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ABSTRACT: The cumulative effects of forest management activities
on water quality at a downstream point were monitored from 1972-
1980 during development of a watershed for timber resources. Sus-
pended sediment concentration and turbidity were measured at two
hydrologic stations which bracketed a 10-km reach of the Middle
Santiam River in the Western Cascades of Oregon as it flowed through
an 8000-ha block of intensively managed forest land. Slope failures
ofien accompany road building and harvesting in steep forested water-
gheds and pose the most serious threat to water quality. Although
180 km of road were constructed and 3400 ha of old-growth forests
were harvested from slopes averaging over 60 percent, long-term
changes in sediment yields remained undetectable during the period
of measurement. The geologic characteristics of the basin and the
road construction and maintenance techniques as prescribed by Ore-
gon’s forest practice regulations helped to minimize the occurrence
of stope failures so that long-term changes in suspended sediment ex-
port rates did not occur. Throughout the nine-year meuasurement
periad, seven slope failures which added sediment directly to streams
produced measurable short-term responses at the downstream sampling
Jocation, but these erosion events were t00 small and too infrequent
to produce long-term changes in sediment yield from the watershed.
{KEY TERMS: water quality; forest management; suspended sedi-
ments; cumulative effects.)

INTRODUCTION

While forest management has been shown to affect water
quality in headwater streams, little information is available
on the possible effects. in downstream reaches as numerous
small channels converge to form larger and increasingly inte-
gated stream systemns. The so-called ““cumulative™ effects
of forest management activities on water quality through time
or at downstream points in the watershed is a Jand manage-
ment issue of growing concern in the Pacific Northwest region
where a large area of forest land is intensively managed for
both timber and water resources.

Managing a watershed for commercial forestry requires
construction and maintenance of a road network and regular
entry into the forest stands for various silvicultural activities
including harvesting, planting and thinning. Silvicultural
activities are conducted on small units of land area and are
spced 5 to 15 years apart during lengthy crop rotations.
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Many studies of small forested watersheds in the Pacific North-
west and elsewhere have shown that disturbances of the
forest may cause a significant increase in sediment export
(Fredriksen, 1970; Brown and Krygier, 1971; Swanston and
Swanson, 1976; Beschta, 1978;: and many others). Most of
the increase in sedimentation associated with forestry activities
is attributed to forest roads (Fredriksen, 1970). Poorly lo-
cated or inadequately constructed roads can add to erosion
by increasing the frequency of mass failures on steep slopes
(Dyrness, 1967; Swanston and Swanson, 1976). Sediments
washed from ditches and gravel road surfaces during storms
are a smaller but more chronic erosion product in managed
basins (Reid, 1981). While it appears that improved forest
management techniques such as those included in Oregon’s
forest practice operating guidelines can reduce erosion re-
sponse in harvested basins (Beschta, 1978; Fredriksen and
Harr, 1979; McCashion and Rice, 1983), the concern remains
that progressive development of forest drainage basins may
lead to cumulative sedimentation impacts on stream resources
that occur in either time or space (Swanson and Fredriksen,
1982; Geppert, ¢t al., 1983).

The complex patterns in which water and erosion products
are routed through the stream network may limit our ability
to apply the knowledge gained in small forested watershed
studies to predict the response of larger watersheds. Wolman
(1977) noted that little is known about the sequential pro-
cesses involved in (he systems of erosion and transportation
as sediments move from source through channel systems, with
intermittent periods of storage. Dietrich, et al. (1982),
stressed that no transport process is sufficiently well under-
stood to predict transport rates in forested stream systems.

The purpose of this study was to measure the integrated
effects of timber harvesting and road construction on the ex-
port of suspended sediments from a medium-sized watershed
in western Oregon through time. The water quality data
covered nine years of commercial development of 8000 ha
of forest land for timber resources, including the construction
of an extensive road network and the conversion of a large
area of old-growth forest to plantations.

Discussions are open until August 1, 1986,
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STUDY AREA

Physical Features

The study area included 8000 ha of the Middle Fork of
the Santiam River watershed located on the western slopes
of the Cascade Range in Oregon. The Middle Santiam River
flows westward from the crest of the Cascade Range to Green
Peter Reservoir 30 km downstream, encompassing a total
watershed area of approximately 28000 ha. Water quality
Was monitored at river sampling stations 1.5 and 11.0 kmup-
stream from the reservoir as the river flowed through a large
block of commercially-owned forest land in the middle of
the basin; the area above these two stations is 28344 ha and
20262 ha, respectively. The portion of the watershed that
lies between the two sampling locations forms the study area
whose boundaries are shown in Figure 1. The watershed
rises in elevation from 335 m at the lowermost reach of the
river to 1465 m at the top of the east-west trending ridges
that contain it.
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Figure 1. Middle Suntiam River Study Area. The shaded portion
is the arca managed during the nine-year study period,

The main river flows through a straight river valley form-
ing steep, convex slopes in the study area. Some of the
channel is carved into bedrock and a floodplain was absent
along the entire reach of the river, although a discontinuous
terrace occurred about 3 m above the active channel at
several points along the river. The Middle Santiam River
within the study reach was a fifth order stream with a
gradient of 1.2 percent. The channel was mainly a series of
rapids and boulder fields of coarse alluvium without regular
meandering pool and riffle sequences. Extensive deposits of
fine sediments did not oceur along the study reach, although
fine deposits could be found along the river’s banks and in
deep pools.

Underlying bedrock of nearly the entire study area con-
sists of andesite flows with tuff breccia of Miocene age,
mapped by Peck, et al (1964), as the Sardine formation,
Dyrness (1967) reported that slopes develped on the andesite
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rocks of the Sardine formation are moderately stable, al-
though he noted that slopes greater than 60 percent are sus-
ceptible to shallow debris avalanches. Massive unstratified
deposits of large, angular boulders in some of the nparrow
valley bottoms of the study area provided evidence that debris
avalanches and slump earthflows have occurred historically.
Ridges are capped by a volcanic platform of mixed basaltic
andesite lava flows which form stable slopes. Although not
represented in the study area, approximately 30 percent of
the headwaters portion of the watershed upstream of the
upper sampling site is underlain by the Little Butte formation
of Oligocene-Miocene age which is described by Peck, et 4.
(1964), as basalt and andesite flows interbedded with vol-
caniclastics. Slopes developed on the Little Butte formation
are highly susceptible to mass failures, many of which have
earthflow characteristics and are large in volume {(Dyrness,
1967; Fredriksen and Harr, 1979; Hicks, 1982).

The hillslopes of the study area average over 60 percent
gradient and are strongly dissected with deeply incised stream
channels. Slopes in excess of 60 percent occurred on 58 per-
cent of the area. The soils found on these slopes are shallow
to moderately deep and medium textured, developing from a
mixture of andesite, rock colluvium and volcanic ash from
nearby Cascade volcanoes of Quaternary age. Fine-textured
colluvial soils occur on moderate and gentle slopes and in
depressions. These soils have well-drained clay loam topsoils
overlying friable clay loam subsoils (Duncan and Steinbren-
ner, 1973),

The climate of the region is marine with cool, wet winters
and warm, dry summers. Most of the precipitation falls as
rain between October and April and results from long-duration,
low-intensity frontal storms. The largest floods generally
result when snowmelt accompanies storm rainfall (Harr, 1981).
Snow accumulates to depths of 1-3 m at elevations above
100 m. Annual precipitation ranges from 1500 mm at the
lower elevations to 3300 mm at the higher elevations reflect-
ing the strong orographic effect produced by the Cascade
Mountains. A rain gage located since 1972 at 370 m eleva-
tion within the study area recorded an average of 2200 mm
of precipitation annually,

Overstory vegetation on forested slopes was predominantly
350-year old Douglas-fir (Pseudotsuga menziesi). Ridgetops
had a mixture of western hemlock (Tsuga heterophylin),
pacific silver fir (4bies amabilis), and subalpine fir (4bies
lasiocarpa).  Alluvial valley bottoms and undrained depres-
sions supported mixed stands of bigleaf maple (4 cer macio-
phyllum), red alder (A4lnus rubra) and western red cedar
(Thuja plicata).

Management Practices

Road construction and timber harvesting of old growth
forests began in 1972 in the industrially-owned biock (5270
ha) shown as the shaded area in Figure 1. This block has
been owned and managed by the Weyerhaeuser Company
since 1923, and constitutes 72 percent of the portion of
the watershed under study, The forest lands in the Santiam
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Long-Term Pattems of Water Quality in a Managed Watershed in Oregon: 1. Suspended Sediment

vatershed upstream of the study area have been administered sloping basins just below ridgetops. No evidence was found
mincipally by the Willamette National Forest. Activities of significant past erosion events in these areas. In addi-
vere conducted according to rules prescribed by the Oregon tion, approximately 9 percent of the watershed above the
orest practice regulations that were introduced in 1972 to upstream station had been logged during the 1950’s and
ncourage best management practices for forest management 1960°s prior to the study; another 5.7 percent of this upper
m state and private lands. The steepness of the terrain in watershed was logged during the study period (Table 1).
he study area required care in planning and conduct of The mainline haul road was heavily ballasted and the sur-
yperations to minimize land management effects on water face over the drivable width of 8-10 m was surfaced with
Juality. crushed rock. Surface runoff drained directly to the river
Some timber harvesting in the study area had already oc- or to major tributaries at many points. Most of the roads
wmrred on U.S., Forest Service and other privately-owned in the study area were all-weather secondary roads of 46 m
ands in the two decades before water quality monitoring drivable width with crowned rock surfaces of moderate depth
yegan. Prior to 1971, approximately 15 percent of the study and drainage structures designed to handle the 25-year storm.
irea had been harvested by tractor and roaded, These areas (Culverts were designed to accommodate the 50-year storm
vere primarily located along the ridge forming the southern where roads crossed steep draws.)) Secondary roads were
soundary of the watershed (Figure 2), and roads and clear- constructed following contours and using balanced cut and
wits were Jocated where local topography formed gently fill design. The gradient of most sideslope roads ranged
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Figure 2. Roads and Harvested Units in the Study Area as of 1980, Landslides are also shown with closed
circles representing failures that deposited sediments directly into streams and open circles representing
landstides that did not affect streams. The cross-hatched arcas were harvested prior to 1967.

979 WATER RESOURCES BULLETIN




Sullivan

TABLE 1. Harvesting, Road Construction and Slashburning in the Middle Santiam Watershed.

Harvested
- Burned
Upstream Portion
Study Area Watershed Study Area
Road
Construction(®) Road Use Area(®) Portion{®) Area Portion(d) Area Portion
Year (km) (loads/day) (ha) (percent) (ha) (percent) (ha) (percent}
Prior to 1971 17.6 12.00 15.0 1750 8.8 0 0
1971 0 43 0.5 62 0.3 0 0
1972 7.4 11 107 14 81 0.4 0 0
1973 13.8 13 103 13 68 0.3 0 0
1974 19.1 27 187 2.4 94 0.5 0 0
1975 32.2 65 352 4.4 210 1.1 96 1.2
1976 21.7 80 403 5.0 34 0.2 150 1.9
1977 20.9 60 305 3.8 0 0 102 1.3
1978 17.7 53 288 3.6 162 0.8 122 1.5
1979 9.9 56 191 2.4 392 2.0 224(®) 2.8
1980 19.2 53 270 34 18 0.1 3630 4.5
TOTAL 179.5 3449 42,7 2871 14.3 1057 13.1
(a) Includes road construction in study area only.
(b) Includes road right-of~way clearing and U.S.F.S. owneiship in the Bear Creek subdrainage.
(¢) Based on total study area of 8080 ha.
(d) Based on the area of the watershed lying above the upstream station (20,262 ha).
(e) Includes 133 ha burned by wildfire.
(f) Includes 192 ha burned by wildfire.

between 5 and 12 percent, although a few roads had gradients
as steep as 18 percent. Care was taken to avoid locating
roads on unstable soils and areas with local concentrations
of subsurface drainage. On sites with slopes greater than
60 percent that the engineer judged to be prone to seil
slippage, spoils were hauled by truck to stable areas for dis-
posal. A roadgrader operated continually in the study area,
providing {requent maintenance of actively used roads and
annual maintenance of idle roads. A backhoe cleared culvert
inlets twice annually.

Logging of old-growth Douglas-fir was accomplished al-
most exclusively with highlead cable systems which lifted logs
uphilt to midslope or ridgetop landings. The few gently
sloping sites such as the benches above the valley bottom were
logged with tractors. Trees were harvested in units averaging
about 20 ha in area, although as cutting progressed, area of
contiguous plantation increased. Clearcut units generally were
handplanted with Douglas-fir seedlings within one year follow-
ing harvesting so that clearcut sites were rapidly covered with
plantations of conifer seedlings and a vegetative cover pro-
tected soils almost continually.

METHODS

Water samples were collected from two locations in the
mainstem of the Middle Santiam River. The upstream station
was located where the river enters the study area from the
east and the downstream station was located 11.1 km down-
stream (Figure 1). Since 1963, stream discharge has been
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measured at the U.S.G.S. gaging station located within 30
meters of the downstream station. Flood frequency analysis
of annual peak flows from 1963 to 1980 was based on a Log
Pearson Type II distribution (Benson, 1968). Precipitation was
monitored continuously with a tipping bucket rain gage at a
weather station located near the downstream sampling loca-
tion.

Water samples were collected every six hours from October
1971 through October 1980 with an automatic pumping sam-
pler, Instrument Specialties Company Model 1680 (ISCO).
Some error in sediment estimation probably occurs in using a
regular, although frequent, sampling interval. Beschta (1978)
discussed seasonal and storm-related variability in sediment
concentration/discharge relationships, noting the importance
of sampling more intensively during storm events in determin-
ing the effects of land management on sediment export. The
duration of stormflow was often several days or longer, en-
suring that samples were taken several times during most
storms. Sediment samples were collected during 23 of the 27
floods with peak flows greater than 127 m3s—! (USG.S.
base storm flow) recorded during the nine-year interval,

Water samples were returned to the lab weekly for analy-
sis. Samples were analyzed gravimetrically for suspended
sediment concentration (SSC expressed in mg L1y, follow-
ing the methods of Guy (1969). Turbidity was measured
using a Hach 2100A Nephelometer; results are expressed in
nephelometric turbidity units (ntu). A good relationship was
found between the common logarithms of turbidity and
suspended sediment at both sampling stations (1'2=0.67 and
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