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EFFECTS OF BASIN AND LAND-USE CHARACTERISTICS ON SUSPENDED-SEDIMENT YIELD
IN THE HOUSATONIC RIVER BASIN, WESTERN MASSACHUSETTS

By Gardner C. Bent, Hydrologist, U.S. Geological Survey, 10 Bearfoot Road Northborough, MA 01532
Phone: (508) 490-5041, Fax: (508) 490-5068, E-mail: gbent@usgs.gov

Abstract: Suspended-sediment yield was measured for six subbasins and estimated for two subbasins with different
basin and land-use characteristics in the Housatonic River Basin, western Massachusetts from April 1994 through
March 1996. Measured yields ranged from 21 to 147 tons per year per square mile, and estimated yields were 82 and
395 tons per year per square mile. Five dams and associated reservoirs, although relatively small in size (each less
than 0.20 square miles in surface area), decreased yield in one subbasin by trapping sediment. Suspended-sediment
yields were moderately related to the combined percent areas of forested wetlands, non-forested wetlands, and water
bodies (-0.50 correlation coefficient) and the percent area of sand and gravel (0.64 correlation coefficient). Yields
were highly related to the percent areas of flood-plain alluvium (0.89 correlation coefficient), agricultural and open
land (0.86 correlation coefficient), and soils with a high soil-erodibility factor (0.93 correlation coefficient). The five
soils in the basin with a high soil-erodibility factor are all silt-loam soils and have a soil erodibility factor of 0.49.
The causative effects of the silt-loam soils, flood-plain alluvium, and agricultural and open land on suspended-
sediment yields cannot be clearly discerned because they are interrelated, inasmuch as that the silt-loam soils are
related to the areas of flood-plain alluvium and of agricultural and open land, and the area of flood-plain alluvium is
also related to the area of agricultural and open land.

INTRODUCTION

Studies of suspended sediments transported by a stream are important because of the potential effect sediments have
on: recreation on rivers, lakes, and ponds (esthetics); aquatic habitat (for example, burial of fish eggs); water
supplies; reservoirs, lakes, and ponds (sedimentation); the design water-treatment plants and reservoirs; stream
morphology; and water-quality constituents. Trace metals, pesticides, and polychlorinated biphenyls (PCBs) have a
strong affinity for and sorb to soils, sediments, and organic matter. The distribution of these sorbed constituents to
sediments in a stream results from suspension, deposition, resuspension, redeposition, and so on, as the sediments
move downstream in response to variations in flow.

Suspended sediment has been of particular concern in the Housatonic River because PCBs were detected in the river
in the mid 1970s (Gay and Frimpter, 1985). In the late 1970s and early 1980s, several areas of the Housatonic River
Basin were investigated for distribution and transport of PCBs. The results of these investigations are presented in
Frink and others (1982), Gay and Frimpter (1985), Kulp and Gay (1986), and Kulp (1991). Additional information
regarding the distribution and transport of PCBs in the Housatonic River Basin has also been published by other
Federal and State agencies and consulting firms since the mid 1980s.

From April 1994 through March 1996, the U.S. Geological Survey (USGS) in cooperation with the Massachusetts
Department of Environmental Management (MDEM), Division of Resource Conservation, Office of Water
Resources studied the general hydrology of the Housatonic River Basin (Bent, 1999). The study included
characterization of suspended-sediment concentrations, discharge, loads, and yields (Bent, 2000). One of the major
objectives of this study was to provide a better understanding of suspended-sediment yields and of the relation of the
yields to basin and land-use characteristics. This information will assist Federal, State, City, and Town water and
land managers in determining the potential transport of PCBs in the river.

The purpose of this paper is to provide information from data collected from April 1994 through March 1996 on
suspended-sediment yields at two sites on the Housatonic River, in the area adjacent to the Housatonic River
between these two sites, and at five sites on tributaries to the Housatonic River. The relation between suspended-
sediment yields and basin and land-use characteristics of the study area is also evaluated.
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DESCRIPTION OF THE STUDY AREA

The Housatonic River drains 504 mi® (square miles) of western Massachusetts, 217 mi’ of eastern New York, and
1,232 mi® of western Connecticut before discharging into Long Island Sound. The study area for this investigation
(fig. 1) is confined to 504 mi’ in Massachusetts, 26 mi* in New York, and 10 mi® in Connecticut for a total area of
540-mi” (fig.1). The central part of the study area is the lowland area of the Housatonic River Valley and is bordered
by the Berkshire Mountains to the east and the Taconic Mountains to the west. Elevations in the study area range
from about 635 ft (feet) above sea level at the Massachusetts-Connecticut State border to about 2,600 ft above sea
level in the headwaters of the Housatonic River.

Land Use: The study area is mainly rural; it is approximately 67 percent forested, 12 percent agricultural/open, 10
percent urban, 7 percent wetland (forested and non-forested), 2 percent water bodies, and 2 percent barren. Basin
and land-use characteristics thought to be most associated with suspended-sediment yield are listed in table 1 for
subbasins in the Housatonic River Basin along with suspended-sediment yields determined and estimated for the
study.

Geology: The lowlands of the Housatonic River Valley in the study area are underlain primarily by carbonate rocks,
the Berkshire Mountains by gneissic rocks with small areas of quartzitic, and the Taconic Mountains by schistose
rock (Norvitch and others, 1968, sheet 4). Sand and gravel and flood-plain alluvium deposits overlie till primarily in
the upland stream valleys and in the Housatonic River Valley, and overlie about 11 and 5 percent of the study area
(fig. 1), respectively.

Soils: Soils that are highly erodible in the study area include the Hadley, Limerick, Linlithgo, Saco, and Winooski
silt-loam soils, which have a reported soil-erodibility factor (K-factor) (Wischmeier and Smith, 1978) of 0.49 (U.S.
Department of Agriculture, Soil Conservation Service, 1970; 1988; 1989). The K-factor of the other 53 soils in the
Massachusetts part of the study area averaged 0.23 and ranged from 0.10 to 0.43 (U.S. Department of Agriculture,
Soil Conservation Service, 1988). The Hadley, Limerick, Linlithgo, Saco, and Winooski silt-loam soils tend to be
adjacent to stream channels in the study area, especially in the southern part of the basin.

Climate: The mean annual temperature measured at climatological stations in the basin is between 43.4 and 45.6'F
(U.S. Department of Commerce, National Atmospheric and Oceanic Administration, 1983; 1994). Mean annual
precipitation is between 43.9 and 48.8 in. (inches) and is distributed uniformly throughout the year (U.S. Department
of Commerce, National Atmospheric and Oceanic Administration, 1983; 1994). Mean annual snowfall is about 71.4
in. (U.S. Department of Agriculture, Soil Conservation Service, 1988, p. 138). Overall, precipitation during the two-
year study was about normal. Precipitation during the first six months of the study was from 1.5 in. below normal to
0.5 in. above normal (U.S. Department of Commerce, National Atmospheric and Oceanic Administration, 1994).
During the next year (October 1, 1994 through September 30, 1995), precipitation was from 13.4 to 15.4 in. below
normal, whereas precipitation during the next six months was 12.3 to 11.4 in. above normal for the next six months
(U.S. Department of Commerce, National Atmospheric and Oceanic Administration, 1994; 1995; and 1996).

Hydrology: From the headwaters of the Housatonic River to the continuous streamflow-gaging station at the
Housatonic River near Great Barrington, Mass. (01197500) (fig. 1), the Housatonic River flows 49.7 mi and has a
mean channel slope of 16.5 ft/mi (Wandle and Lippert, 1984, p. 19). Five dams (Woods Pond, Columbia Mill,
Willow Mill, Glendale, and Rising Pond) (fig. 1) and two smaller dams (not shown in fig. 1) are upstream from
station 01197500 (Bickford and Dymon, 1990, p. 35; General Electric Company, 1991). Between station 01197500
and the Massachusetts-Connecticut border (fig. 1), the Housatonic River is about 21 mi long, has no dams, and has a
mean channel slope of about 2 ft/mi.

FACTORS AFFECTING SUSPENDED-SEDIMENT YIELD

Hydrologic, physical, and land-use characteristics of the subbasins in the study area were evaluated to explain
differences in suspended-sediment yield among the eight subbasins (table 1). Differences in precipitation were not
evaluated because precipitation data were not available in all study subbasins; however, total streamflow was
evaluated for the six subbasins in which yield was measured (table 1).
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Figure 1. Location of study area; distribution of sand and gravel, flood-plain alluvium, and till; and continuous- and
partial-record sediment stations in the Housatonic River basin, western Massachusetts.
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Table 1. Suspended-sediment yield, streamflow, and selected basin and land-use characteristics for continuous- and partial-
record sediment stations in the Housatonic River Basin, western Massachusetts, April 1994 through March 1996

[Percent values in table rounded to nearest tenth. USGS station No.: Locations shown in figure 1. Total soils with soil erodibility factor of
0.49: Total soils with soil erodibility factor of 0.49 equals sum of Hadley, Limerick, Linlithgo, Saco, and Winooski silt-loam soils. GRID, surface
modeling package in ARCINFO; no., number, USGS, U.S. Geological Survey; ((f/s)/yr)/mi’, cubic feet per second per year per square mile;

mi%, square miles; (ton/yr)/mi’, ton per year per square mile,; --, no data.]
Total of Flood- -
. Drainage Suspended- daily Sand and plain Carbonate  Gneissic Schistose
USGS station No. R . gravel . rocks and quartz-
. area sediment yield mean alluvium .. rocks
and station name 2 2 area area itic rocks
(mi”) ((ton/yr)/mi’) streamflow (percent) area (percent)  (percent) (percent)
(tE/s)yrymity ‘P (percent) P p
01197500 Housatonic River 282 20.6 694 10.0 3.5 368  49.4 13.9
near Great Barrington,
Mass.
01197802 Williams River 43.2 35.3 621 10.0 2.3 46.6 3.6 498
near Great Barrington,
Mass.
01198000Green Rivernear 51,0 77.7 699 8.1 1.9 34.5 1.5 641
Great Barrington, Mass.
01198080 Schenob Brookat  50.0 81.6 - 18.1 8.0 69.4 0 30.6
Sheffield, Mass.
01198122 Tronworks Brookat 1.2 78.4 521 3.4 1 56.8  37.8 5.6
Sheffield, Mass.
Area adjacent to the 27.6 395.3 - 20.2 24.6 55.1 36.3 8.6
Housatonic River between
Great Barrington, Mass.,
and Ashley Falls, Mass.
01198125 Housatonic River 465 58.4 711 11.1 4.9 425 335 240
near Ashley Falls, Mass.
01198200 Konkapot Riverat 61,1 146.6 655 11.2 1.9 434 508 5.9
Ashley Falls, Mass.
Agricultural and Non-
Mean Agricul- Barren open Water Forested forested Total wetlands
USGS station No. and  basin slope tural and ’ area and . wetlands - and water
. area bodies area wetlands .
station name (GRID) open area barren, rocks, area bodies area
(percent) .. (percent) area
(percent) (percent) mining area (percent) (percent)
(percent)
(percent)
01197500 Housatonic River 7,68 8.4 2.9 11.3 2.2 4.0 3.2 9.4
near Great Barrington,
Mass.
01197802 Williams River 874 144 2.2 16.6 8 4.9 3.7 9.4
near Great Barrington,
Mass.
01198000 Green Rivernear 949 7.7 1.0 18.7 5 1.7 8 3.0
Great Barrington, Mass.
01198080 Schenob Brookat  8.06  14.9 2.0 16.9 7 7.4 4.8 12.9
Sheffield, Mass.
01198122 Ironworks Brookat 820  12.1 6 12.7 1.7 4.1 4.0 9.7
Sheffield, Mass.
Area adjacent to the 783 264 2.8 29.2 3 5 3.7 45
Housatonic River between
01197500 and 01198125
01198125 Housatonic River ~ 8.04  11.8 2.5 14.3 1.6 4.0 3.2 8.8
near Ashley Falls, Mass.
01198200 Konkapot Riverat 6,78 2.1 1.0 13.1 1.5 1.5 3.7 6.7

Ashley Falls, Mass.
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Table 1. Suspended-sediment yield, streamflow, and selected basin and land-use characteristics for continuous- and partial-
record sediment stations in the Housatonic River Basin, western Massachusetts, April 1994 through March 1996--Continued

Drainage Suspended- Silt loam area (percent) Total soils with soil-
USGS station No. area sediment yield erodibility
and station name (mi) ((ton/yr)/mi?) Hadley Limerick Linlithgo Saco ‘Winooski factor of 0.49
(percent)

01197500 Housatonic River 282 20.6 0.2 1.2 0.0 0.6 0.3 2.3
near Great Barrington,
Mass.

01197802 Williams River near 43 2 353 1 9 0 1 1 1.2
Great Barrington, Mass.

01198000 Green River near 51.0 77.7 1 6 0 0 8 1.5
Great Barrington, Mass.

01198080 Schenob Brookat 50,0 81.6 1 2.2 0 2.7 3 5.3
Sheffield, Mass.

01198122 Ironworks Brook at 11.2 78.4 0 0 0 6 1 7
Sheffield, Mass.

Area adjacent to the 27.6 395.3 5.1 6.8 0 2.9 52 20.0
Housatonic River between
Great Barrington, Mass.,
and Ashley Falls, Mass.

01198125 Housatonic River 465 58.4 4 1.5 0 9 7 3.5
near Ashley Falls, Mass.

01198200 Konkapot Riverat 611 146.6 2 9 0 4 6 2.1

Ashley Falls, Mass.

Dams: The suspended-sediment yield at the Housatonic River near Great Barrington (station 01197500), 21
(tons/yr)/mi* (tons per year per square mile), was the lowest, , of the eight subbasins. The basin and land-use
characteristics of this subbasin are similar to those of other subbasins, but suspended-sediment yield is affected by
the five largest dams upstream that trap sediments. Two of the dams, Woods Pond Dam and Rising Pond Dam (only
0.8 mi upstream of the station), have substantial impoundments. Woods Pond has a surface area of about 0.19 mi’
and depths of about 15 ft (Frink and others, 1982); Rising Pond has a surface area of about 0.07 mi’ and depths of
about 15 ft. Frink and others (1982) report that sediment thicknesses ranged from 0.5 to 6 ft in Woods Pond and
from 6 to 8 ft in Rising Pond. The other three dams -- Columbia Mill, Willow Mill, and Glendale — have smaller
impoundments and likely trap sediment that otherwise would have been discharged downstream. The sediment
transport capacity of a stream can increase immediately downstream of dams that trap sediments, so that the
streambed and stream banks are often scoured in these reaches (Collier and others, 1996).

Soils: The area adjacent to the Housatonic River between Great Barrington and Ashley Falls (fig. 1 and table 1) had
the largest percentage of soils with a high soil-erodibility factor (20 percent). This subbasin also had the highest
percentage of the Hadley, Limerick, Saco, and Winooski silt-loam soils individually. The correlation coefficient (r)
of percent area of soils with a high soil-erodibility to suspended-sediment yield was 0.93. Suspended-sediment
yields are also highly correlated with the individual percent area of Hadley, Limerick, Saco, and Winooski silt-loam
soils (r = 0.95, 0.89, 0.66, and 0.93, respectively). Although these correlation coefficients are mainly influenced by
the area adjacent to the Housatonic River between Great Barrington and Ashley Falls (suspended-sediment yield 395
(tons/yr)/mi®), they seem reasonable given visual observations of (1) streambank sloughing along the Housatonic
River in areas of these silt-loam soils, and (2) the Housatonic River flowing out of its banks and across areas of
these silt-loam soils several times during the 2-year study.

The Schenob Brook (station 01198080) subbasin has the second highest percent area of highly erodible soils, but
had an estimated suspended-sediment yield of only 82 (tons/yr)/mi’. This suspended-sediment yield is comparable to
that at Green River (station 01198000), 78 (tons/yr)/mi’ and third lowest percent area of highly erodible soils, and to
that at Ironworks Brook (station 01198122), 78 (tons/yr)/mi’ and lowest percent area of highly erodible soils (table
1). The low suspended-sediment yield from the Schenob Brook subbasin is likely due to (1) the effects of a dam on
Hubbard Brook, which drains about 50 percent of the subbasin, and (2) backwater conditions at station 01198080
during moderate to high flows, which caused settling of suspended sediments.
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Geology: To assess the possible effects of bedrock and surficial geology on suspended-sediment yield in the study
area, the percent area of carbonate rocks, gneissic rocks with small areas of quartzitic rocks, schistose rocks, sand
and gravel, and flood-plain alluvium were compared for the eight subbasins. Suspended-sediment yield was poorly
correlated to the percent area of carbonate rocks (r = 0.28), the percent area of gneissic rocks with small areas of
quartzitic rocks (r = 0.23), and the percent area of schistose rocks (r =-0.38).

Percent area of sand and gravel was moderately related to suspended-sediment yield (r = 0.64) and percent area of
flood-plain alluvium was highly related to suspended-sediment yield (r = 0.89). This high correlation is likely the
result of the high percent area of flood-plain alluvium, 24.6 percent, and high suspended-sediment, 395
(tons/yr)/mi’, for the area adjacent to the Housatonic River between Great Barrington and Ashley Falls. Flood-plain
alluvium is highly related (cross correlation) to highly erodible soils, as flood-plain alluvium is mainly mapped
(classified) as Hadley, Limerick, Linlithgo, Saco, or Winooski silt-loam soils (U.S. Department of Agriculture, Soil
Conservation Service, 1970; 1988; 1989). These soils occur in the flood plain of the Housatonic River and some
tributaries. The cross-correlation between the percent area of flood-plain alluvium and the percent area of highly
erodible soils for the eight subbasins has a correlation coefficient of slightly less than 1.00.

Land Use: Land uses evaluated for their potential to affect the suspended-sediment yields were the percent area of
(1) agricultural and open land, (2) barren land, (3) water bodies, (4) forested wetlands, and (5) non-forested
wetlands. Areas of agricultural, open, and barren land likely have a higher suspended-sediment yield (relative to
other areas) because these areas generally have a greater percentage of bare soil or greater soil disturbances than
other arecas. Water bodies, forested wetland, and non-forested wetlands act as sediment traps, and thus tend to
decrease suspended-sediment yield.

The percentage of agricultural and open land was highest in the area adjacent to the Housatonic River between Great
Barrington and Ashley Falls, where suspended-sediment yield was also highest among the eight subbasins (table 1).
The suspended-sediment yield was highly correlated to the percent area of agricultural and open land (@ = 0.86).
Again this is likely a result of the fact that these are the predominant land use types in the area adjacent to the
Housatonic River between Great Barrington and Ashley Falls. The agricultural and open land is generally coincident
with the highly erodible silt-loam soils, which are mainly found in the area adjacent to the Housatonic River
between Great Barrington and Ashley Falls (Bent, 2000). The Housatonic River was out of its banks and flowing
across agricultural areas on bends in the river in the area adjacent to the Housatonic River between Great Barrington
and Ashley Falls several times during the 2-year study. Four of the five highly erodible silt-loam soils, excluding the
Saco silt-loam soil, are reported to be either fairly well or well suited for cultivation for row crops and small grains
or for grasses and legumes for hay and pasture (U.S. Department of Agriculture, Soil Conservation Service, 1970;
1988; 1989). Thus, cultivation and exposure of some of the silt-loam soils for agricultural purposes during the
dormant (nongrowing) season may provide a source of erodible material.

The percent area of agricultural and open land is highly related (cross correlation) to the percent area of highly
erodible silt-loam soils (r = 0.85). The percent area of agricultural and open land is also highly related (cross
correlation) to the percent area of flood-plain alluvium (r = 0.83). These high cross correlations, as well as the one
between flood-plain alluvium and highly erodible silt-loam soils, make it difficult to discern causative effects of
these three characteristics on suspended-sediment yield. Additionally, the small number of subbasins (eight) makes
it difficult to separate these individual basin or land-use characteristics in order explain their causative effects on
suspended-sediment yields in the basin.

The percent area of barren land differed slightly among the subbasins (0.6 to 2.9 percent, table 1), but because this
type of land use represents such a small percentage of the total area, it was only poorly correlated to suspended-
sediment yield (r = 0.20). The combined percent area of water bodies, forested wetlands, and nonforested wetlands
differed among the subbasins (3.0 to 12.9 percent, table 1) and was moderately correlated to suspended-sediment
yield (r = -0.50). Water bodies, forested wetlands, and nonforested wetlands likely are efficient in trapping
sediment, like the five largest dams on the main stem of the Housatonic River upstream from station 01197500.

Other Factors: Differences in total streamflow (table 1) and in streamflow characteristics (flow durations) were
evaluated for their effect on differences in suspended-sediment yield among the eight subbasins. Although total
streamflows differed among the six subbasins where suspended-sediment yield was measured (table 1), total
streamflow was poorly correlated with suspended-sediment yield (r = -0.14). Comparisons of flow-duration curves
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on a per-square-mile basis for the 2-year study showed slight differences in streamflow characteristics among
subbasins, but the differences did not seem to be related to differences in suspended-sediment yield (Bent, 2000).
Mean basin slope was evaluated for each of the eight subbasins because steeper slope increases potential soil erosion
(Wischmeier and Smith, 1978). Mean basin slopes differed slightly among the subbasins (6.8 to 9.5 percent, table 1)
and were poorly correlated with differences in suspended-sediment yield (r = -0.27).

SUMMARY AND CONCLUSION

Several basin and land-use characteristics thought to affect suspended-sediment discharge in the subbasins were
compared to suspended-sediment yields. The presence of dams decreased the suspended-sediment yield, the percent
area of highly erodible soils (Hadley, Limerick, Linlithgo, Saco, and Winooski silt-loam soils) increased yield, the
percent area of flood-plain alluvium increased yield, and the percent area of agricultural and open land increased
yield. The flood-plain alluvium areas are mainly classified as silt-loam soils, and most of these soils are well suited
for agricultural purposes such as row crops, hay, or pasture. Because of this cross correlation and the small number
of subbasins, the independent effects of flood-plain alluvium, highly erodible soils, and agricultural and open land
on suspended-sediment yield cannot be clearly distinguished.

The relations between suspended-sediment yield and basin and land-use characteristics identified during this study
will help water and land managers better understand the potential transport of PCBs and non-point-source loadings
in the Housatonic River Basin. These results may be transferable to other basins in the northeastern United States,
which have similar basin and land-use characteristics. Because suspended-sediment yield increases with increasing
area of soils with a high-soil erodibility factor, water and land managers throughout the United States could use this
information to better manage areas of highly erodible soils to control soil erosion to fluvial systems.
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Abstract

The May 18, 1980 eruption of Mount St. Helens deposited a debris avalanche of over 3.8 billion
cubic yards of silt, sand, gravel, and debris in the upper 17 miles of the North Fork Toutle River
valley and another 50 to 60 million cubic yards in the upper portion of the South Fork Toutle
River valley. The eruption devastated approximately 150 square miles of evergreen forests,
lakes, and wildlife within this area. Mudflows, triggered by the eruption, carried large volumes
of sediment from the debris avalanche into the Toutle-Cowlitz-Columbia River system. The
resulting sediment deposition caused widespread flooding along the Toutle and Cowlitz Rivers
and blockage of the Columbia River Navigation Channel.

Sediment continues to erode from the debris avalanche and is transported down the North Fork
Toutle River. The majority of this material now deposits behind the Sediment Retention
Structure (SRS), which was completed in 1989. A period of about 20 years has elapsed during
which hydrologic recovery of effected watershed areas and watercourses may have partially
occurred. A reassessment of the eruption-influenced sediment transport conditions was
conducted to quantify the extent of hydrologic recovery and estimate the future supply of
sediment to downstream areas. A comparison was made of sediment yield estimates developed
for the current study and those developed shortly after the eruption.

INTRODUCTION
In May 1980 Mount St. Helens erupted, removing the upper 1,324 feet of the mountain and
depositing approximately 3.7 billion cubic yards of material over an area of 230 square miles
(COE, 1999). The resultant debris avalanche buried the upper 17 miles of the North Fork Toutle
River to an average depth of 150 feet. Mudflows carried a significant amount of this material
downstream into the Toutle, Cowlitz, and Columbia Rivers.

The Mount St. Helens (MSH) Project was formulated to control the projected movement of
sediment from the debris avalanche along the North Fork Toutle River and to maintain an
optimized level of flood protection downstream along the lower Cowlitz River.

A major element of the MSH Project is the Sediment Retention Structure (SRS) located at RM
13.2 of the Toutle River on the North Fork of the Toutle River. The debris avalanche along the
North Fork Toutle River has been evolving since 1980 and differs significantly from when the
original SRS design was completed. Sediment deposits upstream of the SRS reached the
elevation of the SRS spillway crest between November 1997 and March 1998. The uppermost
row of outlet pipes on the SRS was closed in April 1998. An analysis was made to develop
improved estimates of the future sediment supply from the debris avalanche.
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row of outlet pipes on the SRS was closed in April 1998. An analysis was made to develop
improved estimates of the future sediment supply from the debris avalanche.

The Toutle River Basin primarily drains the northwest and southwest slopes of Mount St. Helens
and has a total drainage area of 512 square miles at the confluence with the Cowlitz River. The
Toutle River is comprised of three primary tributaries, which include the Green River, North
Fork Toutle River, and South Fork Toutle River. They flow roughly parallel to each other from
east to west. The Green River flows into the North Fork Toutle River, and the North Fork and
South Fork Toutle converge to form the Toutle River approximately 17 miles upstream from the
confluence with the Cowlitz River. The North Fork Toutle River is the largest tributary with a
drainage area of 172 square miles at the confluence with the Green River. Along the east edge of
the Toutle River basin is the Spirit Lake basin. The debris avalanche from the 1980 eruption
blocked the natural outlet of Spirit Lake creating a closed basin. In 1985 the Corps of Engineers
completed a tunnel from Spirit Lake to the South Fork Coldwater Creek, a tributary to the North
Fork Toutle River, in order to regulate the level of the lake.

The May 18, 1980 eruption of Mount St. Helens had the greatest impact on the North Fork
Toutle River, as the majority of the debris avalanche deposited in the North Fork Toutle River
valley. The Green River and South Fork Toutle River also experienced impacts from the
eruption, which consisted primarily of mudflows. The lateral blast from the eruption altered the
hydrologic characteristics of all three basins. Some of these altered characteristics included an
increase in the magnitude of peak discharge and a reduction in travel time due to the increase in
overland flow and reduced resistance in the channel (USACE, 1983).

WATERSHED RECOVERY
Since the 1980 eruption, the Toutle River basin has adjusted itself in various ways. These
adjustments include recovery of the watershed, vegetation, and development of the channel
system. These ecological and morphological changes alter the hydrologic, hydraulic and
sediment transport characteristics of the basin. Available data and information were evaluated to
assess the extent and rate of recovery. The objective of this portion of the analysis was to
estimate the long-term trend of sediment supply from the debris avalanche to the N.F. Toutle
River. Elements of the analysis included evaluation of historic cross section data, channel profile
comparisons, historic aerial photography comparison, and computer-based evaluations of digital
elevation models of the North Fork Toutle River basin for different time periods.

Historic cross section survey information was evaluated to identify trends in channel cross
section development such as channel widening and channel degradation. The rate at which
channel cross section development has occurred and whether or not the channel has stabilized
was assessed. Surveyed cross sections (USGS, 2000) along the North Fork Toutle, South Fork
Toutle, and Toutle Rivers were utilized in the analysis. Cross sections have been repeatedly
surveyed at more than 100 locations along these three rivers. Cross section surveys began as
early as 1980, and have been resurveyed periodically up through1999. Typical results are shown
in Figure 1. Cross sections on the North Fork Toutle, South Fork Toutle, and Toutle Rivers
show a general trend of increased cross sectional area since the eruption. A majority of the cross
sections have had a significant amount of streambank erosion and channel degradation. As a
result, many locations show an increase in channel width and lowering of the thalweg elevation
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Figure 1 Typical cross section data for the North Fork Toutle River.

A profile analysis was performed for the North Fork Toutle River, Castle Creek, and Coldwater
Creek in order to identify changes in the channel slope and thalweg elevation. Digital Elevation
Models (DEM’ s) (CENWP, 2000) of the North Fork Toutle River above the SRS for the years
1987 and 1999 were used in the analysis. Profiles were extracted from the two DEM’ s along the
path of the 1999 channel thalweg starting at the upstream end of Loowit Creek down to the SRS
along the North Fork Toutle River.

The profile analysis shows that the North Fork Toutle River, Coldwater Creek, and Castle Creek
have all degraded between 1987 and 1999, except between the N1 debris dam and the SRS. The
most degradation on the North Fork Toutle River occurred near the Coldwater / Castle Creek
confluence, and was as much as 40 feet. Up to 40 feet of degradation was also observed on
Coldwater Creek, and up to 60 feet of degradation was observed on Castle Creek. More than

100 feet of aggradation was observed upstream of the SRS. Even though the channels degraded
significantly, the overall slope of the channels changed very little between 1987 and 1999, except
near the SRS.

A plan form analysis was made to observe the condition of sediment erosion and deposition
upstream of the SRS. The analysis was made to observe and document geomorphic changes in
the river valley over time and evaluate how the occurrence and severity of these channel changes
has progressed since the eruption. To perform the analysis, historic aerial photography for the
years 1980, 1982, 1983, 1984, 1985, 1987, and 1999 were compared. Analysis of the historical
aerial photography indicates that the basin is beginning to recover. The majority of the channels
were historically braided since the eruption; however, in many places the density of braided
channels has declined, and at a few locations a single thread channel has formed. This would
indicate that these channels have become more stable. The emergence of vegetation seen in the
1999 aerial photography adjacent to many of the channels provide additional evidence that
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hydrologic recovery is beginning to occur. However, the floodplains remain virtually
unvegetated, indicating a continued lack of channel stability. The density and aerial extent of
vegetation generally increases from upstream to downstream.

The majority of the debris avalanche lacks any significant vegetation while nearer to the SRS
there are trees growing on the hillslopes, the floodplain fringe, and even portions of the
floodplain. This is likely due to several factors including; lack of sufficient soils and soil
moisture to promote vegetative growth on the debris avalanche, reduced impacts from the
eruptive blast in the downstream direction, and replanting of private forest land outside of the
volcanic monument. Additional evidence of hydrologic recovery can be seen by the stability
and extensive vegetation of the delta formation in Coldwater Lake. This would indicate that
South Coldwater Creek has started to stabilize

While there are some indications of hydrologic recovery, the aerial photograph analysis also
provides clear evidence that recovery is very slow. Hydrologic recovery to pre-eruption
conditions has not occurred. The channels continue to shift and widen, and large-scale
degradation and bank erosion is still occurring in many areas, as evidenced by the changes in
channel plan form and the massive volume of sediment trapped behind the SRS since its
completion in 1987.

SEDIMENT SOURCES
Digital Elevation Models (DEM’ s) developed from aerial photography for the years 1987 (pre-
SRS) and 1999 in the form of Triangulated Irregular Networks (TIN’ s) were analyzed to estimate
the total erosion on the debris avalanche upstream of the SRS as well as the total deposition
behind the SRS over the involved time period. Erosion estimates were defined for each of the
primary sediment sources (sub-areas) on the debris avalanche. These sub-areas categorized as
Elk Rock, Coldwater Creek, Castle Creek and Loowit. Deposition estimates were developed for
the North Fork Toutle River between the SRS and N-1 Debris Retention Structure.

The two TIN’ s were converted to overlapping grids with 10 foot by 10 foot cells. The grids were
clipped to contain only the data pertinent to the analysis (only the locations of deposition or
erosion as seen in the 1999 aerial photography). An elevation difference grid was developed by
subtracting the 1987 grid from the 1999 grid showing the location and magnitude of the changes
in elevation that occurred between 1987 and 1999. An extensive amount of deposition has
occurred between the SRS and N-1 Debris Retaining Structure. In locations nearest the SRS
deposition depths exceed 100 feet. The majority of the debris avalanche erosion is associated
with the N.F. Toutle River channel upstream of Elk Rock. The most extensive erosion typically
occurs along the outside of channel bends where bank erosion has caused elevations changes of
up to 180 feet. This suggests that bank erosion has played a major role in the contribution of
sediment to the N.F. Toutle River. Site visit observations confirm this conclusion.

The total erosion from the sediment source sub-areas were compared to the sediment deposition
volume measured between the SRS and N-1 Debris Retaining Structure and the volume of
sediment passing the Kid Valley gage (assumed to be the same as the sediment passing the SRS)
to evaluate data consistency. The total amount of erosion was measured to be 88 million cubic
yards (MCY). When bulked by 16 percent to account for the reduction in density associated
with deposition, the total erosion is estimated to be 102.1 MCY. Total deposition measured
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between the SRS and N-1 is 90.6 MCY. Suspended sediment passing the Kid Valley gage was
estimated to be 11 MCY. It is noted that the Green River enters the North Fork Toutle River
above the Kid Valley gage and would account for a small portion of the 11 MCY measured at the
gage. Between 1988 and 1998 the Green River was estimated to contribute approximately 0.6
MCY to the North Fork Toutle above Kid Valley. This estimate was based on suspended
sediment discharge measurements made from 1988 and 1994 and correlation with the Tower
Road suspended sediment record.

The total N.F. Toutle River suspended sediment load that passed the SRS (above the Green
River) for water years 1988 through 1998 was estimated to be 10.4 MCY. The deposition behind
the SRS plus the estimate of suspended sediment that passed through the SRS totals 101 MCY.
This volume is approximately 1 percent less than the total erosion volume estimated for the
sediment source sub-areas. The most significant source of sediment has been the Elk Rock and
Loowit sub-areas, which have a combined total of approximately 78 percent of the total debris
avalanche erosion since 1987. Castle Creek sub-area and Coldwater Creek sub-area make up
approximately 12.6 percent and 9.5 percent of the total debris avalanche erosion, respectively.

SEDIMENT YIELD
The average annual sediment yield of the debris avalanche will be influenced by the hydrologic
and geomorphic recovery of the watershed and its stream channels. The trend and rate of
recovery could be expected to significantly affect the accuracy of the average annual sediment
yield estimate. Measured sediment yields at the Toutle River at Tower Road Gage and deposition
behind the SRS were used to evaluate existing trends in sediment yield.

As seen in Figure 2, annual sediment yields measured at Tower Road were significantly large
during the early 1980’ s, but then reduced fairly rapidly throughout the late 1980’ s and early
1990’ s. This would indicate that recovery in the watershed was causing a reduction in sediment
supply to downstream areas. However, this time period was also a period of below average
runoff. Total annual runoff was approximately 15 percent below normal for the period 1985 to
1995. A significant increase in sediment yield occurred during the 1996 and 1997 water years as
total annual runoff was approximately 45 percent above normal. This would indicate that
sediment yield from the watershed is highly dependent upon the hydrology. Variability in the
hydrologic cycle would tend to mask trends in the reduction of sediment yield. However, the fact
that the sediment yields measured for 1996 and 1997, the largest water years of record, were less
than those measured in 1982 and 1983 would indicate that some recovery has taken place.
However, the sediment yield in 1996 was nearly the same as occurred in 1984, which further
indicate the dependence of sediment yield on the involved hydrology. To account for the
dependence between sediment yield and hydrology, the annual sediment yield was divided by the
annual runoff to determine the yield of sediment per unit volume of runoff or average sediment
concentration. As seen in Figure 3, the yield of sediment in 1996 was approximately 11.7 tons
per acre-ft of runoff while the yield in 1984 was approximately 15.3 tons per acre-ft of runoff, a
reduction of approximately 24 percent, providing further evidence of watershed recovery.
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Figure 2. Measured annual sediment yield from Toutle River at Tower Road.

Sediment Yield Per Volume of Runoff
Toutle River at Tower Road
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Figure 3. Annual sediment yield per unit volume of runoff.

The average annual sediment concentrations were accumulated on an annual basis to determine
if a trend of decreasing average sediment concentration over time is occurring in the system (see
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Figure 4). A trend line was fit to the cumulative concentration data to develop a sediment
concentration decay curve. This decay curve was then extended to the end of the MSH Project
planning period to estimate the reduction in average annual sediment concentration that might be
expected to occur by the year 2035. The predicted annual sediment concentrations were
multiplied by the average annual runoff volume to estimate the annual yield of sediment from the
debris avalanche. Figure 5 shows that over the next 35 years, the annual sediment yield would
reduce by 2.3 million cubic yards or approximately 36 percent. It is noted that this estimate is
based upon average hydrologic conditions that have occurred between 1931 and 1998. Future
hydrologic conditions that differ from those considered in the analysis as well as significant
vegetative recovery in the watershed or future volcanic eruptions would significantly alter the
estimated rate of reduction in sediment yield.

CONCLUSIONS
Total sediment yield from 1999 to the end of the planning period is estimated to be
approximately 185 million cubic yards. When this is added to the approximately 264 million
cubic yards that has eroded since 1982, an estimated 449 million cubic yards will have been
eroded from the debris avalanche by the year 2035. This is approximately 55 and 31 percent less
than estimates of 1 billion and 650 million cubic yards made previously (USACE, 1984).
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Figure 5. Predicted and measured sediment yield.
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Abstract: The US Army Corps of Engineers has been authorized to develop sediment transport models for Great
Lakes tributaries to provide tools that link land use management practices to sediment yield, bed and bank erosion
sediment transport and sedimentation (including areas of dredging). This paper describes the development and
application of model systems for three watersheds in Minnesota, Wisconsin and Michigan. The three watersheds
feature a variety of geologic conditions including glacial till and alluvial outwash. The land use management issues
include forestry practices leading to flashier flows and greater bed, bank and valley wall erosion; urbanization also
leading to flashier flows and increased bank erosion: and intensive agriculture leading to high silt and sand yields. A
variety of model components have been applied to the three watersheds depending on the local requirements and
components already in place including: DHI’ s UHM (hydrologic component), MIKE11 and MIKE21 (1D and 2D
hydrodynamic models); a customized bank and bed erosion model, HSPF (and the GenScn interface),
HECRAS/HEC6, SAM, AGNPS and BRANCHID. ArcView GIS was a key component of all three systems. The
paper presents some examples of the application of these systems to understand how different sediment sources
contribute to sedimentation in Areas of Concern and Federal Navigation projects.

INTRODUCTION

The US Army Corps of Engineers has been authorized to develop sediment transport models for Great Lakes
tributaries under Section 516¢ of the Water Resources Development Act of 1996. The purpose of the models is to
better define and manage the influence of land use practices and sediment loading to Federal Navigation Channels
and Areas of Concern. This paper presents an overview of the development, application and testing of sediment
transport modeling systems for the Nemadji River watershed that flows in Lake Superior, the Menomonee River
watershed that flows into Lake Michigan in Milwaukee and the Saginaw River watershed flowing into Lake Huron.

NEMADJI RIVER WATERSHED

Description of the Watershed: The Nemadji River comprises a 433 square mile watershed. The river flows to
Superior Bay at Superior, Wisconsin. The watershed covers three counties (Carleton, Pine and Douglas) in the states
of Minnesota and Wisconsin. The region is comprised of roughly 69% forested areas, 18% cropland and pastures,
and 11% wetlands and lakes. Roughly one third of the Nemadji River Basin is comprised of glacial till, and glacial
lake-laid clay soils commonly known as Red Clay. This Red Clay is considered to be highly erodible, and is prone
to extensive mass wasting and bank slumping. Due to high turbidity and sediment loads, an estimated 33,000 tonnes
of Nemadji River sediments are dredged annually by US Army Corps of Engineers (USACE) Detroit District. A
much higher sediment load flows into and is deposited in Lake Superior. Comprehensive investigations completed
for the Nemadji River Basin Project determined that 98% of the sediment yield from the Nemadji Basin is derived
from the erosion of the valley walls (NRCS, US FS, 1998). In addition, the sediment delivery ratio (SDR) was found
to be almost 98% — indicating that almost all of the sediment that is eroded along the Nemadji Basin tributaries is
transported to the mouth of the river. Forestry and timber harvesting practices may have had an impact upon this
erosion. The turbidity in the river and dredging in the mouth have an impact on fishing and other recreational uses.
A tool to assess the implication of land use planning and the merits of remedial measures is required.
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Description of the Model System: The modeling system consists of GIS-database components, a hydrologic
model, a river hydrodynamic model and a sediment transport model as shown in Figure 1. ArcView GIS is used to
create geographic data, analyze the data, and prepare the data for input to the hydrologic model and the
hydrodynamic model. The hydrologic model generates time-series runoff for input to the river hydrodynamic model.
The hydrodynamic model provided

the hydrodynamic parameters such Topography, Graphic

as water velocity, depth and Landuse, Soils Presentation

discharge to the sediment transport

model.  Lastly, th.e sed?ment Curve numbers,
transport model predicts sediment slopes, areas
erosion and deposition in the river.
Based on a review of a range of
options for the three key model
components, the Danish Hydraulic
Institute (DHI) MIKE system was
chosen for the hydrological model
and hydrodynamic model. A Peak flows
customized  sediment transport and runoff volumes
model was developed because the

Sediment loading,
downcutting

Water levels
and velocities

DHI MIKE sediment transport Figure 1. Nemadji Sediment Transport Model System
module cannot account for the

riverbed and bank erosion in

consolidated glacial sediment, the

source of almost all the sediment yield.

Calibration and Verification of the Model: Precipitation, discharge, and stage (water level) data are needed for
model calibration and verification. The principal input to the model for calibrations and test is hourly precipitation
data. USGS stream gage data was used to test the rainfall, runoff and hydrodynamic components of the model.

Comparison of the computed discharge Comparison of the computed stage with the

The Rainfall/Runoff model with the observation at the Gage observation at the Gage
calibrations are carried out to verify 12 e
the aggregated Curve Number | e
(CN) calculated in the GIS —— Computed
component and the estimated lag 81
time. The CN value is a main
parameter influencing the excess
rainfall which should be equal to
total runoff in a single storm event. 2 ez

The lag time is another key . zae
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244.4
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6

243.8
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4

Discharge (m 3/s)
Water Level (m)

243.4

excess rainfall in time and

influences the duration of the Figure 2. Verification of the Rainfall/Runoff Component
runoff period. Both parameters

are adjusted according to calibration results.

The purpose of hydrodynamic model calibration is to check whether the model parameters such as bottom friction
are correct. Bottom friction controls the flow velocity and water level. Since there is no velocity data available,
calibration is performed by comparison to measured water levels. An example of a verification test is presented in
Figure 2. This figure shows a comparison of modeled water level and discharge with the observed levels at the gage.
The calculated results match well with the recorded data. The system has been applied to the Deer Creek and Skunk
Creek subwatersheds.

The bed and bank erosion component of the model links bed shear stresses predicted with the hydrodynamic model

to erosion through relationships developed from physical model erodibility tests. The critical shear stress and the
coefficient relating the rate of erosion to shear stress are further refined through comparison to sediment load data
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for a period where precipitation and water level gage data are available. Once eroded, entrained clay, silt and sand
are then transported using the sediment transport component of the model.

Example Application of the System: Open lands are defined as meadow, pasture or 0-15 year old timber growth.
An open land coverage of 65% was identified as a critical value by Verry et al, (1983). The open lands in the Deer
Creek subwatershed currently cover about 36% of the total watershed. To investigate the effect of altering this value
to a critical level on the hydrodynamics and sediment transport, some of the forest lands of the Deer Creek
subwatershed are changed into “open lands” resulting in the 65% open land for this subwatershed.

Curve Numbers are updated using the customized GIS functionality to reflect this change and input into the
MIKEI11 model and the sediment transport model calculates total sediment load. The scenario of 65% open land
area increases the peak discharge by 6% and the total runoff by 9%. However the peak sediment concentration
(mg/l) is increased only by about 2.3% while total sediment load (in tonnes) increases by 6.5%. These results are
considered preliminary until there is more sediment load data to test the system.

Key Findings: It was a great benefit to rely on an earlier study that defined the key sources of sediment. This
provided focus for the selection and implementation of model components, in this case to specifically simulate bed
and bank erosion. While almost all rivers have some sediment load measurements, few will have sufficient existing
information to both calibrate and verify a model. There are no available and widely used models for predicting bed
and bank erosion in heavily consolidated clay sediments such as glacial till and glaciolacustrine clay (a customized
approach was developed for this project). Based on feedback from training workshops held with local community
representatives, ArcView GIS proved to be an excellent framework for the system due to the familiarity with the
interface and functionality.

MENOMONEE RIVER WATERSHED

Description of the Watershed: The Menomonee river watershed in southeastern Wisconsin has a drainage area of
about 141 square miles. The watershed lies in four counties, namely Milwaukee, Waukesha, Washington, and
Ozaukee. About 70% of the watershed had been urbanized as of 1995. The undeveloped area lies largely in the
headwaters in Washington and Ozaukee Counties. The Menomonee River enters the Milwaukee River in the inner
harbor of Milwaukee about 1 mile upstream from Lake Michigan. The Menomonee River has been suspected of
contributing a significant amount of sediment to the Milwaukee harbor. Because the upper portion of the
Menomonee River watershed is predominately agricultural land, undergoing active development, increased sediment
loading from bed and bank erosion construction sites and urban areas is of concern.

Description of the Model System: The selected hydrologic model for this system was the USEPA Hydrologic
Simulation Program Fortran (HSPF). Since HSPF had already been setup for the Menomonee watershed, it was a
logical choice. HSPF allows for the simulation of flows, sediment yield from terrestrial areas and sediment transport
in channels. Because the HEC-6 model is being used for detailed channel sediment transport, HSPF was used only
for flow data to input into HEC-6 and to obtain information about sediment yield from the land. Another reason
HSPF was chosen is that it allows for a continuous long-term simulation.

HEC-6 was chosen to satisfy the hydraulic and sediment transport components of the system for several reasons.
First, it is the only comprehensive non-proprietary sediment transport model available. Also, HECRAS river cross-
section data were already available, which, through a conversion process, could be used as HEC-6 input. Finally,
HECRAS has been adopted by Milwaukee Metropolitan Sewerage District (MMSD) for management of water
resources on the Menomonee River. The USACE WRDA96 Section 516e program for the development of sediment
transport models for Great Lakes tributaries has an interest in making these models available to local users such as
MMSD to better manage sediment yield, delivery and sedimentation issues.

Since the main goal of this project was to produce a system to determine how land use changes (and other
anthropogenic factors) affect sediment transport to the Milwaukee harbor, GIS data layers needed to be incorporated
into the system. This was done through the use of ArcView, a powerful GIS tool with excellent integration, mapping
and visualization capabilities. Since tabular GIS information is directly linked to the map layers in ArcView, once a
land use is changed on the map, it is reflected on the table, which is then exported to Excel for further manipulation.
A USGS program called GenSen — “A Tool for the Generation and Analysis of Model Simulation Scenarios for
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Watersheds” was chosen as an input generation and output presentation tool. GenScn has HSPF incorporated into it
and allows the user to create several different HSPF “scenarios” which are saved within one project. Because the
overall system requires several models, linkages have been established between some of the models and data layers
(GIS, HSPF, HEC-6). These linkages improve the efficiency of applying the system, while at the same time,
contributing to a user-friendly interface. Changes in land use directly affect the amount of sediment yield from the
land simulated within HSPF, therefore a link was established between the ArcView GIS data layers and the HSPF
input files. By changing a land use on the land use map in ArcView, the corresponding tabular data is also changed.
This tabular data is then read into Excel where it is broken down into land use/soil groups and sub-basins for HSPF.
The next step is to enter this data into the HSPF input file. To properly model the Menomonee River system with
HEC-6, local inflows from tributaries and other sources had to be output from HSPF and input into HEC-6.
Simulated flow data from HSPF were output in time series format and read into a program called Data Analyzer,
developed by Baird & Associates. This program converts the HSPF time series data into the form needed for the
HEC-6 input file.

Calibration and Verification of the Model: Calibration and implementation of the hydrologic model component
was completed earlier by MMSD. The hydrodynamic model component involves a combination of HSPF and HEC-
6. HSPF provides inflows (from tributaries, etc.) that are supplied to the HEC-6 model input. Alone, HSPF is not
ideal for detailed hydraulic modeling because of its limitations regarding cross-section spacing. The HEC-6 model is
more representative and accurate as it allows for more detailed cross-section data to be supplied along the
rivers/tributaries.

The sediment transport model component was the HEC-6 program. Modifications to the source code were made by
Baird & Associates in order to accommodate the large Menomonee River watershed network model (~1200 cross-
sections). Sediment data from the USGS for 1975-1977 were used for the initial setup of the model. In order to
perform satisfactory calibration and verification tests, more recent sediment data will need to be obtained, or the
1975 land use data must be obtained and used in the HSPF model to generate flows and sediment transport for
comparison to sediment load data from the 1970’ s.

Example Application of the System: The HSPF model was run in the continuous mode at 15-min time steps for
the period 1940-1997 simulating flows and sediment being washed off the land. The flow outputs from this HSPF
model run were input into the HEC-6 model, which was then run for the same period of time. In addition to plotting
the HEC-6 output in
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Key Findings: A watershed-based sediment transport
modeling system is a valuable tool for the design of river
and stream restoration projects, in addition to a tool to
managing sediment yield, load and sedimentation. Once
again, the available sediment load data was insufficient to
both calibrate and verify the model system. Urbanization on
this watershed has resulted in flashier flows (higher peak
discharges and velocities), increasing bank erosion. This
same process must be considered for future impacts to
restoration projects that have recently been or will soon be,
implemented.

SAGINAW RIVER WATERSHED

Description _of the Watershed: The Saginaw Bay
Watershed (8,600 square miles) is the largest in Michigan.
Twenty-eight major rivers, creeks, or agricultural drains
flow directly into Saginaw Bay, but about 75% of the flow
to the Bay comes from the Saginaw River. The Saginaw
River watershed (6,060 square miles) is generally a large,
flat area consisting of agricultural and forested lands with
an extensive network of rivers, streams and agricultural
drains. The Saginaw River is 22 miles long and most of its
flow originates from four major tributaries. The entire
watershed is divided into five sub-watersheds by the
Saginaw River and its tributaries, including the Cass
subwatershed, the Flint subwatershed, the Shiawassee
subwatershed, the Tittabawassee subwatershed and the
Saginaw River subwatershed (see Figure 4). The developed

prediction system has only been applied to the Cass
subwatershed. Between 1992 and 1997 the Corps has
dredged 275,000 cubic yards on average each year at an
average annual cost of $1.1M.

Description of the Model System: The overall model
system for the Saginaw River is described in Figure 5. The
data required to set up the system are geographic data,
weather records, and hydrological records. The geographic
data includes topographic data defining tributary areas and
watershed slopes, soil data presenting soil type and erodibility
factor, land use data describing vegetation coverage and
fertilization level, stream network, and river bathymetry.
These are generally spatial data such that the data can be well
presented by GIS. ArcView GIS was implemented to manage
and to spatially present pertinent data. This package can
eventually form the foundation for an extremely user-friendly
platform for interacting with all aspects of the modeling
components, while greatly enhancing the value and use of the
data. Base maps showing roads, streams and watershed
divides provide a spatial context for reviewing the data.

Weather data including precipitation, temperature, and wind
data are needed to set up the hydrological model and the
watershed sediment production model. Hydrological data
including stage, discharge and sediment loading in streams

Figure 4. Saginaw River Watershed and its
Subwatersheds
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and rivers are used for the calibration of the hydrological and sediment production models and are also used in the
hydrodynamic and sediment transport modeling in rivers. These data are generally stored in Excel format or ASCII
format.

The US Army Corps of Engineer’ s HEC-HMS model was selected for hydrologic modeling. Once the most recent
version of AGNPS is implemented, the HEC-HMS system will not be essential.

Sediment yield is predicted with an earlier version of the Agricultural Non-Point-Source Model (AGNPS v5.0), a
computer simulation model that predicts runoff volume and peak runoff rate, eroded and delivered sediment, and
pollutants for single storm events. This event specific version of AGNPS was previously set up on the Cass River
subwatershed by Michigan State University. The watershed may be broken up into cells, so runoff, sedimentation,
erosion, or nutrient loading may be evaluated for each cell or at the outlet for the entire watershed. Therefore, areas
or cells of erosion or deposition may be identified in the watershed. The input for each cell consists of 22 parameters
that identify soil condition, land use, watershed boundaries, water features, and elevation. Estimating the total
sediment eroded requires the use of the Universal Soil Loss Equation (USLE), Revised USLE, or Modified USLE.

The earlier version of AGNPS does not estimate the distribution of the sediment load with time, but only the total
sediment load produced for each storm event. MIKE1l and HEC-6 require, as input, the sediment load or
concentration at each time step. Therefore, a relationship between sediment load and discharge was developed to
estimate how sediment load varies during and after the storm event. The latest version, AnnAGNPS (part of the
AGNPS98 package), allows for full time series representation.

Sediment eroded from a watershed eventually transports and deposits in streams, rivers and bays. The hydrodynamic
and sediment transport models simulate and predict flows and sediment loading in rivers and are key components in
the model system. Both hydrodynamic and hydraulic models of the Saginaw River were developed to simulate stage
and discharge. The model area extends from Saginaw Bay to the four primary tributaries - the Cass, Flint,
Shiawassee and Tittabawassee Rivers (see Figure 4). This investigation included a comparison of a hydraulic model
(HEC-6) to a hydrodynamic model (Danish Hydraulic Institute MIKE11). The hydrodynamic MIKE11 was selected
in favor of the USGS BRANCHI1D and USACE UNET 1D hydrodynamic models because of the more efficient
interfaces and higher quality visualization. The initial phase of setting up a sediment transport model for the
Saginaw Watershed consisted of developing a sediment transport model of the Saginaw River linking the effects of
the Cass River Watershed to the Saginaw River to predict the impact of land use changes in the Cass River
watershed on sediment loading.

There are several models available to simulate sediment transport in river systems. Based on a review of the
alternatives it was decided to use both MIKE 11 and HEC-6 in predicting both event specific and annual impacts of
sediment transport on the Saginaw River. HEC-6 is a 1D variable steady hydraulic model, in which hydraulic
calculations are treated as steady state for each flow, while MIKE 11 is a 1D unsteady model. To demonstrate the
difference of the sediment transport induced by using the variable steady hydraulic model and the unsteady
hydrodynamic model, both MIKE 11 and HEC-6 are used to predict annual impacts of sediment transport on the
Saginaw River. Key inputs to the sediment transport model at the upstream boundary condition consisted of
sediment load (derived from AGNPS and/or sediment load-discharge rating curves), grain size distribution of
sediment being transported as a function of discharge, river bed sediment composition and critical shear stress for
erosion and deposition. In all cases, information was not available to the extent required to develop a fully
quantitative model. The sediment transport modules of HEC-6 and MIKE 11 are discussed in the next section.

Calibration and Verification of the Model: Extensive stage and discharge data was not found to be available for
model calibration and validation. In order to completely satisfy the requirements of a calibration study, a flow/stage
data collection program must be implemented.

The dredging records in the Saginaw River are the only available information located or found for calibration of the
sedimentation simulations. The total dre