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METRIC CONVERSION FACI`ORS 

For use of readers who prefer to use inch-pound units, conversion factors for terms used in this report 
are listed below. 

Multiply SI units 

millimeter (mm) 

meter (m) 

kilometer (km) 

square kilometer (km2) 

cubic meter per second (m3/s) 

.By 

0.03937 

3.281 

0.6214 

0.3861 

35.31 

To obtain U.S. 

Customary Units 

inch (in) 

foot (ft) 

mile (mi) 

square mile (mi2) 

cubic foot per second (ft3/s) 

Sea level; In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 
1929)--a geodetic datum derived from a general adjustment of the first-order level nets of both the United 
States and Canada, formerly called "Mean Sea Level of 1929". 



POST-ERUPTION CHANGES IN CHANNEL GEOML I RY OF STREAMS 

IN THE TOUTLE RIVER DRAINAGE BASIN, 1983-85 

MOUNT ST. HELENS, WASHINGTON 

By David F. Meyer 

ABSTRACT 

The May 18, 1980, eruption of Mount St. Helens generated a debris avalanche, lateral blast, lahars and 

tephra deposits that altered mainstream and tributary channels within the Toutle River drainage basin. 

Channel cross sections were monumented and surveyed on the North Fork Toutle River and its tributaries, 

South Fork Toutle River, Green River, and Toutle River in 1980 and 1981. These streams drain the north 

and west flanks of the volcano. The network of channel cross sections has been resurveyed annually. 

Selected cross sections were surveyed more frequently following periods of higher flow. The repetitive 

cross-section surveys provide measurements of hank erosion or accretion and of channel erosion or 

aggradation. These data can be used to determine erosion rates, and to identify sources and storage sites 

of sediment in sediment budget computations. This report presents channel cross-section profiles 

constructed from the survey data collected during water years 1983-85. 
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INTRODUCIION 

The May 18, 1980 eruption of Mount St. Helens drastically altered hydrologic and geomorphic 
conditions in an area of about 550 km2 around the volcano and along major streams draining that area. 
Volcanic events that severely modify watersheds include the lateral blast or pyroclastic density flow 
(Hoblitt and others, 1981; Moore and Sisson, 1981; Waitt and others, 1981), the debris avalanche in the 
upper North Fork Toutle Valley (Voight and others, 1981), pyroclastic flows (Rowley and others, 1981), 
and tephra deposition (Waitt and Dzurisin, 1981; Waitt and others, 1981). Lahars (volcanic mudflows or 
debris flows) flowed down all major streams originating on Mount St. Helens (Janda and others, 1981; 
Cummans, 1981; Pierson, 1983). Deposits from these events altered rainfall-runoff relations, channel 
geometry, and the amount of sediment available to stream channels (Lisle and others, 1983; Martinson 
and Meyer, 1984), and in some cases created new surfaces with little or no through-flowing surface 
drainage (Meyer and Janda, 1984). The blast and air fall destroyed and damaged vegetation, eliminating 
or reducing transpiration over much of the affected area. Glaciers in the headwaters of most streams 
flanking the volcano were also damaged or destroyed. Subsequent stream response to runoff and 
occasional volcanic events has produced erosion and deposition of a magnitude rarely observed (Collin 
and others, 1983; Lehre and others, 1983; Lisle and others, 1983; Martinson and Meyer, 1984; Meyer and 
Janda, 1984; Waitt and others; 1983). 

Monumented channel cross sections were established along most of the river channels around Mount 
St. Helens to measure erosion, deposition and changes in channel morphology that occurred as the 
perturbed stream channels responded to altered conditions. This report presents cross section data from 
the Toutle River drainage collected by the U.S. Geological Survey, Water Resources Division, Cascades 
Volcano Observatory, Vancouver, Washington, during water years 1983, 1984 and 1985, and is part of a 
series of U.S. Geological Survey Open-File Reports that present channel morphology data (Martinson 
and others, 1984; Martinson and others, 1985; Meyer and others, 1985). 
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DRAINAGE BASIN CHARACTERISTICS AND VOLCANIC IMPACTS 

Study basins within the Toutle River system were selected to monitor channel response to a wide 
spectrum of volcanic effects of the May 18, 1980, and subsequent eruptions (fig. 1). The Toutle River 
system drains an area of 1322 km2, including the north and east flanks of Mount St. Helens. The three 
major tributaries, the Green, North Fork Toutle, and South Fork Toutle Rivers, occupy sub-parallel basins 
trending to the west. The variability in channel gradient, drainage basin size, and volcanic impact between 
and within the main sub-basin are summarized in table 1. 

Table 1.--Drainage basin characteristics 

Total Gaged Area Channel 
drainage drainage within Stream gradient 

area area blast length (range) 
River (km2) (km2) (km2) (km) (Wm) 

Green 342 334 171 53 0.2-0.01 

North Fork Toutle 782 736 448 1 63 0.15-0.003 

South Fork Toutle 328 303 20 48 0.10-0.002 
2,3 1285Toutle 2 1322 468 42626 4 0.001-0.009 

1 Does not include Green River basin 
2 Includes non-contributing area within North Fork Toutle basin
3 At Tower Road near Silver Lake, WA 
4 Does not include North or South Fork Toutle basins 

Green River 

The Green River occupies an eastwest trending valley north of and sub-parallel to the North Fork 
Toutle River valley. The drainage basin heads in rugged metavolcanic terrain northeast of Spirit Lake. 
Half the Green River drainage was significantly altered by the lateral blast of the May 18, 1980, eruption. 
Severe timber blow down and tephra deposition occurred in much of the affected area. Air-fall ejecta 
from this eruption was deposited to thicknesses greater than 0.50 m in the headwaters of Shultz Creek 
drainage (fig 1). The northwest end of the basin received no tephra from the May 18 eruption, and only 
a thin veneer of ash on May 25, 1980 (Waitt and Dzurisin, 1981; Waitt and others, 1981). Additional 
unconsolidated sediment was produced when the Green River was ponded behind the North Fork Toutle 
lahar, about 2.5 km upstream from the mouth. As much as 2 m of sand and silt were deposited in and 
near the channel along this reach. 
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Figure 1.--The Toutle River drainage, Mount St. Helens, the lateral blast-affected area and the debris 
avalanche deposit. 
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A gaging station (hydrologic data collection site) was re-established on the Green River in September 
1980, 3.2 km upstream from the mouth, to collect water and suspended-sediment discharge data. 
Seventeen cross sections were installed the summer of 1980 to monitor changes in channel geometry, 
(Meyer and others, 1985). The cross sections were grouped into four clusters: above Grizzly Creek reach, 
Polar Star Mine reach, Shultz Creek reach, and the Hatchery reach. Four cross sections were added to 
the network in 1982 along the gage reach; three cross sections were added along the lower Grizzly Creek 
reach in 1984, and two cross sections from the 1982 network were lost. A total of 23 cross sections were 
surveyed in 1984 (table 2; figs. 2, 3). No cross sections on the Green River were surveyed during 1983 or 
1985. Longitudinal and cross-sectional profiles for Green River are shown in figures 9 and 10 at back of 
report. 

Table 2.--Description of cross section network in the Toutle River basin,1983-85. Mount St. Helens 

Total no. No. cross 
cross sections 

Drainage basin sections surveyed Numbering 
sub-basin Reach name after storms sequence 

Green River 
Grizzly Creek 8 0 GR850-GR876 
Polar Star Mine 2 0 GR880-GR890 
Shultz Creek 3 0 GR900-GR915 
Gage 4 0 GR924-GR927 
Hatchery 5 0 GR930-GR955 

North Fork Toutle River 
Loowit 

Crater 2 0 L0010-L0020 
Pumice Plain 3 0 L0030-L0040 

Truman 4 4 TR060-TR070 
Carbonate Springs 4 1 CS075-CS085 
Castle Creek 6 3 CA200-CA225 
South Coldwater 6 6 SC230-5C238 
Coldwater Creek 3 0 CW250-CW280 
Maratta Creek 1 1 MR290 

North Fork Toutle River 
Pumice Plain 5 1 NF100-NF117 
Coldwater 2 2 NF120-NF130 
Elk Rock 5 3 NF300-NF327 
Bear Creek 5 1 NF330-NF350 
Lower Avalanche 4 1 NF360-NF375 
N-1 2 1 NF390-NF395 
Camp Baker 10 1 NF400-NF445 
Salmon Reach A 3 1 NF465-NF475 
Kid Valley 5 0 NF495-NF520 
Salmon Reach B 5 1 NF535-NF560 
Salmon Reach C 4 1 NF575-NF590 

South Fork Toutle River 
Sheep Canyon 6 0 SF610-5F640 
Disappointment 2 0 SF660-SF675 
Spotted Buck 7 1 SF685-5F715 
Above S-1 6 0 SF720-5F750 
Mouth 12 3 SF760-SF810 

Toutle River - Mainstem 
Coal Bank Bridge 3 0 TL1000-TL1010 
Spool 8 0 TL1015-TL1044 
Tower Bridge 5 1 TL1050-TL1070 
Burma Gorge 6 1 TL1080-TL1105 
Highway 99 4 1 TL1115-TL1130 
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North Fork Toutle River 

As a result of the May 18 eruption, the source of the North Fork Toutle River was changed, and the 
upper part of its drainage system evolved on the dissected surface of a debris-avalanche deposit. Prior to 
the May 18 eruption, the source of the North Fork Toutle River was Spirit Lake, which received runoff 
from 46 km2 of rugged, forested terrain, north of Mount St. Helens. The crater of Mount St. Helens was 
the source of the North Fork Toutle River from the time of the eruption until November 1982. 

The upper 24 km of the North Fork Toutle valley contains the 2.8 km3 debris-avalanche deposit, 
emplaced during the May 18, 1980 eruption. The deposit covers 60 km2, with an average thickness of 45 
m. Maximum thickness of the debris-avalanche deposit is 195 m in an area 3 km west of Spirit Lake. 
Evolution of a through-flowing drainage network on the hummocky avalanche deposit has increased 
contributing drainage area above the toe of the deposit from 80 km2 on May 19, 1980, to about 282 km2 
on November 3, 1982 (Meyer and Janda, 1984). 

In order to control sediment eroded from the debris avalanche deposit, a debris-retention structure 
(N-1) was constructed below the toe of the avalanche deposit during the fall and winter of water year 
(WY) 1981 (between cross sections NF375 and NF390, fig.3). Five sediment stabilization basins were also 
dredged on the Toutle River during the same period (Stockton, 1983). 

The outlet of Spirit Lake was blocked by the debris-avalanche deposit. During the period from May 
18, 1980, until November 1982, the level of Spirit Lake rose as it received runoff from rain and snow in the 
surrounding mountains. The rising waters threatened to breach the unstable debris-avalanche deposits 
damming the lake. A temporary solution, put into effect by the U.S. Army Corps of Engineers, was the 
construction of a pumping station and pipeline near the southwest end of the lake until a more permanent 
solution could be devised. The pumping station went into operation in November 1982, creating a new 
source for the North Fork of the Toutle River. Water was released from the pump outlet at a constant 
rate of 5.0 m3/s. It flowed across easily erodible volcanic deposits and caused rapid degradation and 
aggradation at cross-sections established downstream (Paine, 1984). 

In May 1985, a tunnel was opened connecting Spirit Lake and South Coldwater Creek. Water was 
released from Spirit Lake into South Coldwater Creek at controlled rates of 5.7 m3/s, 8.5 m3/s, 11.3 m3/s, 
and 14.2 m3/s for approximately one-week periods during May 1985. As the level of the lake approached 
the tunnel gate elevation (1048.5 m above NGVD of 1929) during June through August 1985, tunnel 
discharge declined from about 11.3 m3/s to less than 5 m3/s, the natural summer discharge from Spirit 
Lake. 

Peak flows on the North Fork Toutle River result from storm runoff, except for some debris-flows 
generated by eruptive events at Mount St. Helens. On the night of February 2, 1983, two minor explosive 
ventings of steam and rock debris caused a small fluid-slush debris flow that entered into the upper reaches 
of the avalanche deposit known as the pumice plain. On May 14, 1984, an explosive eruption of Mount 
St. Helens caused a significant mud flow that surged down Loowit channel into the upper North Fork 
Toutle River, and down an adjacent gully into Spirit Lake. The flow was observed at the Elk Rock gage 
to be a hyperconcentrated flow, and farther downstream at N-1, it became a sediment-laden stream flow. 
The flows did not cause a significant rise in stage at the Kid Valley gage. A smaller explosive eruption on 
May 26, 1984, generated a small mudflow that reached Spirit Lake (Janda and Meyer, 1986). 

Water and suspended-sediment discharge data have been collected at Kid Valley gaging station since 
June 1980, 11.1 km upstream from the confluence of North Fork Toutle and South Fork Toutle Rivers 
(KIDW, fig. 1). Peak discharges at Kid Valley are normally caused by storm runoff during the winter 
months. During WY 1985, no winter storms occurred; the peak of the year occurred during June. 

Seventy-nine cross sections had been established along the North Fork Toutle and its major tributaries 
prior to the end of WY 1985. Most of these cross sections were surveyed annually prior to WY 1985, but 
28 key indicator sections were surveyed monthly, or after large storms of the fall, winter and spring. Most 
of the cross sections are grouped into 19 clusters (table 2; figs. 2-5). During WY 1985, only indicator cross 
sections were surveyed during the summer. 
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Figure 4.--Locations of cross sections on the middle North Fork Toutle and South Fork Toutle Rivers, 
and the lower Green River. 
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Cross sections were established along South Fork Coldwater Creek during WY 1985 to monitor the 
effect of augmented discharge resulting from drainage of Spirit Lake. These cross sections were surveyed 
frequently during the spring and summer of 1985. Longitudinal and cross-sectional profiles for North 
Fork Toutle River are shown in figures 11 and 12 at back of report. 
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Figure 5.--Location of cross sections on the upper Toutle River and the lower North Fork Toutle, 
South Fork Toutle Rivers. 
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Figure 12.--Cross-section profiles for selected sites, 
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INDEX TO SOUTH FORK TOUTLE RIVER SITES 

As an aid to the reader, listed below are the individual cross—section site numbers 
with corresponding page number of the plot. 
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INDEX TO TOUTLE RIVER CROSS-SECTION SITES 

As an aid to the reader, listed below are the individual cross-section 
site numbers with corresponding page number of the plot. 
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Figure 16.--Cross—section profiles for selected sites, 
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Figure 16.--Cross-section profiles for selected sites, 
Toutle River--Continued 
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Figure 16.--Cross-section profiles for selected sites, 
Toutle River--Continued 

202 



55 

I 11111 111 

TOUTLE RIVER 
TOWER BRIDGE REACH TL1055 

CD 
50 

C.1) 
CC 

w 

45 

LU 40 

EXPLANATION 

02-NOV-82 003 
01-DEC-82 004 
22-DEC-82 005 
12-JAN-83 006 

35rI I 

-100 

i I I I I I 1 I I I 

-50 0 50 100 150 

HORIZONTAL DISTANCE, IN METERS, FROM LEFT MONUMENT 
VERTICAL EXAGGERATION X 10 

200 

Lil 

CD 
CID 

55 

50 

1111111 111 

TOUTLE RIVER 
TOWER BRIDGE REACH TL1055 

11111111 I 

EXPLANATION 

12-JAN-83 006 
10-FEB-83 007 
01-MAR-83 008 
16-MAR-83 009 
06-APR-83 010 

(/) 
CC 

L 

CD 
45 

C_D 

I-

40 

35 I I I I I I 1111111111111 

-50 0 50 100 150 200 250 

HORIZONTAL DISTANCE, IN METERS, FROM LEFT MONUMENT 
VERTICAL EXAGGERATION X 10 

Figure 16.--Cross—section profiles for selected sites, 
Toutle River--Continued 
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Figure 16.--Cross-section profiles for selected sites, 
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Figure 16.--Cross—section profiles for selected sites, 
Toutle River--Continued 
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Figure 16.--Cross—section profiles for selected sites, 
Toutle River--Continued 
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Figure 16.--Cross-section profiles for selected sites, 
Toutle River--Continued 
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Figure 16.--Cross-section profiles for selected sites, 
Toutle River--Continued 
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Figure 16.--Cross-section profiles for selected sites, 
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Figure 16.--Cross—section profiles for selected sites, 
Toutle River--Continued 
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Figure 16.--Cross-section profiles for selected sites, 
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Figure 16.--Cross—section profiles for selected sites, 
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Figure 16.--Cross-section profiles for selected sites, 
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Figure 16.--Cross—section profiles for selected sites, 
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Figure 16.--Cross-section profiles for selected sites, 
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Figure 16.--Cross—section profiles for selected sites, 
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Figure 16.--Cross—section profiles for selected sites, 
Toutle River--Continued 
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Figure 16.--Cross—section profiles for selected sites, 
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Figure 16.--Cross-section profiles for selected sites, 
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Figure 16.--Cross—section profiles for selected sites, 
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Figure 16.--Cross-section profiles for selected sites, 
Toutle River--Continued 
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Figure 16.--Cross—section profiles for selected sites, 
Toutle River--Continued 
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Figure 16.--Cross-section profiles for selected sites, 
Toutle River--Continued 
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