
of the volcano's power. In the towns and cities
along the Toutle and Cowlitz Rivers where
streams of muddy ash oozed over homes and
businesses located in the lower-lying areas,
little else was talked about. The people to the
east of Mount St. Helens who found that the
sky was falling" on their roofs and yards in
the form of tiny particles of dark to light-gray
ash, for once did not talk about the weather.

But eventually the eruption and its effects
faded from public consciousness. New dis-
astersalthough of lesser magnitudeand the
pronouncements and/or peccadillos of public
figures took over the video screens and the
headlines. Now, three years after the
8:32 a.m. earthquake and blast that shattered
the top part of the Cascade Range peak, few
people think much about Mount St. Helens,
unless they live close by.

However, some of the effects of the eruption
are still around and may persist for a consider-
able time, according to a Washington State
University (WSU) professor. "Surface waters
of the Pacific Northwest probably will contain
suspended ash particles for many years to

"Any break in Jhis chainsuch as
lesser numbers of The zooplankon
has a domino effecf upwards along
The acuaic food chain"
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come," states Richard A. Parker. "Particles
less than 20 1im are likely to remain suspended
for long periods."

Information desired on long-term effects

Parker, a zoologist, and research assistant
Alan J. Gaddy have been investigating
the possible long-term effect of this
suspended ash on the tiny aquatic animals
(zooplankton) that live in lakes and reservoirs.
These organisms, most so tiny that they have
to be examined under a microscope to deter-
mine their exact species, occupy a critical
niche in the aquatic food chain or web. The
zooplankton feed upon the tiny plantssuch as
algaethat make up the initial links of the
chain. The zooplankton, in turn, are the prey
of minnows and small forage fish. The
latter are eaten by carnivorous fish, which
may be consumed by ospreys, heron,
and, eventually, man! Any break in this chain
such as lesser numbers of the zooplankton
has a domino effect upwards along the aquatic
food chain.

Phytoplankton could be stimulated or depressed

The Mount St. Helens ashfall into lakes and
reservoirs could disrupt this otherwise orderly
sequence in other ways, according to Prof.
Parker. "The leachable nitrogen component
of the ash could conceivably stimulate phyto-
plankton productivity in nitrogen-limited
lakes, depending on the temperature and
light conditions present," he states. "At the
same time, the particulate fraction could in-
hibit photosynthesis by shading the phyto-
plan kton."

Tests made by the U.S. Geological Survey
(USGS) on ash which fell at Richland, Wash-
ington, 142 miles from the Cascade volcano,
revealed the material was toxic to a common
bluegreen algae. However, when the same
species was subjected to ash which fell at
Moses Lake, about 60 miles to the north of
Richland, the toxic effects were absent or
highly muted. Ash used by Parker and Gaddy
was collected in Pullman.

Parker points out that filter-feeding zoo-
plankton may also be affected because of the
nature of their feeding mechanism. Further-
more, increases in turbidity may alter the in-
gestion rate as well as the assimilation effi-
ciency for the phytoplankton being grazed.



. increases in turbidity may alter
the ingestion rate as well as the
assimilation efficiency
for the phytoplankton . .

Many investigators have studied zooplankton
preference for large cells or small cells
in order to clarify the complex pattern of
particle size selection, a pattern that could be
altered in the presence of ash particles.

The purpose of the Parker/Gaddy research
was to examine the effects of soluble and
particulate fractions of Mount St. Helens' ash
on carbon-14 fixation by yclotella meneghin-
iana a diatom, and Cryptomanas ovata
Ehr a green flagellate. In addition, the
particulate fraction was tested for its effects on
ingestion rate, filtration rate, and assimilation
efficiency of two filter-feeding zooplankters:
Diaptomus ashlandi Marsh and Daphnia pulex

yjg.
At the conclusion of extensive tests con-

ducted at different temperatures, light levels
and ash concentrations, Parker and Gaddy con-

cluded there was no evidence that the quanti-
ties of ammonium and nitrate found in ash
leachate were sufficient to stimulate carbon fix-
ation by nitrogen-starved Cryptomonas and
Cyclotella. "To the contrary, Cyclotella reduced
photosynthetic activity in the presence of f II-
trate, suggesting that soluble toxic materials
may be released by ash particles in fresh
water," Parker observes. Ash suspensions
increased carbon fixation by Cryptomonas, but
did not affect Cyclotella significantly.

Ash presence does not inhibit grazing

The WSU investigators concluded that graz-
ing by Diaptomus and Daphnia on Cryptomonas
was not altered significantly by the presence
of particulate ash. "The same can be said of
Diaptomus feeding on Cyclotella. When fed
Cyclotella, however, Daphnia filtered more
medium and ingested more algae at interme-
diate ash concentrations. Assimilation proved
to be highest in the absence of ash, that is,
ash interfered with the uptake of carbon-14
from ingested Cyclotella," Parker states.

The zooplankton Diaptomus at 144X.
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TIMING OF SMOLT RELEASES

FROM HATCHERIES CRITICAL

It was going to be a tough gauntlet to run,
once they left the safe confines of the 'nur-

sery" where they had been reared and fed for
months. Many miles of unfamiliar terrain would
have to be navigated, some of it in the dark,
before the danger was passed. Even during
the daylight, their visibility was going to be
marginal.

But the main problem could be suffocation.
The route to safety was so filled with tiny par-
ticles that the "gauntlet runners" might not be
able to secure enough oxygen. At best, their
breathing apparatus might be cut and damaged.

The time was right after the turbulent
eruption on May 18, 1980 of Mount St. Helens.
The volcanic blast had drastically rearranged
the topography, especially the channel of the
North Fork of the Toutle River. According to
the U.S. Geological Survey, approximately 3 bil-
lion cubic yards of material, including rock,
ash, pumice, snow, and ice, had been deposited
directly north of the mountain in the upper 17
miles of the North Fork. See map on pages 2
and 3.

Subsequent mudflows down the North Fork
and the South Fork of the Toutle choked their
once-clear stream beds and converted the
Cowlitz River between the Toutle and the Col-
umbia Rivers into a slurry of water, volcanic
ash, and streambed sediment.

Smolts ready to make their run to the sea

However, poised upstream, some twenty
miles from the confluence of the Toutle with the
Cowlitz, were thousands of tiny coho and
chinook salmon ready to make the run to salt
water which is characteristic of their kind. They
were waiting in the rearing pens of state fish
hatcheries on the Cowlitz, below Mayfield
Lake. Called smolts, the salmon were old
enough to make their run to the Pacific Ocean,
where they would live most of their adult lives.

At right, before the young salmon could reach the "safety"
of the Columbia River estuary and the Pacific Ocean at
Astoria, they had to run the lower Cowlitz, choked with
ash from the volcanic eruption.
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Plots of 1980 instream live-
box (0) and static
laboratory () bioassays on
presmolt coho salmon, in-
dicating LC5O values (1217
and 18672 mg/i, respective-
ly). (Instream live-box curve
by probit analysis, static
laboratory curve is eyefit).
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SMOLT RELEASE CRITICAL
Continued from previous page

But would the lower part of the Cowlitz,
choked with suspended ash and other sedi-
ment, be a trap for these emigrating fish?
Should the hatcheries hold the smolts back in
hope of better conditions later? What about the
releases planned for future years?

Information was needed, and within a short
period, to answer these questions. In response,
research was sponsored by the Washington
State Department of Fisheries, and the Office
of Water Research and Technology. The
research investigators included: 0. J. Stober,
B. D. Ross, C. L. Melby, P. A. Dinnel, T. H.
Jagielo, and E. 0. Salo, all from the School of
Fisheries at the University of Washington (UW).

The work of these biologists began in July,
1980, just one and a half months after the big
eruption. The specific goals of the UW study
were to:

"Determine the acute and sublethal
tolerance of juvenile (presmolt and smolt
and adult coho salmon (Oncorhynchus
kisutch) and chinook salmon smolts (0.
tshawytsha) to suspended sediment con-
centrations in the Toutle, Cowlitz and
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Columbia Rivers; to monitor the water
quality at each bioassay location; deter-
mine the 96-hr LC5O* suspended sediment
concentrations for presmolt and smolt
coho and chinook salmon in static labora-
tory bioassays and test the responses to
sublethal exposure to suspended sediment
and water velocity in artificial streams."

During the UW investigation a wide variety
of factors were examined. Water quality was
monitored at twenty-five sites from July 12 to
November 14, 1980, and from March 16 to Aug-
ust 20, 1981. Temperature, pH, dissolved
oxygen, and conductivity were measured along
with the water velocities; suspended sediment
samples were taken and later analyzed at the
UW laboratories for the determination of settle-
able solids, total non-filterable residues and
organic and inorganic components of the sedi-
ment. Suspended sediment samples also were
taken at various times for a later study, using
a scanning electron microscope (SEM), accord-
ing to Stober.

A major investigative tool employed by the
university biologists involved live-box bio-

*The concentration of suspended sediments which is
lethal for 50 percent of the individuals exposed in a
96-hour period.



Electron micrograph of airfall ash collected at the Green
River, north of Mount SL Helens. Enlargement 450X.

assays. Between July 8 and October 11, 1980,
five 96-hr live-box bioassay tests were con-
ducted at twelve locations in the Toutle,
Cowlitz, Columbia, and Kalama Rivers. The
sampling schedule and locations were altered
for the 1981 field season to include six locations
in the Toutle, Green, and Cowlitz Rivers with
an increased number of live boxes per location.

Mortalities of the pre-smolts and smolts
placed in the live boxes were noted daily.
Upstream sites, where mortalities occurred
rapidly during the early part of the study, were
checked at approximately hourly intervals until
100 percent mortality had occurred, Stober
relates.

Less suspended sediment meant less fish killed

The UW fishery biologist reports that com-
plete mortality and partial mortality occurred
consistently with coho presmolts in the
Toutle River and lower Cowlitz River,
respectively, during the summer of 1980.
Live-box tests during the spring of 1981
showed partial mortality only in the lower
Toutle, the north fork of the Toutle, and Green
River. This increase in survival of fish exposed
in live-boxes in 1981 was directly related to
the decline in suspended sediment concentra-
tion, Stober believes. "Within one winter
season the suspended sediment concentrations
had declined to a level which no longer was
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Mudflow sediment collected from the Toutle Hatchery.
450X.

expected to reduce survival during the pas-
sage of emigrant smolts," he states.

Sublethal effects of the suspended ash were
tested by exposing fish in artificial stream
channels to varying concentrations of the sedi-
ment at different velocities of flow. These
fish were checked for their swimming per-
formance in a special observation chamber.
"No consistent statistically significant effects
were found based on swimming performance
for either coho or chinook smolts in volcanic
ash or mudflow sediments," Stober states.

Analysis of gill tissues of salmon exposed
to the ash in the live box tests and in the
artificial channels did not show damage when
compared with unexposed specimens. This
freedom from harm was verified by numerous
tissue scans with an electron microscope.

"Analysis of gill hssues of salmon
exposed Jo ash in he live box JesJs
and in he arJificial channels did nof
show damage when compared
wiJh unexposed specimens"



VOLCANO ERUPTION APT
TO ADD TO THE LONG
HISTORY OF AREA FLOODS

Natural disasters on a large scale are not
unknown in the United States. There

have been destructive floods on the Mississippi,
the Ohio, the Columbia and many other rivers.
Earthquakes have shattered San Francisco,
Anchorage, and the City of the Angels. And
the rainless winds of the 1930s turned much of
the Midwest into the notorious Dust Bowl.

But the mighty blast of Mount St. Helens at
8:32 on the morning of May 18, 1980 was some-
thing else again. It was a new ball game in
disasters and few people knew how to cope
immediately with it, nor how to assess on a
long-range basis what damage really had been
done.

Gordon H. Warren, a historian formerly from
Central Washington University (CWU), puts it
this way: "It was not a discrete disaster, such
as a tornado or flood, which causes immediate
destruction and then passes. The St. Helens
disaster will have a series of impacts for years
to come. There are many hidden, potential,
and (will be) recurring damages."

Soclo-economic and historical perspectives sought

The CWU faculty member came to these
conclusions following a study, begun in April of
1981, of the Mount St. Helens eruption. Warren
was joined in the investigation by David E.
Kaufman and Kenneth A. Hammond, fellow
faculty members at the Ellensburg, Washington,
institution. Kaufman is a sociologist and
Hammond is a geographer.

The goals of their study were to:
identify the mudflow and flood-impacted

areas on the lower Cowlitz River;
reconstruct the socioeconomic patterns
prior to the eruption, and determine the
impact on the local economic and social
structure in the short term, and perhaps
beyond;

attempt to determine what changes in land
use are likely to be made as a consequence
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of the changed physical nature of the river
and adjacent land, and assess any change
in land value;

determine, through survey and interview
techniques, the landowners' perceptions and
attitudes in regard to many questions
involving their land, especially the deposi-
tion of debris; and
identify the objectives, impact, and/or
effectiveness of activities by the Army
Corps of Engineers.

Flood damage on the Cowlitz River was
a frequent winter event long before
Mount St. Helens erupted, according to
Warren. He recounts how early settlers in the
Cowlitz Valley suffered through major floods
in 1855, 1867, 1894, 1906, and 1933, among
still other water-abundant years. The pattern
set in 1855 was to be a familiar one: "A storm
dumped three-and-one-half feet of snow at
Cowlitz landing and about four feet on the
prairies within twenty-four hours. A few days
later it began to rain, and warm Chinook winds
melted the snow and forced the Cowlitz up at
the rate of sixteen inches every hour," Warren
writes.

The flooding was something accepted in
early days along the Cowlitz. "Floods were a
natural hazard over which they had no control
and, after the waters had subsided, seemed a
relatively small problem in the hardscrabble
lives of the pioneers," is the way Warren
describes it.

This fatalistic acceptance of the hazards of
living alongside an occasionally disruptive river
underwent a slow change, however. As more
people, businesses, and industries came into
being around Kelso, Longview, and Castle
Rock, the viewpoint emerged that something
needed to be done about the recurring floods
which burst dikes and levees supposedly pro-
tecting the homes and buildings.

These calls for assistance, as well as those
coming from the flood-ravaged valleys of the

. The viewpoinf emerged fhaI
somef h/ng needed Jo be done obouJ
The recurring floods which
bursJ dikes and levees .



Kelso during the 1894 flood. The Longview Daily News
photo was taken looking south from Pacific and Academy With millions of cubic yards of ash and other debris filling
streets. the Toutle and Cowlitz channels, there was little choice

but to put the dredge spoils on landowner property along
the river banks.

Continued on next page
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FLOOD HISTORY 

Continued from previous page 

Mississippi and the Ohio, were heeded by the 
U.S. Congress. 'Shedding the emergency 

nature of federal involvement, Congress passed 
the Flood Control Act of 1936 which declared 

that flood control on navigable waters was a 
'proper activity' of the federal government, 
thereby establishing flood protection on a 
national scale," Warren states. "State and local 

governments shared costs and participated in 
interstate organizations for flood control. 
Congress also made the Corps primarily 

responsible for that flood protection." 
The CWU historian relates that although the 

act allowed the Corps to evacuate flood-prone 
areas instead of building dams, levees, and 
dikes, the agency tended to regard relocation 

as impractical. "Structural improvements had 
fewer political repercussions," Warren 

observes. 
This structural approach has its drawbacks, 
Warren asserts: 

"The reliability of the structures auth- 
orized by flood control legislation has 
never been challenged by the probable 

flood. construction en- 
couraged denser settlement of the flood 

plain and may have increased the risks. 
Levees give short-term local relief but 

confine the flood channel and eliminate 
storage formerly available on the flood 

plain. They increase the concentration of 
runoff, heighten flood peaks, and increase 

flow velocity. Higher velocities lead to 
channel scour but also threaten to under- 

cut banks and levees. Dikes pose an added 
danger rarely perceived by beneficiaries. 

If they are overwhelmed by a flow greater 
than the design flood (i.e., the flood of 

specified magnitude against which a dike 
is designed), property owners incur the 

maximum loss." 

The mudflows and water generated by the 
May 18 cataclysm put the levees along the 

lower Cowlitz River to a severe test, with the 
floodwaters coming within inches of topping the 

east bank levee protecting Castle Rock. 
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FLOOD HISTORY
Continued from previous page

The May 18 and subsequent mudflows also
pose a problem of a longer time scale than the
water floods of earlier years. "While flood
waters eventually drain off, the mud was a
thick solid mass which suffocated the land,
added no nutrients, and would not seep away,"
is the way Warren describes it. He cites the
case of a local farmer south of Castle Rock who
had his property flooded four times previously
over a six year period. The mud was worse, for
it buried 118 acres of grazing land twenty feet
deep in places.

u.s. congress responds quickly to flood needs

Warren points out that funds were
allocated to federal agencies for possible
volcano-related use and their disbursement was
left to the discretion of agency administrators.

With the Cowlitz almost plugged solid with
the mudflow deposits, and the beginning of the
rainy season with its always present potential
for flooding only four to five months away, the
U.S. Corps of Engineers and other agencies
moved quickly once funds had been voted.
"Flush with their $215,000,000 share of the St.
Helens appropriation, Corps officials quickly
signed contracts with construction and dredg-
ing companies, and the Real Estate Division
instructed field personnel to secure written
permission from landowners along the Columbia
and Cowlitz Rivers to pump dredge spoils onto
their property," Warren states. The landowners
were asked to sign a permit granting the
government an "irrevocable right" for a stated
period of time to "deposit spoil and/or other
dredges or excavated materials" onto the
property.

Nearly 200 individuals, companies, and local
and state governmental entities eventually
signed these disposal permits.

With all this muck and goo to get rid of,
the dredging option seemed the lowest cost way
to the federal and state planners. Warren and
his co-investigators report that many of the

mosf owners of properfy
affec fed by The mudf low and spoils
placemenf did nof live on Their
properfy. They were more opfimisfic"
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. could well conclude That The
fimely evacuaf ion of . . . The flood
plain would have been much less
cos fly and more effec five
over The long ferm"

landowners accepted the dredge spoils be-
cause they wanted to help out their downstream
neighbors. However, once the spoils had been
dumped onto their ground, many property own-
ers began to have second thoughts. Attempts to
seed and fertilize the dumped spoils met with
only moderate success and the dredge spoils
looked like wet cement when it rained.

Prof. Hammond describes the dredge spoils
as follows: "The major component of the
dredge spoil is volcanic ash of sandy texture.
Still, it is a combination of everything in the
mudflow plus a substantial mixing of river
gravels. For agricultural crops it is practically
worthless. It has a very limited supply of
organic matter, nitrogen, and other available
nutrients, few soil biota, a drainage capability
that varies from excessive to poor, and an
unfavorable structure. It is not soil at all at this
time. It is a parent material that over time may
evolve into soil but initially it will be productive,
and then only marginally, with regular, costly,
substantial applications of fertilizer."

Mudflow damage far higher than any previous water flood

As his part of the CWU research, sociologist
Kaufman did an exhaustive survey of the
opinions of the landowners along the Cowlitz
who had agreed to take the dredge spoils onto
their land. He comments that the magnitude
of the mudflow disaster far exceeded any single
earlier flood disaster known to have occurred
in this region during this century. "Nevertheless,
the initial trauma, fear, and isolation often felt
by populations just after a devastating flood for
which they were unprepared never occurred,"
he states. "Among those who responded to
our survey, some claimed they had 'slept
through the whole thing,' while others said they
literally had to run for their lives as mud and
debris washed against their residences and
outbuildings."

Kaufman found most of the property owners
to be optimistic. "Some have lost their lands
for good, others have seen their property buried
under tons of spoils and converted into levees
and dikes, yet most are hopeful that someday
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The dredge spoil of sandy volcanic ash and river gravel is
unsuited for growing plants and is an unattractive sight.

Dredges and construction crews worked around the clock
to remove ash-caused shoal navigation hazards as
well as to reduce the potential damage from winter floods.

their fill-covered pastures and fields will support
animals and crops, or that they can get back to
these lands in order to enjoy some good
fishing."

Kaufman asked property owners whether
they were satisfied with the project or if they
had begun to reconsider their decision to parti-
cipate in the spoils placement. Of the one
hundred and fourteen persons answering this
question, seventy-four per cent believed they
had made the correct decision. Of the remain-
ing thirty respondents, thirteen stated their
expectations had gone unfulfilled. Some per-
sons subsequently interviewed by telephone
complained about misunderstandings regarding
their property rights after the fill was in place.
Others believed that contractors had placed fill
in areas not recommended by the U.S. Corps of
Engineers.

Residents less optimistic about the future of their land

Kaufman reports that most owners of prop-
erty affected by the mudflows and spoils
placement did not live on their property. They
were more optimistic regarding the future than
those residing on the affected land.

Geographer Kenneth A. Hammond, in his
portion of the CWU report, points out that the
level of the Pacific Ocean, along with other
seas, is slowly rising. This rise in level means
the runoff in rivers will be slowed, which in turn
reduces their capacity to transport sediment
and thus encourages deposition in flood plains,
according to Hammond.

The CWU professor explains what this
means to the towns and industries along the
Cowlitz: "If left alone the river will constantly
shift over the entire area. Areas protected by
dikes will, over time, become the lowest areas
and perhaps the only low areas on the flood
plain. Eventually they are very likely to be
flooded."

Hammond questions the wisdom of the
present approach:

"This . . . raises again the question of
how much money the public should spend
to protect private investment on the flood
plain. A retrospective study could well
conclude that the timely evacuation of
significant sections of the flood plain
would have been much less costly and
more effective over the longer term."




