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ABSTRACT

A sediment budget constructed for the Grouse Creek basin in northern California

provides information on the sources and timing of sediment production to aid land managers in

understanding the effects of logging impacts in a sensitive watershed. The sediment budget

yields a sediment production rate of 1,750 tlkm2/yr for a 29-year period. This rate is among the

highest for such disturbed forested basins in the Pacific Northwest. Approximately 40 percent of

the Grouse Creek basin, which is bisected by regional structural features that have created zones

of weak and altered rock, has been logged in the last 35 years.

Sediment production is dominated by mass wasting and is concentrated in areas of

geologic instability and logging and during major storms. Over 86 percent of all sediment was

produced by landsliding, with 71 percent of landslide volumes generated during a six-year period.

that includes the flood of December 1964. Ninety-three percent of all sediment volumes were

generated during the 15-year period from 1960 to 1975 that included four major storm events, the

completion of 74 percent of basin logging activity and 80 percent 01 road building. Landsliding in

old growth was found to be spatially related to erosion in managed areas. Sediment produced in

logged and roaded areas increased the frequency of streamside landsliding in some downstream,

unmanaged areas by channel aggradation and lateral corrasionof the streambanks.

The remainder of sediment produced from erosion of streambanks, bare hillslopes, and

roads is less than 14 percent of the total sediment production. However, as landsliding ,

decreased after 1975, the relative importance of hillslope erosion and road-related erosion

increased. Erosion rates from roads are 20 to 140 times the erosion rates in the unmanaged

areas and 7 to 34 times those in logged areas.

Erosion processes in Grouse Creek were found to differ by stream order. Debris torrents

and streambank erosion dominate in second and third-order channels, whereas streamside

landsliding was more frequent in fourth through sixth-order streams. An estimate of the increase

in stored sediment indicates 27 percent of the sediment introduced to stream channels during the

29-year period of the study is still in the system.
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INTRODUCTION

Sediment discharge in Grouse Creek (Figure 1) and many north coastal California

streams increased following the flood of December 1964 [Knott, 1974; State of California, 1979].

The increase in sediment production radically changed local channel morphology and

compromised many aspects of the resource base resulting in reduced water quality, decreased

anadromous fish populations. r~"''''''''''qe to roads and bridges, and removal of land from lumber

production. To understand the role of management activties in sediment production and the

long-term effects of increased sediment production, it is necessary to first quantify the sediment

input.

The purpose of this study is to construct a sediment budget for the Grouse Creek basin

(Figure 1) to aid land managers in determining the past effects of logging on sediment production.

and the effects of further harvesting on the resource base of the Grouse Creek watershed. The

primary objective is to assess the relative importance of sediment contributions from different

sources to total sediment production by investigation of the processes of sediment transport and

storage in Grouse Creek using the sediment budget concept. Sediment budget data are used to

interpret the major controls of sediment production.

Sediment Budgets

The sediment budget concept was first used by Leopold et al. [1966] to identify erosion

processes associated with widespread, post-Pleistocene valley alluviation in the southwestem

U.S. In recognition of human-induced erosion influences, sediment budgets are now employed

as a tool useful in assessing the relative contribution of land-use activities or potential

development projects to sediment production.

A sediment budget for a drainage basin identifies sediment sources and provides a

quantitative statement of the rates of production, transport, and discharge of sediment [Dietrich et

aI., 1982]. The sediment budget is most simply expressed as:

..- ....,...-:\ .... ".
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Figure 1. Location map for the Grouse Creek basin.

2



where I is sediment production, 6S is the change in sediment storage, and 0 is the sediment

discharge out of the basin. If no change in storage occurs, then production equals discharge.

A sediment budget is constructed by identification and measurement of the above

components. Field measurements are designed to sample the sediment production and transfer

processes. Reid and Dunne [Reid, personal communication, 1990] have found that this

technique introduces no more error than those introduced by short-term monitoring programs.

Grouse Creek is an ungaged basin, so sediment discharge is calculated as the difference

between sediment production and the ·change in storage.

Study Area

Grouse Creek is a 147 km2 tributary basin of the South Fork Trinity River in Humboldt

County, California (Figure 1). Relief in the basin is 1,461 meters. Three major thrust faults that

cut across the basin separate Northern Coast Range Province rocks on the west from Klamath

Mountains Province rocks on the east (Figure 2) [Young, 1978; Aalto et aI., 1988]. Several major

fault zones and a heterogeneity of rock types in the basin result in a wide range of rock

competence. Soils in the Grouse Creek basin are predominately gravelly loams, with many

areas of deep colluvial soils and deeply-weathered regolith [Howell and Smith, 1989].

Vegetation is dominated by mixed conifer forests of Douglas-fir and white fir, along with

minor amounts of tanoak. madrone, incense cedar. and pine [Howell and Smith. 1989]. Areas of

grass and oak woodland are scattered on southwest-facing slopes.

Precipitation in Grouse Creek varies both as a function of elevation and distance from the

coastal marine influence. Annual precipation, averaged over the basin, is approximately 1800

mm, but ranges from about 1200 mm at the eastern mouth of the basin to 2350 mm in the

western upper watershed. Rainfall is seasonal and occurs mainly from October through May.

Approximately 55 percent of the watershed is National Fo~est land. The remainder is

privately owned. A little more than half the basin (58 percent) curren"t1y consists of old-growth

forest. Thirty-nine percent of the basin has been logged in the last 35 years, with the majority of

3



Figure 2. Generalized geologic map of the Grouse Creek basin showing major faults, after Aalto
et ai, [1988] and Young [1978]. KJfsc, competent sandstone and siltstone of the
Cretaceous-Jurassic Franciscan assemblage (unit CF in Appendix A); KJksi. incompetent
sandstone and siltstone of the Franciscan assemblage (unit IF in Appendix A); KJfm, South·
Fork Mountain schist of the Franciscan assemblage (unit S in Appendix A); Jdi. Jurassic
diorite of the Ammon Ridge pluton; Jg. Jurassic Galice Formation, argillites and
melegreywackes (unit G in Appendix A); ret, Rattlesnake Creek terrane, melange (unit RT in
Appendix A). Diagonally shaded areas are tectonized zones along stream corridors (unit 1Z
in Appendix A) that are more prone to gullying and mass movement than surrounding areas.
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harvest on private land in the upper watershed. The remainder of the basin consists of grass and

oak woodlands, roads, a brushed powerline right-ot-way, and stream channels (Table 1).

Storm events and changing logging practices in the last 30 years playa dominant role in

the erosion history of the basin. The most influential storm occurred in December 1964. The

storm consisted of prolonged and intense precipation, and the resulting flood was augmented by

snow-me~ runoff [Harden et aI., 1978]. Large storms also occurred in January and March of

1972 and in March of 1975. Coghlan [1984] has assigned recurrence intervals of 45-50 years for

the 1964 storm, 25-30 years for the 1975 storm, and 10 years for the March 1972 storm based

on an analysis tor neighboring Redwood Creek.

About 75 percent of all logging and 80 percent of all road building in the Grouse Creek

basin occurred prior to or during 1975 (Tables 2 and 3). Because major storm events also

occurred during this interval, disturbance levels were compounded by the effects of both climate

and logging activities. A major revision in the legislation governing California forest practices was

enacted in 1973. Therefore, most logging in the basin also occurred prior to the enforcement of

improved logging practices.

GROUSE CREEK SEDIMENT BUDGET

The Grouse Creek sediment budget covers the period from 1960 through 1989. This

period was selected because aerial photographs were available as early as 1960, and field work

was conducted between July and October, 1989. Aerial photographs were used to document

logging history and expansion of roads at nine intervals over this period (Tables 2 and 3) and for

the inventory of landslides and large sediment storage features. High-attitude photographs from

1972, 1982, and 1988 were used for the logging history and the road lengths but were of too

small a scale to inventory landslides.

Logging in the basin began just prior to 1960. Aerial photograph coverage prior to this

time is insufficient to assess pre-logging background rates of landsliding. Instead, the

6



Table 1. Areas within Grouse Creek basin, classified by land status as of 1988.

Land status

Old-growth forest (excluding roads)
Logged timber lands (excluding roads) •
Road surfaces ••
Road cutbanks •••
Powerline right-ot-way ••••
Grass and oak woodland
Stream channels •••••

Area (ha)

8,495
5,576

153
112

61
210

48

% of total area

58.0
38.1

1.0
0.8
0.4
1.4
0.3

TOTAL

•
••...
....
•••••

14,655

total logged area, does not count re-entered land twice
293,800 m of road, average width = 5.2 m
average map view width of cutbanks = 4.2 m,

91 % of roads have cutbanks
width ot right-ot-way =45 m
total length of 4,5, and 6-order streams = 53,760 m

assume average stream width = 9 m

7
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Table 2. Areas logged' in the Grouse Creek basin as recorded by dillere!1t years 01 aerial photography.

Year 01 aerial photograph

Harvest method 1960 1966 1970 1972 1975 1960 1982 1985 1988 Total 0/0 ollolal

Tractor-yarded clear cut 19 672 280 9 145 82 50 206 223 1,685 28
Tractor-yarded partial cut 964 514 452 245 460 203 55 36 105 3,089 52
Cable·yarded clear cut 0 241 198 124 68 84 88 106 98 1,007 17
Cable-yarded partial cut 0 0 0 16 0 0 2B 39 107 190 3
Helicopler-yarded clear cut 0 0 0 0 0 0 0 0 5 5 0

Total hectares logged 9B2 1,427 929 394 693 369 222 3BB 573
Cumulawetotal 982 2,409 3,338 3,733 4,425 4,794. 5,016 5,404 5,976 5,976 100

Actual cut-<lver area •• 9B2 1.322 929 394 693 358 222 341 SOB
Cumulative total 9B2 2,304 3,233 3,628 4,320 4,678 4,900 5.241 5,749 5,749

CD Percent 01 basin area
logged ~. 7 16 22 25 30 32 33 36 39 39

• areas (hectares) Include all roads within the logged areas.
•• re-entered logged areas counted once
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Table 3. Road density and length of road for three different road-use types in different time periods as bracketed by aerial photographs.

Year of aerial photograph
Length of road Road density

by road use (km) (kmlkm2) 1960 1966 1970 1972 1975 1980 1982 1985 1988

Moderate-use road 50 127 126 108 110 112 80 91 116
Ligh!-use road 3 10 39 62 77 73 92 87 85
Abandoned road 0 2 22 32 46 68 91 97 93

Cumulative total 53 139 187 202 234 254 264 274 294

1.0 Road density ,of
lotal basin area 0.36 0.95 1.27 1.38 1.59 1.73 1.79 1.86 2.00

Road density of
total roads to 5.38 6.04 5.77 5.57 5.41 5.43 5.38 5.29 5.17
actual cut area

..--~---------._-_.-- .
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contribution of landslide sediment to Grouse Creek is compared among aerial photographs

covering the budget period.

U.S. Forest Service personnel provided data on logging and road history and road-fill

failures in Grouse Creek, in addition to providing field assistance for landslide and slope erosion

data collection. Field data were collected as volumes. Measurements are expressed in volumes,

except where use of empirical methods produced yields in terms of mass. Conversion of all

volumes to metric tonnes facilitated comparison of sediment production, storage, and discharge

components.

The Grouse Creek watershed was divided into eight sub-basins (Rgure 3). The sub-

basins allow comparison of landslide sediment production by areas within the watershed.

Data collection, analysis, and interpretation for each of the sediment budget components

of equation (1) are discussed separately below.

Sediment Production

Sediment production is that quantity of sediment delivered to the stream channels.

Dominant hillslope erosion processes vary according to climate, geology, and land use. From

field and aerial photograph surveys, four major erosion processes have been identified in Grouse

Creek: streamside landsliding, streambank erosion, hillslope erosion, and road-related erosion

exclusive of large landslides. Sediment production from all sources is summarized in Table 4, so

the relative importance of each process will be apparent. The majority of sediment produced in

Grouse Creek is generated by streamside landsliding.

Streamside Landslides

Streamside landslides are mass movements that deliver sediment directly into perennial

or intermittent channels. A total of 385 landslides were inventoried from both field mapping and

six sets of aerial photographs (Appendix A). The scale of the 1988 high-flight photographs

precluded their use for inventorying any except the larger landslides. Landslides initiated or

10
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Table 4. Grouse Creek sediment budget, 1960-1989.

SEDIMENT BUDGET COMPONENT Tonnes of Perrent Total Total
sediment of total <2mm :>2mm

SEDIMENT PRODUCTION

STREAMSIDE LANDSLIDING •
Debris slides 4,448,000
Complex slides 672,100
Rockfalls 182,GOO
Debris torrents 710,100
Siumplearthnows 430,GOO

Subtotal 6,443,000 86.7 2,255,000 4,188,000

STREAMBANK EROSION ••
First-order streams 118,400
Second-order streams 276,GOO
Third-orc\er streams 66,800·
Fourth-order streams 5,800
Filth-order streams 4,700
Sixth-orc\er streams 6,500

Subtotal 499,000 6.7 259,400 239,400

HILLSLOPE EROSION •••
Logged areas

Sheetwash and rilling GO,000 60,000
Gullying 272,100 141,500 130,600
Mid-slope landsliding 9,000 3,150 5,860

Subtotal 341,000 4.6
Grass and oak woodlands

Sheetwash and rilling 120 120
Gullying 1,280 960 320
Mid-slope landsliding 4,350 2,780 1,570

Subtotal 5,800 0.08
Old-growth forest

Sheetwash and rilling a 0.0

ROAD-RELATED EROSION ••••.
Sheetwash and rilling of

road surfaces 45,100 45,100
Sheetwash and landsliding

of cutbanks 47,400 47,400
Road crossing failures ..... 45,200 23,500 21,700

Subtotal 138,000 1.9

TOTAL SEDIMENT PRODUCTION 7,427,000 100.0 2,839,000 4,588,000

SEDIMENT STORAGE 2,018,000 644.000 ',374,000

SEDIMENT DISCHARGE 5,409,000 2,195,000 3,213,000

density conversion factor of 1.83 Vm"3
density conversion factor of 1.3 Um"3
see Table 16 for density conversion factors
exclusive of landslides
density conversion factor of 1.8 Um"3

12



enlarged between the 1985 aerial photographs and 1989 were field inventoried. Field visits to

areas of persistentlandsliding and recently logged areas produced only one new landslide and

two enlargements since 1985. Review of film from a helicopter flight of Grouse Creek channels

flown. ,in April of 1989 revealed no additions to inventoried landslides. With the exception of a

storm in February of 1988 nrp"'!",~ation has been scarce between 1985 and 1989. and it is

assumed that few, if any, new lanoslldes were left unventoried. Landslides visible on the 1960

photographs were not inventoried unless they expanded between 1960 and 1989 orthe raw

scars contributed significant sediment during the budget period. The area of the smallest

landslide visible within old-growth forest on aerial photographs (250 m2) was used as the lower

limit to inventoried slides. Ten field-mapped slides with areas less than 250 m2 were included in

measurements for streambank erosion (below). Tabulated landslide data include landslide areas

and volumes, geology, slope, land use, and aspect (Appendix A).

Not all slides visible 0" aerial photographs could be visited in the field to estimate

volumes. Instead, relationships between field-estimated volumes and map areas were used to

estimate volumes for most of the slides.

The procedure to measure landslides in the field involved first dividing the scar area into

geometric segments with relatively uniform cross-sectional dimensions {Figure 4}. The average

width, depth perpendicular to slope, and length of each segment was then recorded. Area

measurements were made with a tape or rangefinder and depth was estimated on the basis of

the geometry of the void ...__•_.,' .'. ·''"''''jding. Landslide volumes were computed as the sum

of the segment volumes. The volume aelivered to the channel is the difference between the

measured scar area and any volume of material stored on the slope or at the toe.

Volumes of approximately 17 percent of inventoried landslides were measured in the

field, and 27 percent of slides were site visited. Field measurement of the same slides by

different workers agreed within 15 percent. When subject to both methods, measurement of

slide areas on photographs was within 10 percent of the field·measured areas. Due mainly to

13
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uncertainty in measuring landslide depth, landslide erosion estimates are considered accurate to

within plus or minus 15 to 20 percent.

Landslides were classified by type of slope movement as either debris slides, slumps,

earthflows, rock falls, or complex slides [Varnes, 1978]. Debris torrents also were included in the

landslide inventory. Landslides were tallied by land use according to the classification on Table

5. Landslides were classified as either occurring on managed land (logged slopes), unmanaged

land, or both. A slide was also classified as road-related if a road or landing existed at or very

near (within 25 meters) the head scarp or went through the middle of a slide area.

Debris slides. The majority (81 percent) of slides inventoried are debris slides that

account for 69 percent of landslide derived sediment (Table 4). These are rapid, shallow failures

of soil-mantle material with failure planes approximately parallel to the slope. The average depth

of measured debris slides is 1.8 meters, and average slope is 40°. In Grouse Creek failures

commonly involve both colluvial soils and fractured and weathered bedrock.

For debris slides, a relationship between map area and volume was established from

field measurements of 47 slides (Figure 5):

Vdel = 0.821A1.134 r = 0.947 (2)

where Vdel is the volume (m3) of sediment delivered to the channel, A is the map area (m2) of the

debris slide, and r is the coefficient of correlation for the relationship. The relationship in Figure 5

was used to estimate sediment contributions from debris slides mapped on aerial photographs.

An area-to-volume relationship was not determined for the remaining slide types.

The relationship between Vdel and map area (Figure 5) is defined for a data set of slides

that are less than 10,000 m2 in area. The volumes of seven debris slides with map areas greater

than 10,000 m2 were estimated from equation (2) and account for approximately 8 percent of the

total slide volume.

Slumps, earthflows. rock falls. and complex slides. The remaining landslide types

contribute 20 percent of landslide sediment during the budget period. Slumps fail along a

15
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Table 5. Relationship of management to volume of sediment produced by streamside landslides (1960-1989).

Land use Land use classification Number of Sediment Percent
classification description of landslide site landslides delivered to . of total

number • channels
(m"3)

1 Unmanaged land - not road related 192 1,721,700 49
2 Unmanaged land - landing or road related 16 199,600 6

1,2 Initiated in unmanaged land, enlarged after logging •• 43 551,800 15
3 Managed iand - not road related 61 344,500 10
4 Managed land - road or landing related 57 434,300 12

..... 5 Unmanaged - clearly related to upslope managed land 8 238,200 70)

6 Both managed and unmanaged land 8 30,700 1

TOTAL 385 3,521,000 100

• number classification used in landslide inventory (Appendix A).
•• landslides separated out of classifications 1 & 2 after aerial photograph analysis
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rotational shear surface, and earthflows exhibit a fluid-like downslope movement of the soil mass.

A rock fall is a fall of newly detached mass from an afea of bedrock that involves little or no shear

displacement. Complex slides involve a combination of slope movement processes and rates of

movement. The volumes of these features were estimated from aerial-photograph-measured

areas plus depth and movement distance based on slide morphology and degree of slide activity.

Some of these landslides were measured in the field, and field experience served to facilitate

aerial-photograph measurement of the other features.

In areas of bench-slope morphology, particularly common in the incompetent Franciscan

unit, massive earthflows and slumps move large quantities of debris downslope where shallow

debris slides deliver sediment into the channel. Not all of these areas could be distinguished by

disturbed vegetation on aerial photographs. However, where areas of bench-slope morphology .

could be identified, the debris slides associated with them were classified as complex slides,

Similar slope morphology is described by Swanston et al. [1983] in adjacent Redwood Creek.

Devastation Slide is a large earthfJow, approximately 0.5 km2 in area, located 2.7 km

upstream of the mouth of Grouse Creek. The slide toe encroaches into the stream channel and

creates a barrier to anadromous fish migration. Mark Smith, Six Rivers National Forest geologist,

estimated the sediment contribution from Devastation Slide during the budget period to be

between 160,000 and 240,000 m3 using aerial photographs and recent surveyed movement

rates. We independently estimated the volume to be approximately 210,000 m3 using aerial

photograph measurements of slide and gully compartments and a field estimated depth of the

toe. Since our estimate fell within the range of values of the first estimate, we used our mid-

range value for the sediment budget.

Debris torrents. Debris torrents are either channel-confined debris flows or dam-break

floods, and are not differentiated in this study. Debris torrents supplied 11 percent of the total

landslide sediment during the budget period. To estimate sediment production by debris torrent

in a particular channel, we calculated a unit volume of erosion per meter length of disturbed

channel. This volume was calculated based on field observations and the severity of channel

"
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bank disturbance visible in aerial photographs. Where a discrete initiation point could be

identified, the volume eroded from that point was included in the total estimate. Sediment

volumes from discrete landslide scars along the length of debris torrent tracks were calculated

separately.

When classified by stream order, the majority of debris torrents occurred in second and

third-order streams. Out of approximately 38 km of debris torrent tracks, 21 percent were in first-

order, 33 percent in second-order, 29 percent in third-order, and 17 percent in fourth-order

streams.

Particle-size distribution of streamside landslides. Particle sizes of sediment produced by

landsliding were estimated from soil surveys. Soil survey coverage in the Grouse Creek basin

includes approximately 70 percent of the area. Particles sizes for all soil profiles involved in

landsliding were calculated from profile descriptions or lab analysis if available. Profiles were

extended to a depth of 1.8 meters, the average -depth of most landsliding. Particle size is

influenced by the presence of weathered rock in areas of shallow soils. Particles were divided

into two size classes, less than or equal to 2 mm in diameter and greater than 2 mm. This

particle-size division was chosen because 2 mm is the upper-size limit of particles that tend to

travel as suspended load, and particles less than 2 mm in diameter are the size fraction of

Sediment most harmful to fish and water quality [Cederholm et aI., 1981}. The percentage of

particles equal to or less than 2 mm in landslide debris ranged from 17 percent in areas of

shallow soils to 64 percent in deep, colluvial soils and averaged 42 percent.

Landslide volumes were multiplied by the fraction in each size class for the soil type

mapped for that slide. Soil mapping based on geology and physiography was extended to

unmapped areas. Slide volumes were totalled by particle size to obtain the distribution in Table

4.

Streamside landslide discussion. Three factors appear as dominant influences on

Grouse Creek landsliding during the budget period: zones of unstable geology, major storm

events between 1964 and 1975, and logging and road-building activity.
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The majority ollandsliding occurs on unlogged slopes where upslope roads were not

related to the failure (Table 5). However, the data in Table 5 do not show the spacial relationship

between areas of logging and instances of landsliding in the unmanaged areas downstream.

Rgures 6a-g illustrate these relationships by showing the expansion of logged areas, landslide

inniations, and landslide enlargements for each aerial photograph interval. Roads are not

included in Rgures 6a-g, but expansion of the road network is implied by the logging expansion.

Landslides prior to 1960 (Figure 6a) are concentrated in areas of geologic instability. The

slides are located in the middle of the basin where traces of several thrust faults cut through the

region (Figure 2). In the upper Grouse Creek sub-basin, sliding occurs in the incompetent

Franciscan unit. In lower Grouse Creek, sliding occurs locally within the Rattlesnake Creek

terrane.

Photograph year 1966 (Figure 6b) shows that most landslides were either initiated or

enlarged between 1960 and 1966. The December 1964 storm and flood was the event

responsible for the notable increase and growth of landslides. Slides during this period account

for 71 percent of the total slide volume (Table 6) and 62 percent of all sediment produced during

the budget period. Many slides were initiated in logged areas in the upper watershed.

Downstream from these logged areas, stream channels aggraded as a result of the increased

sediment contributions, and additional slides occurred due to lateral scour of the streambanks.

Bear Creek (Figure 3) best exemplifies the impact to channels from 1964 landsliding. An

estimated 30 percent of the Bear Creek sub-basin was logged prior to the storm. During the

storm, Jandsliding was initiated in logged and roaded areas in the upper watershed (Figure Bb), a

debris flow occurred, and the spacial relationship between landsliding and channel scour

suggests that a dam-burst flood traveled down the channel. As a resutt, asix-meter-high debris

fan was built at the mouth of Bear Creek. Landsliding in old growth near the mouth of the creek

was caused by the extreme channel widening and streambank scour. Remnants of the 1964

debris-fan deposit are still plastered to the base of 1964 debris slide scars, effectively isolating

these scars from the active channel.
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Rgures 6(a)-(g). Maps showing cumulative areas of land logged and landsliding initiated or
enlarged between aerial photograph intervals. Diagonally striped areas are those logged in
the most recent photograph interval. Stippled areas are those logged prior to the most
recent photograph interval. Black circles represent landslides initiated within the most recent
photograph interval, and open circles are previously e>:.isting landslides that have enlarged in
the recent photograph interval. Circle diameters correspond to landslide volume as shown
in the legend.
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Table 6. Grouse Creek landslide volumes (mA3) by sub-basin and aerial photograph Interval.

Volume
Area per area

-Sub-basin (ha) 1960-66 1967-70 1971-75 1976-80 1981-85 1986-89 Totals (m"3/ha)

Mosquito Creek 3,880 423,948 16,065 30,716 37,234 10,642 518,605 134

Upper Grouse 2,934 364,361 72,598 64,172 8,918 31,812 404 542,265 185

Bear Creek 1,744 394,431 4,875 4,240 403,546 231

Lower Grouse 1,515 312,339 146;284 130,932 °12,000 °15,000 °4,535 621,090 410

Cow Creek 1,382 240,196 53,934 40,692 1,780 336,602 244

Lower Mid-Grouse 1,088 523,598 6,437 43,992 33,642 2,436 610,105 561

White Oak 1,074 34,557 99,969 102,387 4,188 11,417 252,518 235

Upper Mid-Grouse 1,038 197,796 9,231 29,141 236,168 228

TOTALS 14,655 2,491,226 409,393 446,272 62,340 104,293 7,375 3,520,900

Percent
01 total 71 12 13 2 3 0

• Photo year totals are adjusted for enlargement of slides through the budget period;
Devastation Slide volume Is distributed throughout the budget period.
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New and enlarged landslides are visible in aerial photographs taken in the early 1970's

(Figures 6c and Gd) (Table 6). Landslide activity in the late 1960's (Figure 6c) occurred primarily

in logged areas, and zones of geologic instability show continuing slide activity.

The landslide activity in the early 70's reflects the influence of the 1972 and 1975 storms,

and is particularly noticeable in logged areas of the upper Wh~e Oak sub-basin. The majority of

slide activity in the White Oak sub-basin occurs along Greenwood Creek, the southern tributary

to White Oak Creek. Most logging activity in the Greenwood drainage visible on the 1966 aerial

photographs took place after the 1964 storm. The major~y of landslides occurred in response to

the 1972 and 1975 storms after the slopes had been logged. Of the 31 landslides inventoried in

Greenwood Creek (Appendix A), 84 percent occurred on logged land and 58 percent of those

were directly road or landing related. In contrast. the upper White Oak Creek drainage showed

1~le landslide activity, although the timing and aerial extent of logging is similar to the Greenwood

drainage. The contrast in landsliding between the two drainages is ascribed to a difference in

bedrock competency within the Franciscan assemblage (Figure 2). Landslide response in the

Greenwood drainage, therefore, resulted from a combination of management activities on slopes

underlain w~h unstable bedrock along with major storm events.

A small amount of new logging and landsliding occurred in the period 1975·1980 (Figure

6e). Landslide activity increased slightly by 1985 (Figure. 6f), with new sliding in logged areas

and renewed sliding in the unstable zones. A storm event in 1985 may have influenced this

epidsode of sliding. By 1985, 30 percent of inventoried slides had revegetated (Figure 7)

(Appendix B). The smallest amount of new landslide sediment production occurred in the interval

1986-1988 (Table 6, Figure Sg).

Sediment production from landslides is concentrated in the lower-mid Grouse and lower

Grouse sub-basins (Figure 8; Table 6). Devastation Slide is the largest single source of sediment

in Grouse Creek, and the estimated volume accounts for six percent of the total slide volume and

five percent of the total sediment produced during the bUdget period. Landslide sediment

production from lower mid-Grouse sub-basin alone equals landslide sediment production from
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Rgure 7. Activity history of streamside landslides, 1960-1985, showing numbers of landslides
initiated, enlarged. or revegetated in different years of aerial photographgraphic record.
Revegetation entails development of a vegetative cover over the entire landslide scar with

no bare area visible on the aerial photograph.
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both the lower portion of Grouse Creek sub-basin and Devastation Slide. The reasons for the

high productivity of the lower mid-Grouse area is that fault zones traverse the major channels and

logging and roads further contribute hillslope instability. Lower Grouse sub-basin sediment

production is increased by the production from Devastation Slide (see upper portion of the bar

graph in Figure 8). In contrast, the lowest unit sediment production is in Mosquito Creek. The

relative paucity of landslides in Mosquito Creek is attributed to the use of cable-yarding methods,

dispersed cut units that transect fewer streams than in areas of concentrated harvest, and the

lower percentage of area logged (Table 7). Sediment production in the other sub-basins is fairly

evenly distributed.

Streambank Erosion

Streambank erosion is one of two processes of sediment production along intermittent or

perennial channels. Streamside landsliding is the other process that delivers sediment from the

stream margin to the channel. Fluvial erosion of the streambanks affects the lower banks, while

landsliding involves the upper banks and slopes. In Grouse Creek, landslides with areas greater

than 250 m2 are visible on aerial photographs whereas streambank erosion is not.

To facilitate analysis of streambank erosion, streams in Grouse Creek were ordered

using Strahler's methods [1957]. To do this, the drainage network was outlined on 1:24000

topographic maps using the contour crenulation method [Goudie, 1981]. Rrst-order streams

initiate where the contours first start to crenulate on a hillslope. Using this method, few of the

smallest blue-line streams on 1:24000 maps are first-order; most are second-order streams.

Thirteen stream surveys were conducted along first to fifth-order streams (Table 8) (5 of

the 13 streams surveyed by J. McHugh, Six Rivers National Forest). Surveyed streams flow

through both logged and old-growth areas. We measured the length and height of the raw

banks, and the estimated depth of lateral corrasion from root-mass overhang or morphology of

adjacent uneroded banks. Small landslide volumes «250 m2) were also measured.

Measurements were made with a tape or Jacob's staff. Stream distances were measured by
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Table 7. Percent of sub-basin areas logged.

Sub-basin Percent logged

I by 1988
I

I,
Lower Grouse 17.4I Bear Creek 67.1
Lower mid-Grouse 59.1
Mosquito Creek 28.6
Upper mid-Grouse 26.4
Cow Creek 42.0
White Oak 87.1
Upper Grouse 24.0
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Table 8. Field survey of streambank sediment production by stream order, Grouse Creek.

Reach Stream Length of Streambank Small Total
order survey erosion streamside sediment

(Strahler (m) (mI\3/m) landslides production
method) (mI\3/m) (mI\3/m)

Grouse Mtn 1 183 0.04 0.00 0.04
Frustration· 1 308 0.07 0.01 0.08
Bean· 1 393 0.20 0.10 0.29
near White Oak 2 197 0.16 0.53 0.69
Buck· 2 342 2.24 0.34 2.58
Raccoon· 2 372 0.25 0.30 0.55
Usa· 2 299 0.23 2.28 2.51
Champ 1000 bridge 3 440 0.02 1.45 1.47
conti. 10 bridge 3 156 0.09 0.16 0.25
Carson Creek 3 120 0.03 3.62 3.65
Greenwood Creek 4 86 0.12 0.08 0.20
Lower White Oak 5 280 0.30 0.66 0.96
Grouse above Cow 5 1410 0.04 0.14 0.18

• data from J. McHugh, Six Rivers National Forest
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~tring box or 1rom aerial photographs. Almost five kilometers of streams were surveyed, which

represents less than one percent of the total length of streams in the basin.

For each survey, average sediment production per unit length was calculated by adding

all erosion volumes and dividing by the total length of the survey for each stream order (Table 9).

Sediment production from streambanks (Table 10) was calculated by using the average sediment

production for each stream order (Table 9). Channel lengths of all debris torrents were

subtracted from the appropriate stream-order lengths in order to avoid double counting sediment

production.

Streambank erosion discussion. Streambank sediment production is highest in second

and third order-streams (Table 9). Characteristics of the stream orders explain the differences in

erosion. First-order streams are ephemeral or intermittent and less deeply incised than higher- .

order streams. Peak streamflows are lower, and less material is available from the smaller

cutbanks. Stream gradients are steeper in second and third-order streams than in higher-order

streams where scouring debris flows may lose momentum. The higher-order streams also

occupy channels in which a high percentage of the bed and banks consist of alluvium rather than

bedrock. Bank erosion of alluvium was not included as a component of streambank erosion

because remobilized alluvium has already been accounted for as sediment produced by some

other process farther upstream.

As a check on streambank erosion calculations, total production volumes were converted

to creep rates that could be compared with published rates. Soil creep conveys soil downslope

to landslide sites and eroding streambanks where it enters the stream channel. Soil creep is

most marked in the upper meter of most soils [Kojan, 1967], and asoil depth of one meter was

used in the conversion. Converted creep rates were halved to account for sediment contributed

from both sides of the stream. The 29-year period of the budget was used as the length of

record. Soil creep rates calculated this way for Grouse Creek range from 0.3 cmlyr in first-order

streams to 3 cmlyr in second-order streams and averaged 0.9 Crnlyi' for all stream orders. For

comparison, soil creep rates measured from borehole tubes in an adjacent basin (Redwood
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Table 9. Averaged sediment production by stream order.

1 884 150 0.17
2 1210 1973 1.63
3 716 1124 1.57
4 86 17 0.20
5 1690 523 0.31

Stream order

Total length
of sampled
reaches (m)

Total sediment
production in
reaches (m"3)
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Table10. Streambank erosion (m A3) separated by drainage sub·basin and stream order.

Drainage sub·basin Stream Total stream Unit Total
order length sediment sediment

(m) • production production
(m A 3/m)"· (m A3)

Upper Grouse 1 102,724 0.17 17,463
2 20,922 1.63 34,103
3 8,656 1.57 13,590
4 7,071 0.20 1,414
5 2,865 0.31 888

White Oak Cr 1 42,725 0.17 7,263
2 8,453 1.63 13,778
3 3,597 1.57 5,647
4 1,951 0.20 390
5 914 0.31 283

Cow Cr 1 50,628 0.17 8,607
2 12,561 1.63 20,474
3 4,267 1.57 6,700
4 2,438 0.20 488

Mosquito Cr 1 142,132 0.17 24,162
2 30,051 1.63 48,983
3 11,244 1.57 17,653
4 2,559 0.20 512
5 3,901 0.31 1,209
6 7,004 0.31 2,171

Upper mid Grouse 1 38,678 0.17 6,575
2 8,477 1.63 13,818
3 1,189 1.57 1,867
4 1,987 0.20 397

Lower mid Grouse 1 45,035 0.17 7,656
2 16,289 1.63 26,551
3 1,169 1.57 1,835
4 514 0.20 103

I Bear Cr 1 59,863 0.17 10,177
2 20,386 1.63 33,229
3 4,461 1.57 7,004

°4 3,501 0.20 700

I Lower Grouse 1 53,889 0.17 9,161
2 13,411 1.63 21,860
3 7,925 1.57 12,442

I,,' 4 2,377 0.20 475
Main Grouse Cr above Mosq. Cr 5 4,097 0.31 1,270
Main Grouse Cr below Mosq. Cr 6 9,004 0.31 2,791

I TOTAL 758,917 383,693

I
• debris torrent lengths are subtracted from totals
•• see Table 9
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Creek) range from 0.10 to 0.25 cmlyr on schist slopes and from 0.30 to 13.1 cmlyr on sheared

Franciscan graywacke and mudstone slopes (Swanston et aI., 1983]. The higher rates on

Franciscan slopes in Redwood Creek were measured on slow-moving block glides, and similar

features in Grouse Creek were measured as landslides. If these faster creep rates are ignored,

then the creep rates in the two basins are within the same range.

Sediment production from streambank erosion in Grouse Creek may be higher because

evidence of streambank erosion may be covered by vegetation in less than 29 years (the budget

period). We found 27 percent of the larger landslides and 47 percent of debris torrent tracks

revegetated within 15 to 20 years. Therefore, some of these features would have been

overlooked during the stream surveys, and streambank erosion could be underestimated by

approximately 20 to 30 percent.

Hillslope Erosion

Hillslope erosion processes include rilling and sheetwash, gullying, and mid-slope

landsliding (as opposed to a lower-slope, streamside location). Sediment production by these

three processes was calculated from field measurements at selected slope erosion inventory

sites. Hillslope erosion processes account for a similar percentage of total sediment production

as streambank erosion (Table 4).

We selected the slope erosion inventory sites to include the major controls on erosion

rates in Grouse Creek: geology, climate, and land use. The importance of anyone of these

variables would be most easily evaluated if the other two were constant. In the complex natural

environment of the Grouse Creek basin, this is impossible, and thus the range of values for

sediment production from slope erosion reflects the influence of all three variables.

Bedrock at slope erosion sites include four lithologic units: Franciscan sandstone and

siltstone, Franciscan schist, Galice metasediments, and the Ammon Ridge pluton (Table 11)

(Rgure 2). We did not survey any slope erosion sites on the Triassic and Paleozoic

metasediments and volcanics that underlie a minor portion of logged area in the lower basin
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Table 11. Geology and land use data for slope erosion inventory sites

Site Geology Land use • Year of timber
harvest

Grouse Mtn Franciscan sandstone/siltstone tyec 1987
Power/ine Franciscan sandstone/siltstone cycc 1987
Whiting Ridge Franciscan sandstone/siltstone tycc 1986
Cow Cr Ridge Franciscan sandstone/siltstone cycc 1986
Headwaters Franciscan sandstone/siltstone cycc 1985
Greenwood Franciscan sandstone/siltstone tyee 1984
1600 Rd Franciscan sandstone/siltstone tyee 1984
Mid Cow Franciscal1 sandstone/siltstone tycc 1974
Upper Cow Franciscan sandstone/siltstone tycc 1970
White Oak Franciscan sandstone/siltstone tyee 1964
Above confl. Franciscan sandstone/siltstone old growth NA

Grouse Lookout Franciscan schist tyee 1987
Blue Goo Franciscan schist (MSZ) •• tyee 1968
Upper Bear Franciscan schist type 1959
Big Opening Franciscan schist grazing NA

Ammon Ridge Galice metasediments type 1986
Hot burn Galice metasediments cycc 1984
Above cabin Galice metasediments cype 1984
Upper Mosq. 1 Galice metasediments cycc 1973
Upper Mosq. 2 Galice metasediments cycc 1964
Sugarloaf Galice metasediments cycc 1964

Grouse,south Ammon Ridge pluton cypc 1987
Grouse north Ammon Ridge pluton cypc 1987

~
tyee • tractor-yarded clear cut
type· tractor-yarded partial cut

I cycc • cable-yarded clear cut

~
cype • cable-yarded partial cut
MSZ • major shear zone

,

.~
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scale, anastomosing channels on the surface of the slope. Rills were found primarily on bare

by obstructions or vegetation.

Rgure 9.

not that amount of soil delivered to the stream channel. Because the amount of soil entering the
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(3)A= RKLSCPD

equation:

All factors with the exception of Rand K are dimensionless. Soil loss (A) was converted to metric

The rainfall and runoff factor R of the USLE is a measure of stonn energy and intensity in

an area [Oissmeyer and Foster, 1984]. R is assigned one value for all of the Grouse Creek basin

units of tonnes ha-' yr' for comparison with other budget components.

stream channel is of interest in this study, we have added a soil delivery factor (0) to the

Sheetwash and rill erosion is calculated by use of the Universal Soil Loss Equation

management factor (C), and an erosion control practice factor {Pl. The USLE predicts soil loss.

(USLE) [Wischmeier and Smith, 1978] modified by Oissmeyer and Foster [1984] for use on forest

land. Soil loss (A; units = tons' acre-' year') is calculated using a rainfall and runoff factor {R;

units = fHons' in1 10-2 acre-' hour' year'}, a soil erodibility factor (K; units = tons' acre' hour'

acre-' ft-tons-' in-' 102). a slope length and slope steepness factor (LS). a cover and

skid trails. whereas ponded sediment was noted both on skid trails and logged slopes. Rills were

observed less frequently than evidence of sheetwash due to the short length of slopes unbroken

winnowing due to raindrop impact erosion. ReId evid~nce of sheetwash consists of fine sediment

ponded in depressions and behind woody debris, and evidence for rilling is a network of small-

Creek often have a granule-to-pebble-sized surficial armor layer. The armor layer is the result of

(Figure 2). Sampled sites represent the range of land uses in the basin, and timber harvest units

Rilling and sheetwash. Soil particles on slopes are entrained by raindrop impact and the

shear stress imparted by water flowing in sheets and rills. Bare soils on logged slopes in Grouse

of different ages were included {Table 11} in oroer to account for the erosional effects of episodic

storms as well as gradual revegetation. The basin locations of slope inventory sites are shown in
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Rgure 9. Location map of sites used for the slope erosion inventory. T = tractor-yarded sites;
C =cable-yarded sites. Site numbers correspond to slope inventory locations in Table 13.
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and is calculated by an equation designed to evaluate R in the western United States

lWischmeier and Smith, 19781:

R = 27.38 p2.17 (4)

where P is the 2-year, 6-hour rainfall in inches. P was calculated using data from a California

North Coast rainfall study conducted to evaluate precipitation for Grouse Creek [Goodridge,

1989]. Using a mean annual precipitation for Grouse Creek of 70 inches, calculated by the

isohyetal method [p.7S, Dunne and Leopold, 1978), and the 6-hour storm recurrence data of

Goodridge (1989), we determined that the 2-year, 6-hour rainfall is 2.40 inches (Figure 10). The

R value for Grouse Creek is therefore 182.

Factor K reflects the erodability of the soil. Soil-survey-assigned K factors were not

available for all hillslope erosion sites. We therefore averaged six K factor values from soil

surveys in Grouse Creek covering the most intensely logged areas [Howell and Smith, 1989), and

applied that average to all of the hillslope erosion sites. The average K factor, 0.22 ± 0.03,

reflects the predominance of gravelly loam soils.

The length-of-bare-slope factor, L, is

L = (y/72.6)m (5)

[Wischmeier and Smith, 1978) where y is the distance in feet from the point of origin of overland

flow to the point at which sediment is deposited or the point at which runoff enters a well-defined

channel. Variable y was measured in the field for each erosion site as the average slope

distance over which there was evidence of uninterrupted sheetwash and rilling; y ranged from 0.5

to 23 meters and decreased with the age of revegetation. For slopes greater than 6°, m=0.5 in

the above equation [Wischmeier and Smith, 1978].

The slope steepness factor, S, is a function of hillslope angle, which was measured on

each erosion site (Table 12). For slopes greater than nine percent and y less than four meters in

length,

S =3.0 sinO.8b + 0.56 (6)

[Mcisaac et aI., 1987] where b is the hillslope angle. For slopes between 9 and 30 percent
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Figure 10. The relationship of rainfall depth to recurrence interval for a 6-hour storm in the

northern California Coast Ranges in areas where the mean annual precipitation is 70 inches.
Arrow indicates the value of P, the depth of rainfall with a recurrence interval of 2 years,
used to calculate the rainfall and runoff factor R of the USLE for Grouse Creek.
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Table 12. Field data and erosion yields for slope erosion sites.

Silo Sile name Area 01 Approx. Years Slope Nelgully landslide l S C USLE 0 USlE
No. sampled year 01 since (dogrees) yield yield (length· (slope (cover erosion (mobilized erosion

plot harvest harvest to stream to stream 01 bare lactor)' manage· mlew/o sedimenl ratewilh
(hOI) (m·3tha) (m'3tha) slope)' menl)' D laclor to stream)' D faclor

(llhalyr) (llhalyr)

TRACTOR·YARDED HARVEST UNITS
Tl GrouseMtn 0.85 1987 2 30 21 0 0.795 5.92 0.0690 29.150 0.99 28.850
T2 Grouse lookout 4.76 1987 2 22 0 0 0.820 5.17 0.0620 23.630 0.05 1.180
T3 Whiting Ridge 7.54 1986 3 17 25 5.3 0.475 3.43 0.0390 5.690 0.20 1.140
14 Ammon Ridge 3.54 1986 3 29 0 0 0.300 2.24 0.0210 1.267 0.01 0.013
T5 Greenwood 1.85 19B4 '5 23 82 8.1 0.820 4.61 0.0700 23.740 0.50 11.870
16 1600 Road 6.00 1984 5 27 0.9 0 0.638 5.37 0.0200 6.140 0.24 1.480
T7 Mid Cow 2.82 1974 15 26 122 0 0.590 5.25 0.0029 0.B07 0.34 0.274
T8 Upper Cow 6.05 1970 19 25 40 0 0.36B 2.07 0.0064 0.437 0.05 0.022
T9 BlueGeo 10.05 1968 21 21 209 3.8 1.1BO 4.22 0.0120 5.360 0.80 4.290
Tl0 WhiteOak 0.73 1965 24 25 0 0 0.260 2.07 0.0070 0.33B 0,02 0.007

TIl Upper Bear 3.75 1959 30 17 0.49 0 0.301 1.68 0.0110 0.499 0,01 0.005

CABLE-YARDED HARVEST UNITS
Cl Powerfine 1.97 1987 2 33 0 0 0.475 6.46 0.0200 5.520 0.01 0.055

A C2 Grouse south 4.92 1987 2 31 9.3 0 0.475 6.20 0.0750 19.500 0.10 1.950
U1 C3 Grouse north 4.64 1987 2 31 0 0 0.823 6.10 0.0510 22.9BO 0.01 0.230

C4 Headwaters 3.06 1985 4 29 0 0 0.425 2.24 0.0380 3.250 0.15 0.487

C5 CowCrRidge 2.34 1986 3 35 0 0 0.165 0.24 0.0090 0.314 0.01 0.003

C5 Hot burn 1.56 1984 5 32 0 0 0.523 6.2B 0.0240 7.0BO 0.25 1.770

C7 Above cabin 2.90 1984 5 35 0 0 0.5B2 6.81 0.0100 3.560 0.01 0.036

C8 Upper Mosq. 1 1.98 1973 16 27 0 0 0.150 2.15 0.0020 0.058 0.01 0.001

C9 Upper Mosq. 2 1.98 1964 25 27 0 0 0.150 2.15 0.0020 0.058 0,01 0.001

Cl0 Sugarloal 2.93 1964 25 32 a 0 0.213 2.37 0.0020 0.091 0.01 0.001

PRAIRIE AND GRASS-OAK WOODlAND
Gl Big Opening 23.80 NA NA 28 4.7 11.3 0.301 2.20 0.0067 0.399 0.05 0.020

OLD GROWTH FOREST
Fl Above conn. 3.70 NA NA 35 0 0 0.213 2.48 2 E-06 1 E·Q4 0.01 1 E-06

dimensionless



figures for untilled soils in Dissmeyer and Foster [1984].

The cover-management factor, C, uses nine subfactors: (1) amount of bare soil, or

The P factor [Wischmeier and Smith, 1978] is used on agricultural sites to evaluate runoff

reduction from contour tiflage. Forest-site preparation by disking is similar to tillage but judged
o

conversely, ground cover, (2) canopy, (3) soil reconsolidation, (4) high organic content, (5) fine

roots, (6) residual binding effect, (7) onsite storage, (8) steps, and (9) contour tillage [Dissmeyer

and Foster, 1984]. Contour tillage is also the P factor of the USLE (equation 3), but for forest

lands it is combined with the cover-management factor (see below). Values for subfactors 1-8 in

Grouse Creek were derived from field observations, published soil surveys, and from tables and

(7)S =(12± 7)sin{b) - 0.08

steepness (S-17°) and y greater than four meters in length.

[Mcisaac et aL, 1987].
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less effective [Dissmeyer and Foster, 1984]. Disking is not practiced in Grouse Creek, so P is

I
assigned a value of 1.0 in all calculations.

Factor 0 is the fraction of sediment mobilized by sheetwash or rilling that enters a stream

channel. A similar modification of the USLE has been applied by other investigators [Williams

and Berndt, 1972; Holberger and Truett. 1976; Dissmeyer and Foster, 1981). 0 was estimated
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i
\
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on each slope erosion site by asse~sing the interconnectedness of bare areas and whether the

bare areas drain directly to a stream. D is unity w~ere bare areas at a site drain directly to a

stream. If sediment delivery to streams appeared minimal, only one percent of mobilized

sediment was assumed to enter a stream system each year (0=0.01) (Table 12). Values of 0

ranged from 0.01 to 0.34, with the exception of one 1987 tractor-yarded site where D:=0.99 (Table

12). A high value of D indicates there was a gully system conveying sediment to the stream.

Soil yields from sheetwash and rilling for all logged sites over the duration of the budget

period were calculated using the relation of yield versus time since logging (Figure 11) in

conjunction with the logging history (Table 2). Table 13 shows these yields for different areas at

different times in the budget period. All areas logged within an aerial photograph interval were
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Rgure 11. Semi-log plot of hillslope erosion sediment yields (m3/ha) as a function of time since
logging for two harvest methods.' "Closed circles are tractor-harvest units. Open squares
are cable-yarded harvest units. Lines represent the best fit for the decrease in sediment
production from sheetwash and rill erosion for both tractor and cable-yarded units.
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Table 13. Time distribulion 01 Mislope erosion (tonnes) by yarding mOlhod.

HK1ar•• 10SI IOS2 1063 1064 lOSS lOSS IOS7 1068 IOSO 1070 1071 Ion 1073 1074 1075 107S 1071 Ion 1070 IOSO loal loa2 10&3 10M loa5 loa8 Ion 10M 1080
,.clJotd tor

TrldD<C1II HodatH ,..onry 19o(I)- 2 3 5 ' 1 g 10 II 12 13 14 15 IS 17 II 10 20 21 22 2J 24 25 211 27 28 20 Totall

1060 OS3 2,271 1,000 I,saS 5,761
S51 I,te2 087 823 sa7 57J 47' 300 JJ3 271 232 104 In 135 113 04 78 as 55 48 38 32 28 22 IS 15 n 7,011

1068 1,150 2,750 2,205 1,015 I,5OS 1,334 1,113 020 715 JoI7 540 451 378 314 2112 210 112 152 127 lOS 88 74 82 51 43 38 3D 18,46a
1070 700 1,805 1,414 1,180 085 822 sas 573 478 300 3J3 278 232 10] 181 135 112 04 78 65 55 48 \0,01'
1072 248 sao 402 410 342 215 238 100 188 130 liS 07 SI 87 5S H 30 3J 27 3,422
1075 508 1,440 1,200 1,000 642 703 sal 4ao 400 341 2S5 237 7,560

581 -1&3 153 12a 107 SID
ID80 271 sal 551 450 384 320 2117 223 \86 \55 130 108 3.447

1082 \02 243 203 160 141 lIa oa 82 1,DS6
40 3] 33

\oas 235 5S1 46a 30t 328 272 2,Ola
10M 352 842 702 1,544

TOlaII 2.271 1.000 1,511 3,032 3,211 2,731 2,215 1,007 3,281 2,743 2,280 2.400 2,081 1,14 I 2,002 2.421 2.021 1,811 2.088 1.121 1,«0 1,445 1,201 1,001 1.401 1.154 P63 1.648 1,337 58,078

,,"I~"'tod

CallI. cul hocWH lor r...""Y

1060 0' 0 0
1068 2J.4 51 44 34 21 20 IS 12 g 1 5 4 3 2 2 I I I I 0 0 0 0 0 0 0 240

1070 102 41 3S 21 22 17 13 10 1 1 4 3 3 2 I I I 1 0 0 0 204
1072 137 34 21 20 15 12 0 1 5 4 132

121 3 2 2 I I 1 I 0 0 II
\075 sa 16 13 \0 1 4 3 3 2 2 1 I I I 0 50
1080 82 20 15 12 0 7 5 4 ] 2 2 I a2

& 1082 113 28 21 IS 13 10 7 S 4 IDS
lOas 141 35 27 21 16 12 110

10M 203 so 38 al

TOlaIa 0 0 0 51 44 34 21 20 13 48 31 12 48 31 45 34 21 20 3S 21 21 44 34 21 55 42 32 75 5& 1.D52

ToIaI 80,021

Roads are subtraded by redudng measured areas by the average oC 3'Y.
Logged units thai are rlHln(ored Ble re-sello erosion rale al year 1

Tradot yarded erosion yield rale (Vhelyr): 2.e641°eA(~.1eOe7°age d cut x)
Cable yarded eroison yield rare (Vha/yr)= .32176°e"(-O.26362°age 01 ctA xl
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assumed to be logged during the middle of that interval. Roaded areas were excluded by

subtracting three percent of the logged area because road erosion is accounted for as a separate

component of the budget.

The USLE erosion rate calculated for the grass-oak woodlands (Table 12) was multiplied

by the length of the budget period and the area to obtain the sediment production total of 122

tonnes (Table 4).

Sediment production from hillslope erosion in old growth forest is essentially zero (Table

14). The cover management factor C in the USLE calculation is small (2.1 x 1O~) because of the

lack of bare soil, and the D factor is minimal. The only bare ground on hillslopes found in the old

growth were discontinuous networks of game trails.

GullyinO - Gullying is a significant erosion process on most tractor-yarded slopes

because water is concentrated by skid roads. It is much less common on cable-yarded slopes

and on grass and oak woodlands. The majority of gullies are associated with tractor yarding. No

gullies occur within the old-growth forest.

Gullies are bare-walled channels that are at least 0.01 m2 in cross-sectional area.

Sediment yields from gullies were calculated from gully measurements on each slope erosion site

(Table 12). ReId work consisted of measuring cross-sectional areas and lengths of all gullies on

the site, and assessing t~:> f~3ction of sediment mobilized by gullies that was delivered to a

stream system. Total gully volumes were divided by the area of the site and the fraction of

stream delivery to calculate a unit yield.

Total sediment yield from gullying on lands logged between 1959 and 1987 ranges from

oto 209 m3/ha. Because gullying does not occur on all sites, there is not a clear correlation of
.

cumulative gully yield with time (Figure 12). For this reason, gully erosion volumes were

calculated as a fixed yield per hectare rather than assuming gully yield is dependent on time

since logging. Cable-yarded sites were assigned a gully yield of 9.3 m3/ha, which was applied to

10 percent of the total cable-yarded areas to reflect that portion of the sample with gullying.

Gully yields from tractor-yarded sites were first ranked, then stratified by order of
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Table 14. Hillslope erosion from old-growth forest.

•

Aerial photo interval

1960-1966
1966-1970
1970-1972
1972-1975
1975-1980
1980-1982
1982-1985
1985-1988
1988-1989

Total

• erosion rate is 1E-6 VhaJyr

Area
(ha)

13,334
11,970
11,024
10,627
9,926
9,560
9,335
8,995
8,495

50

Total
(tonnes)*

0.080
0.048
0.022
0.032
0.050
0.019
0.028
0.027
0.008

0.314
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magnitude. The yield in each magnitude class was then averaged, and the class averages were

weighted in proportion to the percentage of the tractor-yarded sites in each range to produce a

weighted average yield of 45.6 m3/ha (Table 15). The weighted average yield was applied to the

total of all tractor-yarded areas. The sediment produced from all gullying is listed in Table 16.

Road areas were not removed from the calculations for hillslope gullying. Gullies in

roads are part of the gully network on the hillslope, so were included in the slope erosion surveys.

Mid-slope landsliding - Landsliding in Grouse Creek is infrequent on mid-slope locations

not associated with roads, stream crossings, or other processes already inventoried. Sediment

production from mid-slope landsliding was estimated from the slope surveys. No landslides were

observed on cable-yarded sites and only 3 out of 11 tractor-yarded sites had landslides (Table

12). Based on the slope surveys, the average landslide yield of 5.7 m3/ha (Table 12) was applied

to 27 percent of all tractor-yarded areas to reflect that portion of sampled sites with landsliding

(Table 16).

Both gullying and mid-slope landsliding contribute sediment from the entire soil column.

An average soil density was computed from lab analyses of soils in the area [Howell and Smith,

1989]. Gully and mid-slope landslide erosion volumes were converted to tonnes using a density

of 1.3 Um3 (Table 16).

Hjllslope erosion discussion. Gullying accounts for 80 percent of all sediment from

hillslope erosion processes and is mainly generated from tractor-yarded slopes. Sheetwash and

rill erosion contribute approximately 17 percent and mid-slope landsliding approximately 3

percent of the total.

Sediment production by sheetwash and rilling from logged sites spans six orders of

magnitude (Figure 11). This range reflects variability in sediment production as aconsequence

of different site conditions. The production estimates are also subject to error if factors are

improperly evaluated.

The D factor spans 1.5 to 2 orders of magnitude (Rgure 13) and accounts for most of the

variability in sediment production. The D factor is the most dependent on site conditions. which
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Table15. Gully yield rates applied by percentage from sample sites.

Weighted yield,
adjusted for % of

Order-of- Percent of Average yield total number of
magnitude field measure- within order- samples (n=11)

class interval ment within of-magnitude within class interval

class interval class (m3/ha) (m3/ha)

< 0.1 27.3 0 0
0.1 - 1.0 18.2 0.695 0.13

1.0 - 10 0 0 0
10- 100 36.4 42 15.29

100 - 1000 18.2 166 30.21

Total 45.63
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Table 16. Total sediment yield from hillslope erosion.

Yield Yield
Erosion process (mA3) (tonnes)

Sheetwash and rilling * 60.028 60,028
Gullying· tractor ** 208,164 270.613
Gullying· cable .. 1,109 1,442
Mid-slope landslides ** 6.928 9.007

Total 276,229 341,090

• conversion factor of 1.0 Vm A3 used (avg. density of upper soil layer)
•• conversion 1actor 011.3 tJm"3 used (avg. density of entire soil column)

"
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Figure 13. Variation in the value of the sediment delivery factor (0) as a function of time since
logging for tractor-yarded sites (closed circles) and cable-yarded s~es (open squares).
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vary considerably as a function of slope stability, yarding methods, and land ownership. Land C

factors each span about one order of magnitude (Table 12; Figures 14 and 15) and generally

decrease with time since logging. Errors in L, C, and 0 could alter the relative magnitude of

erosion among sites with different inherent site characteristics, management, and storm histories.

Factor S depends on measurements of slope and is subject to small errors.

Factors R, K, and P are constants in the calculations, and therefore do not contribute to

the range of sediment production.. Uncertainty in R is likely to be less than a factor of two on the

basis of an evaluation of R for the low and high ends of Grouse Creek precipitation isohyets (50

inches and 90 inches). Uncertainty in K is minimal because of the small differences in K values

for Grouse Creek soils. Any errors in assigning values to Rand K would affect all erosion rates

uniformly. P is assigned a value of unity because no tillage occurs on Grouse Creek sites.

The following conclusions with regards to 1ractor-yarded sites are based mainly on

sampling tractor-yarded clear cuts and not tractor-yarded partial cuts. However, limited sampling

of tractor-yarded partial cuts (two sites) suggests that if geologic and topographic characteristics

are similar, sediment yields from the partial-cut sites are similar to those from the clear-cut sites.

Sediment yield from cable-yarded partial cuts is indistinquishable from sediment yield from cable­

yarded clear cuts.

Sediment yield from sheetwash and rilling is most significant directly following logging

and exponentially decreases with time (Figure 11; :Table 12). Sediment yield also varies with

type of logging. Because less bare ground is exposed by cable-yarding methods than by tractor

yarding, sediment production from sheetwash and rilling after logging on cable-yarded slopes is

much less (over an order of magnitude) than on tractor-yarded slopes (Rgure 11). However,

tractor-yarded cuts show the same rate of decreasing sediment yield as cable-yarded sites

(Figure 11). This exponential decrease is primarily a function of decrease in the Cofactor with

time (Table 12).

Two tractor-yarded sites that are unrepresentative exert an influence on the relationship

of sediment yield to age of logged slope (Figure 16). The Ammon Ridge site is a recently logged,
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tractor-yarded partial cut with a very low rate of sediment production (Table 12). The Blue Goo

site is an older logged slope with a high rate of sediment production (Table 12). Though

measurements on these sites accurately reflect the local conditions, these sites are not

representative of the erosional status of a tractor-yarded slope 3 and 21 years, respectively, after

timber harvest. If these sites are eliminated, the best-fit relationship suggests erosion rates

immediately following logging are a little more than a half order of magnitude greater but that

erosion rates in the second and third decades following logging are less (Figure 16).

Recalculating total sheetwash and rill erosion yields without these sites predicts twice as much

sediment production from sheetwash and rilling of logged slopes. Relative to the sediment

budget as a whole. however. these differences are minor and change the sediment contribution

from sheetwash and rilling from one to two percent.

Total erosion on logged slopes in Grouse Creek is approximately 48 m3/ha as compared

to 19 m3/ha from a recent study of logged slopes in the northern California Coast Ranges [Lewis

and Rice, 1989]. The difference in erosion values reflects differences in logging practices and

storm events between the two studies. The Lewis and Rice study included 357 sites logged

during the one-year period of 1978-1979. a peak period of logging activity that provided a large

study population. In contrast to most of the logging activity in Grouse Creek. timber harvesting of

the 1978-1979 study sites complied with current California Forest Practice Regulations and

occurred during a period without major storm activity. In addition, erosion values from the 1978-

1979 study sites ranged from 0 m3/ha on 40 percent of the sites to 1,270 m3/ha on less than one

percent of the sites. indicating that a minor portion of sites are producing the majority of

sediment. Due to the unstable geology, Grouse Creek may contain a higher percentage of the

high-erosion-yield sites than the large sample.

Boad-related Erosion

Erosion from roads is a persistent source of sediment in logged basins [Reid and Dunne.

1984] because mobilization of fine-grained road-suMace and cutbank sediments is not dependent

"
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on major storm events. Processes included in road-related erosion are sheetwash and rill

erosion from road surfaces; sheetwash, ravel, and rilling from road cutbanks; and failure of road

fills at stream crossings. Although road-related erosion contributes the smallest percentage to

the sediment production in Grouse Creek (Table 4), sediment introduced to streams from road

surfaces and cutbanks is generally finer than 2 mm [Duncan et aI., 1987; Reid, personal

communication, 1989]. WhlCIl IS tna size fraction of sediment most harmful to fish and water

quality [Cederholm et aI., 1981].

Erosion from road surfaces. Erosion from road surfaces is extremely sensitive to traffic

levels [Reid, 1981]. In the Clearwater basin on the Olympic Peninsula in Washington, Reid

[1981] used precipitation records and measurements of runoff and sediment concentration from

road segments to establish a relationship between road-surface sediment yield and road use. To

estimate erosion from road surfaces, we applied data of Reid and Dunne [1984] to three

categories of roads: moderate-use. light-use, and abandoned roads. Moderate-use roads carry

one to four log trucks a day ciunng the logging season, which in Grouse Creek is the dry, summer

season. Light-use roads are traveled by cars and pickup trucks. Abandoned roads are

unmaintained and most often are closed to traffic.

Even though haul-road traffic may be heavier than four trucks per day, the heavy-use

road category of Reid and Dunne [1984] was not used for Grouse Creek because current

California forest practices legislation discourages hauling during rainy periods. The moderate­

use road category most apprcp;;;:'''''/ reflects conditions during hauling in Grouse Creek.

Three adjustment factors were employed prior to applying Clearwater basin road-surface­

sediment-yield rates to Grouse Creek. First, to account for the difference in precipitation,

sediment yield rates were multiplied by 0.76, which is the ratio of the Grouse Creek R factor {see

hillslope erosion section) to the Clearwater R factor [Reid, 1981]. R-factor differences better

reflect differences in the erosion potential of rainfall between two basins than differences in mean

annual precipitation, Second, average road width in Grouse Creek is 1,3 times the average width

of Clearwater roads (5.2 meters vs 4.0 meters). Third, the fraction of Grouse Creek road culverts
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and waterbars contributing flow directly to streams (as determined from road surveys (Table 17))

is 0.32 times the direct sediment delivery for Clearwater roads.

Total sediment production from road-surface erosion was calculated'using the adjusted

road-surface yields (Table 18) and the length of road in each road-use category (Table 3) for

each year during the bUdget period (Table 19). All sediment introduced into the stream channels

from road surface erosion is assumed to be 2 mm or finer [Duncan et aI., 1987; Reid, personal

communication, 1989].

Sediment production from road cutbanks. Sediment production from road cutbanks was

determined from road surveys. Road segments in the surveys represent different ages, uses,

slope positions and locations in the basin. Road and cutbank properties were recorded every 0.1

mile by vehicle or every 50 paces by foot. Fourteen road segments were sampled (Table 17).

Road cutbanks are divided into an upper cut face and a debris apron that accumulates at

the base of the cut face (Rgure 17). The net erosion of cutbanks is the difference between the

amount of material eroded from the cutface and the amount stored in the debris apron. The

volume of eroded material available for fluvial transport from the road surface or ditches is the

fraction of net eroded material that is 2 mm or finer.

Depth of erosion was determined by measuring cutbank retreat perpendicular to the cut

face. Overhanging soil and root masses or the depth of exposed roots provided depth estimates.

Slope and distance of the cut face and the debris f1!antle was measured. The fine fraction of the

cut face and debris apron « 2mm) wasvisuaUy estimated using grain-size density cards.

Rgure 17 shows the simplified geometry assumed in calculating the sediment lost from

cutbanks. A factor of 0.71 accounts ,or the reduction in density of the material eroded from the

cut face and redeposited in the debris apron [Reid, 1981]. Unit areas of erosion were converted

to volumes of erosion by using a unit meter road length. Sediment delivery rates were computed

by mU~iplying unit volumes by the fraction of the runoff that drains to a stream. and dividing this

product by the age of the road (Table 17). The final rate was converted to units of mass using a

density of 1 g/cm3 [Reid, 1981].
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Table 18. Unit sediment yields (t/kmlyr) for three different road-use
types and two diHerent types of road-related erosion.

5TH

Type of
erosion

Road surfaces •
Adjusted road surfaces ••

Cutbanks

Type of road use

Moderate Light Abandoned
use use roads

roads roads

42.0 3.80 0.51
13.4 1.22 0.16

7.6 7.6 7.6

• unit sediment yield for road surfaces from Reid and Dunne(1984)
•• Grouse Creek adjustment factors:

R 1actor ratio =.76
road width ratio factor = 1.3
road surface drainage to streams =.32

Total adjustment factor =(.76)(1.3)(.32) =.32
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Table 19. Sedimenl produclion (Ionnes) lor road-relaled erosion, separaled by road use and source 01 sediment.

Sediment source 1960 1961·1966 1967-1970 1971-1972 1973-1975 1976·1980 1982·1982 1983·1985 1986-1988 TOTAL

MODERATE USE ROADS
Road-surface sediment yield 666 10,195 6,732 2,881 4,422 7,531 2,155 3,638 4,667 42,887
Cutbank sediment yield 378 5,782 3,818 1,634 2,508 4,271 1,222 2,063 2,647 24,324

LIGHT USE ROADS
Road-surface sediment yield 4 73 188 152 283 448 224 318 311 2,001
Cutbank sediment yield 24 456 1,170 947 1,763 2,789 1,395 1,981 1,938 12,464

en ABANDONED ROADS
U1 Road-surface sediment yield 0 2 14 10 22 55 29 47 44 224

Cutbank sediment yield 0 105 681 492 1,058 2,596 1,389 2,203 2,114 10,637

TOTAL 1,072 16,613 12,604 6,117 10,055 17,689 6,415 10,250 11,721 92,535



Overhanging soil
and root mass

Depth of erosion, e

Angle B=sJope of cut face· A .

Road surface

Angle A=slope of debris apron

Erosion Area E =e(d+a)
Distance a = clsin C(sin A)
Debris apron area D =1/2 ac(sin B)
Net erosion = E • D(.71)

Fine fraction of net erosion =E(fraction of cut face fines) •

D(fraction of debris apron fines)(.71)

Figure 17. Cross-section diagram of a road cutbank showing the variables used to compute
cutbank sediment yield.
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Cutbank erosion rates for individual road segments are variable (Table 17). High erosion

rates in some segments were due to cutbank slides. Erosion rates also vary with road age.

Grouse Creek cutbank erosion rates trend from 0.8 cmlyr on a five-year-old cut to 0.2 cmlyr on

30-year-old cuts. A similar relation occurs in western Oregon where cutbank erosion rates vary

from 2.1 cmlyr on one-year-old cuts to 0.58-1.12 cmlyr on five-year-old untreated cutbanks

[Dyrness, 1970].

Although a trend in the rate of cutbank retreat with age of the road exists, it is not

reflected in the final sediment yield rates. Sampled road segments in Grouse Creek show no

systematic variation in cutbank yield rate among road use, age, or cutbank height. Therefore we

assigned an average unit yield rate from all sampled road segments of 7.6 t km-1 yr' . Cutbank

sediment production was calculated by multiplying the average annual sediment yield rate by th~

length of roads in each year (Table 3). Sediment production totals are summarized in Table 19.

A number of factors contribute to the yield-rate variability among road segments and

include cutbank height, percentage of road length with inboard ditches, varying road construction

and maintenance standards, and, most importantly, the proportion of road drainage to streams.

The position of the road on the slope also effects cutbank sedir:nent yield, as roads high on

slopes or ridges will have fewer cut banks.

On the average, debris aprons cover 44 percent of the original cut-face areas. The

fraction of the cut face covered by debris aprons showed no correlation with cutbank heights or

slopes of the cut face.

Failure of road filts at stream crossings. A significant process by which roads deliver

sediment to streams is through failure or gullying of earthen fill where roads cross stream

channels. U.S. Forest Service personnel visited approximately 85 percent of all logging-road

stream crossings in the Grouse Creek basin in the summer of 1989. In the course of evaluating

the status of each crossing, they estimated the volume of crossing fill material that had entered

the stream channel by either mass failure or gullying. These estimates are presented in Table

20.
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Table 20. Sediment production by mass movement and gullying of road fills at stream
crossings.

Sub-basin Area Number of Sediment Unit sediment
(ha) failed road production production

crossings (m"3) (m"3/ha)

Lower Grouse 1,515 1 14 0.01
'I BearCr 1,744 24 11,717 6.72

Lower mid Grouse 1,088 20 8,809 8.10
Mosquito Cr 3,880 6 767 0.20
Upper mid Grouse 1,038 17 2,892 2.79
Cow Cr 1,382 4 314 0.23
White Oak Cr 1,074 3 353 0.33
Upper Grouse 2,934 7 256 0.09

Total 14,655 82 25,122
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Estimates of sediment production from stream crossings (Table 20) are conservative

because evidence of earlier stream-erossing erosion was obliterated by subsequent road

reconstruction at many places. At several locations, two generations of culvert buried in the road

fill allowed estimates of sediment production from more than one crossing failure at a single site.

Estimates of sediment production due to stream crossing erosion are probably underestimated by

a factor of two or more.

Road systems in some drainage sub-basins have acomparatively high volume of

sediment production from stream crossings (Table 20). In the Bear Creek area and the lower

portion of the middle Grouse area (Figure 3), where relatively high densities of abandoned roads

are present, sediment production from stream crossings is one to two orders of magnitude

greater than from other drainage sub-basins.

Road-related eros jon discussion. Only 32 percent of culverts and waterbars drain

directly to streams (Table 17). The low percentage of roads with direct drainage is probably a

recent condition reflecting the current emphasis on construction of waterbars on less-traveled

roads. With waterbars spaced more closely together, much of the water and sediment from

roads is deflected onto side slopes and the forest floor. Though it would be difficult to estimate

road drainage to streams under past maintenance practices. the overall road-surface and

cutbank sediment production for the budget period is likely to be underestimated because of

these changes. However, even if road-related erosion was doubled by assuming more road-

crossing failures and a higher percentage of road drainage to streams, road-related erosion

would still only account for 3.7 percent of total sediment production.

Berms are created on the outside of roads during regrading of the road surface. A large

percentage of Grouse Creek basin roads are outsloped. and the berms effectively concentrate

runoff on the road surfaces and defeat the purpose of outsloping the roads. Forty-eight percent

of sampled roads in the basin are outsloped. 27 percent are level, and 25 percent are insloped.

Forty-six percent of the outsloped roads have an outside berm. The lowest sediment delivery
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rate from cutbanks comes from a sampled road segment for which 91% of the surface is

outsloped and there are no inboard ditches or outside berms.

Sediment Storage

Sediment storage is the amount of change in storage of sediment in the stream channel

of Grouse Creek during the budget period. "sediment is removed from gravel bars and the

stream bed at the same rate it is replaced, there is no net change. The large volume of sediment

deposited in Grouse Creek channels between 1960 and 1975 exceeded the capacity of the

stream to transport" out of the basin, and a net increase in stored sediment occurred.

Measurements from sample reaches and from aerial photographs were used to evaluate change

in sediment storage.

The relative stability of stored sediment was evaluated in the field or on aerial

photographs using the storage classification of Madej [1984] (Figure 18). Active sediment

(Figure 18) is transported during moderate flood flows with a one-to-five year recurrence interval.

Depos"s are unvegetated and generally of low relief. Semi-active sediment (Figure 18) is

mobilized during higher, 5-t0-20 year flood flows, and is covered with shrubs or young trees.

Inactive sediment (Figure 18) is mobilized by floods of recurrence intervals between 20 and 100

years. Inactive sediment consists of coarse lag deposits, three-to-five-meter-high gravel berms,

or material stored in log jams. Stable sediment (Figure 18) has not been mobilized historically

and, in Grouse Creek, is vegetated with stands of old-growth Douglas fir and oak.

In Grouse Creek, semi-active and inactive sediment dominate post-1960 additions to

storage. Grouse Creek aggraded in response to the 1964 flood, and the creek subsequently

incised into these flood deposits. The remains of these deposits, which are inactive sediment,

are easily identified on aerial photographs and in the fjeld.

Sediment storage was measured by field survey for select~d reaches of fifth and sixth­

order channels of Grouse Creek (Table 21). Storage volumes were measured with a Jacob's

staff, rangefinder, or by pacing. Where flood deposits covered pre-existing flood terraces, only
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Figure 18. Cartoon of stream cross-section showing channel sediment storage classification of
Madej [1984].
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Table 21. Summaryof field measuremerits of:Change~ Ir{ sediiTlent storag~.

"

Reach, Sedimenl in Sodimonlln Sedimonl in Totil Unir Unil Total
longth semi-Dclivo Inactivo wedgos bohind storago semi-aelivo Inaelivo ,unil

(m) : storagq 'slorago dobrlsdams ' (mA 3) storago storago storago
'~.':

" ' (m"3), (mii3) (m"3) (m"3/m) (m"3lm) (m"3lm)

. !
(" 0'", '

"
(. Grouse Creek downstream 6, 1,200' 4,302 52,642 56,944 3.6 43.9 47.5....

from Mosquito Creek
" :1_ ..,. ......

,':i~~t" Mosquilo Creek below 6 214
'\ ,.,

1,343 3,753c 5,096 6.3 17.5 23.8-,,,0

slide 3056""

\,:
'2,877;'"TGrouse cr,eek upstream from 5 ,970 12,658 15,535 3.0 13.1 16.0

, Mo'squilo,c;reek '

';,',Grollse Creek downstream
"

-,
5 '1,108 .. ' 3,647 1,922 5,569 3.3 1.7 5.0

,:' from Cow Creek
.~{.

!

;,1 Grouse Creek betWeen Cow
\ ,

5 2,166
~,-;>,;.

4,647 4,012 12,260 2;2.. ,3,600 1.9 4.0
'::;'& White Oak creeks

) Grouse Creek between Carsori~ 4 832 '''233 0.3 0.3
,;::'.;. ,Brays 9Pening creeks· !)

'>:\~"'_:~" . ": ',-', -;:. .',', ..
',: • inlormalsurveys done whOe mapping landslides
" all slorags'compartmenls may not be measured



the veneer of post-1964 sediment was measured. These deposits were identified by buried

stands of trees remaining on the aggraded surfaces. The volumes of the large deposits in the

lower Grouse Creek channel were measured on aerial photographs. Depth was estimated from

field reconnaissance.

For fourth-order C~?~·H"P.!<::. we assigned a change-in-storage volume to all reaches (Table

22) based on field observations (Table 21), gradient, width and condition of channel through time,

and decreasing storage capacity in the lower-order streams. No storage was assigned to 5 of 12

fourth-order streams with gradients of 0.13 and higher and little evidence of channel disturbance.

Residence times of sediment in first through third-order streams are assumed to be short

because of the steep gradients characteristic of these channels. Although logging activities

increase sediment storage in lower-order streams. the effect is temporary. Data collected in

Grouse Creek [J. McHugh, written communication, 1990] show an increase of 0.49 m3/m in

storage between a first-order stream in old growth and that same stream in a recently-logged

unit.. In Grouse Creek, the area of recently-logged land in 1960 is approximately equal to the

area of recently-logged land II. 'g, and any temporary increase in sediment storage in lower-

order streams due to logging activity should balance during the budget period.

Total storage volumes and methods of measurement by stream order are summarized in

Table 23. The change in storage during the budget period is 1,121,000 m3. Using an average

density of 1.8 Vm3 for water-deposited sediments [Gottschalk, 1964], sediment storage has

increased by approximatelv 2 01 ';' t"'~ :onnes (Table 23). The increase in stored sediment is

equal to 27 percent of the sediment produced during the budget period. Approximately 70

percent of measured and estimated storage compartments are inactive storage, or remnant 1964

flood deposits.

The majority of sediment from landslides in Grouse Creek was also deposited directly

into fourth through sixth-order streams. which are the same stream orders that showed significant

increases in stored sediment. Approximately 45 percent of all landslide sediment was deposited

into fifth and sixth-order channels, with 41 percent going directly into fourth-order channels.
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Table 22. Aerial photograph measured changes in sediment storage in fourth-order channels.I

I '.

I Channel Average Length Relative Sediment
gradient (m) disturbance storage estimate

, level· (m"3)

,I
I

Upper Grouse 0.04 12,252I 4,084 moderate

)
(reach 2)

Bear Creek 0.08 3,901 severe 110,500
White Oak 0.10 670 moderate 1,005

i Cow Creek 0.11 2,268 moderate-severe 13,177

I Brays Opening 0.13 1,768 minor 0
Spike Buck 0.13 1,950 minor-moderate 0
Greenwood 0.15 1,280 severe 1,472

'I
Upper Grouse 0.16 610 minor 0

(reach 1)
Last Chance 0.17 1,950 severe 8,506
Sims 0.19 2,377 minor-none 0

'I Devil's Canyon 0.27 914 moderate-severe 0

1
• disturbance level: minor - no debris flows, little if none vegetative disturbance

moderate· debris flow track evident, storage dependent on
gradient & measurable storage compartments

severe· extensive vegetative disturbance, storage dependent
gradient & measurable storage compartments

•• no measured storage, no recent sliding

,I
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Table 23. Methods of measurement changes in channel·stored sediment (6S), classified by order of channel.

Stream order

First

Second

Third

Fourth

Fifth

Sixth

Measurement procedure

Assume 6s = 0 •

Assume 6s =0 •

Assume 6s = 0 •

Reconnaissance field measurement (see Table 21)
in conjunction with aerial photograph measurements.
Assume 6S= 0 for 5 of 12 streams with hi"gh gradient
and/or negligible impact from management.

Storage measured along 36% of streams. The calculated
storage per unit length was applied to remaining 64%.

Storage field measured for a 1200 m lenth of channel
below Mosquito Creek (Table 21), aerial photograph
measurements of storage along 3,060 m of stream, and
calculated storage per unit length applied to remaining
4,744m.

Total

Equivalent in tonnes··

Total change in
storage volume

(m"3)

o

o

o

147,000

118,000

856,000

1,121,000

2,018,000

6s assumed to be negligible in lower·order streams because the steep gradients and wide discharge
ranges result in short sediment residence time. Any actual values of 6s would be small compared to
higher order channels.
Average density of water-deposited sediments is 1.8 t1m3 (Gottschalk, 1964).
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An inability to assess the change in the amount of sediment stored in wedges behind

debris dams is a source of error for the storage component. Although the scale and resolution of

the 1960 aerial photographs are excellent. the dense streamside canopy in most channel reaches

precluded the mapping of debris dams as of 1960. In the 1989 channel survey of fourth, fifth,

and sixth-order streams. only three debris dams were mapped in the upstream reaches of the

fifth-order stream (Table 21). Debris dams do not persist where valley widths are greater. The

change in sediment storage behind small debris dams in the lower-order streams will be minor

compared to the additional sediment stored in flood deposits in the higher-order streams with few

debris dams.

Sediment Discharge

Sediment discharge cannot be measured directly because the Grouse Creek basin is

ungaged. Sediment discharge is therefore calculated as the difference between the.total

sediment production (I) and the change in sediment storage (6S) (equation 1). Subtracting the

estimated amount of additional stored .sediment from the sediment produced in the last 29 years

yields a sediment discharge of 5.409,000 tonnes for the budget period (Table 4).

An independent approximation of the sediment discharge can be calculated from

measured sediment discharges on the South Fork Trinity River upstream and downstream from

the confluence of Grouse Creek [knott. 1974]. Grouse Creek comprises 42 percent of the

drainage area for this reach of the South Fork Trinity River and is the only major tributary (Figure

19). Assuming 42 percent of the increase in sediment discharge along this reach of the South

Fork Trinity River comes from Grouse Creek. the resulting sediment discharge (3,596,000

tonnes) equals 67 percent of the sediment discharge calculated from the sediment bUdget (Table

24).

The computation of sediment discharge using data from the South Fork Trinity River is a

minimum value for sediment discharge because the effect of the 1964 flood has been averaged
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Figure 19. Map showin~ the drainage area (solid bold line) between the USGS gaging station at
Salyer and the USGS gaging station at Hyampom on the South Fork Trinity River. The
diagonal striped pattern represents the Grouse-Creek-basin portion of this drainage area.

n



__. .---....._.__,. - ....ii4""'.a..,.51-·~~r------->"""~"~-_v,._' ....~ .....
~ 1._.

Table 24. Sediment discharge dala for Soulh Fork Trinity River.

Annual Annual Total Total sediment
suspended bedload annual discharge during

Drainage sediment sediment sediment budget period
Re/ative area discharge discharge discharge (n=29 years)
river km (km2) (lonnes) (lonnes) (lonnes) (lannes)

S. Fork Trinity R. D 2,326 948,000 353;000 1,301,000
near Salyer •

S. Fork Trinity R. 26.5 1,979 741,000 265,000 1,006,000
below Hyampom •

Difference /n area and 347 207,000 88,000 295.000
....... sediment discharge(X)

between stations

G rouse Creek 16.7 147 87,000 37,000 124,000
(4~1o of difference
in sediment discharge)

Grouse Creek sediment 3,596,000
discharge using S. Fork
Trinity A. data

Sediment budget calculated 5,409,000
sediment discharge

• Data from Knott [1974].



into the 59-year period of the study. The relative contribution from Grouse Creek may also be

larger because it is the only major tributary draining the area between the two gaging stations.

DISCUSSION

The Grouse Creek sediment production rate of 1,750 tlkm2/yr is among the highest of

published and available rates for disturbed, forested watersheds in the Pacific Northwest (Table

25). Errors due to limitations in data collection discussed above all tend to underestimate

sediment production, so the actual sediment production rate may be higher. Sediment

production is concentrated during periods of major storms (Table 26), in proximity to roaded

areas, and in zones of geologic instability (Figures 6a-g), indicating that unstable geology,

logging, and frequency of major storms are the dominant controls on rates of sediment

production.

A comparison of cumulative landsliding and logging in Grouse Creek (Rgure 20) shows

an increase in landsliding out of proportion to an increase in logging at the end of 1966. The

disproportionate increase in landsliding relative to logging indicates the 1964 storm and resulting

flood are probably the major cause of landsliding during that pe'riod. However, a logging-related

component to erosion also exists for the 1964 storm and flood. A storm in 1955 produced a flood

event of slightly Jesser magnitude than the December 1964 flood [Coghlan, 1984], but produced

insignificant channel changes on 1960 aerial photographs of Grouse Creek compared to channel

changes evident in 1966 and 1970 photographs due to flooding.

The Bear Creek tributary was the most severely modified by the 1964 flood. Headwater

slopes in Bear Creek were heavily logged just prior to the flood. Although major faults parallel the

stream channel, renewed slide activity in Bear Creek is uncommon after 1966 relative to other

unstable reaches of the basin that show renewed sliding during later storm periods (Figures 6b·

g). Logging impacts are implicated as the major cause of landslide erosion in Bear Creek.
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Table 25. Sediment production rates to streams in disturbed watersheds in the Pacific Northwest.

Watershed Drainage area Years of Sediment Source
(km"2) record production

rate
(tJl<m"21yr)

Big Beef Creek 38 9 110 Madej,1982
W. Washington

Lone Tree Creek 1.74 3 903 lehra, 1981
N. California.

Armentieres Creek 4 19 1,019 • Roberts & Church, 1986
Queen Charlotte Is.

Garrett Creek 10.8 25 1,179 Best at aI., in press
N. California

Deer Creek 137 48 1,408· Eide, 1989
W. Washington

Van Duzen River 1,111 3S 1,597 Kelsey, 1980
N. California

Grouse. Creek 147 29 1,750
N. California

• Rate converted from m"3IKm"21yr using density factor of 1.8 tim/\'3
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Table 26. Sediment production (tonnes) by aerial pholograph Inlerval ~nd sedlmenl source.

Sodimont source 1960·66 % 1967·70 -to 1971·75 .'(' 1976·80 ~. 1981·85 ~. 1986·89 -to

landslides
Old growth· 3,166,188 62.1 368,767 41.9 378,155 39.2 21,960 13.0 58,037 22.4 8,299 14.1
M<lnaged lands'· 753,387 14.8 184,552 21.0 249,189 25.8 6,842 4.0 83.347 32.2 4.458 7.6
Roads ••• 639,439 12.6 195,870 22.3 189,334 19.6 85,278 50.4 49,472 19.1 739 1.3

Streambank erosion 353,151 6.9 57,861 6.6 63,348 6.6 8,978 5.3 14,964 5.8 1,047 1.8

HiIIslope erosion
logged areas

Sheetwash & rill1ng 15,850 0.3 10,378 1.2 11,746 1.2 10,065 5.9 7,089 2.6 6,463 9.0
Gullying 109,638 2.2 42,168 4.8 49,514 5.1 16,867 10.0 27,750 10.7 26,117 44.5
Mid·slope landsfiding 3,630 0.1 1,396 0.2 1,639 0.2 558 0.3 919 0.4 865 1.5

Grass and oak woodlands
()) Sheetwash & rilling 25 0.0 17 0.0 21 0.0 21 0.0 21 0.0 17 0.0...

Gullying 909 0.0 149 0.0 163 0.0 23 0.0 38 0.0 3 0.0
landslides 3,078 0.1 504 0.1 552 0.1 89 0.0 117 0.0 9 0.0

Old·growth lorest
Sheetwash & rllling 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Road erosion
Road surfaces 10,940 0.2 6,934 0.8 7,nO 0.8 8,034 4.7 6,411 2.5 5,022 8.6
Cutbank! 6,745 0.1 5,669 0.6 8,402 0.9 9,656 5.7 10,253 4.0 6,699 11.4
Filllailures 32,016 0.6 5,245 0.6 5,743 0.6 927 0.5 1,221 0.5 95 0.2

TOTALS " 5,053,891 883,164 968,105 197,686 263,292 62,363

land use classll1cations 1 and one hall 016 (see Table 5)
land use classifications 3,5, and ona hall 016 (see Table 5)
land use classillcations 2 and 4 (see Table ~)

Streambank erosion and filllallures were distributed In the same proportion 01 the lotal as landsllding.
Gullying and mid·slope landsliding were distributed In proportion to the growth 0110991n9.
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S,"':"-S':; >::-=:-: ~ :he most turbid tributary to the South Fork of the Trinity River [State of

S~;7:::;'::2. - ~-:::~_ :r:s:l;-:= the fact that Grouse Creek has one of the lowest percentages of logged

c;e=.. ':'..s~:"::-l:-c; C9;:;';; :::~actices within the rest of the South Fork Trinity basin are not

su:s:a,-:::c::'! :i:::=,=r~ ~;":,:-:i th:lse in Grouse Creek, the inherently unstable terrain and multiple

;ac::: z::~~ :'":r;;::.-::J'., ;~~mts for most of the discrepancy.

S-=d:.-e;- 7:l:::J::::::m in the basin is dominated by mass wasting, but the relative

seS:ri:sm :o~-:b..::o':".S i~:n hillslope erosion and roads increase as landsliding decreases

:Jer....esri : :-~= ~c :;~ -:-able 26). Siopewash, road surface, and cutbank erosion contribute

oniy fines, s,~ :-:e :r:J:a:'j::~ of fines in the total sediment delivery to channels during this period

A ~-:-:-C2.-S0:-: :JT e~osion rates calculated by land use (Table 27) indicates that roads and

lancs:ides c;:-~:::~, ~:ed with roads contribute the greatest amount of erosion per unit area.

::rosion ra:=s :-:I-I~~;S-: areas are one to six times those rates on unmanaged land, and

erosion races ~-7 -=..=:5 are 20 to 140 times the erosion rates in the unmanaged areas. Erosion

rates for an t-:;;.: :G:e;-:>ri:?s decrease dramatically after 1975. As illustrated in Figures Sa-g,

sediment pr:::e..::2': ::-::,:n bgged and roaded areas can increase the amount of streamside

landsfiding i:'1 d:J'...~~~am, unmanaged areas.

An a::::::c.-:.:.: :on:ribution to the suspended-sediment load in streams comes from the

attrition of ~:"1b=s :i:~wIQ fiuvial transport and storage. Fluvial attrition for Grouse Creek is

estimated fro:n t'l-; s::c;:nent production and discharge components of the sediment budget.

From the South ;:~.:'\ ":"rinity River sediment discharge data (Table 24) [Knott, 1974], we estimate

that 30 percent o~ s:?:;'''j)ent discharged from the Grouse Creek basin is bedload-size particles

(> 2 mm). The pro:o..i:Jn of bedload-size particles estimated for the sediment production

component is S1 p-:r.:eilt (Table 4). The difference between the bedload proportion of the

production and dis:ha:-ge components suggests that roughly 50 percent of bedload-size particles

introduced into Grouse Creek break down to suspended-load size before leaving the basin. In

Grouse Creek. Fran:::i~an siltstones and schist are particularly susceptable to abrasion,
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:>.G.-r;~ :, ;~5;::ln rate over time for managed, unmanaged, and roaded areas.

Erosion rate (VhaJyr)

I
I-~;'.~

~~:;::q~::r Unmanaged Managed Total road-

\
rr-~~I~ lands • lands • related ••

I
I
I .- -- .... 48.2 915.6I 61.1I ~=~--:':..--- -... 9.5 18.9 316.7:'::01 -,!".;

.. -~. -- 8.7 14.8 200.1;:;; I ,-,:.

~ :7':-:',: 0.6 2.7 90.7
~=3~~E 1.6 4.8 54.5
.,=~~~ 0.3 1.8 11.8.... ..,- --

b:::t.:C:s s::-=z:ilsi:ie landslides
L-:::L;C:S ~-=S:=:1 ;~om road surfaces, cut banks, road fills and
r:a::-~a:~ ;anc.sHdes..

I
I,
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I
I ,
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I
I I,
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fragmentation, and weathering. Rocks that break down during fluvial transport and storage will

add significantly to the amount of fine-grained sediment available for transport.

Follow-up monitoring of turbitity measurements [State of California, 1979] would allow a

qualitative comparison of water quality with earlier values. Since landslide sediment production

rates have decreased dramatically in the last 15 years, a comparable decrease in suspended­

load discharge may exist. If not, then stored sediment and sediment from persistent processes

are likely sources. '

The rate of logging and road building in Grous~ Creek has decreased since 1975. Storm

events also have been minimal in the last 15 years. The next major storm will be a test of the

effectiveness of changinq forest management practices and the decrease in the rate of road

building and logging on sealm~i" ,..ioduction. Following such an event, an updated landslide

inventory can be conducted to assess the management-related contribution to erosion. Such an

inventory could be constructed using aerial photographs and the area-to-volume relationships for

debris slides described in the sediment budget.

A more in-depth study on channel stor~ge and width, similar to studies by Madej [1984]

or Lisle [1982], would provide an assessment of the state of recovery to pre-flood conditions in

Grouse Creek channels. If the time required for recovery from the 1964 through 1975 storms

exceeds the recurrence interval of the storms. changes in sediment storage will persist and

recovery of the system will be prolonged. Using the sediment budget information. investigators

may be able to dete~" ., .L•• -,' .:il management-related sediment production. although

greatly reduced from the first nali of the budget period, is delaying recovery to pre-flood

morphology.
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CONCLUSIONS

The sediment production rate in Grouse Creek of 1,750 t km-2 yr1 (4.130 tons mi-2 yr1)

for the last 29 years is among the highest of published rates in the Pacific Northwest. Using an

average bedrock density of 2.5 g/cm3, the sediment production rate is equivalent to a bedrock

lowering rate of 0.7 mmlyr.

The timing of sediment production in the Grouse Creek basin is episodic due to storms

and logging. Sixty-nine percent of the total sediment produced during the 29-year budget period

occurred in the six-year interval that includes the December 1964 storm. Ninety-three percent of

all sediment was produced during the first half of the budget period (1960-1975), which coincides

with four major storm events (1964, two in 1972, and 1975) with recurrence intervals of 10 to 50

years. In addition, 75 percent of logging and 80 percent of the road construction was completed .

by 1975, prior to the enactment of revised forest practice regulations.

Sediment production is dominated by.streamside landsliding that accounts for over 86

percent of all sediment delivered to Grouse Creek during the period 1960-1989. Landsliding is

concentrated in logged and roaded areas, immediately downstream from logged areas, and in

areas of unstable geology. Slopes underlain by unstable rock units or fault zones are most

vulnerable to mass wasting and renewed erosion activity, especially where faults parallel stream

channels, and respond quickly to climatic events.

The remainder of sediment produced from all other sources is less than 14 percent of the

total sediment production. Streambank erosion accounts for about seven percent of sediment.

Hillslope erosion on managed land and road-related erosion exclusive of large landslides account

for approximately five percent and two percent of sediment production, respectively. As

landsliding decreased after 1975, the relative importance of hillslope erosion and road-related

erosion increased.

Dominant erosion processes in Grouse Creek differ according to stream order. Second

and third-order channels in Grouse Creek are most vulnerable to debris torrents and streambank

erosion. Fourth through sixth-order streams are most susceptible to channel aggradation and
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lateral corrasion. Streamside landslides are concentrated along these same high-order channels;

85 percent of landslide sediment was deposited directly into higher-order streams.

Channel-stored sediment increased by approximately 2,018,000 tonnes during the 29­

year budget period. The increase in stored sediment accounts for 27 percent of the sediment

delivered to streams during 1960 to 1989. The increase in storage occurred in fourth, fifth, and

sixth-order channels in the Grouse Creek basin; remnant 1964 flood deposits account for roughly

70 percent of the increased volume of alluvial storage.

Continued monitoring of sediment production and transport processes will provide

valuable information on the state of channel conditions and the relative contributions to sediment

production from management activities.
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Appond/x A. Grouso Crook s!rDomsldo londslldo Invonlory.

Oralnago Lnndslldo Volumo Pholo Llllldslhlo GoolOllio lO1ll1 mOflo IIspor:1 1.111111911.10 VOIIIIIIO Voh/lllo Vol Ullin COllllllllllts

sub· basin Invonlory mOllsuro- YOllr ellis 5111- 111111 IIS0 (IIIIU) Illafl IIll1il 11I1lh1l11l111 61 lllllf I on ,lllllvlIIlIIl

(Fig. 3 numbor monl II r 6I collon' , (FIl].2 (m"2) (m":') 8\oflo 10 channol

capllon) mol hod' appoors copllon) (m":!) (60·1I11)
(Ill ":I}

l.G 3023 n 00 (XJ nr 2 :15 tr: 15G1G 51\1121 1111:1:\ 471.1U4

l.G 3024 n 66 W m I WJ lOGO 2410 1115 22:14

l.G 3083 II 60 IF nr 1 :15 ~t:: 54fi:10 152010 GO:1U2 SlrOllm orosloll 01 Ig. Inlus 1'0110, ronowolf

l.G 3085 II 60 IF nr 1 39 FE 44146 20:\ Porslslolll looillro· ost. hlllfgot podolf c""1

ill 3066 F 66 CS nr I 22 ~W 500" 24083 4420 1!Hili:1

ill 3087 F 66 CS nr I toNN :'lIfillll 1:1!iO 77

1.0 3080 r- OO If: III n :1:1 IW IIIfllI IlluU ~u;11 11I"'\.Iul ,,,,,1,"1 ,"'llotl,"I1,," I'"t till blidtt

lO 3000 r- OO (~I III n :1\.1 N :1'" h:.l 111:1 0I'1/1I 111,,11.1"1 I',"h'" "1111111101111,," 1'1 It 1111 nll,h,

lO 4001 11 no 111 III I I.IN 11:11111 1r.!llIll I '"' I
I :111 II !I

to 4002 It 66 lJ3 m 1 !E 11110 4412 407 4005

ill 4003 II 60 CS m 1 WJ 11411I 70G4 Shnllow Inllllro

l.G 4004 A 66 00 nr 1 NN 6178 2024 Shnllow lol/uro

ill 4005 R 66 00 nr 3 9: 2276 5045 560 5265 Slroam CUI stopo slldo on PGE rlghl 01 wny

l.G 4006 A 66 00 AT 3 9: 5202 31717 largo stroam cUI slope slido

to ill 4007 A 70 00 AT 1 NN 6015 16171 2322 15849
~ ill 4008 A 66 00 AT 1 fE 3808 10920 6987 1933 800/0 01 oqn amt storod on slope

l.G 4009 A 66 00 AT 1 fE 1561 3765 332 3433

l.G 4010 R 66 00 RT 1 NN 1569 3788 334 3454

ill 4011 R 66 00 TZ 1 t..E 2912 7794 831 6963

ill 4275 A 60 fE AT 1,3 fE 512760 210251 Dovaslatlon slide

LG Tolal, 763521 154004 184442 621090

~ 3002 R 66 00 TZ 1 37 t..E 5560 16578 2080 14497

~ 3017 R 66 00 TZ 1 35 t..E 9517 21758 3379 24378

~ 3018 R 60 00 TZ 1 35 t..E 6440 3425200/0 enlargomonl 01 pro 60 slldo

~ 3019 R 66 00 TZ 1 45 t..E 7674 24144 3253 20891

~ 3020 R 66 00 TZ 1 39 t..E 3811 10668 1222 9446

~ 3021 R 66 00 TZ 1 31 W 3846 10782 1238 9545

~ 4012 R 66 00 TZ 1 t..E 6029 18221 2330 15892

~ 4013 A 66 OT TZ 1 t..E 3901 2379 Small tribulary debris lorronl

~ 4014 R 66 00 TZ 1 'aN 2090 5293 512 4781

~ 4015 R 66 00 TZ 1 'aN 4418 11562 1192 10370

~ 4016 R 66 00 TZ 1 t..E 1905 4749 446 4302

B:: 4017 R 66 00 TZ 1 'aN 1632 3966 355 3611

~ 4018 R 66 .00 TZ 1 'aN 3201 8702 952 7750

~ 4019 A 66 OT TZ 1 t..E 6561 2000
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';~;afnag;'::landsllde ."Volume Photo .landslide
..sub~basln inventory mea'sure-' year classlll-

jFlg:.3 number mont first', cation""
~aplion),.' method"a.ppo~rs

193122 600262 50515 403546:ec Totals

f
1
1
1

1,3
1,3
1,3
1,3
1,3

'!3
1
3
4
3 "<,

4,
3
3
3; .
4
4
3,
3
4
3
5
4
4

land Siopo Aspoctlandslldo,' Volume "Volume Volumo Comments
use (dog) map area moblllzod stored on dollvorod
" " " (mA2) " (m A3) . slopo to channel

. (m A3) (60~8!J)

(m"3)
E 976 2176 161 2015
E 1463. 3491 300 3190
W 3317 9072 1002 8070
W 4148 11776 1378 10399
9; 7205 22431 2982 19449
N: 2276 5845 580 5265
SN' 513' 1028 56 973
SN· 5808 17445 2211 '15234
SN 5761. 17278 2186 15092
N: 6391 19504 2526 16978
N: 3900 10958 1262 9696
E 2613 6867 710 6157

N: 3381 9278 ·1030 8248
N: 7782 24544 3317 21227
N:' 2369 6124 615 5509
E 2211 5650,' 557 5094

SN. 2150 5469 534 4934
W 1633 3968 355 3613

WI 5226 15420, 1908 13513
N: . 58,47,: 17580, 2232 15348
N:' 4849 14133 1718 12415
E, 3001 8071 868 7204
E 6689 10283 1345 8938 Shallow slide - regression eqn/2
W 4421 12688 1508 l' 179,
N 25779 23573 0 23573

WI, 5017. 14702 1801 12901
WI,. 1812 4479 414 4065

TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ:
TZ
TZ.
TZ'
TZ
TZ"
TZ
TZ.
TZ
TZ
TZ"
TZ
TZ
TZ
TZ
TZ
TZ
TZ

Geologic
unll

(Fig. 2
caption)

os
OS
OS
OS
OS
OS
OS
OS
OS
OS.
OS

,OS
OS
OS
OS
OS
OS
OS .
OS·,
OS
OS
OS. '
OS
OS
DT
OS:
OS,

66
66
66
66
66·
66
66,
66
66
66 .
66,
66
66
66
66
66.• ' '
66 c

66
66,
66,
66
66
66
66
66
66
66

A
A
A
A
A
A
A
A
A
A
A
A,
A
A
R
R c.
A
R
A
R
A
R
R
R
A
R
R

4020 '
4021
4022
4023
4024

,4025
'4026
4027.,
4028'
4029
4030
4031 '
4032,'
4033 "

,4034
'4035,:
4036
4037
4038a
4038b
4039 '
4040
4041
4042
4043
4044
4045

,',~.

,,~,

00
00
00
00
00
00
~'

00
00
~

00
00
00
00.
00.
00.
00
~

00
00.
00
00
~

00,
00,

LM
LM
LM
LM
LM
LM
LM
1M
LM
L.M..

3003
3004
3006
3007
3008
3009
3010
3011
3012
3013,

F
F
A
R
A
A
A
F
R
A'

66
66
66. '
66
66
66
66
66
66
60

OS:

~n:'

CS
OS
OS
OS
OS
OS
OS

TZ
TZ
TZ'
TZ
TZ
tz
12
TZ
TZ
TZ

2
2

1,3
1 ':

1,3
1,3
1,3
1,3
1,3
1

40
60
45

45
42
45
40
22
35'

SN.

SN i·9; "

SN
N

N:
N:
N:
N:
SN

83067
1491
3711
8974
3916

24985 '
14056
18311
14715
1884~

90483
6.350

10344
28983,
11013
67800
29990

130198
51619
42062

: 35769
306

1177
4035
1270

17781
15087
9939
7905

o

54713
6044
9167

24949
9743

50019
14903

120259
43714
42062



Drainage Landslide Volume Photo Landslide Goologlc land Slopo Aspoct landslide Volume Volume Volumo Common's

sub-basin Invenlory measure- year c1asslll- unll use (dog) map aroa mobllizod storod on dolivorod
(Fig: 3 number ment II r s t cation" (Fig. 2 (mA 2) (m'3) slopo to channol

caplion) mel hod' appoars capllon) (rn'3) (60-88)
(m A 3)

LM 3016 R 66 OS TZ 1,3 33 t-E 7838 24751 3350 21401

LM 3022 R 75 OS TZ 1,3 39 t-E 2717 7189 752 6437

LM 4046 A 66 DT TZ 5 N 43039 54032 0 54032

LM '4047 R 66 OS TZ 5 W 17140 61675 9707 51968

LM 4048 R 66 OS TZ 1,3 E 6912 21371 2816 18556

LM 4049 R 66 OS TZ 1,3 N 4285 12232 1443 10789

LM 4050 A 66 s: TZ 1,3 t-E 11810 27365 10946 16419

LM 4051 R 66 OS TZ 1,3 t-E 3414 9383 1044 8338

LM 4052 A 66 DT TZ 5,4 t-E 73153 44595 0 44595

LM 4053 A 66 DT G 1,3 SN 12374 3772 1775 1996

lM Totals 374756 735207 125102 610105

f,C 3056 F 80 CS TZ 4 31 t-E 51634 .33495 Vol. from debris slide portion

f,C 3090 F 66 OS G 1,3 43 W 3832 5981 0 5981
f,C 3091 R 66 OS G 1,3 W 6331 19290 2493 16797
f,C 3092 F 66 OS G 1,3 40 s: 1366 4248 0 4248
f,C 3093 R 66 OS G 1,3 27 E 14258 49752 7575 42176

to f,C 3094 R 66 OS TZ 1,3 45 E 9977 32799 4665 28135 Original slide larger .han lield mapped
(oJ

f,C 3095 F 66 OS TZ 1.3 42 SN 1181 2438 0 2438

f,C 3107 F 66 OS G 2 45 N 8964 17829 1852 15977
f,C 3108 F 66 OS G 2 45 S 4772 6258 0 6258

f,C 3109 F 75 OS G 4 44 N 1793 1703 1362 340
f,C 3110 F 75 OS G 2 40 S 974 388 235 153

f,C 3111 F 66 OS G 2 42 s: 3165 3742 975 2768
f,C 4055 A 66 DT G 4 S 18191 8130 0 8130

f,C 4056 A 66 DT G 4 NN 6954 2960 0 2960

f,C 4057 R 66 OS G 3 t-E 7246 22583 3006 19577

f,C 4058 R 66 OS G 5 NN 3298 9010 994 8017

f,C 4059 A 66 DT G 2 S 27632 22751 0 22751

~ 4060 R 66 OS G 1 NN 2759 7318 768 6549

f,C 4061 R 66 OS G 1 W 4052 11459 1333 10126

f,C 4062 R 66 OS G 1 s: 1212 2801 226 2576

f,C 4063 R 66 OS G 1 SN 4642 13429 1615 11815

f,C 4064 A 66 CS G 4 E .4323 5375 5375

f,C 4065 R 66 OS G 2 t-E 2857 7622 808 6814

f,C 4066 A 66 DT G 2 E 9269 6062 0 6062

f,C 4067 R 70 DS G 3 s: 1380 3259 274 2984

~ 4068 R 66 .DS G 3 E 1207 2789 224 2565

f,C 4069 A 75 DS G 3 E 7556 4572 0 4572
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Drainage Landslide Volume Photo landslide GeologIc land Slope A~pect landslide Volume Volume Volume Commenls

Sub·basln Invenlory measure- year classlll· unll use (dog) , "map area mobilized stored on' dollvered

(~i9' 3 number merit II rs I caHo'n·· (Fig. 2 (mA2) (mA3) slope to channel,
.' ',method· appears

'; .~,.,

call~lo~) ,,' ."', . capllon) (mA31 (60~88)

..::/;/:,~.:'., (mA3)

PvC 4070 R 70 00 G 4 s: 7427 23242 3110 20131

PvC 4071 A 66 DT G 1 E 11020 3359 0 3359

t.C 4072' A 66 01 TZ 1 s: 23978 15994 0 15994

PvC 4073 A 66 DT TZ 1 s: 8187 7064 0 7064

PvC 4074 A 60 DT G 1,2 N 5337 '2149 0 2149

PvC 4075 A 66 DT G 1 N: 15491 2361 0 2361

PvC 40~6 ' R 75 00 G 1 N: 2211 5650 557 5094

PvC 4077 A 66 DT G 2 s: 13531 4124 0 4124

PvC 4078 A 66 DT G 1 E 20903 6371 0 6371

t.C 4079 R, 66 00 G 1 S 2090 5293 512 4781

PvC 4080; R 66 00 G 1 S: 4181 11885 1393 10492

PvC 4081 R 66 00 G 1 N' 1881 4681 438 4242

P.C 4082 R 66 00 G 1 W 1338 3144 262 2882

t.C 4083 R 66 00 G 1 s: 1941 4856 459 .4396

f.ri 40B4 R 66 00 G 1 W 2369 ' 6124 , 615 5509

P.C 40B5 R 66 00 G 1 W 12138 41229 6091 35138

P.C 40B6 R 66 00 G 1 E 2197 5610 551 5059

P.C 40B7'. A 66 ~,.; G 1 W' 1209 3012 24B 2764

"C' 4088, R 66 00 ' G 1 ' E, , 815' 1764' 121 1643

f.C 4089" A" 66 00,: G 1 j E' 2276'" 5845' 580 5265

PvC", 4090 :, A, 6fL 01\:; G, 1 ' SN' 14708' 10078" 0 1.0078

"C:" ' ,':~:~;j,: A: 66,:, D1\?, ' G 1·; w", 35'53 '. ' 4'33"3" 0 4333
~:, A 6& DT:: Q, 1,3 e:,,' 4947" 4031 0 4031

PvC,; "4093'; R 66; 00,: G 1,3 E 5644' " 16869 2124 14745

f.C: 409'4:; Ai 66 ' D~, G 1 W,,' 34817 " 22397 0 22397

PvC',: " 4095: . R 66, :. 00;:: G 1,3 W" 854 1863 130 1733

:PvC> 409'6, R 66 00 G 1,3 ' W' 1069, 2419 185 2234

PvC ", 4097: " R 66 00 " G
"

1,3 W, 2620 688B 713 6175
P.C :-' 4098:;, R 66 00: G 1,3 ! W 2508' 6548 669 5879

PvC .', 4099', A 80 9:; TZ., 3 N: 13094 16616 11631 4985

PvC> 4100". A 66 DT G 3 N':' 2601 1430 0 1430

'-C. 4101" A 66
' '

00, G 1 N 4752 13800 1669 12131, .
" " '"

( ..~:. -

\:
' .

MC TOl8ls 442591 545576 60464 518605

W 3005 , F 66, 00, G 3 40 r-w 1165 4158 349 3809

W' 30253 A 66 CS TZ 1 31 s: 5446 3306 Used debris slide portion area 10 esl. Yol. te

W 3025b F 66 00 TZ 1 35 r-w 870 3125 0 3125

lM 3026 R 66 00 a: 1 45 r-w 3066 8276 '895 ' 7382

W, ,,3030 : F 66 00 a: 1 50 r-w 838 1988 0 1988



Drainage landslide Volume Photo landslide Geologic Land Slope Aspect Landsll.de Volume Volumo Volume Comment,

sub-basin Inventory measure- year classlll- unit use (deg) map area mobilized siored on delivered
(Fig. 3 number menl II rst C8110n·· (Fig. 2 (m"2) (m"3) slope to channol

captIon) method· appears caplion) (m"3) (60-88)
(m"3)

lM 3031 R 66 00 a= 1 37 I\E 1149 2632 207 2425

lM 3032 F 66 00 a= 1 33 NN 2513 2429 0 2429

lM 3033 F 60 CS S 2 27 9N 4160 7454 1491 5963 Very sm. In 60-uslng all 01 !ield volume In

lM 3034 R 70 00 lZ 4 39 N: 3168 8599 938 7661

lM 3035 F 75 CS a= 1 31 s: 2628 2161

lM 3036 F 66 00 a= 1 42 9N 2486 3058 0 3058

lM 3037 F 66 00 a= 1 45 s: 532 567 59 508

lM 3039 F 66 00 a= 1 42 s: 1519 2675 285 2390 CombIned slides a & b Irom !leld measurelT

lM 3040 A 66 00 a= 1 35 s: 2524 9113 765 8349

lM 3042 R 66 00 S 3 33 NN 1176 2704 215 2489

lM 3114 F 75 00 a= 3 55 N: 267 567 0 567

lM 4054 R 66 00 G 3 NN 10282 33970 4859 29109

lM 4102 R 66 00 lZ 3 W 1145 2621 206 2415

lM 4103 R 66 00 TZ 4 9N 2787 7404 780 '6624

lM '4104 A 66 00 TZ 4' W 6979 21613 2853 18760

lM 4105 A 66 00 TZ 1 N: 829 1800 124 1676

lM 4106 R 66 00 TZ 1 9N 2323 5986 598 5388

lM 4107 R 66 00 TZ 1 E 1303 3048 252 2796
to lM 4108 R 66 00 TZ 1 9N 1854 4600 429 4171
U1

lM 4109 R 66 00 TZ 1 9N 1219 2821 227 2593

lM 4110 R 66 00 TZ 1 9N 926 2047 148 1900

lM 4111 R 66 00 a= 1 W 2732 7233 758 6475

lM 4112 R .66 00 a= 1 W 1073 2430 187 2243

lM 4113 R 66 00 a= 3 NN 2829 7533 797 6736

lM 4114 A 66 DT a= 4 9N 11812 5774 0 5774

lM 4115 R 66 00 a= 3 s: 1368 3227 271 2956

lM 4116 R 66 00 a= 3 s: 613 1265 75 1189

lM· 4117 R 66 00 a= 3 NN 1737 4265' 389 3876

lM 4118 A 66 DT a= 1 E 5210 1594 0 1594

lM 4119 A 66 00 a= 1 E 4947 5727 0 5727

lM 4120 A 66 DT a= 4 NN 22575 6881 0 6881

lM 4121 R 66 00 IF 3 W 962 2138 157 1982

lM 4122 R 66 00 IF 3 NN 1347 3169 265 2905

lM 4123 R 66 00 IF 3 NN 1816 4492 416 4076

lM 4124 R 66 00 .IF 3 9N -1161 2666 211 2455

lM 4125 R 66 00 IF 3 W 594 1220 71 1149

lM 4126 .R 66 00 IF 3 W 1496 3582 311 3271

lM 4127 R 66 00 IF 1 s: 752 1606 106 1501

lM 4128 R 66 00 IF 3 9N 2885 7707 820 6888

lM 4129 R 66 00 IF 1 I\E 1263 2941 240 2701
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Drainage landslide Volume Pholo landslide Geologic land Slope Aspocl landslide Volumo Volumo Volume Commonl9

sub-basin Invenlory measure· year classlll· unit use (dog) map area mobilized storod on dollvorod

(Fig. 3 number mont fir st cation· • (Fig. 2 (mA 2) (m A3) slopo to channol

caprlon) mel hod· appoar9 caprlon) (rn A 3) (60-88)
(rnA 3)

lM 4130 R 66 OS IF 1 n: 1463 3491 300 3190

lM 4131 R 75 OS IF 3 N 1482 3426 294 3132

U.1 4132 R 66 DT CF,IF,S 6 N 48169 14682 0 14682

lM 4133 R 66 OS a= 1 N 662 1384 86 1298

lM 4134 R 66 OS a= 1 N 836 1817 125 1691 .
lM 4135 R 66 OS a= 1 N 1903 4744 446 4298

lM 4136 R 75 OS a= 1 SN 711 1503 96 1407

lM 4137 A 66 DT a= 1 N 4923 2180 0 2180

lM 4138 R 66 OS a= 1 S 464 914 47 868

UM TOlals 190935 252850 22147 236168

CC 3055 F 75 CS 12 2 !IE 15851 1680 560 FIeld measured vol-aerial pholo measured.

CC 3057 F 66 CS 12 1 39. n: 14246 45314 14021 31293

CC 3058 F 66 OS 12 1 45 n: 443 1295 0 1295

CC 3059 F 66 OS 12 1 31 N 3227 14651 0 14651

CC 3061 F 75 OS 12 1 45 !IE 394 510 0 510

CC 4139 R 66 OS 12 1 SN 864 1887 132 1755
to CC 4140 R 66 OS 12 1 SN 2555 6691 687 6003m

CC 4141 R 66 OS 12 1 SN 1227 2841 229 2612

CC 4142 R 66 OS 12 1 SN 1040 2344 177 2167

CC 4143 R 66 OS 12 1 W 1737 4265 389 3876

CC 4144 R 66 OS 12 1 SN 2290 5888 586 5302

CC 4145 A 66 CS "12 1 SN 8175 4438 0 4438

CC 4146 R 60 OS 12 1 SN 251 432 0 432 Renewed portIon only-60 scar revegelaled

CC 4147 R 75 OS 12 1 S 813 1758 120 1638

CC 4148 R 66 OS 12 1 N 3219 8760 960 7801

CC 4149 R 60 OS 12 1 SN 2559 6704 689 6014 MaJor enlargemenl In budget period

CC 4150 R 66 OS 12 1 n: 1742 4278 391 3887

CC 4151 R 66 OS 12 1 SN 4766 13848 1676 12172

c:c 4152 R 60 OS 12 1 SN 13317 45943 6907 39036 Major enlargement In bUdgel perIod

c:c 4153 R 66 OS 12 1 SN 4666 13512 1627 11884

c:c 4154 R 66 OS CF 1,3 NN 1254 2916 238 2678

c:c 4155 R 75 OS CF 3 n: 1219 2821 227 2593

c:c 4156 R 66 OS CF 3 SN 1382 3266 275 2990

CC 4157 R 66 OS CF 3 SN 794 1711 115 1596

CC 4158 R 66 OS CF 3 SN 1317 3087 256 2831

c:c 4159 R 66 OS CF 4 NN 4441 .. 12752 1518 11234

c:c 4160 R 66 OS CF 2 NN 3168 8599 938 7661

c:c 4161 A 66 DT CF 2,4 n: 3446 2101 0 2101



Drainage landslide Volume Pholo landslide Geologic land Slope Aspecl landslide Volume Volume. Volume Comments

sub·basin Inventory measure- year classlll- un II use (dog) map area moblllzod slorod on dolivorod

(Fig. 3 number monl IIrsl cation"" (Fig. 2 (mA 2) (mA3) slope to channel

capllon) mol hod" appears capllon) (m"3) (60-88)
(mA 3)

CC 4162 R 66 00 a= 3 N: 1540 3706 325 3381

CC 4163 R 66 00 a= 4 SoN 1463 3491 300 3190

CC 4164 R 66 00 a= 3 N: 696 1468 93 1375

CC 4165 R 66 00 a= 4 N: 6369 19424 2514 16910

CC 4166 R 66 00 a= 4 N: 1219 2821 227 2593

CC 4167 R 66 00 a= 4 I'-E 1073 2430 187 2243

CC 4168 R 66 00 ·F 4 9N 1549 "712 328 3404

CC 4169 R 66 00 1= 2 N: 3902 '.;6 1264 9703

CC 4170 R 66 00 F 3 N: 297 543 20 523

·CC 4171 R 66 00 1= 3 I'-E 441 862 43 820

CC 4172 R 66 00 1= 3 I'-E 520 1044 57 987

CC 4173 R 60 00 1.. 1 SoN 5095 7486 921 6565 Vol. 01 rogros. eqn.12 lor sod del. during bur

CC 4174 R 66 00 .z 1 SoN 92C 2031 146 1885

CC 4175 R 66 00 :z 1 SoN 4311 12318 1455 10863

CC 4176 R 66 00 rz 1 NN 2090 2646 256 2390 Vol. 01 regros. oqn.12 lor sod dol. durIng bur

CC 4177 R 66 00 TZ 1 NN 2696 7124 743 6381

CC 4178 R 60 00 a= 1 S 1097 1247 96 11 51 Vol. 01 rogros. oqn.12 lor sod del. during bur

CC 4179 A 60 DT TZ 1 39 S 26913 8204 0 8204 Ronewed debris lorrent
to CC 4180 R 70 00 a= 4 9N 1479 3535 306 3229
-...J

CC 4181 R 70 00 a= 4 9N 1635 3975 356 3619

CC 4182 R 75 00 a= 4 I'-E 1236 2866 232 2634

CC 4183 R 70 00 a= 4 SoN 3953 11134 1287 9847

CC 4184 R 75 00 a= 4 SoN 2357 6089 611 5478·

CC 4185 R 75 00 a= 4 SoN 1138 2603 204 2399

CC 4186 R 70 00 a= 4 W 2297 5908 589 5320

CC 4187 R 70 00 a= 3 E 943 2091 152 1939

CC 4188 R 70 00 a= 4 W 5149 15156 1869 13287

CC 4189 R 70 00 a= 3 W 943 2091 152 1939

CC 4190 R 75 00 a= 3 W 455 893 45 848

CC 4191 R 70 00 a= 3 9N 1347 3169 265 2905

VD 3028 F 70 00 a= 4 39 I'-E 6326 13953 4396 9580 Malerlal slorod on road and llood lerrace

CC TOlals 191853 387617 53278 336602

VD 3065 F 60 s: a= 1,3 29 9N 6585 688

VD 3067 F 75 CS IF 3 37 9: 11389 38284 8155 30129

VD 3068a F 70 DT IF 4 33 9: 3056 5798 0 5798

VD 3068b F 70 00 IF 3 35 9: 543 1417 0 1417 Age uncertain· sm. lealure hard 10 locate

VD 3069 R 75 00 IF 4 33 S 6633 20368 2659 17708 Treated as debris slido to bedrock

VD 3070 R 70 00 IF 4 37 N 4487 12909 1540 11369
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Comments

982
837
144

o
86
o

323
904

237
325
872

2816
907
553

o

57
65
o

1093
333 '

o

733
1628
334
456
417
712
416
456

o
o

125
175
313

1264
213

8922
7838
2007
4576'
1384
1556
36B4
8347

1044
1142

510
9743
3784
5530

1817
'2320
3607

10966
2690

7045
13517

3791
4829
4499
68BO
4492
4829
2129

929

2914
3708
8100

21371
8363
5623

260

,Volume Volume Volume
mobilized slored on delivered

(m;'3) slope to channel
(m"3) (60-88)

(iriA3)
7941
7001
1863
4576
1298
1556
3362
7443
125950% of regr. eqn vol to chi In budget. period
2677
3383
7229

18556
7457
5070

260 Budgel period contribullon eSllmalion
476 Budget period contribution eSllmalion

1691
2145
3294
9703
2477
2548270/. 01 regr. eqn. vol.ol total area during bu
6311

11890
3456
4372
4082
6168
4076
4372
2129

929
2893

987
1077
510

8649
3450
5530 Budgel period contribullon

3270'
2926

911
21720·

662
2038
1533
3089
1188
1253
1541
3010
6912
3094
2201
4273

1;J022
836

1031
1505
3902
1171
3808
2671
4668

• 1570
1932
1819
2617
1816
1932
2861
4273
3888

520
'562
836

3526
1568
9290

!'C.

M.
E

NN
w
w
s:
N:
s:
S:,
NN
N:
N:
eN
NN
eN
eN
N:
S

NN
N
S
S
N
N
W
eN
eN
eN
W
eN
eN
eN
W
NN
S:,
eN
N:
NN
eN

1
1
1

,<""1
1
1
1
1
1
1 ,
1

1,3
1
1
1
1
1
1
1
1
1
1
4
4
1
1
1
1
1
1
1
1
1
1
1
1
4

1,3
1,3

IF
IF
IF
IF:.
a=
a=
a=
a=
a=
a=
a=
a=
a=
a=
a=
a=
a=
a=
a=
a=
a=
a=
a=
a::
a::
a=
a=
a=
a::
a=

.a=
a=
a=
a=
a=
a::
a=
a::
a::
a=

Geologic land Slope Aspect landslide
unit use (deg) map area

, . (Fig. 2 ' , , , (111"2)
.capMn)·.

66 OS,
66 OS
6,6 OS

, 66 'e, DT
, i; 66::'" oS'"

, 70" ,. OS
66 OS,'
66' OS
60': ';00

66 OS
70 00
66 OS
66 OS
66, OS
66 OS
60 00
60 CS
66 00
66 00
66 00
66 00
66 00
60 00
85 00
80 00
66 00
66 00
66 00
66 00
66 OS
66 OS
66 OS
66. DT
66 CS
66 OS
66 00
85 DT
85 OS
66 OS
60 00

R
'R

R
"A'

R
A

'R
R
R
R
R
R
R
R
R
A
A
R
R
R
R
R
R
R
R
R
R
R
R
R
R
A
A
A
R
R
A
R
R
A

lG4226
lG 4227
lG 4228

, lG4229
lG"::'~4230

lG4231
lG" . 4232
lG ; 42,33

, lG '4234'
lG+:'.:4235
lG 4236
lG' 4237
lG: "4238
lG ,:" ""4239
lG '4240
LG" ',;.;, 4241 '

: lG 4242
lG 4243
lG 4244'
lG4245
lG 4246
lG '4247
lG 4248
lG 4249
lG 4250
LG4251
lG425.2,
LG 4253

'lG 4254
lG 4255
lG 4256
lG 4257
lG 4258
lG 4259
LG 4260
lG4261
U; 4262
U; 4263
U; 4264
U; 4265

- \,':: Drainage Landslldo·· Volume Photo. landslldo
sub-basin .Jnvenlorymeasure. year, classlll­
, (Flg.'~' .. ,number menl 'IIrsl" calion"
caplion)'Si 'melhod' appears
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o
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Landslide Volume Photo
Inventory measure- year
number ment II r s t

method' appears

Land Slope Aspect Landslide
use (deg) map area

(m"2)

Commenls

34
113
333
869
238
167
274
296

2235

747
1688
3784
8084
2916
2248
3259
3451

17601

Volume Volume Volume
mobilized stored on delivered

(m"3) slope to channel
(m"3) (60-88)

(m"3)
713

1575
3450
7215
2678
2080
2984
3155

15366

390
785

1568
3005
1254
1003
1380
1449
5853

1,3
1,3
1,3
1,3
1,3
1.3
1,3
1,3
1,3

CF
CF
CF
CF
CF
CF
CF
CF
CF

Geologic
unit

(Fig. 2
caption)

os
OS
OS
OS
OS
OS
OS
OS
OS

Landslide
class'''­
cation"

75
75
66
66
66
66
66
66
70

R
R
R
R
R
R
R
R
R

4266
4267
4268
4269
4270
4271
4272
4273
4274

1.G
1.G
1.G
1.G
1.G
1.G
1.G
1.G
1.G

Drainage
sub-basin

(Fig. 3
capl/on)

UG Totals 428496 474274 64657 542268

Watershed totals 2732486 3438822 597805 3520901

.....
o.....

• Volume measurement methods:
F=lield
A=aerial photograph
R=regresslon eqn.

Landslide classillcation
D=debris slide
CS=complex slide
RF=rock fall
DT=debris torrent
SE=slump eanhllow

.. 'Land use c1asslflcallons:
t .. Occurs In unmanged land· not road related
2 II Occurs In unmanagod land· road or landing related
3 II Occurs In managed land - not road related
4 II Occurs In managed land· road or landing related
5 .. Occurs In unmanaged land - clearly related to upslope managed land
6 II Occurs In bolh managed and unmanaged land

.~ ----------------



r" Appendix 8. Landslide activity inventory (see end of table for activity classifications)."

Aerial Aerial Aerial Aerial Aerial 'Aerial Aerial
photo photo photo photo photo photo photo

Landslide year year year year year year year
j number 1960 1966 1970 1975 1980 1985 1988+!'

3002 I
3003 I
3004 I
3005 I Mi
3006 I
3007 I
3008 I Mi Mi
3009 I M1, . 3010 I .Mi
3011 I Mi Mi
3012 I
3013 M1
3016 I R
3017 I Mi R
'3018 Mi
.3019 I
3020 I
3021 I
3022 I . R
3023 M1
3024 I
3025a I
3025b I
3026 I
3027
3028
3030 I
3031 I R
3032 I
3033 M1
3034 M1

.'
, 3035 I

'. 3036 I
3037 I

. ~ .:
..

3039' I·
3040 I Mi
3042 I Mi Mi
3043 M1
3044 Ma ..

. ;'304·5 . "~' J,: r.
3046 Ma Mi ..''.

.3047 Ma,c. i

1. -;:", ,. '.,
3048 I Mi Mi ",":'!'';'.

'.-

3049 I
30~0· Ma
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Aerial Aerial Aerial Aerial Aerial Aerial Aerial
photo photo photo photo photo photo photo

Landslide year y~ar year year year year year
number 1960 1966 1970 1975 1980 1985 1988+

3051 Mi Ma
3052 Ma
3053 I Mi
3055 I
3056
3057
3058 R
3059
3061
3065
3067 I
3068 Mi
3068a
3069
3070
3071
3071a
3071b
3072
3073
3074
3075
3076
3077
3078
3079
3080 I Mi
3081 Mi
3082a I
3082c
3082d
3082e I
3083 M3.
3084 M3.
3085 Mi
3086 I
3087 I M3.
3088 Mi
3089 Mi
3090 I
3091 I Mi
3092 I Mi Mi
3093 I Mi
3094 I
3095 I
3096 I
3099 Mi Mi
3100
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I Ae~;al Aer.al Aeria; Af:::".a. Aer;al Aerial Aerial
! ph:Jt::; pro::; :0 ph:J[:J ~r.~-::. ~~~to photo photo

~~:C-S ye: ar yEar year 'I Co:;.' year year year-_.
n~:"':"""=6!" 19~C

,~ - ~ '978 ..... -- ';80 '985 '988+::'::0 i ;; I :.

::~C2 Mi Mi
':i.,..,~ M....,.,\01""",

\
3"!:t
~.l'""l- ~.,: Mi MI ..... 1 .... 0

3''''· M tva',",0

3~C7 M
3~C8

3~ag

31'0
3~'1

3114
3~' 5
3~22

3124 I
3125 Mi
3125
~OO, ~

t.CC2
4003 ~.'E.

~OO4 R
4005
~OO6

~OO7 R
~OO8 I ~

4009 I
4010 I
~011 I
4012 I
4013 I ..
4014 I
4015 r R
4016· I
4017 I
4018 I R
4019 I ii
4020 I
4021 I
4022 I
4023 I
4024 1
4025 1 R
4026 I
4027 I
4028 I
4029 I Mi
4030 1
4031 R
4032 R



~-, j "~.:o

1"0'

Aerial Aerial Aerial Aerial Aerial Aerial Aerial
photo photo photo photo photo photo photo

Landslide year year year year year year year
number 1960 1966 1970 1975 1980 1985 1988+

4033 R
4034
4035
4036 R
4037 R

I4038 R , ,
4039
4040
4041
4042
4043
4044
4045
4046 R
4047
4048 R
4049
4050 R

I
4051 R I
4052 R II
4053 R
4054 Mi
4055 R
4056 R
4057
4058 R
4059 R
4060
4061 R
4062 R
4063
4064
4065
4066 R
4067
4068 R
4069 I R
4070 tie. R
4071 I R
4072 I
4073 I
4074 Mi
4075 I R
4076
4077
4078 R
4079 R
4080
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Aerial Aerial A:::~;a. Aerial Aerial Aerial Aerial
phc~o photo ~ ........ P:toto photo photo photo~.I_-

\ La."leslie e yea~ year '1=-:;- year year year year-_.
n:..:~b€~ 195~ 1966 .... ...,.,.

~ 975' 1980 1985 1988+i =, ...

I 4881 I R
4C82 I

\.
G.C83 I
4084 I
4085 I

\

4086 I R
4087 I
4088 I R
4089 I R
4090 I
4091 I
4092 I R
4093 I ·R
4094 I R
4095 (

4096 I
4097 I
4098 I
4099 Mi
4100 I R
4101 I R
4102 I R
4103 I ....

n
4104 I Mi t,!:
4105 I R
4106 I R
4107 I R
4'OB I R
4'09 I R
4"0 I R
4'" I
4" 2 I R
4113 I R
4"4 I R
4",5 I
41'6 I
41'7 I
4118 J R
4l' 9 I
4120 I
4'21 I
4'22 I
4'23 I
4124 I
4'25 I
4'26 I
4127 I
4128 I
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Aerial Aerial Aerial Aerial Aerial Aerial Aerial
photo photo photo photo photo photo photo

Landslide year year year year year year year
number 1960 1966 1970 1975 1980 1985 1988+

4129
4130
4131
4132
4133 R
4134 R
4135
4136 R
4137 R
4138 R
4139 Mi
4140 Mi
4141 R
4142 R
4143 R
4144 R
4145 R
4146 Mi
4147 I
4148 I R
4149 fv'a.
4150 I M:1 R
4151 I
4152 fv'a. fv'a. R
4153 I R ;

11
4154 I R '!

"
4155 ]1

4156 R
I.4157

4158 R
4159
4160 R
4161 R
4162 R
4163
4164
4165 R
4166 R
4167 R
4168 R
4169
4170
4171
4172
4173 fv'a. Mi
4174 I R
4175 I
4176 fv'a.
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Aerial ! Aerial Aerial Aerial Aerial Aerial Aerial
photo photo photo photo photo photo photo

Landslide year year year year year year year
number 1960 1966 1970 1975 . 1980 1985 1988+

4224
4225 Mi R
4226 R
4227 Mi
4228
4229 Mi
4230
4231 R
4232 R
4233 R
4234
4235
4236
4237
4238 R
4239
4240
4241 R
4242 R
4243 I
4244 I Mi
4245 I Mi
4246 I
4247 I
4248 Mi
4249 I
4250 Mi
4251
4252
4253
4254 R
4255
4256
4257
4258
4259 R
4260
4261
4262
4263
4264 I R
4265 Mi Mi
4266 R
4267 R
4268 R
4269 Mi
4270
4271
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": Aerial Aerial Aerial AEirial':A~'ri~I' Aerial Aerialphoto phOto photo photo photo photo ' photoLandslide year - year year year ,year year yearnumber 1960 1966 1970 1975 1980 1985 1988+

4272 I
4273 I
4274' I
4275 tie. "Mi Mi Mi Mi Mi

Total
Total Mi,
Total cMa
Total R

41 258
13
16

37
14
3

36
33
11
7

3
3

46

12
12
4
63

1
2

) ..

Landslide activity classifications:
I = Initial appearance of slide in aerial photograph year
Mi =Minor enlargement of slide
Ma =Major enlargement of slide
R =Revegetated

.:..~. : ."'
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March 4, 1991

Mr. Mike Furniss, Hydrologist
Six River National Forest
507 F Street
Eureka CA 95501

Dear Mike:

Enclosed is the £inal report o£ the Grouse Creek
sediment budget. The £inal report is much refined and
contains a number o£ changes and additions to the
preliminary draft submitted in December, 1990. Major
changes are summarized below.

For the £inal report, all sediment volumes were
converted to units o£ mass (tonnes) to £acilitate comparison
of sediment production and storage volumes of dif£erent
densities. The need for the preliminary dra£t discussion on
double-counting o£ sediment volumes was eliminated.

A signi£icant change is the percentage contribution
from landsliding £rom 77 to 87 percent. This adjustment
stems £rom the volume-to-mass conversion and additional
analysis o£ the hillslope and road-related erosion
components rather than changes to landslide volumes.
Changes in hillslope erosion £igures are due mainly to £ine­
tuning empirically-derived USLE factors using updated, local
data on rainfall and soils. Additional field wtirk allowed
revision of road-related erosion estimates, specifically
cutbanks yields and road drainage to streams. Road-surface
erosion estimates were modi£ied using the revised USLE R
factor and field-sampled road drainage percentage. More
detailed discussion of .these components of the sediment
budget are found in the text.

A rain£all analysis using the Kneeland precipitation
data sent to us in late December is not included in the
final report. The data show a weak trend between

H(:lI;II.~"i1m. l\'as/l;II.~/{)n !JX225·5m)(j 0 120G) G7G-.1nnO
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landsl~ding and annual precipitation and no signi£icant
trenCibetween storms greater than 75 or 100 mm.and
landsliding, which may be significant initsel:f;however,
w~thout compar~ng Knee1and precipitation to ather nearby
stations, it is di£ficult to d~terminei£ an~ Kneeland data
is missing. We were hesitant to 'inc1ude a precip~tation

analysis based an the Kneeland data a1one.

Data disks containing copies o£ the report text, data
tables, and graphs have been mailed under separate cover.
We will be gla~ to' answer any questions regarding the data
or'f~ria~ re~ort. We w~uld like to thank you again £or the
excellent 1i~ld and office support extended to us during
this project.

Sincerely,

·/UH
Mary.Raines
Harvey'. Kelsey

", '-.'."


