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SCOIT RIVER BASIN GRANI TI C SEDI MENT STUDY

by

Sari Sonmarstrom Elizabeth Kellogg and Jim Kell ogg
Consul tant s

for the

Si skiyou Resource Conservation District
Etna, California

ABSTRACT

The extent of the deconposed granitic (DG sedinment problem
is examned in the Scott R ver watershed of Siskiyou County,
California. This sand-sized sedinment was previously identified to
cause spawni ng habitat inpacts for salnon and steel head and to be
an inportant factor constraining anadromous fish production in the
Scott River, a large tributary of the Klamath River. Data was
coll ected during 1989-90 within t he 215,500 acre Study Area,
whi ch al so included the Scott Valley portion of the Scott River
and several tributaries. Analysis focuses on three aspects of the
problem (1) sources of granitic sedinment production; éz granitic
sedi ment storage and transport in the Scott River; and (3) extent
of inpact of granitic sedinent on sal non and steel head spawni ng
habitat in the Scott River and selected tributaries.

To hel p analyze the large quantity of data, a Geographic
I nformation %gstenl G S) database was devel oped of the Study Area,
of which 57,000 acres (26% are granitic soils. Soils devel oped
fromgranitics are recogni zed as sone of the nost erodible. Total
upl and deconposed granitic erosion is estimted to be about
340,450 tons per year. Road cuts constitute 40% of the anpunt,
streanbanks 23% road fills 21% skid trails 13% and the bal ance
from road surfaces, other sheet and rill erosion, and | andsli des.
For nost years, sediment production in the Study Area is stored in
the upper watershed. A delivery ratio of 0.21 is preferred for
estimating annual sedinment yield to the Scott River, based on
results of a recent reservoir study in a simlar area. An average
yield of 71,500 tons of deconposed granitic sedinent is therefore
predicted to be delivered to the Scott River each year.

Al though the |ow gradient reaches of the river in Scott
Valley represent a natural area of sedinment deposition
consi derabl e channel alteration of the Scott River over the years
has changed its sedinment storage and transport capacities. The
greatest anount of sand in channel storage is in the reach between
Oo Fino Creek and the State H ghway 3 bridge near Fort Jones.
Portions of this reach were affected by a diversion dam which
acted as a sedinment trap from 1958 until its removal in 1987-89.
Adj ustnents in slope and transport capacity will continue to occur



both upstream and downstream until a new equilibrium is
establ i shed. Sedinent transport equations, while very limted in
accuracy, were useful in identifying relative sedinment transport
bet ween reaches and possible contributing factors. The Engel und-
Hansen and Ackers-White transport equations appeared the nost
conparable to actual stream conditions. revention and
rehabilitation of DG erosion in the uplands of the Scott River
wat er shed woul d serve to decrease the input side of the |ocal
sedi nent budget and allow nore of the DG sand in channel storage
to get noved out over the long term

Exi sting and potential spawning areas were sanpled for grain
size conposition using 238 MNeil sanpler cores at 11 sites in the
Scott River, and 55 cores at 6 sites in |ower Etna, French and
Sugar Creeks. Core sanples were sieved into 7 size categories for
analysis. Four quality indices were applied to the field data:
percentage fines, geonetric nean, fredle index, and visual
substrate score. For percentage fines less than 6.3 mm the three
worst sites had anounts ranging from82.1%to 92.7% anounts which
were greater than any reported in the literature. The relative
ratings of the various indices for each site are quite consistent
except for the fredle index. Quality indices best serve as
rel ati ve neasurenents between sites and between years rather than
as accurate predictors of energent survival. The spawning gravel
data developed for this study serves as a good baseline for
noni toring changes in streanbed conposition of the Scott River and
several tributaries.



CHAPTER 1
| NTRODUCTI ON

Pur pose

The 1985 Klamath River Basin Fisheries Resource Plan
(CH2MH I, 1985) identified "spawning habitat sedinentation" as
the second nost inportant factor_constralninﬂ anadronous fish
production in the Scott Subbasin. Findings in the plan noted that
deconposed granitic soils (comonly referred to as "DG') are the
main source of sedinent. This study was designed to better
characterize the extent of the DG problem

Each of the three follow ng objectives is the focus of
successive chapters.

(hj ectives

A Analyze watershed dynam cs and determ ne sources of
granitic sedinment production in the Scott R ver Basin
(Chapter 2).

B. Determne granitic sedinent storage and transport in the
Scott River, within Scott Valley (Chapter 3).

c. Determne the inpact of granitic sedinent on sal mon and
steel head spawning in the Scott River and selected
tributaries (Chapter 4).

Each of the chapters provides new data collected during the past
two years, and an analysis of the problem based on the new data.
In addition, each chapter provides direction for concentrating
further studies and restoration efforts.

Sedi ment Budgets

A sediment budget i1s the quantitative description of the
movement of sediment through the landscape. To be conplete, it
considers the input rate or sedinent production from hill sl opes
into the stream channels, the storage volune, and discharge rate

of sedinment (Swanson et al, 1982). A parallel can be seen between
these elements of a sedinent budget and the first two objectives
of this study, which is a prelimnary effort to provide sone of
the necessary data and analysis for a sedinent budget of the Scott
River. However, this study is focusing only on the deconposed
granitic sedinment portion of such a budget. It is also beyond the
scope of the present effort to neasure the actual discharge rate
of sedinent in the Scott R ver

Sedi nent budgets are useful in providing a neasure of the
relative inportance of both natural and human-induced sedi nent
sources. By identifying the major sedinment sources, corrective
measures can be applied to the "most beneficial points in the
system' (Swanson et al, 1982).

1-1



Study Area

The Scott R ver Basin is located in south-central Siskiyou
County, California, about 30 mles south of the Oregon border. The
focus of this study is on the areas of the Scott River Basin that
may produce deconposed granitic soils as well as the prinmary areas
of sand deposition in the Scott R ver. Figure |I-I represenfs this
region of the watershed, Wwhich is located in the western,
sout hwest ern and sout heastern portions of the Basin. The total
area on the map is about 215,500 acres while the granitic soil
types (nottled area) enconpasses about 57,000 acres (26%.

The sub-basins located within the study area are also
i ndi cated on the map. Wile other subbasins, ~such as Mffett
Creek, may also contribute sedinent, they are not sources of
deconposed granitic sand and were therefore not included in the
Study Area.

The Study Area represents about 42% of the entire Scott River
Basin (520,320 acres).

Precipitation

The official Wather Bureau Station for the Scott Valley area
is the U S Forest Service Ranger District Ofice in Fort Jones.
A summary of the data (for the calendar year) follows:

Station El evation  Period of Mean Season  Mninmum
(feet) Record (inches) Maxi mum
Fort Jones 2, 747 1936- 89 22.08 1949 10. 05
1970 35. 07

Two other precipitation stations, located in Etna and in Callahan
(USFS Fire Station), have also collected rainfall data over the
years.

Precipitation data for the higher elevations have not been
collected in the Study Area. Estinmates, however, are available
froman isohyetal map by Rantz (1968), which indicates 50 inches
for the upper watershed boundary. Snowfall is common at el evations
above 4000 feet throughout nmuch of the w nter (Novenber to March).

Runof f

The Scott River is a principal tributary of the Klamath
River. Annual discharge at the U S.GS. gage station bel ow the
Scott Valley averages 489,800 acre-feet. Runoff characteristics
are described in detail in Chapter 3.

Topogr aphy

The Sal non Mount ai ns enconpass the western portion of the

1-2



Figure 1-1
Study Area

@ Fort Jones

SISKIYOU COUNTY

Scolt River Wotershed

LOCATION MAP

1-3



study area, while the Scott Mbountains border the south boundary
and the Scott Bar Muntains border the north. The slope of the
area varies fromless than 2 percent in Scott Valley to over 60
percent in the nmountains. El evation ranges from 2,620 feet at the
Scott River at the north end of the valley to over 8,000 feet at
several mountain peaks in the southwest.

Geol ogy _and Soil s

Located within the eastern portion of the Kl amath Munt ai ns,
the area's bedrock consists of netasedinentary and netavol canic
rocks of Late Jurassic and possibly Early Cretaceous Age. The
alluvial fill in the valley contains unconsolidated Pleistocene
and Recent deposits . An extensive area of granodioritic rock,
intrusive into schists and ?reenstone, I s exposed for about 8
mles in the nountains paralleling the west side of Scott Valley.
Every gradation between granite and quartz diorite occurs
here. In the frequent shear zones, the granodiorite is "extrenmely
friable and crunbles to the touch" (Mck, 1958).

The granodiorite is the light-colored, coarse parent materia
for several DG soil types of varying depths and textures. Soils
derived from granitics are noncohesive and usually highly erodible
(H?ake, 1979). Ceology and soils are also discussed in Chapters 2
and 3.

Veget ati on

Most of the 100 square mles of valley land are under
cultivation, primarily in alfalfa, grain and pasture. Riparian
shrubs and trees line some portions of the stream system 1In the
foothills, oaks, Aunipers, shrubs and grasses predom nate
particularly on the drier east side. Mxed conifers 8nain|y
douglas fir, ponderosa pine, sugar pine and incense cedar) cover
t he upper western and southern watershed. Native hardwods and
understory shrubs are also scattered throughout the forest area
(USSCS, 1972).

Resource History of Scott Valley Watershed

What is seen today in the Scott Valley watershed is quite
different from 150 years ago. As found in other areas, certain
postsettlenent changes |ikely to have had major inpacts on the
nature of stream systens include beaver renoval, mning,
def orestati on, urbani zation, tillage, irrigation, channel
alteration, grazing by donestic animals, and fire suppression.
| dentifying the changes that have occurred to the Scott River's
| andscape over the years of human activity is inportant to an
under standi ng of what is happening today.

Early Hi story: Indians and Trappers

The Shasta Tribe (lruaitsu people) originally occupied the
Scott Valley as part of their ancestral territory, sustaining
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thensel ves on acorns, deer and salnon. Wat inpact their
practices, such as burning, had on the presettlement conditions of
the watershed is not known.

In the 1830's the Hudson Ba%_ trappers di scovered "Beaver
Val l ey" and the "Beaver River? They reportedly trapped 1800
beaver on both forks of the Scott R ver in one nonth. It was "the
ri chest place for beaver | ever saw', clained one trapper nany
years later. He also described the Scott Valley as all one swanp
caused by the beaver dans. (Wells, 1881)

Wiile not all of the beaver were taken, this major renoval
likely had a significant effect on the Scott R ver and its
tributaries. Beaver danms slow the novenent of water, sedinent, and
streansi de vegetation out of watersheds . As a result, nore water
is stored, the ground water is recharged, and nore diverse
vegetation grows along streans. Beaver ponds are also known to
provi de excellent habitat for young coho salnon (J. Sedell, in
Bergstrom 1985).

In 1853, the earliest map of the "Scott's Valley" indicates
t hat beaver danms were still obvious around Kidder Creek near
G eenview (Figure |-2). The map also shows a defined stream
channel for the Scott R ver rather than a marshy area of ill-
defined channels. In My 1855, one observer described the Scott
River in the valley as "fromthirty to forty yards in width, deep
in many places, wth a current of fromfive to seven mles per
hour" (Metlar, 1856).

Mning Hi story

Gold mners redi scovered the Scott R ver in 1851, beginning
the settlenent of the region. Wthin the study area, gold mning
was nost extensive in the South Fork of the Scott River and Oro
Fino and Shackleford creeks, with lesser activity in French Creek
and the East Fork. By 1856, hydraulic mning operations had nade
the | ower Scott R ver near Scott Bar al nost constantly "turbul ent
and nuddy" while the Klamath R ver was usually "clear and
transparent” (Metlar, 1856). To supply the mners over in the
Sal mon R ver country, a trail along Etna Creek going over Etna
Summt was built, cutting into sone DG soils. (This trail was
gradual Iy w dened and eventually becane a paved county road.)

Fl oods in 1852-53, 1861, 1864, 1875, and 1880 "swept the
rivers clear of all mning inmprovements" (Wells, 1881). In nornal
times, streans near placer mnes were diverted into mning ditches
of various capacities and lengths. Some of these ditches are still
in operation (though mainly for irrigation) in the South Fork,
East Fork, French Creek, Sugar Creek, and Etna Creek drainages.

During the period from 1934 to about 1950, |arge gold dredges
operated on the upper Scott River and W/ dcat Creek. The |argest
Yuba dredge excavated to a depth of 50-60 feet below water |ine
and processed mllions of cubic yards of soil and gravel. In its
wake were left tailings piles with large cobbles on top, lining
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the Scott R ver for about 5 m|les bel ow Call ahan.

Tinber Harvest Hi story

Tinber was originally needed for mning as well as for
bui | di ng purposes . Several sawmlls were built in Scott Valley in
1852 and 1860, with 11 mlls sawing 3.5 mllion board feet per
year by 1880. These mlls were pri rraril?/ | ocated in Fort Jones,
Etna, French Creek, and Kidder Creek (Wells, 1881).

One of the first major roads into the "DG country" was built
in 1933-34 by the California Conservation Corps, extending north
to south across the upper French, Sugar, and WIldcat Ceek
drai nages and ending up in the South Fork sub-basin. Today this
unsurfaced road is referred by nost as the "Hgh C" or "C's" road.
This access road provided the first opportunity for |ogging the
hi gher el evations, which were still not entered until the late
1950s according to U S. Forest Service records.

Loggcing began nmore intensively after World War |I. In the
1950s, ott Valley's sawm || industry provided a substanti al
source of local income, with four mlls cutting 40,000 or nore
board feet per day, and about 9 mlls cutting 5,000 or nore board
feet per day (Mick, 1958). Tinber harvest history data is
presented and discussed in Chapter 2.

Fire Hstory

Very little information about fire historty I's avail abl e.
Al t hough |ightening-caused fires are fairly frequent in the
nountai ns, extensive fires are not common Iin the study area
asI IIittIe volatile brush is present on the west side of the Scott
Val | ey.

The local California Dept. of Forestry office does not nap
past fires or keep any historical records. The only avail able data
cones from a retired fire control officer from the Kl amath
Nati onal Forest, who personally recorded and published a fire
hi story of Siskiyou County (Morford, 1984). A large map indicating
the year of the largest fires was also prepared and can be seen at
the County Museumin Yreka. From his book cones the follow ng |ist
of large fires in the study area of Scott Valley:

Year Location (Townshi p/ Range/ Secti on) Acres
Bur ned

1955 Ki dder Creek - 42N | ON7 14, 562
1954 Sugar Creek - 40N QW | 466
1940 Etna Creek - 42N 9W22 (41N?) 260
1924 Crystal Creek - 42N 9W5 8, 900
Etna Creek - 42N | OW 32 160

Ki dder Creek - 42N | ON 15, 22 600



. By far the largest fire of record was the 1955 Kidder Creek
fire, "which occurred only a few nonths before the disastrous
Decenber 1955 fl ood. Adjacent portions of the Patterson Creek
drainage were also burned at that time. The nassive fires of 1987
dIF n?fdburn any significant acreage in the upper Scott River
wat er shed.

Stream Channel Mdifications

In addition to the beavers and mning, other human activities
have altered the original stream channel shape, size and |ocation.
Caapter 3 provides an extensive discussion of stream channel
changes.

VWater Use Hi story

Hay cutting and cattle grazing began in 1851 in Scott Valley
to support the mners (\Vells, 1881?. Stream diversions to irrigate
pastures and crops also began early. Punping of ground water now
suppl enents surface water “sources. Water rights to Scott River
surface water were ad{udlcated by the State of California in 1980.
In 1988, the estimated agricultural water demand in the Scott
Val | ey was about 96,400 acre-feet on 34,100 irrigated acres (C.

Ferchaud, CDWR, pers. comm).
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CHAPTER 2
UPLAND SEDIMENT SOURCES
Introduction

Qojective: To identify and estimate the relative inportance of
upl and sources of granitic sedinent affecting the
Scott River within Scott Valley.

A granitic watershed' s response to land use activities is very
different and sonetines uni que conpared to watersheds of other
geologic types. Soils deveI%Fed from granitics are recogni zed as
some of the nost erodible and natural erosion occurs continuously
at a higher rate conpared to nost other soils (Anderson, 1976, for

exanpl e) .

Because of the prelimnary nature of this study the enphasis
was kept to use of existing databases, aerial photoanalysis, and
limted field activity to derive results. Results are reasonable
estimates rather than statistically precise measures.

Components of the Natural System That Impact Erosion Rates

~The follow ng conponents of the natural environnent control
erosion rates in specific ways that are not always well understood.

Weather

Precipitation patterns. Preci pitation averages are inportant
in assessing erosion for the follow ng reasons: 1) They reflect
the potential for overland flow and runoff given equival ent slope
conditions: 2) Wien viewed in relation to average tenperatures,
they represent the potential for natural cover on the |andscape; 3)
Despite the inportance of episodic climatic events dom nating the
timng of sedinentation into stream channels, nean annual
precipitation has been shown to be a relatively precise indicator
of climtic stress on sedinentation in Northern California
(Anderson, 1976); and 4) Precipitation averages tend to parallel
rainfall intensities, ich have a nore direct inpact on erosion
rate.

A measure of short duration precipitation intensity is the
two-year, six-hour level of rainfall, which in our study area
ranges from0.95 inches at Ft. Jones (1944-1983 records, Dept. of
Wat er Resour ces, 1986) to about 3.0 inches at the highest
el evatio and MDonough, 1976).

Rain-snow relationships. The rel ative percentage of rain
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versus snow for different portions of the watershed affects erosion
rates. Snow will be generally protective of the soil surface from
rain, wind and dry ravel erosion, but rapid nelting can increase
er osi on. Snownel't can increase, decrease or delay peak flows
(Harr, 1981; Harr and MCorison, 1979), depending on interacting
climtic patterns, aspect, and antecedent watershed conditions. |t
can also affect how water is routed to streamchannels. On south-
facing slopes in forest openings, either natural or the result of
ti nber harvest, the formation of density layers in the snowpack can
cause delivery of water downslope 1nto channels rather than
vertically into the soil profile (Smth 1974, 1979).

Forest openings affect the rate of snownelt, hence the vol une
and pattern of peak flows. Sedinment yields triggered by snownelt
fromlogging treads on granitic roads in the Idaho Batholith were
| ess than yields tri%gered by rainfall by several orders of
magni tude (Vincent, 1982).

On the whole it is believed that snowack at the higher
el evations in our study area decreases the potential for erosion
except during rain-on-snow events which trigger large runoffs such
as occurred durin? the 1964 flood. In a study by Anderson (1976),
when rain-snow relationships are considered with using nmean annual
precipitation values in Northern California, an increase in
precipitation by a factor of three produces only a 36 percent
I ncrease in reservoir deposition. Based on data fromthis same
work, snow conprises about 17 percent of total precipitation at
3500 ft. elevations at the latitude of our study area, 30 percent
at 4500 ft., 48 percent at 5500 feet, and 68 percent at 6500 feet.

Topography and Hydrol ogy as They | npact Upsl ope Sedi nentation

Ganitic |andscapes are generally shaped by differential
weat heri ng, 3Ia0|at|on and surface processes such as shall ow debris
slides and dry creep (or ravel). Stream action, earthflows and
slunps are typically less inportant than in other geologic types
(Seidel man, 1984, Baldwin and de |a Fuente, 1987). andscape
patterns such as slope steepness, aspect, elevation and drai nage
density differentially affect rates of sedinentation. These
el ements are discussed separately bel ow

Sl ope. In equivalent climates, steep slopes can dom nate
erosion rates, as soil |oss increases nuch nore rapidly than runoff
with slope. The angle of repose for granitic rock decreases as it
deconposes SEUrgin, 1977), and is determned to be about 35 degrees

70 percent) for DG soils (Lunb, 1962; Gay and Megahan, 1981).

t udi es have shown an increase in the occurrence of debris slides
above this angle up to 42 degrees (90 percent) (Megahan, 1978).
Steeper slopes tend to be bedrock and not prone to these
superficial slides. Seidelnman (1984) suggests that slopes over 30
degrees (60 percent) be considered sensitive in weathered granitic
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terrain. Such sl opes are often anchored by tree roots, so are
quite vulnerable to tinber harvest disturbance.

Only about two percent of the slopes on DG in the Scott River
wat er shed are mapped at gradients ofbetween 60 and 90 percent (at
a resolution of 1.6 acres). This does not include road cuts,
cliffs, steep inner gorges and channel sides which are averaged
with gentler sIoPes so do not show up at this el evation nodel
resolution. In effect, there is considerably nore area with 60 to
90 percent slope than is found on the map.

Aspect . Aspect plays a role in erosion rates. Prevailing
wi nds during storns cause nore precipitation to fall on south and
west exposures. Runoff and erosion are higher due to nore rainfall
and | ess cover because these aspects also dry faster and have
thinner soils. \Warner exposures are nore affected by freeze-thaw
cycl es than cool er aspects, although anount of ground cover can

conplicate this pattern.

Twenty-four percent of the DG area in the Scott R ver
wat er shed faces between south and west.

El evation. DG soils atthe upper elevations are nore erodible
because of coarse grain sizes nore typical there. Physi ca
weat hering predom nates at these el evations because of cool er
t enperatures, whereas chem cal weathering, clay formation and flood
flows are maximzed at intermediate elevations so higher
sedimentation rates occur there (Anderson, 1976). H gher
el evations also have nore snowpack protection, and nore slope and
streanbed arnoring by granitic boul ders. Depth to bedrock al so
plays a role as debris slides are nmore comon in granitic soil nore
than two feet deep (WIson and Hicks, 1975). e md-elevations
are nore eroded despite higher percentages of silt and clay and
deeper soil devel opnent. hi s phenonenon is noticeable in the
Study Area and has been docunented bK Colwell (1979) in the
Sierras. The | ower elevations (less than 3000 feet) have |ess
erosion hazard due to lower rainfall and gentler slopes
Geonor phol ogy (stable versus unstable |andforns) can conplicate
elevation patterns of soil developnent (Tom Laurent, Kl amath
Nat i onal Forest, pers. comm).

Drai naae pattern Table 2-1 shows the major subwatersheds of
the Study Area, their total area and proportion underlaid by
granitic soils. Table 2-2 is a descriptive summary of drainage
patterns by watershed. Figure 2-1 depicts Study Area hydrol ogy
with watershed boundaries in black and the streans col or-coded by
their order. Streans were ordered based on those mapped on recent
USGS 7-1/2' topographic quadrangl es, u5|n?_the stream order
classification of Strahler (1957). The blue-line streans highest
in the watershed were considered first order. We did not infer
unmapped first-order streans as described by Goudie (1981).
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Table 2-1.  Mpjor subwatersheds of the western Scott River
watershed, their total areas and proportions
underlaid by granitic soils. The granitic Study Area
I's about 89 square mles.

Total Ganitic % of
Area  Terrain Watershed % of

Wat er shed (Acres) (Acres) in DG all DG

Shackieford/ Mt 31869 2104 7 1

Ki dder/ Patterson 39919 3311 8 6

Crystal 2316 1886 81 3

Johnson 4394 843 19 1

MII1/Etna 17399 6495 37 11

Clark 3247 1007 31 2

French 20584 12984 63 23

Sugar 8149 5929 13 10

Wl dcat 5074 1418 28 2

Sout h Fork 15115 6600 44 12

Fox 4605 2857 62 5

Boul der _. 7992 6552 82 12

Little/Big MII 5876 3138 53 6

East Fork 46686 527 1 1

"Cal | ahan" 2307 1230 53 2

TOTALS 215532 56881 26 100

Table 2-2. Descriptive summary of watershed drainage patterns.

Entire Watershed — Granitic Port von of Uatershed
Drainage Length of |length of j|| Length of | Order 1 | Order 2 | Order 3 | Order 4 | Order 5 | Length of
Dens y Al'l Streams: | Di tches DC Streams| Streams | Streams | Streams | Streams | Streams Ditches

Watershed ‘M /Sy. M| (M les) (Mi les) (Mi les) (Mi les) | (Miles) | (Miles) | (Miles) [ (Miles) (Mi les)
Shack leford/Mi | | 2.3 116.0 16.6 5.4 25 1.4 1.5

Kidder/Patterson 25 156.0 20.3 8.7 52 1.8 1.7

Crystal 17 6.1 1.8 11 0.7

Johnson 29 19.6 54 1.7 1.0 0.7

Mill/Ekna 2.1 56.6 55 10.8 6.0 25 0.4 1.9
Clark 2.5 12.5 Lt.7 1.3 1.3
French 3.1 100.0 20.6 33.7 16.9 7.9 6.3 0.2 2.4
Sugar 3.5 44.0 15.7 14.0 6.4 1.6 2.0 2.2 1.8
W ldcat 3.2 252 8.2 3.0 21 0.5 - 0.4
South Fork 24 57.6 10.7 19.2 9.1 3.6 1.9 11 1.4 21
Fox 1.8 13.3 06 5.6 2.6 1.1 15 - 04
Boulder 2.1 26.1 0.7 13.6 7.0 3.3 3.3

Little/Big Mill 2.2 20.5 6.6 37 2.9

East Fork 2.0 1440 30.7 1.4 0.8 0.6

‘Ca | an” 3,3.1 11.2 2.8 2.1 1.9 0.2

Totals 809 183 129 68 29 19 5 i 7

—— =




SCOTT RIVER WATERSH:ED
HYDROLOGY

First Order
— Second Order
—— Third Order
—  Fourth Order
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Figure 2-1
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The steep, narrow canyons that typically dissect the Study
Area facilitate the novenent of soil particles into the stream
system Silt-sized particles and organic debris are expected to
nove constantly through the system and cone from throughout the
wat er shed. Sand-sized and larger particles are washed from roads
and other sources and stored as |ag deposits in swales and | ow
order channels until the larger stornms can flush the system This
process of colluvial sedinent storage and periodic flushin? IS
evident in the Scott R ver watershed; It has been identifi
el sewhere by others and noted as the source of episodic sedinent
pul ses (Pillsbury, 1976; Dietrich and Dunne, 1978; Dietrich et al.
1982; Tsukamoto et al., 1982; Costa, 1984; Dietrich and Dorn, 1984;
Rolle et al., 1987; and USDA-Forest Service, 1990).

Al so recogni zed by sone workers in granitic terrain are hi
streanbank erosion rates due partIK to the erod|b|I|ty of t e
coarse grain sizes and partly to the devel opnment of "stepped,"
al luvi ated reaches in between areas of bedrock (Wahrhaftig, 1965;
California Resources Agency, 1969; Seidelman, 1984). Transport
capacity is reduced in the alluvial reaches. Low gradient,
al luvial' reaches vegetated with willows and alders are evident in
larger Study Area watersheds below sites of serious, upper
streanbank erosion created by the 1964 flood, probably caused by
debris torrents in the |ow order, wel | -arnored channel s (see
Pierson, 1977, for a discussion of debris torrents). These are
cIearIy S|tes of long-term storage. Sei del man al so bel i eves
aggradation in granitic streanbeds to be tenporary and |ocalized,
due to the predom nance of sand-sized material that is relatlvely

easi |y noved.

Finally, Seidelnman (1984) has observed the lack of interaction
bet ween soil disturbance, including inner gorge debris slides, and
high streamflows in granitic terrain conpared to other geol ogic
types. He suggests that fish habitat and reservoir storage are
reduced in direct proportion to volume of sedinent deposited into
streams (rather than a synergistic or cunulative relationship). He
concludes that "it is likely that the nost significant stream f| ow
effect of soil disturbance is the i nterception of subsurface flow
by roads incised into bedrock," instead of any effect on peak

ows. Thi s phenonenon associ ated with granitic roads is discussed
nor e thoroughly later in this report.

Soils

‘Soils for the Study Area were mapped by the Soil Conservation
Service on private |land (USDA-SCS, 1983) and the U S. Forest
Service on public land (USDA-FS, 1982). The classification systens
differ somewhat between the agencies, as can be seen in Table 2-3,
where soil types, their erosion hazard ratings and acreages are
listed. (The Forest Service classified soils to the famly |evel,
while the Soil Conservation Service used the series |evel.) The
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soil surveys' delineation of soils is different in sone |ocations
than that of granitic geology defined on the smaller scale, USGS
Wed quadrangle geol ogy map (1:250,000) (\Wagner, 1987).

Di screpancies are evident “on the map, Figure 2-2.

Table 2-3. Ganitic soil types of the Study Area from the Soi
Conservation Service and Forest Servoce surveys, their erosion
hazard ratinas and acreages.

Map Per cent Er osi on
Code Soi | Type Sl ope Hazar d Acres
u.s. Forest Service survey:
124  Entic Xerunbrepts-Cerle 30-90 hi gh 3388
127 Gerle-Entic Xerunbrepts 50-90 hi gh 11073
128 @G 11igan- Chawanakee 30-90 hi gh 3549
130 G lligan-Holland 15-70 hi gh 8356
162 Lithic Xerunbrepts-Rock _

Qut crop 15-90 hi gh 421
165 Nanny (glacial till 2-30 noderate 5267
166 Nanny (glacial till 30-50 noderate 6261
189 Teew not-Endlich 50-90 very high 11572
U S. Soil Conservation Service survey:
119 Chai x- Chawanakee gravelly _

coarse sandy | oam 5-30 nod. - hi gh 693
120 Chai x- Chawanakee gravelly

coarse sandy |oam 30- 50 hi gh 4222
121  Chai x- Chawanakee gravelly _

coarse sandy |oam 50-70 very high 8280

The parent naterial of these soil types ranges in conposition
from "hard granitic rock" to "soft, | si ntegrated deconposed
granitic rock.”" Rock conposition ranges from coarse-grained quartz
monzonite to diorite. Soil depth typically ranges from |l ess than
10 inches on the Chawanakee and Teewinot, to nore than 60 inches on
glacial till or the nore devel oped Holland type. Surface textures
range fromloamto very gravelly sandy loam wth nost soils in the
gravelly sandy |oam category. The Chawanakee surface layer is |ess
t han four inches deep (one inch in the Forest Service survey).
Subsoils have a greater range in texture depending on their
devel opnent, fromgravelly clay |oanms of Coldridge and Hol | and
types, to the gravelly |oany sands of Nanny and Entic Xerunbrepts.
The Teewi not soil lacks a subsoil. Chawanakee has the highest
proportion of rock outcrop, typically about 25 percent of ground
cover.
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Geology and Hydrology

Soils derived fromgranitics are widely agreed to be sone of the
nost erodi ble of any rock type. In a northern California study
based on surface aggregation ratio as a neasure of erodibility,
soils devel oped fromacid igneous (granitic) rock were found to be
two and one-half times nore erodi ble than basalt (Andre and

Ander son, 1961). They al so produced three and one-half tines nore
sediment to reservoirs than soils fromother parent materials
(Ander son, 1976).

| nportance of subsurface hydrol ogy. The nost inportant hydrol ogic
process affecting erosion in DG soils is the subsurface, latera
flow of water at the saprolite-bedrock interface. \Wien these flows
are intercepted by forest roads the hydrology of the entire water-
shed can be affected. The road concentrates the water, diverting it

onto fill slopes and from one stream channel to another. Overl oaded
channels will respond to the increased flows with what can be
serious streanbank erosion or downcutting, while fill slopes nay

gully or slough. Megahan (1972) believes this process increases
total runoff volume froma watershed, but may not affect peak flows
dependi ng on how the excess is re-directed through the watershed.
In his study, a single road | ocated at the |ower end of a watershed
i ntercepted 35 percent of subsurface flows, resulting in runoff 7.3
times the direct runoff from roads.

Differences in stage of deconposition. An inmportant characteristic
of granitic soils is the stage of bedrock deconposition, as this
affects the quantity and grain size of material available for
transport. An entire spectrum of granitic weathering can occur
anong regions or even on the sane slope. One area can have un-

weat hered rock high on a slope to deep soils with well-devel oped,
clay-rich subsoils on the sideslopes and toe (Durgin, 1977). Such
progressi ons have been observed in the English Peak batholith of
the Klamath Mountains (Rice et al. 1985) and is noteworthy in our
Study Area with, for exanple, the Holland soil type when it occurs
near slope toes, alluvial fans or stable | andforms. Influencing the
rate of parent rock deconposition are m neral ogy, rock texture,
porosity,fractures and joint structure. O the four main mnerals
i nvol ved (quartz, biotite, plagioclase and orthoclase), biotite and
pl agi ocl ase domi nate the erosion process. Locally, the granodiorite
is about 15 to 20 percent biotite and 60 percent sodic pl agiocl ase
(Mack, 1958). They expand by hydrol ysis and oxi dation, disinte-
grating into gruss and then sands, |oany sands or sandy |oans. The
quartz component remai ns unchanged except for disaggregation. This
process occurs easiest when the mnerals are in contact with soi

wat er solutions in the zone of soil aeration (Ruxton and Berry,
1957; Durgin, 1977).

Wthin the soil profile, exposed portions of the granitic substrate
that are wet only seasonally erode very slowy. Below this,
typically, is a zone of weathered granite where chem ca
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weat hering predom nates and nore than 85 percent of the rock is

weat her ed. Deeper is disintegrated granite where physical
weat hering predom nates, then bedrock (Durgin, 1977; Rolle et al
1987). It is in the zone of chemical weathering in the soil

profile and internmediate weathering with respect to the stage of
deconposition (such gradations as can be seen on slopes or by
el evation) where erosion activity is maxi m zed.

In general, differences in bedrock weathering are probably
overshadowed by differences in precipitation pattern, sl ope
steepness and internal soil drainage. This conclusion has been

reached by Cdayton et al. (1979) in the Idaho batholith and
Seidel man (1984) for the Sierra Nevada.

Surface processes. Under unburned, natural conditions,
overland flow is not inportant conpared to other erosive processes
in DG terrain because of high perneability, good ground cover and
the need for rapid, turbulent flow to carry the large grain sizes
(Bloom 1978). However, forest fires, road building and |Iog
skidding are activities that facilitate concentration of flows and
currents in the sheetwash, hence of rills, gullies and ephenera
channel s. Burned and other disturbed sites in the Scott River area
frequently show evidence of turbulent, concentrated flow However,

the soil's non-cohesive grains tend to fall in on thenselves (dry
ravel ) after some tine, often erasing the tell-tale signs of these
processes. Dry ravel or creep of | oose particles can be an
i nportant surface process in DG soils. In an lIdaho study (Megahan,
1978), it was found to increase the rate of soil l|oss by an order
of magni tude and constitute 15 percent of total |oss. In the Study

Area significant amounts of soil have been observed to be dislodged
and noved off-slope by rainsplash on disturbed sites during even
mild sumer stormns.

Inportant to surface erosion processes in DG are organic
matter and clay contents. Wereas clay acts as the primary binding
agent in the soil, organic matter is nore inportant in protecting
the soil surface. Both are inportant to soil fertility and water-
hol di ng capacity. Both are selectively renmoved by surface erosion
For nost soils, erodibility increases when organic matter
decr eases. For sandy soils, however, the opposite is true within
the soil profile (Fink, 1970; Meeuw g, 1971). Conponents of the
organic matter (fungal hyphae at high elevations (Tom Laurent,
Kl amat h National Forest, pers. comm)) coat the sand grains, naking
t hem hydrophobi ¢ and nore easily disaggregated and noved off sl ope.
This is thought to be a mgjor limting factor in the capacity of
Sierra Nevada DG soils to absorb high-intensity sumer rains

(Meeuwi g, 1971; Colwell, 1979; Seidel man, 1984). It has al so been
reported in the Shasta-Trinity National Forest (Holconb et al.
1990). This water repellancy occurs with dry soil. When the sun
dries out the soil surface between stornms (and the air temerature
is warm), water repellancy returns. These conditions are nost
coomon in the Spring and Fall (Tom Laurent, Kl amath National
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Forest, pers. comm.). The higher the clay fraction of the soil,
the less this is a problemas the organic mtter wll
preferentially bond with the clay, leaving less to bond with the
sand. Apparently, enough litter and duff nust be naintained on DG
soils to protect the soil surface, but large anmounts in the soi
profile can becone detrinental

Slunps, earthflows, and large rotational slides are not
i mportant processes in Scott River granitics or elsewhere in
granitic terrain (Megahan, 1974, Baldwin and de |a Fuente, 1987).
(They are inportant in coastal areas to the west.) Both natura
and use-related slides occurring in soil nmaterial above bedrock are
common, as has been observed in other DG areas (Durgin, 1977, Gay
and Megahan, 1981, Rolle et al., 1987). However, Scott River
debris slides are apparentlz | ess common than in nei ghboring
granitic terrain such as the Little North Fork of the Sal non River
(Jar Power, Kl amath National Forest, pers. comm). This nay be due
to lower rainfall.

These shal | ow debris slides are inportant because they becone
aval anches and sonetimes debris torrents during periods of high
rainfall. A debris torrent nobilizes much nore material than the
volunme of the original slide and hence is truly a "cunulative"
i mpact (Juan de la Fuente, Klamath National Forest, pers. conm).
In the Study Area debris slides are the major conponent of stream
upper bank erosion, and an inportant process in roadbank erosion
(dry ravel is thought to be the Prinary mechani sm on roads except

for at streamcrossings and fill failures). In sonme studies these
slides were found to be responsible for much of the sand and | arger
particles delivered to reservoirs (e.g. Rolle et al., 1987) from
roads and | ow order channels (Costa, 1984). Thi s process needs

further evaluation in the Scott River area than could be provided
by this study. Debris slide activity is affected by any Increase
I n peak subsurface flows (which can be caused by tinber harvest as
It affects vegetative controls on soil noisture |levels), a decrease
insurface root density (also affected by tinber harvest), or slope
changes such as occur with road buil ding.

Veget ative Cover and the Effects of Land Use

~Native cover and erosion conditions. Native vegetation on
granitic terrain in the Scott River area is mainly mxed conifers,
I ncl udi ng Ponderosa pine, Douglas fir, white fir, sugar pine and
I ncense cedar. At the higher elevations there is also nountain
hemock, red fir and western white pine. Har dwoods i ncl ude
madrone, black oak, canyon |ive oak, tanoak, hazel nut and dogwood.
Understory vegetation may include any of the follomjngz pi nemat

eer

manzanita, chinquapin, greenleaf manzanita, snowbrush, brush,
rose, currant, whi t el eaf manzanita, t hi nl eaf huckl eberry,
huckl eberry oak, phlox, sunflower famly, pink famly, Adders
tongue, stonecrop, Pacific trillium or swordfern.
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Vegetative cover protects slopes from soil loss b
intercepting incomng precipitation, and then controlling soi
noi sture levels through transpiration and regul ati on of snow
accurmul ation and nelt rates. Tree roots add cohesion to granitic
soils, and along with trunks anchor slopes beyond what could be
supported based on soil structure alone FAnderson, 1970; Gay and
Megahan, 1981; Megahan and King, 1985). Roots can provide up to 80
percent of the soil shear strength in a saturated soil (O Loughlin
and Watson, 1981). An exanple in the Study Area of inner gorge
debris flows on steep slopes possibly caused by the renoval of
anchoring vegetation is just below the intersection of Sugar Creek
with the "Hgh CC' road, on the north-facing bank. Additionally,
veget ation provides ground cover and catchnments for soil noving

downsl ope.

There are differences in DG soil erodibility under a range of
vegetation types, although these differences are probably mnor in
the big picture of sedinent inpacts on fisheries. Such differences
are due to differential root distribution, plant secretions,
chem cal nake-up of deconposition products, and volune of annual

litter (Wallis and Wllen, 1963).

Conditions under loaaing The predom nant |and use activity
in the Study Area with respect to sedinment production is tinber
harvest. Mst roads in the area were built for and continue to be
mainly used for hauling tinber. The inpacts of roads and tinber
harvest on granitic terrain hydroloqy is not as well understood as
in other geologic types, especially the ability of a granitic
wat er shed to recover from such disturbance. No paired watershed
studies are available to docunent these effects in the Kl anmath

Mount ai n bat hol i ths.

|f logging activity is considered apart fromroad building,
effects on sedinent yield are inportant but frequently mnor 1In
conparison to other sources, especially roads.  Inpacts are
mnimzed by high soil perneability and possibly a high proportion
of precipitation as snow. Harvest inpacts on granitic soils may
becone serious, however, depending on how the harvest area and skid
trails relate to bedrock outcrops, streans, and conpacted areas
such as roads and | andings and epheneral draws. Increases in soil
| oss due to Iogging usually are at least an order of nagnitude |ess
than that fromroads, and are typically a single order of magnitude
or | ess above background loss rates. For exanple, Megahan et al.
(1978) reported a 50 percent higher erosion rate off of treeless

plots than those with seedling trees.

The nost inportant effect of logging on DG soils has to do
with how it can change subsurface hydrol ogy. The inportance of
vegetative cover for stabilizing granitic soils has already been
di scussed. Tree harvest results in an increase in soil noisture
storage during the grow ng season. This causes a rise in small
stornfl ow peaks, but not those of large storns (Seidelnan, 1984).
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Further effects include reduced infiltration capacity due to
conpaction, increased channeling of flows on bared soil (especially
skid trails), weakening of slopes anchored by vegetative nateria

and changes in snow nelt relationships in openin%s. These inpacts
are probably greatest on southwest exposures. Al of these factors
can 1ncrease debris slide activity especially on slopes supporting
heavy tinber stands (Rice et al. 1985). There may be a lag bhefore
this activity shows up depending on the rate of root decay versus
new root growh--the slide hazard peaks two to ten years after

di sturbance on granitics (Nakano, 1971).

Met hod of harvest. Soil loss wth respect to nethod of
harvest is directly related to the amount of soil disturbed and
bared by harvest activity, especially the denS|tK of skid trails
and roads required to access the tinber. Megahan (1981) found
tractor logging on granitics to result in 28 percent of the soi
di sturbed, ground cables with 23 percent, suspended cables wth
five percent and helicopter logging with two percent. Simlarly,
Swanston and Dyrness (1973) found tractor yarding in granitics to

result in 35.1 percent bare soil, hi-lead in 14.8 percent and
skyline in 12.8 percent. In a Trinity County study on m xed soi

types, skid trails averaged four to eight percent (6-12 knisﬂskm
for clearcut areas (Scott et al., 1980). Contrary to public

opinion, clearcutting may be |ess damaging to the soil resource
t han other harvest nethods because of |ower road and skid trai

densities. W estimate from aerial photos that in the Study Area
about eight percent of the area harvested is in roads and skid

trails.

Tabl e 2-4 shows total acres harvested by watershed and by
ownership in our Study Area. Nunber of acres harvested is based on
a conpilation of California Departnent of Forestry; BLMand U.S.
Forest Service records. The areas described are conservative
because records of tinmber harvests were not available from before
1958 on public land, and before 1974 on private land. Thirty-two
percent of all DG acreage has been harvested. Figure 2-3 depicts
areas of public and private land in relation to soils derived from

granitics.
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Table 2-4. Total acres harvested on DG soils by watershed and
percent of all DG harvested by ownership. Data are from 1958-1988
for public lands, 1974-present for private lands. If a site was re-

entered, only the nost-recent acreage is included.
Per cent Percent

DG Acres DG Acres Harvested Harvested
\Wat er shed Har vest ed Unharvest ed Private Public
Shackl eford/ M | | 0 2104 0 0
Ki dder/ Patt er son 792 2519 94 6
Crystal 1501 385 78 22
Johnson 460 383 97 3
MIIl/Etna 2083 4412 88 12
Cark 30 976 100 0
French 6260 6724 76 24
Sugar 2007 3923 64 36
VW?dcat 553 865 29 71
Sout h Fork 2688 3912 46 54
Fox 2229 628 46 54
Boul der 2519 4034 40 60
Little/Big MII 416 2721 69 31
East Fork 312 215 72 28
"Cal | ahan" 337 894 68 32
TOTAL 22187 34695 66 34

Roads Many studies on all soil types identify road

construction as the largest source of accelerated sedinentation in
forest streans (for exanple, U S. Environmental Protection Agency,

1975). Roads intercept and divert subsurface flows, as well as
concentrate and channelize surface runoff. In a study of forest
soil's around the Sacranento Valley basin, road-induced mass wasting
was the largest source of erosion and sedinentation. Aver age
| osses were 80 tons/acre/year off the road prism wth 50
tons/acre/year going to streams (USDA-Forest Service, 1983). Two
mles of road in a granitic watershed produced al nost tw ce the
sedinment yield as 14 nearby watersheds that were undisturbed in
I daho (Megahan, 1971). In Trinity County's Gass Valley Ceek,

roads represent about six percent of the area disturbed but
produced about half of the sedinent due to |ogging (USDA- Soil

Conservation Service, 1986). Fine sedinment (less than 0.85nmm

accunul ated in basins above natural |evels when the roaded area
reached 3.0 percent of the (non-granitic) watershed area. A
watershed with about four percent roaded area increased
sedinentation four-fold over the background rate, and a watershed
with four to seven percent roaded area produced 15 to 23 percent
fines in channels versus 10 percent in the background condition
(Cedarholmet al., 1982). Traffic alone can increase sedimentation
on roads. Any traffic will likely double sedinmentation on haul
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roads. Heavy use increased sedinentation 130-fold over an
abandoned road in non-granitic terrain (Reid and Dunne, 1984).

Despite the volune of data relating high rates of erosion to
forest roads, Seidelnman (1984) cautions against making concl usions
about how this relates to watershed hydrol ogy and sedi nmentation
rates fromone region to another. He contrasts the work in the
Caspar Creek watershed in the California redwods (Rice et al.
1979) with Coyote Creek in southern Oregon (Harr et al. 1979). In
Caspar Creek with 15 percent of the area in roads, skid trails and
| andi ngs, there was no related increase in |arge stornflow peaks.
In Coyote Creek, with simlar |evels of disturbance, these peaks
were Increased. He concludes that information on processes can be
transferred anong regions, such as the mechanism of road
ipgerception of subsurface flows, but not on their secondary
ef fects.

Finally, historic aerial photos show nost existing |ogging
roads below the H gh ccroad to be in place by the m d-1960%
Tg%gs above the H gh CC becane commonpl ace starting in the early

's.

Met hods

Approach Sel ected and Definitions

Field inventories and construction of sedinent budgets are the
most W dely accepted neans of organizing data on erosion, sedinment

yield, and general health of watersheds. However, there is no
universally accepted methodol ogy for estimating and neasuring the
vari abl es affecting erosion and sedi mentati on. Sedi nent nodel s
useful in the field lag far behind theoretical understanding, and

there are anY gaps in the theory. For this reason, we selected
met hods that focus on relative values rather than fixed numeri cal
results, and that allow easy recalculation of results as better
data becone available or as conditions change.

The multi-staged approach selected to assess erosion and
sedinmentation in the Study Area includes field work, aerial
photoi nterpretation, and use of a geographical information system
(G@S) for Study Area stratification, data extrapolation, and soil
erosion and sediment nodeling. The G S hel ped organize the data
Pertlnent to the erosion problemfromvarious maps, and was a tool

or analyzing sets of layer, polygon and attribute resource data
such as topography, geology, soils, vegetation and | and use. Soil
erosi on nodeling was conducted with the S and with specialized
data bases devel oped for the purpose. This approach to eval uating
soil erosion is becomng nmore conmon (Pelletier, 1985; Snell, 1985;
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Hessron and Shanhotez, 1988; Prato et al. 1989).

Sonme definitions applicable to this report are appropriate
bef ore di scussing nethods in nore detail. Weathering i nvol ves
processes that affect the stage of deconposition of bedrock and

arent material. Physical or chem cal weathering may dom nate the
reakdown of granitic rock depending on elevation and position in
the soil profile. Soil erodibility has to do with site-specific
physical, chemcal, topographic and environnental variables that
affect how easily soil particles are dislocated off a slope. Soil
erosion is defined as the amount of soil loss by raindrop or runoff
from a particular sl ope. Sheet and rill erosion is a result of
raindrop inpact and surface water flows in sheets or rills.
Channel erosion is a result of concentrated flows in gullies or
streams. Sediment yield is the anount of soil erosion delivered to
a watercourse. Only a portion of soil eroded off a slope is
actually delivered to streams, so sediment yield is nost directly
related to water quality and riparian habitat changes, while
erosion nore directly affects site productivity.

Esti mates of soil erosion and sedinment yield are presented in
average annual terns in this report. W recognize that this
approach does not reflect the inportance of on-slope storage and
epi sodic events in the process of noving sedinment into the stream
systems. However, short-termval ues contain a randomess conponent
that can be hard to evaluate. Average annual values are used for
their ease of data availability given limted sanpling tinme, ease
of conparison to other study areas, and ease of conparison anong
various |and use categories in a single study area. As mentioned
earlier, nean annual climtic values have been shown to be
relatively precise indicators of at least climate's effect on
sedimentation in northern California (Anderson, 1976).

Procedure for Roads and Skid Trails

Soil loss fromroads and skid trails involves sheet, rill,
channel and subsurface flows. These |osses were derived directly
fromthe field by transecting road and skid trail sanples,
estimating the area voided by soil |loss and extrapolating results
to the entire watershed (Steffen, 1983). Lengt h and hei ght of
voi ded areas were assessed directly, while lateral recession rates
(depth per year) were estimated using the descriptive categories
shown in Table 2-5 (after Steffen, 1983). After multiplying by the
density of the granitic substrate (we used 100 |bs. per cubic
foot), the result is in tons per year for the length of road
sanmpled. This method tends to sonewhat overestimte actual | osses,
SO It is necessary to be conservative in the field (Lyle Steffen
Soi|l Conservation Service, pers. conm). For road surface erosion
bare road was assuned to erode a mninmum of five tons/acre/year
visible rills indicated a |oss of about 10 tons/acre/year and a
high density of rills indicated nore than 10 tons/acre/year.
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Table 2-5. Road cut and fill lateral recession rate categories and
descriptions (after Steffen, 1983).

Lat er al

Recessi on

Rat e o

(ft/yr) Cat egory Descri ption

0.01-0.05 Sli ght Some bare roadbanks but active erosion
is not readily apparent. Sone rills but
no vegetative overhang. Ditch bottomis
grass or nonerodi ng.

0.06-0. 15 Mderate Roadbank is bare with obvious rills and
some vegetative overhang. M nor erosion
or sedimentation in ditch bottom

0.16-0. 30 Severe Roasdbank is bare with rills approaching
one foot in depth. Sone gullies and
over hangi ng vegetation. Active erosion
and sedinentation in ditch bottom Sone
f encepost s, tree roots or culverts
eroding out.

0. 30+ Very Roadbank is bare with gullies, washouts,
Severe and slips. Severe vegetative overhang.
Fencepost s, power | i nes, trees and

cul verts eroded out. Active erosion and
sedi mentation in ditch bottom

Road surface erosion was the nost difficult conponent of road
erosion to eval uate because nuch judgment had to be used regarding
mai nt enance patterns that affect visual evidence of soil novenent.
Mai n access roads such as the H gh CC and Blue Jay were assuned to
have been graded annually. Most of these roads had been rocked
within the last ten years (Jay Power, Kl amath National Forest,

ers. comm). Secondary roads were generally assumed to have not
een graded for at |east a few years. An underestimte of
mai nt enance activity would result in an underesti mate of surface

erosi on on these roads.

Since the scope of this project did not allow us to get a
statistical sanple of roads for the Study Area, an effort was nade
to inprove sanpling precision by stratifying the area into uniform
units by subwatershed, |evel of road use, and whether the road was
paved, rocked or unsurfaced. Position of the road within the
wat er shed and whet her sanpl ed sections were on private or public
land were tracked. Al so recorded were nunber of gullies and their
voi ded area: nunber and condition of stream crossings, culverts and
wat er diversion structures: sedinent yield estimates; and comrents
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on wat ershed cover conditions. On skid trails, the Universal Soi
Loss Equation was run for every trail napped using the slope from
the digital elevation nmodel and assum ng 50 percent ground cover
(based on field observations). This was to separate sheet and ril
from ot her types of erosion. Data were extrapol ated for each
subwat ershed using total length of skid trails and roads in each
category calculated fromthe GS.

Tabl e 2-6 shows, by watershed, mles, area and density of
roads. Table 2-7 depicts simlar data for skid trails. Ski d
trails were mapped off of 1986 aerial photos (1:24,000 color IR
stereo pairs) and digitized to arrive at lengths. The area in skid
trails I's quite conservative as those with 100 percent vegetative
coverwere not recorded. Average skid trail wdth was assunmed to
be ten feet (a conservation estimate based on field observations)

to arrive at area in trails. Road | engths were digitized from
US.GS 7-1/2 minute "prelimnary" topographic quads based on
early 1980's aerial photos and field checking. Estinmates of area

in roads are based on field data collected of road w dths and
hei ghts of cuts and fills. Figure 2-4 depicts roads and skid

trails.

Table 2-6. Road nileage, area, and density by watershed and by
granitic portion of each watershed.

Road Road Road Dengty on Densty on

Road  miles on Road areson  density granitics granitics

Watershed miles granitics ares  granitics  (ft/acre) (ft/acre) (mi/sg.mi)
Shackleford /Hill 153 10 764 48 25 3l 3.7
Kidder/Patterson 155 13 773 67 21 13 1.6
Crystad 20 17 101 84 46 55 6.7
Johnson A 1 155 56 3 45 5.6
Mill/Etna 75 29 3n 142 23 26 32
Clark 20 5 100 23 kX 29 3.6
French 119 T4 594 367 3l 29 35
Sugar 41 18 202 92 26 20 2.4
Wildcat 38 4 188 21 39 i 5.3
S. Fk. Scott 93 20 465 99 3 2 3.3
Fox 23 15 17 73 21 yal 2.5
Boulder 50 42 251 209 3 3 4.7
Little/Big Hill 22 1 107 3 19 17 2.0
East Fk. Scott 175 14 102 69 20 39 4.8
"Callahan" 19 9 96 45 43 40 4.9
TOTALS 1034 288 4387 1428 25 2 32

2-19



Table 2-7. Skid trail mleage, area and density on granitic portion
of each wat ershed.
SKid trarl Skid trarl Density on Density, on
mles on acres on %ranltlcs granitics

Wat er shed granitics granitics (ft/acre) (m/sq.m.)

Shackl eford/ M I |
Ki dder/ Patterson
Crysta

Johnson
MII/Etna

Clark

French

Sugar

W [ dcat

S.Fk. Scott

Fox

Boul der
Little/Big MII
East Fk. Scott
“Cal | ahan"

TOTALS 191 232 17.7
*Field sapling results show area currently wih figher density of Sid trails than other
recent harvesting is not evident on 1986 aerial photos used for these data
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Procedure for Streambanks

Streans maintain an equilibrium anong their slope, size of
sediment particles, quantity of sedinent transported, and quantit
of water carried (Sinons and Senturk, 1976). One of the nos
conmmon causes of streanbank erosion in any watershed is increased
runoff fromupland areas due to |ack of cover.

Streanbank erosion was estimated by adapting the direct volume
procedure described for roads, above, 1o aerial” photo surveys and
a field surv%y conducted by the U S Forest Service in 1982 and
1983 (U. S. Forest Service, K amath National Forest Scott R ver

District, 1983). In the field survey, upper channel banks were
rated for nass wasting and |ower channel banks for cutting. The
ratings used are described in Pfankuch (1975).

Conservative area and lateral recession rates were assigned in
this study to each category. For nmass wasting, the values were the
length of the subsanple tines a height of 5, 2, 1 and O feet for
poor, fair, good and excellent categories. The lateral recession
rates were 0.5, 0.3, 0.13 and 0 feet per year. Fox Creek, Boul der
Creek and nearby watersheds were assigned higher values for nass
wasting because vegetation cover along the streanbanks sanpled was
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frequently described as poor to fair, that is, less than 50 percent
ground cover. Area of cut banks was taken directly from rating,
multiplied by the sanple length. Lateral recession rates were 0.5,
0.3, 0.13 and O feet per year. The percent noneroding area and
eroding area in each category for the sanple was extrapolated to
the length of streans in the subwatershed (nultiplied by two
because of the two streanbanks). This work was suppl emented by
marking all visible areas of streanbank cutting or mass wasting
fromhistoric and current aerial photos (1944 and 1955 bl ack and
white 1:24,000 pairs; 1971 and 1986 color infrared 1:24,000 pairs).
A map of serious streanbank erosion sites visible from aerial
photos is presented in Figure 2-5, along with earthflowslunp sites
(after Baldwin and de |a Fuente, 1987).

Limted enphasis was placed on field work for streanbanks
because of earlier reports that this represented an "isolated" and
"minor" conponent of erosion problenms in the area (USDA-R ver Basin

Pl anning Staff, 1971).

Procedures for Hillslopes, Timber Harvest Units and Landslides

The USLE, nodified for forest conditions in the west (Curtis
et al. 1977, Dissmeyer and Foster, 1984), served as the basis for
eval uating erosion off of vegetated slopes in the Study Area. W
recogni ze the problems with the use of this nodel. The USLE enjoys
t housands of plot years of research results (Singer et al. 1976),
and many professionals and agencies have made It a standard despite
its lack of data refinenent for conditions in western United
States. Oher limtations include: threshold and tenporal effects
are ignored, forns of erosion besides sheet and rill are not
evaluated, it is fundanentally based on tilled agricultural slopes
of 20 percent or less, and, when portions of the equation are
averaged over areas, results do not reflect the way variables
actually interact in a watershed nor do they accurately relate
sedinent to its source area. Interactive effects may affect
accuracy of predictions, such as that between rainfall and cover,
or between surface erosion and |andslides involving subsoil |ayers.
On coarse-textured soils such as DG there is an interaction
between the transportability of particles, part of the "K' value in
the USLE, and sl ope. In general, the "K' value for DG soils
appears to wunderestimate actual soil erodibility. Finally, both
solls and climate data are often too broad-based (and in clinate's
case, too nuch based on | ow el evation stations) for the USLE to be
useful on a site-specific basis for short-term predictions of

actual rates.

However, nost workers agree that use of the USLE is
appropriate for getting relative erosion rates and making pl anni ng

decisions--the assignment of dollars and resources. The
interaction of variables in the equation follows well-docunented

trends and can be used to conpare potential long-term effects of
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alternate nethods for managing forested areas and aid in
identification of major sediment source areas (Wschneier, 1984),
the goal of this study. Good correlation between USLE predictions
and experinmental trough work has been docunmented in the Klanmath
Nati onal Forest (Tom Laurent, Klamath National Forest soil
scientist, pers. comm). Additionally, where it has been tested in
California forests, the USLE cane within 82 percent of actual
val ues, closer than any other nethod (Dodge et al., 1976).

The USLE takes the form A = RKLSCP. "A" is soil loss in tons
per acre per year (or other units as defined by the individual
study). "R" is an estimate of the effects of rainfall and rungff
based on two-year, six-hour precipitation intensity records. K
is an estimate of the soil's inherent erodibility based on
experimental values from benchmark soils. 'LS" is an estimte of
the topographic effect of slope and slope |ength. "C is the
effects of canopy and ground cover on raindrop I npact, and "P" is
the effect of conservation practice--usually considered to be unity
on forest |and.

~ W applied the USLE to Study Area |lands using the G S so the
various factors could be overlaid and analyzed for every
aﬁproxinately 1.6-acre block of land. This was nmade possible by
the availability of digital elevation nodel tapes based on the
1: 250,000 Weed quadrangle fromthe U S. Geol ogical Survey and
Def ense Mappi ng Agency.

'R" val ue Erosion rates increase with tendency to |arge,
infrequent storms. The R value was derived fromrainfall intensity
records (California Dept. of Water Resources, 1986; Elford and
McDonough, 1976), and adjusted by el evation using an isobar map of
mean annual precipitation (USDA-Soil Conservation Service, 1972).
Maxi mum val ues up to 284 were | owered because of the expected
percentage of precipitation falling as rain versus snow at higher
el evations (Anderson, 1976). R values ranged from 24 to 150. This
conpares with values used for Grass Valley Creek DG areas in
Trinity County ranging from55 to 150.

"K' value. Values for erodibility are adjusted by soil type
and are related to factors such as texture, perneability, percent
sand, organic matter content, soil structure and clay m neral ogy.
We used values provided by the Soil Conservation Service and Forest
Service for the various soils, generally around 0. 20. This was
done by digitizing soil survey maps for the Study Area and
assigning the appropriate K value to each polygon of soil mapped.

"LS" value. FErosion rates increase exponentially with slope
and sl ope |ength. Percent slope was taken directly fromthe
digital elevation nodel grid cells. Slope length was taken to be
uniformy 25 feet. Fifteen feet is thought to be the mninumIlimt
to which the USLE is applicable. Sl ope lengths are short in

2-24



forested situations, and are generally less inportant because there
tend to be patches of duff and bare soil even in disturbed areas.
The value is close to what others have reported for DG soils,

al though the range is zero to 100 feet. In areas of heavy ground
cover or slopes between zero and five percent, the slope length is
taken to be zero.

"C' value. Cover values were expected to dom nate the erosion
process on equival ent slopes, and USLE results were expected to be
nmost sensitive to these values. Cover is also the nost inportant
factor affected by use, so it represents the main cause of

differences between potential and observed erosion. There are
nul tiple, variable conponents or "subfactors" of cover in forest
situations: anount  of bare  soil, canopy cover, soi |

reconsolidation, fine roots and onsite depression storage (Curtis
et al. 1977). Ve first estimated cover values for the undisturbed
forest. Field experience has shown and others have noted (USDA-
Soi | Conservation Service, 1986; Holconb et al. 1990) that ground
cover and root networks are naturally not as plentiful on granitic
soils than in the surrounding forest. Chaix and Chawanakee soils
are often bare, especially on southern and western aspects,
al though they commonly have a "one-inch mat of undeconposed and
partially deconposed needles, |eaves, twgs, bark and other organic
debris" (USDA-Soil Conservation Service, 1983). A default val ue of
15 percent bare soil was used for undisturbed forest, based on the
literature and our field observations, with 25 percent on southern
and western aspects, and no bare ground on slopes up to five
percent. Canopy above bare soil was assuned to be 85 percent, wth
75 percent on southern and western aspects. Soil reconsolidation
(soil generaluy becones less erodible with tine after disturbance)
was scored at 0.45 Fine roots in the bare soil area were rated at
70 percent, with 50 percent on southern and western aspects. Five
percent of the soil was assuned to be in fragments nore than three
Inches in size %see Di ssneyer and Foster, 1984, for a conplete
expl anati on of these subfactors).

- For forested areas disturbed by tinber harvest, 10gging
activities were divided into high-inpact and |owinpact categories.
H gh-i npact |ogging included clearcuts, selection, shelterwood and

seed tree nethods.  Lowinpact included sanitation, salvage and
overstorg renmoval . H gh-inpact |ogging was assunmed to |eave 30
percent bare ground apart fromroads and skid trails (the result of

our field transects), and |owinpact 18 percent bare ground. (e
ignored the fact that private |andowners generally do not burn
slash while the U S. Forest Service does.) Both were adjusted to
undi sturbed values linearly over 35 years. These val ues are
simlar to those cited by Rice (1979) from various studies

sel ection harvesting left 28 percent (ldaho DG soils), 15.5 percent
(eastern Washington), and 20.9 percent (eastern Washington);
clearcuts 29.4 percent (eastern Washington), 26.1 percent (eastern
Washi ngton), and 77 percent (northern California); and ground cable
18.8 percent (western Qegon), 15.8 percent (western Oregon), and 23
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percent (ldaho DG soils).

Canopy cover values were obtained fromdigitized U S. Forest
Service vegetation map cover classes--the mdpoints of these
classes were used (USFS-Klamath National Forest, 1989). O herw se,
canopy cover over bare soil was assuned to be five percent for
hi gh-inpact conditions and 20 percent for |owinpact, adjusted to
undi sturbed values linearly over 35 years. Fine roots in bare soi
areas was assunmed to be 25 percent (our field work result was 15
percent, Shasta County workers averaged 26 percent (cited in Berry,
1983) and Mendoci no County workers 34 percent (Berry, 1983)). Bare
soil reconsolidation subfactor was assunmed to go from1.0 to 0.45
over 35 years. Onsite depression storage was rated at 0.05

Figure 2-6 shows tinmber harvest patterns. About 75 percent of
| ogging on private lands is estimated to be by tractor, and 25
percent by cable (Bob WIlliams, California Departnent of Forestry,
pers. comm, 1989). In addition to the sites in the Figure, aeria
photos from 1955 show extensive |ogging at the |ower elevations
outside of Callahan (especially in the Little/Big MII Creek
drai nage) and Etna (up through \Wiskey, Johnson and Kidder creeks),
and sone in the French Creek drainage. More recent (post-1986)
sites not shown on the map are in Cystal Creek and the @ endenning

Fork of Kidder Creek.

Landsl i des were assuned to nove at a maxinumrate of 0.75 feet
per year to a depth of 2.5 feet.

Sedi nent Yield Estimates

Several nethods were used to estimate sediment yield and these
were conpared to literature val ues. It was hoped that the
redundancy woul d hel p Provide some confidence to results as we have
no sedimentation data from stream gages to calibrate values, and no
s”ng”e nodel has been generally accepted for sedinment yield
cal cul ati ons.

Reservoir sedinent survev Reservoir sedinment surveys are
good sources of data for sedinment yield estimates in simlar
wat er sheds because the survey integrates all the sedinentation
processes occurring in the upland watershed during the period of
record. Recently, a survey was conpleted for Antelope Reservoir in
Plumas County (Dept. of Water Resources, 1990), a watershed with 64
percent granitics upslope and simlar rainfall (36 inches at nearby
Geenville, elevation 3600 ft.) and drainage area (70.8 sq. m .% to
the subwatersheds in our Study Area. Road density is slightly
lower (2.2 m./sq. m.) than nost subwatersheds in our Study Area.
Ant el ope Reservoir survey results indicate an average sedi nent
yield rate of 570 tons/sq.m./year for the period 1964-89. The
Soi |l Conservation Service (1988) had earlier estimated tota
upsl ope erosion to be 188,100 tons per year.
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Sediment delivery ratio. Use of a sedinent delivery ratio
(SDR) applied to an estimate of gross erosion for a watershed can
provide a first cut at sedinent yield val ues. It is a first cut
because data relating SDR s to drainage area are wdely scattered.
This is because there are many watershed vari abl es besides area
that relate to sedinent yield (for exanple: shape, cover condition,
channel density, slope length and conplexity, and rainfall). One
method for arriving at an SDR is called the slope-continuity
procedure devel oped by Flaxman (1974)for watersheds in western
United States. This method was used in the Gass Valley Ceek
watershed in Trinity County (USDA-Soil Conservation Service, 1986).
Cross sections of primary stream channels are drawn and a ratio
bet ween produci ng and depositional areas determned, or steep and
flat areas. This is, again, a first cut at estinating sedi nent

yi el d.

PSI AC net hod The Pacific Southwest |nteragency Conmttee
(1974) devel oped a generalized nethod approgriate for maki ng
prelimnary estimtes of sedinment vyield. The nmet hod has been
adapted for forested lands in the Trinity R ver Basin (Dybdahl et
al. 1990). It relies on nine factors for making estimates: surface
geolo?y; soils: stormfrequency, duration and intensity: size of

ow

peak and volune per unit area; slope steepness and floodplain
devel opment; ground cover: |and use including road densities:
upland erosion severity: and channel and sedinment transport
vari abl es. PSIAC is one of the few approaches that allows
consideration of current land use. The nethod requires
consi derabl e judgenent to apply properly, as well as devel opnent of
a regional sedinment yield curve. esul'ts should be backed up with

supporting evidence.

Fifty-eight sedinent sanples were collected fromroad ditches,
road culverts and eroding streanbanks throughout the Study Area and
anal yzed for texture to determne the grain size of sedi nent
entering the stream system
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Results and Discussion

Roads

The results of our road sanpling erosion eval uation are shown
bel ow.

Table 2-8. Road erosion sanpling summary, Scott River watersheds,
1989.

Paved,

Sample Rocked, or Length of Tons/  Acres/ Tons/  T/Mile  T/Mile T/Mile

Number ~ Watershed Unsurfaced Sample( ft) Mile Mile Acre Gut Fill  Surf ace
1 French U 3735 162 6.10 125 476 249 38
! French U 4545 1005 6.15 163 797 151 57
3 French U 2050 118 457 170 346 357 74
4 French p 1026 669 2.50 268 530 139 0
5 French R 1692 365 343 106 2 137 6
b Hiner 's* R 261 506 3.82 132 U3 3 0
7 Hiner 's* U 1616 03 342 59 4 144 2
8 Hiner 's* U 1894 761 412 185 429 pA) 2
9 N.Fk.French* U 9185 614 453 136 414 192 8
10 Horse Range* R 7920 518 4.32 120 U 152 19
1 Horse Range* ] 1589 1299 6.64 196 515 761 27
1 Horse Range* ] 1000 1399 6.66 210 634 845 105
13 East Boulder U 6773 301 3.98 9% 261 119 11
1 Bould.-B.Jay R? 3879 126 5.65 128 437 278 1
15 Boulder/Wolf U 4946 136 4.80 153 362 307 14
6 Wk/Grizzly ] 8612 996 5.88 169 621 2% 15
17 Kidder/Shelly U 4838 W 5.78 163 654 24 11
18 Etna p 8136 834 3.56 235 582 202 0
19 Crystal v 8892 406 3.99 102 29 107 7
2 Crystal R 2606 1668 1.26 B0 1% 467 5
2 Crystal R 11691 861 5.36 161 5% 167 5
2 Sugar ! 4541 1786 6.45 mo 517 55
3 Sugar R 10044 56 5.28 113 412 133 5

*Sub-basin of French Creek

Average annual erosion for the entire road prism was 737 tons

per mle, or 149 tons per acre. Erosion from the road surface
al one averaged about 11 tons per acre. These values are within the
range reported by others on granitic forest roads. A study on

forest roads on a nunber of geologic types in the Sacramento Valley
Basi n (USDA- Forest Service, 1983) where erosion plots were placed
near streamcrossings in first- and second-order basins reported 80
tons per acre of |osses overall, and 103 tons per acre on granitic
soils. | estimate Gass Valley Creek road eval uations to average
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about 565 tons per mle per year (USDA-SCS, 1986). The nost|y-

granitic Antel ope Lake watershed on the East Branch North Fork
Feather River in Plumas County (USDA-SCS, 1988) produced estimates
of 524 tons per nmile per year, Wth 315 tons per mle per year from
the cut banks. Measurements over a seven-year period in the Silver

Creek study area of the ldaho Batholith resulted in reports of O.4-

9.6 tons per mle per day, averaging 3.5 tons per mle per day
(Megahan, 1974; Megahan et al. 1983). This inplies an annual rate
of 1278 tons per mle.

Sixty-four percent of road erosion was fromthe cut sl ope,
whi ch was our highest category of soil loss fromall sources at 40
percent of the total (see Fig. 2-9). FErosion fromthe road prism
constituted 62 percent of all losses. This conpares with Gass
Val l ey Creek where about 49 percent of all erosion was due to
roads, even though road density (51.6 feet/acre) is higher there
than in any of our Study Area watersheds, except possibly Crysta
Creek (see Table 2-6). "In the watershed study on the East Branch
North Fork Feather R ver (USDA-SCS, 1988), roads were 57 percent of
all erosion, with cut slopes alone conpr|5|n% 36 percent of |osses
from all sources. In the subwatershed with granitics (Antelope
Lake), roads were about 43 percent and cut banks 26 percent of al
| osses. In the Sacramento Basin study on forest roads on all
geol ogi ¢ types (USDA-Forest Service, 1983), road cuts conprised 43
percent of all l|osses, but 28 percent when stream crossings were
cal cul ated separately. Reports on watersheds on the North Coast
tend to have streambank erosion as the highest category because of
t he predom nance of mass wasting there (e.g. Anderson, 1970,
Kel sey, 1989).

The high values for cut banks were expected because it is the
cut that intercepts the subsurface flow of water fromthe slopes
above it. Also, cut banks generally cover nore area than the fil

or the road surface, are steeper, deeper, |ess vegetated and
experience more freeze-thaw cycles with rain. The road surface is
very conpacted conpared to the cut or fill, requiring nore erosive
energy to dislodge soil material. In simulated rainfall

experiments conducted in the lIdaho Batholith ﬁBurroughs et al.,
1984), the cutslope and ditch were found to yield eight to twelve
tines as much sedinment as the road surface. Qur sedinment yield
from cut banks was 26 tinmes that of the road surface (see the
section on sedi nment yiela%, but our sanple ratio was raised by
i ncludi ng paved surfaces while the |Idaho study involved unsurfaced
and rocked roads only.

On insloped roads, material lost fromthe cut bank has |ess
opportunity for storage than that of the fill, unless it is renmoved
fromthe slope toe or road ditch by maintenance. Material eroded
fromfill slopes is often trapped behind |ogs and vegetative debris
on the hillslope, although it was not uncommon during field work to
see fill failures on outsloped roads or across fromthe end of an
eroding skid trail, with material delivered a few to hundreds of
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feet into channels. Road fills were usually at |east partially
vegetated and had significantly better cover than cut banks.

Al t hough rocking protects the road surface, a nore inportant
benefit is that there is | ess disturbance of the cut bank toe
because of reduced road nai nt enance needs gL |l e Steffen, Soi
Conservation Service, pers. comm). The cut bank is thus nore
likely to stabilize itself by deposition resulting in a |ess steep
sl ope. A disadvantage of surface rocking is that it can cause the
road to be nmore prone to fill failure as water has |ess opportunity
toinfiltrate the road surface and is diverted onto the fill.

Skid Trails

W found, conservatively, about 300 acres of skid trails on DG
soi|ls averagi ng about 239 tons per acre of annual soil |oss, based
on the sane direct vol ume sanpling procedure applied to roads. The
portion of these losses due to sheet and rill erosion was
approximately 12.6 tons per acre. Skid trails sanpled in French
Creek averaged 148 tons per acre of soil loss, while the highest
rates were found in Crystal Creek, averaging 417 tons per acre for
the watershed. This soil was frequently delivered to roads where
it is either renoved by mai ntenance or becones part of the sediment
delivered off road surfaces. The soil fromskid trails was also
seen diverted by waterbars onto hillslopes and swal es, where it is
either stored until flushed out by a large storm delivered
annual Iy by ravel and sheetwash, ‘or protected from novenent
downsl ope by ground cover conditions.

Streambanks

St reanbanks averaged 382 tons per mle per year throughout the
Study Area. Nearly three times the average was estimted for some
of the watersheds near Callahan, such as Boul der and Fox creeks
because of |arge areas of upper bank scour that renain conpletely
unveget at ed.

Besi des docunenting the location of scoured stream channels,
a look at historical aerial photos confirmed that nmost of this
erosion was triggered by the 1964 flood. Slide Creek (a Fox Creek
trinutary) was gutted earlier, as 1944 aerial photos show its banks
insimlar condition as today. The large gully in Paradise Hollow
of French Creek watershed 1s barely evident in 1944 photos. It
grewto nearly its current proportions with the 1964 fl ood, and
[ ater photos show it to be w dening. The gutted streans are
generally high up in their watersheds in first- or second-order
channels. The bank scour appears unrelated to |logging, as there
had been little or no harvest activity in surrounding terrain
except on Kidder Creek. The affected streans include upper Kidder
and Patterson creeks, the north fork of North Fork French Creek,
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produce 6.8 tines the natural rate excluding roads in the Kl amath
Mount ai ns of southwestern Oregon. However, our values include the
entire granitic watershed, not just the harvested portions.

In general, sheet and rill values reported on granitics are
| oner than those on other geologic types (e.g. Berry, 1983) since
it is not a primary node of soil erosion in this geologic type. An
exception may occur on sites disturbed such as by fire, especially
when water repellancy is Béesent (Tom Laurent, Kl amath National
Forest, pers. comm). spite the relatively | ow val ues for
sedinent yield from sheet and rill erosion conpared to other
sources (especially when water quality is the main concern), |osses
fromthis node of erosion can be extrenely inportant to a site's
productivity for grow ng trees. Sheet and rill values may be
underestimated due to the |ack of slope data resolution for steep
channel edges, cliffs and inner gorges.

Table 2-10. Average annual sheet and rill erosion on DG under
natural (geologic) conditions and with current tinber harvest

patterns.

Ceol ogi ¢ Current

Sheet & Rill Sheet & Rill

\Wat er shed Tons/ Acre Tons/ Acre
Shackl eford/ M [ | .03 .03
Ki dder/ Patt er son .03 .07
Crystal .02 .15
Johnson .03 .12
MI1/Etna .05 .10
Clark .04 .04
French .03 .07
Sugar .03 .05
W | dcat .02 .04
Sout h Fork .04 .09
Fox .04 .07
Boul der .04 .09
Little/Big M1 .03 .04
East Fork .03 .10
"Cal | ahan" .02 .05

Soi | Loss Summary

Table 2-11 summarizes average annual erosion rates by
wat er shed and source, and Table 2-12 displays the sane information
in percent. Figures 2-9 and 2-10 depict the breakdown of totals by
source and by watershed, respectively.

As always in this kind of study, results should be considered
reasonabl e estinmates and in the context of reports from other
studi es as described above.
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Table 2-11.

Summary of estimated soil loss

by watershed and by source, in

total tons.

Sheet & Rill Road Cuts | Road Fill | Road Surface | Skid Trails | Streambanks [Landslides Total
Shackleford/Mill 60 294 101 5 0 933 0 1,393
Kidder/Patterson 193 7,29 2,500 123 1,936 3,683 0 15,734
Crystal 265 10,471 3.366 95 1,668 811 0 16,676
Johnson 104 3,368 1,808 225 1,209 1,093 0 7,807
Mill/Etna 585 17,864 8,636 058 1,732 3281 0 32,956
Clark 42 2.223 1.193 149 474 544 0 4.62-5
French 858 321,34 15,856 1,798 14,859 14,487 53 79,295
sugar 274 11,701 5,767 651 4.544 6.560 189 29,686
Wildcat 57 6,203 2,724 r 267 629 478 135 10,493
South Fork 550 21,068 10,179 483 2,347 2,788 158 57,573
Fox 176 3,682 3.019 135 68 11,101 120 18.301
Boulder 539 13,372 10.680 493 7,599 19,058 397 52,138
Little/Big Mil 127 1,792 1,520 69 1,621 9202 0 14,331
East Fork 52 1,160 I561 46 2,677 2,089 0 6.585
‘Callahan’ 60 3.7 14 3.150 144 2,154 3,631 0 12,853
Total 3,942 155.595 71,060 5.541 43,517 79,739 1,052 340.446




LE~-C

Table 2-12. Percent of soil loss contributed by various sources for each sub-basin.

Road Surface

Sheet & Rill || Road Cuts | Road Fill Skid Trails | Streambanks | Landslides | Percent of Total

Shackieford/Mill 4 21 7 0 ) 68 0 0.4
Kidder/Patterson 1 47 16 1 12 23 0 4.6
Crystal 2 52 20 1 10 5 0 a9
Johnson 1 44 23 3 15 14 0 2.3
MilVEtna 2 54 26 3 s 10 0 9.7
Clark 1 48 26 3 10 12 0 1.4
French 1 40 20 2 19 18 0 23.3
Sugar 1 39 20 2 15 22 1 8.7
Wildcat 1 59 25 3 6 5 1 3.1
South Fork 1 57 28 1 6 7 0 11.0
Fox 1 20 17 1 0 .60 1 5.4
‘Boulder 1 25 21 1 15 Ss 1 153
thUeIBig Mill L 13 11‘ 0 1 64 0 4.2
East Fork 1 18 9 v1 w0 31 0 13
*Callahan" 0 29 25 1 17 28 0 3.8
Percent of all loss 1 40 21 2 13 23 100.0




Road Cuts 135,595

W Streambanks 79,739

Sheet & Rill 3,942

] Landslides 1,052
Road Fills 71,060

Road Surface 5541

Skid Trails 43,517

Tons per Year

Total Annual Erosion - 340,446 Tons

Figure 2-9.

Clark 1.4

French 23.3 Mill/Etna 9.7
Johnson 2.3
Crystal 4

\\\\>>>////////// Kidder/Patters_on 4.6

'0’0.0.0,,0,0,0.va.", 1 f—g.‘:.‘{f”.’l Ll lrleleelaolss  Shackleford/Mill 4.6
0,0, 0,
s’ 2

x|/ ‘“‘i.‘.‘"A 2 A’A 4‘

\ /0 ‘\‘\\\“" ‘Callahan’ 3.8

XX % East Fork 1.9

Sugar 8.7

Little/Big Mill 4.2

Boulder 15.3

Percent of Total
Fi gure 2-10.
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The results show that if we were to spatially lunp erosion
over the entire Study Area, we would be getting about six tons per
acre per year of loss. Soil loss tolerance for the granitic soil
Is generally about two tons per acre per year, and 1 ton per acre
per year on the shallow Chawanakee sites. Results higher than one
or two tons per acre nean the soil profile is being mned faster
than soil formation rates.

Sedi ment Storage and Yield

Storage  Sediment production off Study Area slopes is great
enough that in nost years it is stored in the upper watershed
rather than transported to the Scott River. Prinar¥ storage sites
appear to be hillslope swales, hillslopes outside of swales, upper
stream banks, channel nargins and fans, and channel bedl oad Fsee
Fig. 2-11). These areas becone sources of small annual anounts and

| arge, episodic pulses of sedinent.

Sedi ment deposits in upslope swal es are common throughout the
Study Area. They are irregul arly-shaped and often bare or wth
needl e cover only, suggesting that deposition of soil nmaterial into
storage in these swales is an ongoi ng process. The m ni num age of
these deposits can be concluded by aging new vegetation.
Excavations performed by Klamath National Forest scientists in the
Engl i sh Peak-Bat holith suggest a whole range of ages, from twent
to hundreds or thousands of years (Juan de |a Fuente, Kl amat
National Forest, pers. comm). Such a range may reflect the
variability with which storns affect even a small area. The swale
feature can be hundreds or thousands of years old with new material
deposited on top of it. Recent (1974) debris slides examned in
the Little North Fork of the Sal non River showed that after 16
ears, about nine inches of soil material were deposited in a
ailed portion of the swale (Tom Laurent, Kl amath National Forest,
pers. comm).

In alnost all cases of streanbank gutting, there is a
downst ream section populated with willows and al ders where at
| east sone of the resulting sedinment has been stored al ong channel
margins.  Storage behind boul ders, trees and other debris in the
stream channel s Is generally tenporary and not enough to cause nore
than m nor bank and bottom erosion (see USDA-Forest Service, 1983).
There are a few exceptions in the Boul der and Fox Creek drainages.
Apparently, this form of |long-term sedinent storage is not as
i mportant as has been found in nore coastal northern-California
drainages and in the lIdaho batholith (Swanson et al., 1982). In
general, Study Area tributary streans are well-arnmored and boul dery
especially in their upper reaches. A possible exception is Cysta
Creek which has a bed and alluvial fan of gravel, sand and cl ay,
conpared to the nore bouldery material of neighboring streans

(Mack, 1958).
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Material eroded fromfill slopes, road surfaces, skid trails
and harvest sites is largely stored by the hill slopes and swal es
until extreme events. However, sedinment from stream crossings and
road cut banks (especially those with an inboard ditch) likely
enters the drainage systemnore directly and with less lag tine.
Erosion from|ower streanbanks is expected to be exported fromthe
system annual ly with a sedinment yield of close to 100 percent,
wher eas upper banks are a long-term but persistent source wth
sediment yield of perhaps 35 percent.

' If a standard sedinent delivery ratio (Roehl
1962) is applied for the size of our Study Area, the average annual
sedi nent delivered to the Scott River from upslope areas woul d be
about 10 percent of all | osses. If we cal cul ate a sedi nment
delivery rati o based on the Antel ope Reservoir survey, Wwhere
simlar nethods were used to estimate upslope erosion, the result
is 21 percent. A sedinent delivery of 55 percent was used in the
SCS ass Valley Creek study in Trinity County, based on the
proportion of watershed in gentle versus steep slopes (areas of
deposition versus areas of delivery). The PSIAC nethod provides a
neans of estimating yield without using a ratio. The various
HE%POdS and the resulting estimates in total tons are sunmarized in
Table 2-13.

Tabl e 2-13.  Sedi ment Kield estimates using various delivery ratios
and PSI AC nethod, with our preferred nmethod highlighted.
DelTvery Ratio Tons/ Year

. 95 188, 200
.21 71,494
. 10 34,045
PSI AC 62, 770

The reservoir survey nethod is preferred, given simlar
climatic and watershed conditions, and inplies about 1.3 ton/acre
sedi nent delivery off of slopes to about 6 tons per acre eroded.
PSIAC results were very close, and showed differential yield rates
by watershed, shown in Table 2-14. The differences anong
wat er sheds are due to varying areas of gentle slopes (Shackleford,
French, WIldcat, Little/Big MII and East Fork watersheds had
hi gher proportions of slopes |less than 15 percent, so nore
opportunity for deposition); varying road densities and harvest
activity: and differences Iin our subjective evaluation of upslope

er osi on probl ens.
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Table 2-14. PSIAC sedinment yield results by watershed, in tons per
square mle.

Vat er shed Tons/ Sq. ZM.
Shackl eford/ M | | 497
Ki dder/ Pat t er son 1010
Crystal 2365
Johnson 3472
MI1/Etna 122
d ark 1177
French 236
Su?ar 564
W [ dcat 1376
Sout h Fork 401
Fox 1415
Boul der 681
LitIe/Bii M 755
East For 2248
"Cal | ahan" 2720

In the Idaho batholith there has been sonme work show ng
sediment yield to be |less than ten percent of on-site road erosion
in a watershed [ ess than 300 acres in size (Megahan et al., 1983).
Because of this, we would find figures higher than our preferred
value to warrant lots of corroborating evidence. The sedi ment
yield values estinmated here are generally |ow conpared to those for
Gass Valley Creek in Trinity County. ‘'Estimates for Gass Valley
Creek range from about 67,000 to over 200,000 tons (50,000 to
150, 000 cubi c yards (Doug Denton, Dept. of Water Resources, Red
Bl uff, pers. conm, 1990), for a study area half the size of ours.
Estimates for our Study Area are about the sanme as those for their
| onest subwat ershed, at about 1.3 tons per acre per year yielded
(USDA- SCS, 1986). Table 2-15 depicts sedinment yield results from
several reservoir surveys of watersheds of simlar size to our
Study Area (Dendy and Chanpion, 1978), and estimates for G ass
Val | ey Creek and Ashl and, O egon watersheds. The Ashl and Creek
results were froma study where reservoir sedinment was dredged
(Rolle et al. 1987). It involves a granitic watershed during a
tine period wthout extrene events.
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Tabl e 2-15. Estimate of granitic sedinent yield for Scott R ver
sub- basi ns conpared to sedi nent surveys for watersheds of simlar
size,and estimates for Grass Valley Creek and Ashl and Creek.

Wat er shed Dr ai nage Mean Year s of

Area(Sg. M .) Annual Record
Tons/ Sq. M

Scott River watersheds 89 803

Little Stony Ck., Stonyford 98 443 1910- 1962

Stony Creek, Stonyford 197 326 1928- 1960

Bear Ri ver, Auburn 129 1140 1928- 1935

Emi grant Gap, Ashland, OR 61 466* 1925-1951

Ashl and Ck., Ashland, OR 19 10 1976- 1987

Grass Valley Ck., Trinty Co. 37 1800- 4000 --

*Assunes density of 100 pcf

Different erosion sources have different delivery rates to
channel s. Presum ng our erosion and overall sedinent yield
estimates to be reasonable, we apportioned the sedi nent delivery
rati o anong the various erosion sources, as depicted in Figure 2-
9. W assuned five percent of sheet and rill erosion on
hillslopes to be yielded annually, 21 % of road cut |osses, 15
percent for road fills, 20 percent for the road surface, seven
percent for skid trails, 35 % for streanbanks (nostly upper
banks), and 20 percent for earthfl ows.

Accel erated versus Natural Erosion and Sedi nent Yield

O the total soil eroded, about half the sheet and rill
erosion and nost of the streanbank | osses could be consi dered
natural. This nmeans that about 76 percent of erosion is
accel erated, or caused by man's inpact on the watersheds. About
60 percent of sedinment yield is accel erated (nost of streanbank
erosion results in sedinent yield to streans, while nost of sheet
and rill erosion does not).

Gain Size Distribution

Anal ysis of sedinent grain size revealed no statistical
difference between sanples from road ditches and culverts
conpared to streanmbanks. The average percent fines (less than
0.85m) was 43 percent. This inplies that an average of about
31,000 tons of fine material are added to the Scott River from
upl and sources per year. Gain size distribution results are
shown in Table 2-16.

These values are simlar to those reported for granitic soils in
the SCS Soil Survey.
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Table 2-16. Gain sizes of 58 sediment sanples collected fromroad
ditches, culverts and eroding streanmbanks.
Mean Percentages
>25.0mm >12. 5nm >6. 3mP4. 75nm >2. 36nm >, 85nm <. 85nm

Roads 2.2 2.1 4.4 3.9 16.4 26. 8 44.3
Streans 0 4.3 7.9 5.6 17.5 22.2 42. 6

Needs for Further Study

A better understanding of granitic sedinment storage on slopes
and in the tributary channels woul d contribute nuch to quantifying
the inpact of increased erosion on fisheries of the Scott River.
This woul d include aging of sediment stored in upslope swal es and
in channel margins by excavation or |ooking at new vegetation, and
a study on debris torrents apparently inportant in granitic terrain
sedi nentation patterns.

Future work should specifically address the historic inpact of
flood flows on the system ince the inpact of increased
sedi nentation on peak flows is unknown, we can presently say little
about how man's effect on these watersheds m ght alter how very
| arge stornflows are dealt with.

The question of how to control or mtigate sedimentation from
roads needs to be studied with specific reference to granitics.
Further work on road sedinentation should also include field
measurenents of the relative proportion of sedinent comng from the
cut as opposed to the road surface.

In general, future work should enphasize direct neasurenents
of sedinent yield and estimates of factors controlling
sedi nentation rates.
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Granitic Sediment Sources
340,450 Tons/Year

(5541)

Road Surface
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-

Scott River
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' Est. Overall Sediment Yield = 21%

Figure 2-11.
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CHAPTER 3
SEDI MENT STORAGE AND TRANSPCORT
| NTRODUCTI ON

oj ective: To determne sedi ment storage and transport
in the mainstem Scott River within Scott Valley

This study is the first analysis to be done of sedi nent
storage or transport capacity in the Scott River. Qher stream
systens in Northern California, such as Redwood Creek and the
Trinity, Van Duzen and Sacranento Rivers, have had extensive
anal yses perforned in recent years ( Kelsey, et al, 1981,
Frederi cksen, Kam ne and Associates, 1980; Kelsey, 1980; CDWR
1984). Ceol ogists seek to quantify alnmost every aspect of sedinent
transport and storage in a drainage basin when performng a
conpr ehensi ve sedi nent budget (Swanson, et al, 1982). As a
prelimnary evaluation, this chapter's intent is to develop an
approxi mate volune and size of sedinent in channel storage and an
approximate transport rate of sedinment through the Scott R ver.
Concern is focused on the heavy sedinentation by granitic sand of
t he sal non and steel head spawni ng habitat of the mainstem Scott
Ri ver.

Chapter 2 evaluated the hillslope sources, rates, and anounts
of deconposed granitic (DG sedinment production in each sub-basin
of the Scott Valley. Only a portion of the eroded material ends
up in the stream system annually. Once deposited in the steeper
reaches of the tributaries, the sedinent usuall becones
transported downstream quite rapidly (Beschta, 1987). Certain
sites within the | ower gradient reaches (i.e., upper streanbanks,
channel margins and fans, and channel bedload) are where nost of
t he sedi nent deposition occurs. The anount yielded to the Scott
River fromits tributaries was estinmated to be 21% of the total
granitic sedinent production in the basin, for an average annual
yield of 71,500 tons.

One needs to know what happens to sedinent after it enters
the river to be able to evaluate the effects of altered sedi nent
i nput or channel transport capacity (L. Reid, USFS, pers. comm.).
Wiere the sedi nent ends up depends on the volunes and grain sizes
introduced to the stream the sedinent transport capacity and
conpetence, and the "opportunities for detention" along the
stream Conpetency is defined as the |argest grain a stream can
nove as bedload of the stream which varies according to
streanflow. Capacity inplies the maxi mum anount of debris of a
given size that a stream can carry as bedload, and is dependent
upon stream gradient, discharge, and caliber of the |oad
(Morisawa, 1968).
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Backgr ound

An understanding of both natural and artificial factors
affecting the behavior of the Scott River is inportant background
for interpreting the present sedinent transport and storage
condi tions.

Val | ey Ceol ogy

Since the hillslope geology was described in the previous
chapter, a brief discussion of the valley's geology is the focus
in this chapter. The valley alluvium is conposed of ol der
deposits fromthe Pleistocene age and of younger fill of Recent
a?e Mack, 1958). The older alluviumis exposed nainly at the edge
of the valley near Callahan, Quartz Valleg, Etna Creek, and French
Creek. Ad alluvial fans were forned by Shackleford and Etna
Creeks and, where exposed, have been m ned extensively for gold.
Most of the valley fill consists of Recent alluviumfrom (1)
stream channel and flood plain deposits, and (2) alluvial-fan
deposits. Thickness ranges froma few feet at the valley nmargins
to probagly more than 400 feet in the center of Scott Valley where
it 1's wdest.

According to the U S. GCeological Survey's geol ogy study of
the valley area, the conposition of the alluvial deposits varies
reatly (Mack, 1958). The west side tributaries from Etna north to
%yartz Val l ey have built l|arge "bouldery and cobbly " alluvia
fans, and their channel deposits contain differing amounts of
granitic bouldery debris: Patterson Creek contains about 20%
Ki dder Creek about 10% and Etna Creek about 40% granitic
material. In contrast, the Crystal Creek fan is not as boul dery
nor as large as the fans deposited by the others and is conposed
alnost entirely of granitic gravel, sand and clay. This deposit
becones i nperneabl e throughout nmuch of its extent because of the
high clay content derived from the weathering of feldspar in the
granodioritic bedrock of the Crystal Creek area. The western
al luvial fan deposits becone |ess coarse as they nove downsl ope,
$ﬁth fine sand, silt and clay predom nating near the toe of the
ans.

In the floodplain between Etna and Fort Jones, the all uvium
contains highly pernmeable sand and gravel in beds averagiaﬁ as
much as 5 feet in thickness, alternating with beds of clay which
range from several inches to several feet thick. This depositiona
sequence probably reflects the constant shifting of the Scott
R ver during the alluviation of the valley, where |enses of sand
and gravel were deposited in old channels which are included
wi thin and extend through clayey sedinents of flood-plain origin
(Mack, 1958).

During nuch of the early evolution of the Scott River, it was
an actively degrading stream which was cutting down in response to
intermttent regional uplift. Fornmner ridges in the valley between
the western tributaries were eroded and the channels gradually
changed. Eventually, the Scott River and its tributaries began to
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aggrade their course. During the Recent epoch, the Scott River
channel mgrated to the east side of the valley.

Hydr ol ogy

Hydrol ogi c characteristics of the Scott River are derived

from45 years of data (1942 to 1987) at the U S. Geol ogica
Survey's gage station |located | ess than a mle downstream of Scott
Valley (River mle 20.5).Figure 3-1 illustrates the nean nonthly
di scharge at this station. On the average, the nonths of November
t hrough May have the highest discharge and are quite conparable.
Snownelt runoff contributes to late spring flows, which explains
why the runoff remains high during | ower precipitation. Flows
decline during June and July and renmai ning | ow from August unti
COct ober.

Annual conparisons are found in Figures 3-2 and 3-3. Wile

t he average annual discharge is 489,800 acre-feet per year, the
yearly totals have varied froma | ow of 54,6200 acre-feet (a-f) in
wat er year 1977, to a high of 1,083,000 a-f in 1974. O her high
runof f years were 1958, 1956, and 1983. The hi ghest nmaxi num daily
di scharges do not necessarily coincide with these highest runoff
years. The fl ood of Decenber 1964 had the highest daily discharge
of 39,500 cubic feet per second (cfs), followed by the floods of
1974 at 30,900 cfs and 1955 at 30, 200 cfs. However, the maxi mum
peak di scharge, or the highest instantaneous value, of record was
54,600 cfs on 12/22/64, and the next highest was 36,700 cfs on

| /16/ 74.

Before the period of record at the USGS station, the flood of
1861 was the | argest one nentioned in historical accounts. Helley
and LaMarche (1973) determ ned from geol ogi cal and bot ani ca
evidence in the Scott R ver canyon below the valley that the 1861
and 1955 fl oods were of equal magnitude though | ess severe than
the 1964 flood. However, they also found that the 1964 fl ood was
exceeded by an earlier flood that occurred about 1600 and that

Il fl oods of the 1964 magnitude have occurred in the nore recent

past .
The tributaries have only short gaging records or none at
all, although sone are gaged during the sumer by the State

Wat ermaster for adjudication nonitoring. The only suspended
sedi ment data coll ected on the Scott R ver was for four dates
during the 1955-56 water year (USGS, 1960). No | ocal bedl oad
sanpl i ng has been conduct ed.

Hi story of Channel Alterations

Al terations have been made in the Scott River's shape and

| ocation through both natural and artificial nmeans. As described
in Chapter 1,the renoval of the beaver popul ation fromthe Scott
Valley in the 1820s was the first unnatural change in the

| andscape. The 1861 flood, in conbination with mning debris,
caused the upper Scott River to alter its course fromthe west
side to the east side of the valley downstream of Call ahan
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(Jackson, 1963). This historic channel is still apparent on aeria
photos, as are the "oxbow' patterns of abandoned channels
t hroughout the vall ey.

Mning activities have left a strong inprint throughout the
Scott River watershed. Placer mning in the South Fork, Oro Fino,
and Shackl eford/M 1| drai nages probablg renoved many tons of soi
fromthe streanbanks in the l[ate 1800s (Wlls, 1880; 0. Lew s,
pers. comm.). "Mning silt" from hydraulic mning above Callahan
(South Fork, and Gouse Creek) was a significant problemin the
upper Scott River in 1934, according to fishery biologists
surveying the area (CDFG 1934; Taft and Shapoval ov, 1935).

Large gold dredges also transformed the upper river area
during the period 1934 to about 1948. In the early 1940s, at |east
4 bucket or dragline dredges were operat|n8 in the upper valley.
Large quantities of "gravel" were washed: 800,000 cubic yards from
one operation along Wldcat Creek in 1940; 245,000 cubic yards
from another conpany along the main Scott in 1941 (Averill, 1946).
For washing, 10,000 gallons per mnute of water were punped froma
pond at the largest operation, whose dredge operated 24 hours per
day and had a capacity of 210,000 cubic yards per nonth. The pond
supposedl y collected the wash water, except when the dredge worked
the active stream channel. Al that is left today at these dredger
sites are 25 foot high tailings piles for about 5 mles from Sugar
Creek to Callahan. Since a dredge tailing pile is wusually
deposited in reverse order of the original alluvial deposits above
bedrock, cobbles are found on the surface (Ahnert, 1990).
Downstream effects may still be present also.

At the turn of the century, the river channel at the northern
end of Scott Valley was very w nding and heavily vegetated with
cottonwood and willow The valley often becane a | ake during high
wat er (Jackson, 1963; 0. Lewi s, pers. conm). To bring this |and
into agricultural production, |andowners renoved the "brush" and
strai ghtened the channel. The m ddle portions of the river also
were altered for flood control. At the request of the County, the
Corps of Engineers canme to work in the valley in the summer of
1938, clearing nmuch of the riparian vegetation, straightening the
channel in places, and constructing levees in portions of the
river fromHorn Lane to past Fort Jones (Reaches 7 to 3) (O.
Lews, pers. comm). Floods followed in 1938-39 and 1940-41,
causi ng extensive bank erosion. Aerial photographs of the valley
from 1944 reveal l|arge sections of river with little or no
riparian vegetation, as well as a very w de channel (600 to 900
feet) near the mouth of Oro Fino Creek (Reaches 2 and 3). This
area looks very simlar today (Figures 3-4 and 3-5).

Over the years, |andowners have put in pilings, revetnents
and rock riprap to protect the streanbanks. Follow ng najor
floods, debris and "coarse bedload material" have been renoved
from problem areas of the stream and the channel reshaped.
Proposals to construct additional |evees along the main stem were
determned to be economcally infeasible in 1967 (MCreary
Koret sky, 1967). The nost recent channel straightening was done in
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Early 1950s."Formerly 75-100' wide, now 700'" (SCS photo)

Lower Scott River,

Figure 3-4.



the early 1980s in the lower mle or so of Kidder Creek, just
above its confluence with the Scott River.

Anot her type of alteration was the construction of two
di version dans by the Scott Valley Irrigation District, one at
Young's Dam (Reach 8 and 9) in 1917, and another at the mouth of
Mffett Creek bel ow Fort Jones (Reach 3? I n 1956-57. The upper one
was washed out in the 1955 and 1964 floods and was rebuilt with
sheet piling in 1965. The lower dam was partially renoved in 1987
and conpletely renoved in 1989 (M Bryan, SVID, pers. comm).
Wil e the diversion dans do not store water, they have trapped
sedi nent and thereby altered the stream gradi ent above and bel ow
the structures.

Commercial Sand and Gravel Extraction

A factor affecting the sedinent budget is the extraction of
sand and gravel in the mainstem Scott and its upper tributaries.
Only one commercial operation is presently |located within the nain
channel of the Scott River; it is downstream of Fort Jones bel ow
the mouth of Moffett Creek. The operator reported the renoval of
30, 768 tons (about 25,000 cubic yards) through gravel bar skinm ng
in 1989, but the quantity varies each year according to the demand

E.  Schoonmaker, pers. comm). Sand production at this site is
greater than the market demand, although the comercial quality is
very good. Commercial and county operations are also |ocated on
Ki dder Creek near Geenview, and in the tailings pile outside of
the main channel near Callahan.

METHODS

The cal cul ati on of sedinent storage and transport requires
specific informati on about the river: channel norphol ogy, channel
gradient, grain size distribution of sedinent, and flow regines.
In addition to current data, historic data is needed if trends are
to be eval uated.

Existing Data

H storic cross-sections of the Scott River and its
tributaries were sought by examning bridge records of the
Si skiyou County Road Departnent and the California Dept. of
Transportation (CalTrans). No blueprints could be found for any of
the existing County bridges crossing the Scott River, nost of
which were built followng the 1955 and 1964 floods. Since these
structures were constructed by the County under energency
conditions, streanbed el evations were probably not accurately
determ ned and the drawi ngs would |ikely not be useful (0. Lew s,
pers. comm.). However, Dblueprint copies were obtained of sone of
the existing State H ghway bridges from Cal Trans' Redding Office
archives. These include the followng, with bridge nunber and year
constructed: Scott River near Fort Jones (#2-57)-1956, Ki dder
Creek (#2-56).1956, Patterson Creek (#2-38).1963, East Fork Scott
Ri ver (#2-185).1978.



Aerial photos of the Scott Valley from August 1944 were
avail able at a scale of 1'=660 for evaluation of channel w dth.
On-site photos were also available fromthe Soil Conservation
Service for various locations for the period fromthe early 1950s
to 1965.

New Fi el d Wrk

New field work included the surveying of a total of 12 new
cross-sections: one at each of the seven bridges crossing the
Scott River from Callahan to the Meanber Bridge as well as five
ot her sites between the bridges. Bridges were selected because
they provide reasonably permanent sites which can be easily
accessed and nonitored, ereas non-pernmanent sites on private
| and can becone inaccessable or lost in future years. However,
bridge sites have certain limtations due to possible scour or
constriction effects. An inportant concern is how representative
the bridge sites are for the reaches being evaluated. Wile the
bridges all had revetted banks, these banks were continuous wth
rock riErap pl aced for streanbank erosion control along nmuch of
t he banks of the Scott R ver. The bridge sites were not always
typical of the streamwdth in each reach, particularly in the
nost neandering reaches where the range in width could be great.
However, performing accurate cross-sections at each change in
wi dth, as suggested by Chang (1988) and Reid (pers. comm), wthin
the 34 mle long study area of the Scott R ver was beyond the
scope of this study.

Additional sites on the river were also surveyed where needed
to better define and anal yze reaches for sedinent transport (e.g.
north end of valley; below the forks near Callahan). These non-
bridge cross-section sites were marked on each streanbank with
steel rebar so they could be |located for reneasurenent. Al survey
wor k was conducted by a | ocal engineering technician fromthe USDA
Soi | Conservation Service, using standard SCS nethods. Field notes
for each site can be found in the SCS office in Etna.

As noted in Table 3-1, the surveyed cross-sections becane the
downst ream and upstream boundaries of defined reaches, which were
then used for sedi nment storags and transport anal yses. Each
reach was of a different length, ranging from2.0 to 6.3 mles,
with an average length of 3.5 mles. \Water levels during the |ow
flow period of July through Septenber 1989 were used to cal cul ate
the slope of each reach. Figure 3-5 describes the |ocation and
nunber of each cross-section and reach. |In addition, cross-
sections were also nmade for baseline purposes at the State H ghway
3 bridges on the East Fork and South ForE of the Scott River

Gain Size Conposition

Streanbed grain size conposition was neasured using a MNeil
bed sanpler in various |ocations but always at riffle or run
sites. Both the surface and subsurface |ayers of the streanbed
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Table 3-1

Scott River Reach Descriptions

Reach # Cross- River Length Site Water Slope
Section Mile (miles) Location Elev. (Ft/Mi)
1 21.2 End of 2635.38"
Val | ey
1 3.2 6.44
2 24. 4 Meanber 2656.00"
Bri dge
2 5.2 5.39
3 29.6 Scott v. 2683.86"
Ranch
3 3.0 7.79
4 32.6 Hwy. 3 2704.20"
Bridge
4 2.1 3.98
5 34.7 Island Rd. 2712.55*
Bri dge
5 4.4 6.38
6 39.1 Eller Ln. 2732.26"
Bri dge
6 2.0 6.51
7 41.1 Rancho del 2745.28"
Sol Bridge
7 2.8 6.30
8 43.9 Horn Lane 2762.93"
Bri dge
8 1.8 11.40
9A 45.7 Young' s 2783.45"
Dam bel ow
0.3
9B 46.0 Young' s 2795.84"
Dam above
9 3.6 15.60
10 49.6 Fay Lane 2851. 99'
Bridge
10 6.3 40.48
11 55.9 Bel ow Fks.  3107. 04
at Cal | ahan
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were sanpled down to 6 inches to a maxinum di aneter of 6 inches,
appIKing t he met hods described in Chapter 4. Only in the upper
reach was material found larger than 6 inches. Random zed Wl man
pebbl e counts (Wl man, 1954) were not attenpted because several of
the reaches are predom nantly sand and the subsurface conposition
was al so of concern. Pools were not sanpl ed because they were

uite infrequent in certain reaches or were too deep to sanple.

ince only riffles were sanpled, the resulting sedinment
characterization or index only represents the riffles in each
reach and not the entire sedinents in the channel.

Sieves of six different mesh sizes were used to devel op seven
size distributions, primarily in the gravel and sand categories.
Table 3-2 defines particle size classification, which can vary
depending on the systemis used. For exanple, other granitic
bedl oad sedi nent studi es have anal yzed for dianeters up to 6.35

although this size is technically larger than "sand" (Bjornn
et al, 1977; Stowell et al, 1983). The sedinment termnology in
Table 3-2 for stream substrate nmaterials conmes from Lane, 1947, as
described in Platts et al, 1983.

St reanbed sedi nent sanples were taken in each reach except
for Reaches 6 and 8. No tributaries entered at these reaches.
Simlar slopes were sufficient to allow the grain size conposition
of Reach 5 to also be used for Reach 6, while surface simlarities
of the sanple site in Reach 7 were the basis for using the sane
grain size results for Reach 8.

Table 3-2
Gain Size Cassification

Cl assification Particle dianeter size Sel ect ed
mllinmeters i nches Sieve Size

Large cobbl es 256- 128 10-5

Smal | cobbl es 128- 64 5-2.5

Course gravel 64- 16 2.5-0.6 25m

Medi um gr avel 16-8 0.6-0.3 12.5, 6. 35mn

Fi ne gravel 8-4 0.3-0.16 4. 75mm

Very fine gravel 4-2 0. 16-0. 08 2. 36m

Very course-course sand 2-0.5 0. 85mM

Medi um sand 0.5-0.25

Fi ne-very fine sand 0. 25-0. 062

Silts 0.62-0. 004

d ays 0. 004- 0. 00024

One problemin accurately neasuring sand novenent is that
sand is transported as both bed |oad and as suspended |oad, wth
most of the sand grains carried in suspension near the bottom of
the water colum (Mrisawa, 1968). Suspended |oad grains are
nearly always less than 0.5 mmin diameter (Dunne and Leopol d
1978), which is finer than nuch of the deconposed granitic sand
found in the Scott River. As a result, suspended sedi nent and
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turbidity sanpling were rejected as useful neasurenents of sand
movenent. Sanpling of the bedload was not attenpted for several

reasons. Mst bedl oad novenent occurs at high velocities, which in
the Scott River would require special bed-load sanplers to
accommpdat e peak flows ranging fromb5,000 to 54,000 ft /sec® (cfs).

Chang (1988) observes that the dynam c processes involved in
sedinent transport will yield different rates at the sane | ocation
at the same tine and cautions that "sanpling bed load is a
difficult operation that requires experienced operators to obtain
reliable results". Even such experienced sanplers as the
California Dept. of Water Resources are reluctant to rely on
bedl oad sanpling data for use in sedinent transport anal yses due
to the inaccuracies of the results (K Buer, CDWR pers. cqmn%.
Bescht a (1987) also conpl ains about t he "relatively
unsophi sticated nature" of bedl oad neasurenment techniques, which
cause attenpts at calibrating existing bedl oad equations wth
'observed' data to be of "limted utility?

Sediment Storage

~ The followng data were used to estimate the alluvial
sedi ment storage for each reach

o USGS topographic maps at 7.5 mnute (1:24,000) scale;

o Surveyed cross-section data for cross-sections at the end
of each reach - 1989;

o Recent color IR aerial photographs at various scales:
1: 40,000 (rmagnified 8X); 1:12,000.

o Results of sieve analyses for bed naterial

Vol unes for each reach were calculated for the deposits in
the active and sem -active channels. The active channel is defined
here as the area where sedinent is transported during noderate
annual flows and contains little or no vegetation. Sem-active
channel s are those nobilized during peak flows every 1 to 5 years
and have some annual or shrubby vegetation. Since the bankfull
capacity of the Scott River is exceeded about once in every three
years, all deposits within the banks fall into these two
categories (MGCreary Koretsky 1967). Deposits above the banks
within the flood plain could not estimated as they tend to be
pl owed back into the fields.

First, the area of deposits within the stream channel were
eval uated from aerial photos and topo maps and pl ani netered for
size. Next, the depth above the thalweg was determ ned fromthe
average of the two cross-sections at each end of the reaches
(excluding the streanbank portion). The area of each reach was
multiplied tines the average depth to determne the volune in
cubic yards. To translate to weight, the volunes in the reaches
determ ned to be predoninantly sand from grain size analysis
(reaches 3 and 4) were nmultiplied by 1.35 tons per cubic yard
(100 I'b per cubic foot), noderately sandy Reaches 5 and 6 by 1.50
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tons/cu.yd. (110 Ib/cu.ft.) and the rest of the reaches by 1.62
tons /cu. yd. (120 I b/cu.ft.), since these are the ranges of bul k
densities comon to sand and gravel bed streanms (CDWR 1984,
E. Schoonmaker, Contractor's Sand ¢ G avel, pers. conm)

The depth of the transportable sedinent in storage bel ow the
thalweg is difficult to measure. One indicator of depth is the
stability of the rock riprap projects along the streanbanks which
are englneered by the Soil Conservation Service. Since about 1960,
t hese boul der-size rocks have been placed in trenches from3 to 4
feet below the streanbed at the edge of the channel at various
| ocations in the valley (except Reach 10) and nost have w thstood
high water flows to date, with sone settling (A Lews, SCS, pers.
coom). |f the streanbed was noving at the edge of the channel at
this depth, the rocks would have been underm ned and fallen into
t he channel .

Anot her indicator is the depth of bridge pier footings. The
County Engineer in charge of bridge construction after the 1955
flood recollects that the footings were about 25 feet bel ow the
bed at Meanber Bridge and about 10 feet below for Horn Lane (O.
Lewis, pers. conm). These bridges survived the 1964 flood. Scour
occurs at high flows at bridge piers, Wwhich could exaggerate the
depth of bedl oad novenent (Chang, 1988).

Sieve analysis results were applied to the sedinent
quantities in each reach to estimate the quantity of sand-size or
smal ler sedinment (% finer than 2.36mm sieve).

Sedi nent Transport

The following data were used to estimate sedinment transport
capaci ties:

o Streanflow data for USGS stream gages: Scott River near
Fort Jones and Mffett Creek near Fort Jones;

o Mp of Scott Valley showi ng l|ocations of cross-sections
and reaches within the study area;

o Surveyed cross-section data for cross-sections at the end
of each reach

o Results of sieve analyses for bed nmaterial;

o Photos of the river for each reach.

A flow duration curve was prepared for the Scott River at the
USGS gaging station near Fort Jones (RM 20.5). Runoff multipliers
were determned for each reach using basin areas, precipitation
and the differences in runoff between the two gages. Sedi ment
sizes fromthe sieve data were plotted and D50's (i.e., nedian
grain size) were determned for the bed sedinent for each reach
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Cross-sections were plotted and interpol ated cross-sections
were estimated for various flows to represent the hydraulic
characteristics of each reach. Sl opes of each reach were
determ ned fromthe surveyed water surface elevations at the ends
of each reach. Manning's roughness (n) was estimated fromsite
photos and fromsimlar sites. For exanple, Trinity R ver studies
of sandy reaches have used n=0.03 (Frederickson, Kamine, and
Assoc., 1980). Velocity was estimated for each reach using
Manni ng's equation, W th the hydraulic radius (R) assumed to be
0.95 tines the depth (they are about equal in w de channels)
(Morisawa, 1968; Dunne and Leopol d, 1978).

To cal cul ate potential annual sedinent transport capacity,
the flow duration curve was divided into several increnents. An
average flow was used to represent each increnment. Hydraulic
characteristics and a sedinent transport rate were calcul ated for
each increnent. The sedinment transport rate was then nultiggied b
the period of time represented by the 1ncrenent. di men
transport capacity for the increnents were summed to determ ne the
potential annual sedinment transport capacity for each reach.

Three sedinent transport equations were investigated:

1. Meyer-Peter-Miller, "MPM' (in Gomez and Church, 1989);
2. Engel und- Hanson, "E-H" (in Chan%, 1988) ;
3. Ackers-Wite, "A-W (in Chang, 1988);

The MPM equation in the Gonez and Church article was discovered to
be incorrectly described but, after consultation with M chae
Church of the University of British Colunbia, was corrected.

These three equations were selected for several reasons.
Since no one sedinent transport formula has been w dely accepted
or recogni zed as being verr appropriate for practical application,
it seemed best to examne fornulas offering a range of results (L.
Reid, USFS, personal comunication). A conparison is offered in
Table 3-3 bel ow.

Table 3-3
A Conparison of the Sediment Transport Equations
Meyer - Pet er- Ml | er Engel und- Hansen Ackers-VWite
MPM E-H A-W
1. Bedload only Bedl oad and Bedl oad and
suspended | oad suspended | oad
2. Shear stress St ream power Stream power
approach approach approach
3. Coarse Sedinent Fi ne sedi nent Fine to nmedi um
6.4 -30 mm 0.15 mm 0.04 - 4.0 mm
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The MPM formula is primarily designed for gravel bed streans
while the E-H and A-Wequations are for sand bed channels. MM
al so uses shear stress in its formula, Wich is the tractive
force, or the pernissible velocity, per unit area applied to the
channel boundary on which bed | oad noves by rolling, sliding, and
sonetimes saltating (Chang, 1988).

Al existing sedinent transport fornulas were derived by
relying on calibration using flume and field data supposedly under
steady uniformflow conditions. The fornulas for the above three
met hods can be found in Appendix A The commobn factors in each
equation include velocity, slope, depth, grain size, roughness and
width. Since the equations determne transport capacity in netric
tons, the results were converted into short tons to allow
conparisons wth hillslope sedinment yield and channel storage
est1 mat es.

Results and Di scussion

Stream Profile and Cross-Sections

Figure 3-6 presents the stream gradient fromthe river's
mouth up to its headwaters, including the slope of the major
tributaries to Scott Valley, as based on proximte elevations from
the 7.5 minute USGS quadrangl e maps. The valley represents a | ow
gradi ent section between two high gradient areas. Although the
upper reaches of a river are usually steeper, nost rivers do not
have such a lengthy "plateau" in the mddle of their profiles. The
| oner reaches are areas of deposition and typically the flattest
(Morisawa, 1968).

For anot her perspective, a longitudinal profile based on 1989
| ow wat er el evations of the Scott River fromits north end (River
Mle 21.2) south to Callahan (River Mle 55.9) is described in
Figure 3-7. The nunbered reaches, as noted in Table 3-1, are also
indicated on this figure. This profile is a nore accurate one for
illustrating the current relative slopes of the valley reaches.
Its general concave shape is the result of a nunber of
i nterdependent factors, all relating to the stream seeking to
mai ntain a bal ance between its capacity to nove sedinent and the
anount and size of sedinent to be noved (Mrisawa, 1968).

Each of the newly surveyed cross-sectional profiles is

depicted in Appendix B. Channel width varies from 100 feet at
Eller Lane Bridge to 725 feet at Scott Valley Ranch (RM 29.6).
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Most of the reaches can be described as the "sinuous point
bar" type of river channel; Reaches 2 and 3 have portions that are
more of the "sinuous braided" type, while Reaches 4 and parts of 5
are "sinous canalifornP Figure 3-8 illustrates these various
shapes (Brice, 1983 in Chang, 1988%. The differences mainly are
related to slope, discharge, and the silt-clay content of the
banks (canaliform has the nost).

Figure 3-8. River Cassification
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Grain Size Composition

The grain size distribution results fromthe 1989 sieving
effort are shown in Table 3-4 (n=238). Reaches 3 and 4 contai ned
the highest percentage of fine sedinents: 65% and 51%,
respectively, of less than 2.36mm. Reach 10, the most upstream
site, had the coarsest sediments with 49% greater than 25.0mm.
Although the grain size became finer downstream as one would
expect, at Reach 2 the size began to get coarser and Reach 1 was
coarser than Reach 2.

A decrease in downstream grain size is an indication of
either selective sorting (i.e., the streamis not conpetent to
transport those grain sizes beyond a certain reach) or abrasion
or possibly both (Mrisawa, 1968; L. Reid, USFS, pers. conm).
Deconposed granitic rock breaks apart very easily.

Table 3-4

Gain Size Conposition by Reach
Dry wei ghts (grans)

Sieve Size (nun) (% Retained)
Reach! >25.0 >12.5 >6.30 >4.75 >2.36 >0.85 <0.85 TOTAL

1 2205 976 778 235 413 122 538 5867
38% 16% 13% 4% 7% 12% 9%

2 1809 973 792 253 451 736 606 5620
32% 17% 14% 4% 8% 13% 11%

3 64 121 39 238 792 1994 928 4506
1% 3% 8% 5% 18% 44% 21%

4 193 116 506 313 928 1293 902 4251
5% 3% 12% 7% 22% 30% 21%

5 231 994 867 305 613 907 811 4728
5% 21% 18% 6% 13% 19% 17%

7 1375 1075 798 262 504 827 558 5399
25% 20% 15% 5% 9% 15% 10%

9 2262 934 550 195 404 895 693 5933
38% 16% 9% 3% 7% 15% 12%

10 2868 665 669 188 407 6009 415 5821

49% 11% 11% 3% 7% 10% 7%

1/ Sieve results for Reach 5 were applied to Reach 6, and results
from Reach 7 were used for Reach 8.
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Sedi nent Storage

Estimated storage in the main Scott River channel above the
thal weg is described for each reach and sub-reach in Table 3-5.
Since each reach is of a varying length, the average stored
sediment per mle is also presented. Cunul ative storage fromthe
upstream to downstream reaches is listed in the far colum,
anounting to approximately 10.45 mllion tons of sedinment.

Reach 2 contains the greatest anount of sedinent of any of
the reaches, followd by Reach 10. However, these two are also the
| ongest reaches and a nmore accurate conpari son between sites would
be on a per mle basis. Reach 3 contains the highest quantity per
mle and has slightly nore than Reach 2. Not surprisingly, these
reaches are the wdest, ranging from about 250 to 900 feet. The
sgallest anount is in Reach 5, which is also the narrowest part of
the river.

Applying the grain size conpositions to the anount of stored
sedi nent 1 n each reach gives an indication of the anount of sand-
sized sedinent (<2.36mm found within the channel. Figure 3-9
depicts the relative quantities of sand and total sedinment by
| ocation. Wiile Reach 2 has the highest total sedinent in storage,
Reach 3 has the greatest ampbunt of sand. Reach 1 has the snall est
anmount .

Based on the only avail able historical cross-section, the
Scott River's channel near Fort Jones seens to have undergone sone
degradati on since 1956. As shown in Figure 3-10, the 1989 bed
el evation apparently ranges from1l to 10 feet lower than that of
33 years ago. The 1956 elevation reflects the aggradati on caused
by the 1955 flood deposition. A period of degradation likely
followed until the 1964 flood once again deposited sedinent. The
cycle was probably repeated with the 1974 flood (of simlar
magni tude to the 1955 flood). Wth no large flood since then, the
| ast 15 years seem to have been a period of net degradation

Much of the sedinent delivered to the Scott River in the 1955
and 1964 floods was eventually deposited on the wide valley floor.
Al luvial flood plains commonly serve as tenporary or long-term
storage ( Beschta, 1987). In 1955, 6,300 acres were inundated
whil e 26,520 acres were flooded in 1964. Although quantities of
sedinent are now difficult to determne, observations seemto
verify this assunption. Photographs taken shortly after each flood
by the SCS office in Etna indicate Iaz&s areas covered by recent
sedi nent (Figures 3-11 and 3-12%. The white streaks on this Feb.
1965 photo were identified to be mainly sand (F. Jackson, pers.
coom). At specific sites, flood "silt" was reportedly 6" to 36"
deep on portions of farmand near the mddle reaches (2 to 5) of
the Scott River (A Lews, SCS, pers.comm). These deposits were
plowed back into the field and the farmand regraded to
accommodate irrigation flows before replanting.
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Table 3-5

Esti mated Vol ume of Stored Sedi nent
Above the Thal weg

by Reach

Reach Location Vol une Cunul ative Vol unme
Per Reach Per Mle (short tons)
10A Call ahan to 983, 789 983, 789
Wl dcat Ck.
10B Wl dcat Ck. 780, 129 1,763,918
to Sugar Ck.
10C Sugar Ck.to 406, 055 2,169, 973
Fay Lane
10 SubTot al 2,169, 973 344, 440
9A Fay Lane to 815, 270 2,985,243
French Ck.
9B French Ck. to 326, 569 3,311, 812
Cark Ck.
9c dark Ck. to 405, 833 3,717, 645
Young' s Dam
9 SubTot al 1, 547, 672 396,839
8 Young' s Dam 418, 636 232,576 4,136, 281
to Horn Lane
7A Horn Lane to 334,919 4,471, 200
Et na Ck.
7B Etna Ck. to 281, 386 4,752,586
Rancho del Sol
7 SubTot al 616, 305 220,109
6 Rancho del Sol 483, 446 241, 723 5, 236, 032
to Eller Lane
5 Eller Lane to 699, 651 159, 012 5, 935, 683
| sl and Rd.
4 Island Rd. to 334, 677 159, 370 6, 270, 360
Hw. 3 Bri dge
3A Hwy. 3to 132, 669 6,403,029
Ki dder Cx.
3B Kidder Ck. to 1,191, 564 7,594,593
Scott V. Ranch
3 SubTot al 1, 324, 233 441, 411
2 SV Ranch to 2, 750, 445 528, 932 10, 345, 038
Meanber Bridge
1B Meanber Br. to 111, 396 10, 456, 434
Shackl ef ord Ck.
1A To End of Valley 274,713
1 SubTot al 386, 109 120, 659
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Figure 3-11, Silt and debris piled against fence
(Reach 5) after Dec., 1955 flood (SCS photo)

[28)

Figure 3-12.. Upstream of Meanber Bridge (Reach 2), Feb. 1965
"Thousands of yards of gravel and sand deposited here"
(caption on SCS phot 0)
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As the only quantitative nmeasure of downstream channel
effect, the lowwater streanbed at the USGS gage station (RM 20,5
below the valley was surveyed for elevation in 1964 and in 1965.
I nstead of aggradation, the streanbed el evation had de%raded by
0.1 foot (Hickey, 1969). The best explanation is that the valley
"absorbed" nuch of the upstream sedinent. In contrast, the 1955
flood, which inundated nuch less valley land, contributed about 1
foot to the streanbed at the gage station (Figure 3-13). Upstream
the bed el evation at the forner 8a e station on the East Fork
Scott River above Call ahan aggraded 0.4 feet, but this small
change is not a significant streambed nodification (H ckey, 1969).

Figure 3-13

Changes in Bed Elevation at USGS Gage Station, 1944-1965
Scott River near Fort Jones
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Anot her inportant storage area is the "Big Sl ough", which
parallels the Scott River and drains the tributaries north of Etna
Creek (Johnson, Crystal, Patterson creeks). 1t then conbines with
Ki dder Creek before flowing into the Scott River at RM 32.3. This
narrow, shallow channel becomes very sinuous above the confluence
with Patterson Creek and experiences frequent overflow and ponding
él\/bCr_eary Korestsky, 1967). As a result, this drainage probably
eposits nuch of its annual sedinent load in its flood plain.

A USGS geol o??/ study of the Scott Valley described why these
four tributaries flow north and al so provided further evidence of
sedi ment deposition in the valley over geologic time (Mck, 1958):

"During flood stages, the Scott River has apparently
built up broad, low natural |evees sloping gently away
from the channel banks toward the valley margins. The
natural |evee al on? its west side prevents the western
tributary streans from entering the Scott River via the
shortest distance, directly to the east. The phenomenon
of deferred tributary junction has thus resulted, because
t he conbined drainage of the western streans has been
forced to flow northward parallel to the Scott R ver for
several mles within the confines of the slough between
the area of higher fans to the west and the natural |evee
to the east.”
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Sediment Transport

Most of the sand is noved as bedload rather than as suspended
sedinment, as grains that appear in suspended |oad are nearly
always less than 0.5 mm (Dunne and Leopold, 1978). This finding is
supported by the one avail able susgended sedi nent anal ysis on the
Scott River (March 1956), where 100% of the sanple was finer than
0.500 mm (fine sand) and 79% was finer than 0.125 nm (silt) éUSG&
1960). As can be seen fromthe grain size distributions of the
streanbed (Table 3-5, the reaches varied from7 to 21% in the
amount of bed material |ess than 0.85mm

Table 3-6 summarizes the hydraulic characteristics and
average annual sedinment transport capacity of the Scott River by
reach. (The original results were in netric tons, and were
converted to short tons and rounded to the nearest 1,000). The
concentration colum shows concentrations of sedinment for the 0.2
percentile flow (major flood peak) and 60 percentile flow
respectively. Although the sedinent transport capacities in Table
3-6 are printed to several significant figures, these estimates
are accurate only to within one order of magnitude.

Compari son of Formul as

The Engel und- Hansen and the Ackers-Wite equations produced
very simlar results and probably represent the best estimate of
annual sedinent transport capacity of the Scott River with the
data available for this study. he Meyer-Peter-Miller equation
indicated a substantially greater sedinent transport capacity for
each reach, although a snaller capacity would be expected for this
bedl oad equation. Several explanations are possible why the MPM
equation may have overpredicted sedinent transport: 1) it needs to
be calibrated to the bedload and bedl oad data was not avail abl e;
2) it is best suited to gravel bed streans; or 3) the available
grain size data were fromriffle areas only and omtted cobble
size (6") and larger material (primarily in Reach 10).

Table 3-7 shows the results of sensitivity analyses on each
equation. Effects of changes in Mnning' s roughness (n), bed
material D50 (median grain size), and river slope upon sedi nent
transport capacity for a high flow in Reach 1 are shown. An
addi tional consideration not tested is the effect of cross-section
geonetry upon sedinment transport capacity.

It can be seen fromthis table that the roughness factor
whi ch influences the calculation of depth and causes the stream
energy to be dispersed on friction, has a strong affect on the MPM
and A-Wresults, but none on the E-H \Wile MPM shows greater
transport w th higher roughness, A-Windicates |ess transport
capacity. The E-H formula is greatly affected by the D50 grain
size, alnost doubling transport when the D50 is reduced by .005m

5mm, While the others increase sonewhat. Decreasing the slope
reduces the transport capacity for each of the equations.
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Table 3-6

AVERAGE ANNUAL SEDIMENT TRANSPORT CAPACITY

OF THE SCOTT RIVER BY REACH

MPM Engelund-Hansen Ackers-White

Reach Slope n D50 Conc. Conc. Conc.

M TON PPM TON PPM TON PPM
1 0.00120 0.035 0.0150 302,000 353- 51 20,000 39- 4 24,000 100 O
2 0.00100 0.035 0.0125 206,000 295-107 13,000 32- 3 14,000 77- 0
3 0.00130 0.033 0.0017 741,000 511-573 410,000 1065-111 184,000 224-93
4 0.00075 0.030 0.0022 332,000 249-249 111,000 346- 29 84,000 123-33
5 0.00085 0.030 0.0048 316,000 266-222 55,000 138- 17 94,000 131-38
6 0.00123 0.033 0.0048 516,000 448-353 69,000 214- 18 78,000 150-12
7 0.00119 0.035 0.0100 300,000 402-133 22,000 74- 6 23,000 121- 0
8 0.00220 0.037 0.0100 955,000 877-736 88,000 338- 35 129,000 251-39
9 0.00300 0.040 0.0150 884,000 1280-773 57,000 232- 21 64,000 263-27
10 0.00770 0.045 0.0250 239,500 3964-3098 139,000 745- 77 150,000 651-15



Table 3-7

Sensitivity Analysis of Sedinment Transport Equations

Reach FI ow Slope Wdth n Dept h D50 b
cfs f eet M M Ka/' S

Meyer - Pet er- Ml | er

1 20, 000 .0015 165 0.035 4.1 0. 015 138.9

1 20,000 .0015 165 0. 040 4.4 0. 015 160. 9

1 20, 000 .0015 165 0.035 4.1 0. 010 155.5

1 20, 000 .0015 165 0.035 4.3 0. 015 115.2
Engel und- Hansen

1 20, 000 .0015 165 0.035 4.1 0. 015 89. 88

1 20, 000 .0015 165 0. 040 4.4 0.015 89. 88

1 20, 000 .0015 165 0.035 4.1 0. 010 165. 11

1 20, 000 .0015 165 0.035 4.3 0. 015 67.51
Ackers-VWite

1 20, 000 .0015 165 0. 035 4.1 0. 015 216. 90

1 20, 000 .0015 165 0. 040 4.4 0. 015 139. 83

1 20, 000 .0015 165 0.035 4.1 0. 010 241. 09

1 20, 000 .0015 165 0.035 4.3 0. 015 172. 57

A conparison of the results in Table 3-6 also confirns these

sensitivities. In Reaches 3 and 4, for exanple, the E-H formul a
estimates a nuch higher transport capacity than the A-W nethod
primarily because the grain size is so small in these reaches.

Anot her interesting variation is the different responses of
sedi nent concentration. MM shows consi derable sedi nent novenent
at 0.2 percentile flow (major flood peak) as well as at the | ower
flow (60 percent occurrence) for each reach. In contrast, AW
shows no novenent and E-H shows |ittle novenent in reaches 1,2 and
7 at lower flows. These latter nmethods indicate sedi nent novenent
occurs primarily during higher flows.

Unfortunately, sedinent transport capacity can only be
estimated "rather crudely” with available formulas (L. Reid, USFS,
pers. conm). However, " the fornmulas may faithfully predict and
provi de an explanation for spatial variations of sedinent yield
and particle sorting along the streanf

3-30



Comparison of Reaches

Wiile the quantitative differences anong the equations nay be
large, the three nethods reveal fairly close estimtes of the
relative abilities of each reach to transport sedinent. Putting
the results of Table 3-6 in rank order (I|=highest capacity; 10=
| owest) reveals the follow ng:

Reach # MPM E-H AW
1 8 9 8
2 10 10 10
3 4 1 1
4 6 3 5
5 7 7 4
6 5 5 6
7 9 8 9
8 2 4 3
9 3 6 7
10 1 2 2

Reach 1 has one of the lowest abilities for sedinent transport,
probably related to its |low gradient and greater grain size.
Shackl eford Creek deposits its sedinent into this reach, which is
a fairly |low percentage of the total annual DG contribution (see
Tabl e 2-14).

Reach 2 appears to have the |owest capacity for transport of all
the reaches. The major influencing factors are likely the |ower
gradient and the larger grain size. Reach 2 also contains the
w dest section of river, ranging from700 to 900 feet in the
vicinity of Oo Fino Creek's confluence.

Reach 3 is a critical one for several reasons. It is the |ocation
of the deposits fromtwo major tributaries, Kidder/Big Slough
(including Patterson, Crystal and Johnson creeks%, whi ch
contri butes about 27% of the total annual DG load to the river,
and Mffett. Reach 3 is also where sand and gravel are renopved
comercially, about 31,000 tons in 1989. Its high transport
capacity appears to be related to its small nedian grain size
1.7mm, large width, small slope, and low roughness.
Additionally, the diversion dam acted as a gradient control
structure from 1958 to 1987-89. As a result, Reach 4 upstream has
the | owest slope (.0075) of any of the reaches. Wth the conplete
renoval of the damin 1989, the river will be seeking readjustnent
of its equilibriumand the slope of Reach 4 will likely increase
whi | Ie tlhat of Reach 3 decreases. Transport capacities wll adjust
simlarly.

Reach 5 and Reach 6 are quite simlar in transport capacity gag
well as in wdth and grain size. Except for MPM the formulas go
not seemvery affected by differences in slope or roughness. po
tributaries enter in these reaches.
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Reach 7 has one of the |owest transport capacities, nost |ikely
due to its higher nedian grain size (10.0 nm and |ower gradient.
Etna Creek deposits its sedinent load in the mddle of this reach

and is arelatively low contributer of DG sand.

Reach 8 is where the river's gradient begins to increase, which
i nproves the transport capacity. Wile the slope of Reach 9 is
slightly steeper, 1ts larger nedian grain size (15.0 mn) reduces
the capacity for novenent. Both French and Oark Creeks contribute
DG sand to this reach, anmounting to about 11% of the total annual

DG yield to the river

Reach 10 is the steepest in the valley and known for its high
vel ocities and unpredictable behavior for the design of bank
stabilization structures (A Lews, SCS, pers. comm). This reach
al so represents the greatest roughness and hi ghest nedian grain
size (25.0 m). The majority of DG sedinent (58% is annually
deposited in this reach, originating fromthe South and East Fork,
W dcat and Sugar Creek sub-basins. Results for Reach 10 may be
skewed by the nethod used to sanple grain size of the bedl oad.
Al t hough cobbles in the range of 6 to 10 inches were found in this
steeper reach, the MNeil sanpler's dianeter was only 6 inches and
therefore |larger cobbles were omtted fromthe sanples sieved in
the lab. |If the actual nedian size was therefore larger than
ﬁS.Omn the transport capacity would be lower than that estimated
ere.

The rel ative magnitude of transport between reaches can al so
be indicated by using one of the fornulas. Figure 3-14 depicts the
average annual transport capacities (in short tons) of the
Engel und- Hansen equation for each reach. Since stream power
tgpically I ncreases downstream as sedinent size decreases, a
"bal anced" strean1systen13raph woul d have transport capacity bars
whi ch gradually increased in height downstream (K Buer, CDWR

ers. comm.). However, this graph indicates a river system out of
alance, wth widely fluctuating transport capabilities. Since
sedi nent input plus storage nust equal output, the Scott River
system nust continue to seek a bal ance.

Transport Processes

Bedl oad transport only occurs at significant |evels during
peri ods of stormor snowrelt runoff (Beschta, 1987). Increased
velocities and turbulence wll then stinulate bed |oad transport
in a theoretical sequence of events (Jackson and Beschta, 1982):

Phase |: Initial novenent nmay consist of sand-sized particles
(or finer) that were fornerly deposited in pools, along channel
margins or behind obstructions. The arnor layer is not yet
di st ur bed.
_ Phase I1: Disruption of the arnor layer is begun follow ng
increased velocities. Relatively fine sedinent wthin the
interstices of larger particles that conprise the arnmor |ayer are

3-32



geE-¢t

TONS
(Thousands)

SCOTT RIVER SEDIMENT TRANSPORT CAPACITY

450.00

400.00

350.°°

300.00

250.00

200.00

150.00

100.00

50.00

0.00

Engelund-Hansen Method

7

REACH NUMBER

yT-¢ 9.nb 14



renoved as bottom velocities (and associ ated shear stresses)
increase. Entrainment of bed material fromriffle sections of the
channel is also initiated. Velocities and turbul ence are great
enough to transport riffle sedinments entering a pool through it to
the next riffle downstream Once the arnor layer is disrupted, the
finer bed sedinents found below it are rapidly noved. Local scour
or degradation of the bed result.

An arnor |ayer was apparent in the Scott River in the sanpled
riffles and runs, particularly when surface sanples were conpared
w th subsurface sanples (see Chapter 4).

Analysis of Storage and Transport Data

The sedinent transport capacity may differ from the actual
sedi nent transport of the river because of the availability of
sedinent. The actual sedinent transport of a river will on
equal the sedinent transport capacity if there is an excess o
transportable sedinment available. This latter situation is
probably the case with certain reaches of the Scott River.

A stream seeks to reach a steady state to maintain its
capacity (the maxi num anount of debris of a given size that a
stream can carry in traction as bedload) and conpetence (the
| argest size of grain that a stream can nove in traction as
bedload) so that they are just equal to those required to
transport the load provided. It does this by nutual adjustnents in
the longitudinal profile, cross-sectional norphol ogy, and channel
roughness (Morisawa, 1968). If the load is conposed of fine grave
and sand and is substantially increased, the likely result wll be
channel aggradation, wdening, and rapid shifting of channels.
Areas where valley alluviumand hillslope material are nostly silt
or clayey silt wll probably experience channel erosion,
deepening, and gullying (Dunne and Leopold, 1978).

Since the transport capacitg results are aegroxinate, t he
sedi ment storage results of Table 3-5 and Figure 3-9 should not be
quantitatively conpared wth the transport figures of Table 3-6
and Figure 3-14. However, conparing the qualitative differences
bet ween the reaches suggests sone connections. The high transport
capacity of Reach 3 and the | ow capacity of Reach 2 probably ave
sone relationship with the high storage of Reach 2. This latter
area was not able to transport the anount of sedinent transferred
there from upstream To adjust, the channel w dened. Conparing
aerial photographs from 1944, 1958, and 1974 of this area reveal ed
that the major channel w dening occurred before 1944, Between 1944
and 1974, the channel w dth has increased about 70 feet (from 400
to 470 feet). Reach 7 s low transport capacity also resulted in
bank erosion and w dening. Between 1944 and 1974, the w dth
i ncreased by 130 feet at a site downstream of the nouth of Etna
Creek. A though historic neasurenents are not available, the slope
and channel roughness may al so have adj ust ed.
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Implications for the Future

Too nmuch sand in the spawning gravels of the valley and in
Bools downstream of the valley is the conplaint heard by fishery
iologists (CH2MH ||, 1985; West et al, 1990). Wether this sand
can be noved out of these areas and the river "cleansed" is the
question for the future.

One advantage of having too much sand, as opposed to too mnuch
cobble, is that snmaller particles are easier to dislodge and they
travel at a slower velocity (Beschta, 1987). As transport begins,
a sorting process occurs where the larger particles are
essentially left behind by the finer particles. If fine particles
are not contributed from upstream sources at the sane rate as
before, then the sediments in transport should become nore coarse
"Thus" states Beschta, "only by undergoing scour, transport and
deposition can stream bed ?ravels becone 'cleansed’ of the finer
particle sizes. " Although fines can be w nnowed from between the
particles of the arnor layer if gravels remain in place, the
percentage of fines within the underlying gravels will |ikely
I ncrease (Beschta and Jackson, 1979).

On the other hand, if the amount of sand supply into the
river increases, the net response of the channel will be to fil

pools, increase width and decrease depth. Mbst of the increased
sand delivered to the channel, and sone of the original gravel
riffle material, wll deposit in nonriffle stream | ocations,
primarily pools, backwaters, and channel edges. Only when these
sinks are tull may sand then deposit on riffles. Rffles wll be
degraded and gravels increasingly snothered by deposited sands
even though sedinent transport rates wll have increased,

according to flume experinments (Jackson and Beschta, 1984).

| nproved riverbed sedinent quality can happen over tine in a
severely degraded stream as it did in the South Fork of the
Sal nron River, I|daho (Megahan et al, 1980). Excessive sand from
| oggi ng and road activity on steep DG sl opes, followed by |arge
stornms, had buried prine spawning and rearing areas in the 1950s
and 1960s. The U. S. Forest Service responded by placing a
noratoriumon all road construction and logging activities in the
wat ershed and inplenenting a variety of watershed rehabilitation
practices in 1966. Monitoring reveal ed a decrease in percentage
of sand (<4.76 mm from about 40% surface and subsurface iIn
sgamning areas in 1966 to about 8% surface and 25% subsurface in
1979. "Such a relationship is to be expected," the authors state,
"because less energy is required to remove sand from the bed
surface than is required to renove sand mxed with gravels wthin
the bed. ' After the sedinent supply to the river was reduced, the
adequat e sedi nent transport energy becane available to begin
renmovi ng excess sedinent from the system even during nornal
runoff and |l ow fl ow years. However, an equilibrium between input
and out put of sedinent was reached in the late 1970s and IitPIe
I nprovenent was nmade over the next 14 years (Platts, 1990).

3-35



Prevention and rehabilitation of DG erosion in the uplands of
the Scott River watershed would serve to decrease the input side
of the local sedinment budget and allow nore of the present DG sand
in channel storage to get noved out. Such an effort is presently
underway in the French Creek sub-basin by the Siskiyou Resource
Conservation District and the U S. Soil Conservation Service, who
are identifying site-specific DG erosion problens and their
solutions. Since roads cause 63% of the total DG erosion in the
basin (see Table 2-12), focusing on the control of erosion from
road cuts, fills and surfaces should be a high priority.

As found in certain Idaho batholith streans, an above-average
snow nelt runoff nay be needed to dislodge the arnor |ayer on the
riffles and allow the trapﬁed sedinent to be renoved. The main
[imtation may be the depth of the river during high runoff to
adequately renove the riffle arnor |layer and cl eanse the pools of
sand in those reaches with |ow banks and frequent overflow (Bjornn
et al, 1977).

Since the floodplain (overbank deposition) and streanbanks
are inportant storage sites of sedinent, these sites need to be
able to gradually release their stored sedinents to maintain a
bal anced system For exanple, streanbank protection wll inhibit
bank erosion, thus blocking recruitnment of deposited gravels
(CDWR, 1984). While this alteration has becone a significant
problemin the Sacranento R ver, the magnitude in the Scott R ver
does not seemto be critical at this tine.

Further Studies

Further studies could provide nore pieces to the sedinent
storage and transport part of the Scott R ver's sedi nent budget
puzzle. Recomrendations i ncl ude:

0 nore cross-sections to better describe the varying w dths
and depths of the channel, based on recent aerial photo
analysis to identify representative sub-reaches;

o sedi ment sanples of uniformparts of point bars and pool s,
usi ng Wl man pebble counts for each site and reach, to
better characterize the channel bed surface grain size;

0 characterization of each reach into %riffle, pool, bar,
based on |arge-scale aerial photos;

0 approxi mate cross-sections at the riffle sanple sites;

0 use of scour chains or other indicator of depth of bed
nmovenent during peak runoff
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CHAPTER 4
IMPACTS ON SALMONID SPAWNING
INTRODUCTION
(bj ective: Determne the inpact of fine-grained sedinent derived

from granitic sources on Scott R ver salnon and steel head
spawni ng.

The inpact of granitic sand on spawning habitat has received
frequent nention as a critical factor limting the restoration of
the anadronous fish populations of the Scott River system
(Puckett, 1982; West, 1983; CE2MHIIl, 1985;). The | ow gradi ent
section of the Scott River through the Scott Valley creates a
| arge anount of existing and potential spawning habitat (CDFG
1965). However, this area also represents the prine area for
deposition of granitic sands and other fines (less that 6.3 nmm
that are delivered into the system from upstream sites. Rearing
habitat (both summer and winter) 1is another limting factor for
Sal noni d production which can be inpaired by excessive sand
(Klant, 1976). While such inpairnment has been noted in the | ower
Scott River (West et al, 1990), this effect is beyond the scope of
the present analysis.

Effects of Sand and other Fine Sediment on Emergents

Nunerous studies have evaluated the effect of sand and ot her
fine sedinents on Sal nonid spawning gravel. Their findings have
noted three types of influences: (1) the survival of Sal nonid
enbryos fromfertilized eggs to fry energing fromthe gravels;
(2) the size of the emerging fry; and (3) the timng of energence

Survival: The anount of dissolved oxygen is the major controlling
factor influencing egg nortality (Wckett, 1954; Coble, 1961;
Reiser and Wite, 1988). Large anounts of sedinment can cause
oxygen deficits by reducing intergravel pore space and subsurface
velocities (see Figure 4-1). Wth |ow oxygen the enmbryo can
suffocate and with low velocities it can suffer from accunmul ati on
of toxic netabolic wastes ( free carbon dioxide and ammoni a)

Alevins and fry have also reportedly been entrapped or "entonbed,
258§;ne sedi nent, preventing their energence (Tappel and Bjornn,

Size: The size of fry emerging fromgravels w th high percentages
of fines can also be affected. In one experinment, steelhead fry
were slightly larger in cleaner gravels although chinook sal non
fry showed no such variation in size (Tappel and Bjornn, 1983).

Coho salnon fry were also reduced in size in sandy gravels
(Phillips et al, 1975; Koski, 1966). |In the sandy reaches of the
upper Trinity R ver, researchers have noticed "pin-head" fry nuch
smal l er than their counterparts in gravelly reaches energing from
redds (M Stenpel, USFW5, pers. comm). Explanations for this
phenomenon vary. Wth snmaller pore spaces, the smaller fry could
be better suited for energence since they can nore easily squirm
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Figure 4-1

Wat er Percol ati on Through Spawni ng G avel .

A. Vater flow is uninpeded through the gravel.

B. Water flow is obstructed by sands and sedinent in the gravel.

Source: CDFG 1977.
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through the confined gravels, or the' greater environmental stress
in the egg pocket could reduce growth. How the smaller size of fry
affects their later survival is not known, though one would
suspect they would be at a di sadvantage (Tappel and Bjornn, 1983).
Timng: The timng of energence is affected by sedinent
dePosition. Wth a high level of fines, the fry enmerge before the
yolk sac is conpletely absorbed. Wth |low fines, they enmerge only
after total absorption (Tappel and Bjornn, 1983).

Wien sedinent is deposited is also an inportant factor
During the building of a redd, the female cleans and flushes sone
of the fine sedinents fromthe gravels. This initially cleaner
environment in the egg pocket is critical since eggs in the early
I ncubation period are nost vul nerable. Wckett (1954) denonstrated
that the enbryonic stage before the conplete devel opnent of the
circulatory system (i.e., green egg) is alnost entirely dependent
on diffusion for the delivery of oxygen. After the circul atory
s¥sten1|s devel oped, the enbryo (i.e., eyed egg) is nore tolerant
oggé;ne sedinment and nortality is not as great (Reiser and Wite,
1 :

History of Scott River"s Habitat Quality

The poor quality of the spawning gravels in the valley
portion of the Scott River is conmmon know edge today, but the
question needs to be asked, when did the excessive sand deposits
begin, or has the river always been that way?

_ The earliest witten account of salnon spawning in the Scott
River is fromthe diary of a mner who was canped in Scott
Val | ey on Cctober 2nd, 1854 (Stuart, 1977):

During the night we heard continual splashing in the water
near where we were sleeping, and couldn't imagine what kind
of animal was in the streamall night, as we had seen no sign
of beavers in California...In the norning we went to the
pl ace whence cane the noise and found that all that splashing
In the river was caused by salnon fish, fromthree to four
feet long, flopping and junping in, forcing their way up the
streamover the riffles where the water was not deep enough
for themto swm.. Upon inquiry we were told that every fall
these large fish cane up fromthe Pacific Ocean to the upper
branches of all the streams as far as they can possibly go
and there lay their eggs, then start back to the ocean, but
PﬂSt of them are so bruised and exhausted that they die on
e way."

Stream Habitat Quality

The California Departnment of Fish and Gane (CIIK? has
conducted various surveys of the Scott River and some of its
tributaries over the years. The ol dest known stream survey in the
Study Area dates back to June 14, 1934. At the old Scott R ver
bridge 1 mle south of Fort Jones (near the nouth of Kidder
Creek), the stream bottom was described as "gravel", water
tenperature 72 F, "excellent pools and shelter” with "willows
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dense al ong shore? Noted problens were mning pollution upstream
near Callahan, inadequate screening of diversions, and excessive
di version of water fromtwo big ditches. The surveyors concl uded,

"fromthe standpoint of fish life, this section of the Scott River
is badly mstreated. ' Al though they commented on the covering of

spawni ng areas with m ni n%( silt in upstreamlocations (i.e., the
East Fork and South Fork), no remarks were nade about the
condi tion of spawning gravel in the mainstemthrough the valley.

The effect of "mning silt" on streamhabitat during this
period was well docunented by Taft and Shapoval ov (1935) in their
survey of the Scott and Sal mon region. Taking quantitative sanples
of bottom food organisns at riffles above and bel ow sites affected
by mning, they found the average nunber of food organisnms in the
sanples were alwavs less in mned areas than in non-mned areas.
Less food neans | ess capacity for-rearing young steel head and coho
sal non. However, these surveyors also did not nention the quality
of spawning riffles in the nmainstem Scott R ver.

Wth the absence of early coments about too nmuch sand
through the Scott Valley portion of the river, one could conclude
t hat §1) It was not a problemat the tine, or 12) It was | ess
significant than all of the other noted problens and not a
priority to nention, or (3) sand was not considered a problemlike
silt was at that tine.

As of 1948, however, the CDFG fishery biologist for the area
had observed the sand in the river (M coots, pers. comm.).
Excessive fine sedinments were also noted before the two major
fl oods of Decenber of 1955 and 1964. Fromthe field notes of an
aerial survey on Nov. 4, 1951, the surveyor renmarked "too sandy"
for the streamarea fromthe old Fort Jones bridge (near the nouth
of Kidder Creek) to Eller Lane.. A note from Feb. 11, 1955 in
CDFGs files for the Scott R vercommented about the fine gravel
and silt making up the stream bed in the vicinity of Fort Jones,
creating very poor spawing area for an estimated 7 mles.
Simlarly, a spawning survey in Cctober 1964 above the Fort Jones
bri dge observed only silt and sand with "very small patches of
gravel” and a "poor spawning area’ for about 12 niles upstream
However, the Departnent indicated in a 1956 report on the Klamath
R ver Basin (Hallock et al, 1956 in CDWR 1964) that all of the
mai nstem Scott River below Cal |l ahan was a "principal king sal non
Spawni ng area".

As seen in Figure 4-2, an aerial survey in Cctober 1962 by
CDFG observed ki ng sal non spawning activity Tfromthe nouth up to
Sugar Creek, with the |argest concentration between the USGS gage
station (Rver Mle (RM 21.0) and an irrigation dam (RM 32.0).
Since much of the river's bed in the Scott Valley was "conposed of
sand, alluvial fill, and small gravel", the biologist believed
t hat sal mon spawning activity was confined to areas where the flow
velocity was great enough to expose suitable gravels (CDFG 1962).
El Ialhso t hought that the fornmer bucket dredge operation bel ow

ahan:
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Figure 4-2
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"has contributed at least in part to a deterioration

of suitable spawning environment in the river and is
still continuing. Mvenent of sand and fines bel ow

the dredging activity is quite evident during periods

gf heagy runof f. Many spawni ng areas have been displ aced
y sand.”

Conpl ai nts about excessive sand in the valley portion of the Scott
Ri ver have continued throughout the past two decades (Lanse, 1972,
CDFG 1980; CH2MHill, 1985)

Surveys of the tributaries also found problens with too nuch
sand. In Etna Creek, a 1971 stream survey above the city's dam
commented on areas of gravels which were "sem -conpacted with
| arge sand" and pools contalnln%]deconposed granitic sands (DG .
In French Creek between the nouth and the state highway bridge, a
1968 survey noted that it was "very sandy and probably not used to
a significant degree by steelhead for spawning? Although
"consi derabl e anmounts of DG' were m xed with gravels upstream at
the Mner's Creek bridge, a warden's report observed steel head
redds containi ng uneyed eggs during bridge construction in Apri
1978. Too many fines were noted in Patterson Creek's spawnin
gravel s downstream of the highway bridge in May 1982, but goo
spawni ng gravel was observed above the bridge in My 1974
However, sand was not noted to be a serious problemin a survey of
the lower 6 mles of Sugar Creek in April 1974.

Bel ow the valley, degradation of Salnonid habitat was noted
by West (1984) at Jones Beach a few mles below the USGS gage
station, where "gravels were |oose but heavily sedinmented with
granitic sand? Measurenents of spawning gravels at this site
reveal ed they were conposed of 41.2% sand and fine sedi nment
smal | er than 3.3mm Moderate concentrations of fines were found
at a spawning site below the Trestle Bridge, just above the
river's nouth, but little influence of granitic sedi nent was
found. However, 1989 stream survey work by the U S. Forest Service
indicated that granitic sands "heavily influence" spawning and
rearing habitat throughout the lower river (Wst et al, 1990).

Sal non and St eel head Popul ati on

“Hstorically, the spring chinook sal mron was the predom nant
run in the Klamath R ver systembut this run was already greatly
reduced in nunbers by the early 1920s (Snyder, 1931). The earli est
estimate of the nunber of fall-run chinook salnmon in the Scott
River was 5,000 spawners in 1955 (CDWR, 1960). During the 1960s
decade, CDFG devel oped estimates based on its annual aerial counts
of chinook sal non redds and adults. The average annual chi nook
spawni ng popul ation in the early 1960s was estimted to be 8,000
to 10,000 fish (CDFG 1965; CDWR, 1965). Fromthe avail abl e annual
CDFG records, however, the nunber of estimated spawners ranged
from 2,000 in 1965 to 5,000 in 1967, with the average over 3,000.

Since 1978, CDFG has pursued a nore accurate count of chinook
sal non by docunenting on-the-ground the nunber of carcasses of

4-6



adult and grilse found in selected -stretches of the Scott River
during each week of the run in Cctober and Novenber. In addition,
a tenporary weir is placed near the nouth of the Scott R ver
during the run. Between 1978 and 1989, the total nunber of
chi nook sal non extrapolated from these counts has ranged from
1,801 in 1984 to 8,566 in 1987 with an average of 5,636. These
total figures are nore conparable to the aerial estinates of total
fish (adults and grilse) fromthe 1960s. Counting only the adults
the recent average is 3,812 fall chinook salnon with the annual
popul ation estimates for 1978-89 depicted in Figure 4-3.

As part of the chinook sal non carcass count, |ocations of
carcasses have been noted for three reaches in the valley over the
past 11 years. Qher reaches in the valley are not nonitored due
to the | ow nunbers found or access problens (J. Hopelain, CDFG
pers. conm ) The results are tabulated below in Table 4-1I.

Tabl e 4-1
Summary of Scott River Chinook 1Salm)n Carcass Recovery
1979- 1989
Locati on
Year Canyon- Meanber Pl ant - Punps Sweasey-Fay TOTAL

RM 20. 5-25.5 RM 28.0-31.5 RM 41.0-49.5

1979 519 114 467 1100
1980, 677 168 171 1016
1981 312 13 79 4042
1982 810 124 507 1441
19832 222 49 148 4192
1984 78 25 28 1312
1985 532 78 260 870
1986 1797 281 442 2520
1987 1271 120 0 13913
19883 800 7 5 8123
1989 493 16 22 531
TOTAL 7511 995 2129 10,635
Aver age 683 90 194 970
Per cent 71% 9% 20% 100%
Ave./Mle 137 26 23 57

I/ CDFG carcass nunbers represent both adults and grilse
(i.e., total carcasses exam ned)

2l Partial count due to high water

3/ Low nunbers due to |ow flow
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FALL CHINOOK SPAWNERS

Figure 4-3. Fall chinook spawners in Scott River, 1978-1989.
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St eel head and coho sal non estinmates are much nore crude, as
no redd, carcass, Or weir counts are available. (Their runs tend
to be during the higher runoff period when visual estimtes are
al nost i npossible and weirs wash out.) In the 1960s, CDFG cl ai ned
2,000 coho sal non and 20, 000-40, 000 steel head BO ul ated the Scott
River in one report (CDWR 1965) but only 800 coho and 5,000
steel head in another (CDFG 1965). No new figures have been
officially estimated since then. Sonme observers believe the
present coho sal mon popul ation to be near the |levels of the 1960s
ép, Hubbel I, in CHZMHII, 1985), while others feel they have

eclined considerably (J. West, USFS, pers. comm). If the nunbers

of the fall-run steelhead reflect the trend of the rest of the
Klamath Basin, the Scott River's steel head popul ati on has been
dgclining. Summer steel head are seen only occasionally by |ocal
observers.

Extent of Spawni ng Habi t at

St eel head and coho sal non have access to nore habitat than
t he chinook sal non by being able to go higher up the tributaries
due to their snaller size and the timng of their runs during the
wi nter runoff season. However, the |arger chinook may be better
able to use the cobbly substrate of the upper Scott River near
Cal I ahan. Chi nook spawni ng habitat theoretically includes about 56
mles of the mainstem Scott (fromits nmouth) and an unknown anount
of the Iower portions of sone of the tributaries, such as Kel sey
Creek, South and East Forks, Etna Creek, and French Creek. In
1965, CDFG estimated in a report (CDWR 1965) that coho sal non had
access to 126 mles of habitat in the Scott subbasin, but a recent

estimate nentions only 88 mles (CHZMHi |l 1985). Steel head
access should be simlar, though current information reportedly
indicates 142 mles of available habitat (CH2ZMHII, 1985).

METHODS

The conposition of the stream channel substrate was eval uated
using both quantitative and qualitative nethods. To ensure
adequate and equal access to each site, all neasurements were
taken during the lowest flow period in |late August and early
Septenber 1989. Since flows during fall chinook runs of recent
years had been too low to Provide spawner access to much of the
study area, the option of sanpling redds during Cctober and
Novenber was elimnated. In addition, the sanpler could not be
used in water deeper than about one foot.

~ The purpose of using the selected nethods was to provide
fairly easy replicability for future nonitoring of changes in the
quality of spawning gravels of the Scott River
Locati ons
Various |ocations within the mainstem Scott River and several

of the tributaries were sanpled. Factors affecting selected
sanpling sites were vehicle accessibility, |andowner approval, and
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the representativeness of the site. Sanple sites were sought from
each of the 10 reaches described in Chapter 3 or at least in an
area representative of each reach. Since Kidder Creek is an
I nportant tributary influencing a critical reach (Reach 3),
addi ti onal sanples were taken upstream and downstream of its
confluence with the Scott. Three tributaries, Etna, French and
Sugar Creeks, were sanpled to provide both baseline data and to
devel op conparisons with substrate sanples taken by CDFG in these
streans in 1982. The locations of the sanpling sites are
identified in Table 4-2 and Figure 4-4,

Tabl e 4-2

Locations of Substrate Sanpling

Si t e/ Landowner River Mle Reach Nunber No. of Sanpl es
Scott River
A - Nutting 23.5 1 25
B - Tozier 24.5 2 20
C - Mason 29.5 3 20
D- Langford 32.2 3 15
E - Anderson 32.3 3 15
F- Tobias/Piersall 34.7 4/ 5 13
G- Hurlimann 38.8 5 25
H- Wipple 42.5 7 50
| - Spencer 47.2 9 25
J- Barnes 49.7 10 25
K- Hayden 55.7 10 5
Sub- Total 238
Et na Creek
El - Near Mouth 0.1 - 15
E2 - At Hwy.3 2.3 -- 10
French Creek
F1 - Near Mouth 0.1 -- 5
F2 - Above Hwy.3 0.6 - 5
F3 - Mner's Ck. Br. 1.4 - 10
Sugar Creek
S1 - Above Hwy.3 0.5 - 10
TOTAL 293
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Figure 4-5

Locations of Sanpling Sites

End of valley

Shacklef¥®rd
Ck.

< SISKIYOU COUNTY

Scot? River Wolershed

LOCATION MAP

Oro S Moff ett Ck.
Fino /
ck. ) Fort Jones
Kidder
Ck. F

Etna Ck?
E
|
Etna
French Ck. .
F2
J
Sugar Ck.
East Fork
p)
Sout h Fork %allahan

4-11



Quantitative Methods

Procedures were arrived at followwng a review of the
literature and di scussions with experienced field biologists.
However, it should be noted that the issues of what, where, when,
and how to neasure fish response to sedinent levels are currently
bei ng debated (Torquemada and Platts, 1988).

Transects

Transects were established at each sanpling site. The site
was selected to include a riffle and, if possible, a portion of a
run above the riffle, as these are the |ocations nost noted for
spawni ng habitat in the Scott R ver §J. West, USFS, pers. conm).
Each transect was a mninmum of 150 feet long, wth nost 200-300
feet, and one 650 feet. The width of the transects vari ed,
extending fromthe flow ng channel at the streanbank on one side
to the estimated boundary of spring flow (as determ ned by
deposited al gae) on the gravel bar side. Such an area represents
the potential spawning habitat avail able for steel head and often
fall chinook salnon at higher flows.

Rebar stakes were placed at opposite sides of the streamto
| ocate each transect. A neasuring tape stretched between the rebar
was used to determ ne sanple |locations. Qher transects were
established at 50 foot intervals downstreamof the initial one.

Col | ection of Sampl es

Sanples were taken with a McNeil core sanpler, as adapted by
the CDFG s Yreka Screen Shop (MNeil and Ahnell, 1960). The
dianeter of the McNeil tube was six inches, which was deened
adequate for the size of the substrate in nost of the study area.
It also represents the largest size particles in which nost
salmonids wll spawn (Platts et al, 1983). The core depth of six
inches was sufficient to sanple the depth excavated by nobst redds.

The contents of the tube were dug by hand and placed within
the sanpler. The sanpler's contents were then transferred to a
| abel ed 4-5 gallon plastic bucket. After settling for 10 mi nutes,
the water was carefully pored out of the bucket and a |lid affixed.
These buckets were taken to the |aboratory for analysis.

No attenpt was made to use freeze-core sanplers to preserve
stratification of the gravel colum (Everest et al, 1980) for
several reasons: 1) expense and |logistics are greater; 2) the
measurenent of depth |evel of highest egg concentration was not

the objective, which is the main reason to do freeze coring
(Platts, 1989).

Anal vsi s of Sanpl es

~_Gavel sanples were separated into 7 size classes by wet
sieving. In assenblyline fashion in the |aboratory, sedinents were
washed and shaken through six standard sieves with the follow ng
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mesh sizes: 25.0 mm 12.5 mm 6.35 mMmm 4.75 mm 2.36 mm and 0.85
mm The materials left in each of the sieves was neasured
volunetrically (the amount of displaced water) in either a 500 nL
or 1000 nL graduated cylinder. The fines and water passing through
the smallest screen were placed in a 1000 nL I nmhoff cone. After 10
mnutes, the settled nmaterial often stratified into two |ayers or
sizes and the volunmes of each were recorded.

Dry weights were also obtained. Sieved sanples from several
sites were airdried and wei ghed. Conparing wet weights to dry
wei ghts for the sane sieve size allowed a ratio to be obtained.
Conversion factors were then applied to the results of the
volunetric analysis to get equivalent dry weight in grams for each
sieve size as follows: 25 mm= 2.47; 12.5 mm= 2.56; 6.35 nmm =
2.54: 4.75 mm= 2.16; 2.36 mrmm= 1.98; 0.85 nmm= 1.6; |ess than
0.85 mm = 1.0.

Sanpl e Si ze

As described by Platts et al (1983), the size of the sanple
at each site needs to strike a balance between the cost of
sanpling and the cost of making an error. The optinum sanple size
for the sites was therefore arrived at statistically. At the first
site, 50 McNeil sanples were obtained and anal yzed for grain size
conposition as this was the nunber of observations reconmmended by
McNei | and Ahnell (1960). The reliability of this sanple was then
eval uated using a 95% confidence interval. The margin of error was
determned to be very small in conparison to the nean which neant
that the sanple size did not have to be so large. The sanple size
was dropped to 25 sanples at the next site, and the confidence
intervals for those sanples appeared adequate to reasonably
evaluate the substrate quality. For sites with nore uniform
substrate, 15 to 20 sanples were estimated to be adequate.

Five McNeil sanples were randomy taken at the five (5) foot
intervals across a transect at each site, with enough transects
pl aced every 50 feet to cover the riffle and sone of the run
areas, Water depth was neasured at each 5 foot interval

Qual ity Indices

At least three different quantitative indices for evaluating
the quality of spawning gravels for salnonids are currently used
(Platts et al, 1983). These indices are developed fromfield data
and are then each related to results of |aboratory studies to
estimate the survival to energence of certain Sal nonid species.

A conputer programusing dBASE |11+ software was devel oped to
process the data and generate the nunbers for each index.

Per cent age of Fi nes

The nost traditional indicator of gravel quality is the
percentage of fines, wusually based on dry weight. The definition
of "fines" differs in the literature and includes dianeters of
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0.84 mm (McNeil and Ahnell, 1964); 2.0 nmm (Hausle and Cobl e,
1976), 3.3 mm ( Koski , 1966%, 4.6 mm (Platts, 1968) and 6.35 mm
(Bjornn et al, 1977). Another study conbines two size classes -
particles less than 6.4 mmof which at |east 20% are | ess than
0.84 nm (Stowel| et al, 1983). The results of the dry weight (in
grans) for each sieve size and the total weight of the sanple
al lowed for the calculation of cunul ative percentages for each
category of fines.

Ceonetric Mean Di aneter

To better evaluate the textural conposition of the entire
gravel sanple, the geonetric nean dianmeter (dg) i S recomended as
an indicator of the perneability and porosity-gf channel sedinents
(Platts et al, 1979; Shirazi et al, 1979). These researchers
suggest that d 1is a figure which can be nore readily analyzed
statistically than percent fines. The fornmula offered below for
calculating the geonetric nmean does not assune a |og nornal
distribution of all grain sizes, which may not occur in snall
streans, and is the preferred nethod (Lotspeich and Everest,

1981):

dg = (a;%! x a,"? x..... a,"")

d, = mdpoint dianmeter of particles retained on the nth
Si eve

w, = decimal fraction by weight of particles retained on

the nth sieve

Fredl e | ndex

Since the geonetric nmean can be insensitive to changes in
stream substrate conposition, another evaluation procedure divides
the geonetric nean by a sorting coeffecient and is called the
fredle (f) index (Lotspeich and Everest, 1981). It is a fair nmeans
of indirectly nmeasuring porosity of a given gravel sanple with the
foll owi ng assunptions: no organics, and only nmineral substrate (J.
Veevaert, USFS, pers.comm) Mxtures with the sane geonetric nean
can have varying degrees of fine and large material. If the grain
size is uniform then the sorting coefficient is 1 and the index
wll be the same as the geonmetric nmean. If there is a |arge anount
of coarse as well as fine sedinent, then the coefficient wll be
high and the index will be lower than the geonetric nean. The
fredle index is calculated as foll ows:

f = dg/So

wher e: _
dg = geonetric ?$gn (see above)
So = (d95/dy5) . _ . .
d75, d,s = particle size diameters at which either 75 or
25 percent of the sanple is finer by weight

A conmputer program was developed by Tierra Data Systens to

determ ne the cunul ative |og probability curve from which the
percentile values were obtained.
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Statistics

All statistical evaluations were perforned using the NCSS
software (Nunerical Cruncher Statistical System Version 5.02,
by H ntze (1989)). The confidence interval (C1.) was calcul ated
for each sanple nean at the 0.5 probability level (95% confidence

linmit):

Cl. = nmean # (t% (standard error)
Anal ysi s of variance between sites was anal yzed using the Duncan's
Mul t1 pl e Range Test (P<0.05), which conpares each sanple nean with
every other sanple nmean (Steel and Torrie, 1960).

Qualitative Methods

Qualitative evaluation focuses on visual estimates of the
features of the substrate's surface and is used as a qui ck and
| ess expensive alternative to quantitative sanpling of gravels
(Torquermada and Platts, 1988). In this study, surface visua
anal ysis was perfornmed according to the Substrate Score nethods of
Crouse et al, 1981, who found a high correlation between this
score and geonetric nmean particle size (ré=.93). Estinmates of
substrate characteristics were made within a one foot square area
at five foot intervals across each transect. Using a netric
ruler, each square was ranked as indicated in Table 4-3 (from
Crouse et al, 1981, as nodified from Sandi ne, 1974).

A Substrate Score is the summation of four ranks: three
related to the size of substrate particles and the fourth a |evel
of enbeddedness. In a hierarchical design, the predom nant or
| argest particle is assigned a rank from Table 4-3 based on its
size; the second nost dom nant substrate is simlarly assigned a
rank. The third rank corresponds to the size of the materia
surroundi ng the predom nant substrate particles. The fourth rank
is the | evel of enbeddedness of the predom nant substrate by the
material ranked in the third eval uation

The values in the Substrate Score are related to the quality
of the habitat: |ower values indicate poorer habitat for benthic
i nvertebrates and Sal nonid spawni ng success while higher val ues

indicate high quality habitat.
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Tabl e 4-3

Substrate Characteristics and Associated Ranks
for Calculation of Substrate Scores
(after Crouse et al, 1981)

Rank Characteristic

Particle type or size

Organic cover (over 50% of bottom surface)
< 1-2 mm

2-5 mMm

5-25 mm

25-50 mm

50-100 mm

100- 250 mMm

> 250 mm

Enbeddedness*

OO W

Compl etely enmbedded (or nearly so
3/2penbedged ( y )
1/2 enbedded

1/4 enbedded

Unenbedded

OB~ -

* Extent to which predom nant-sized particles are covered by finer
sedi nent s

RESULTS AND DI SCUSSI ON
Sedi ment Size Conposition

The results of the sieve analzses are provided as dry weights
(grans) for each site in Appendix C

Statistical Evaluation

To indicate the reliability of the data, the 95% confi dence
interval (C|I.) about the sanple nean is described for each
measur ement and the cal cul ated indices: dry weight (Appendix O);
percentage conposition (Table 4-4); geonetric nean (Table 4-7);
and Fredle Index (Table 4-8). This interval neans that there is a
95% chance that the population nmean falls wthin the identified
range, or a 1 in 20 chance that it does not. For exanple, the
fines (less than 0.85 nn? percentage data for the site at the
nmouth of Etna Creek %Tab e 4-8) indicates that there is a 95%
chance that the nean of the population is betwen 4.7 and 8. 3.

For the sites with the nost samples (i.e., 25-50 sanples),
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the confidence intervals are quite snmall relative to the nean. For
sites wwth fewer sanples (15 or less), the intervals tend to be
fairly large for sone sites (e.g., Site E, Sugar Creek). Fewer
sanpl es were taken either because the site appeared quite uniform
or the substrate nmaterial was very difficult to sanple. At the
upper site on the Scott River (Site K), only 5 sanples were taken
due to the large substrate yet the confidence limts were fairly
smal | conpared to the nmean. This narrow interval indicates the
uni formnature of the spawning substrate at that site, while the
wi der intervals elsewhere indicate a greater variation. For
sanpling nost Scott River sites in the future, a sanple size of 20
shoul d probably be the mnimm while 25 appears optinmm

Quality Indices

Various quality indices have been devel oped during the past
several decades to evaluate the effect of stream channel substrate
on Sal nonid survival. The purpose of these indices is to conpare:
(1) the index with |aboratory and field studies which have
estimated survival to energence of different Sal nonid species;
(2) various spawning sites with one another, and (3) changes in
sites over tine.

Per cent age Fi nes

Gain size distribution was described in Table 3-4 for the
percent retained by each sieve size. To nake the data conparable
to other fisheries studies, the results are transforned in Table
4-4! to represent the percent less than a certain sieve size.
Tabl e 4-4B gives the cunul ative percentage totals of just the fine
sedinments. A maxi mum di aneter of 100 nmm and a nean di aneter of 40
nun was assuned for the material retained in the |argest sieve (25
m). Figure 4-6 depicts the relative anounts of percent fines |ess
than 6.3 mmfor each reach

~ Percentage fines is the nost traditional approach to
estimating the inpact on Salmonid reproduction (Platts et al,
1983) . Laboratory or field studies conparing Percentage fine
sedi nent to percentage energence have been perforned by Koski
(1966) for coho salnon, Bjornn (1969) for steel head and chi nook
salmon, Phillips et al 1975) for coho sal non and steel head,
McCuddin (1977) for steel head and chi nook, Cederholm et al (1982)
for coho, Tappel and Bjornn (1983) for chinook, Hall (1984) for
rai nbow trout, and Reiser and Wite (1988) for steel head and
chinook. All of these studies have concluded that fines decrease
survival, but a variety of sizes were used in defining "fines".
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Table 4-4A
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Table 4-4A (continued)

Steve Size (nun)

Reach Site 100.0 25.0 12.5 6.30 4.75 2.36 0.85
(Percent Less Than)
F2 French-Hwy 3 37.4 11.4 8.4 3.6 11.4 19.4 8.2
+ C.I. 13.0 3.0 2.6 1.4 5.6 8.1 2.4
F3 French-Miner 43.8 12.8 10.4 4.2 11.6 9.4 8.2
+ C.I1. 6.4 4.1 1.4 1.0 2.1 1.1 2.2
S1 Sugar-Hwy 3 48.6 12.9 7.9 4.4 8.4 11.7 6.3
+ C.l. 10.7 2.2 2.3 2.6 2.8 3.9 1.7
Table 4-4B
Cumulative Percentage of Fine Sediments
(% less than sieve size)
Site 6.3mm 4.75mm 2.36mm 0.85mm
Scott River
A 26.8 24.0 19.2 8.0
B 41.0 35.1 247 11.1
C 36.5 31.9 23.9 11.0
D 92.7 88.2 72.7 20.1
E 82.4 76.3 56.5 19.9
F 82.1 747 52.9 21.6
G 56.7 50.0 37.0 17.2
H 40.1 35.3 25.8 10.5
I 36.8 33.4 26.5 12.2
J 28.2 25.0 17.9 7.4
K 30.6 27.2 19.4 6.4
Tributaries
El 27.5 22.7 16.3 6.5
E2 28.3 25.1 18.3 5.1
F1 37.2 34.3 24.9 8.6
F2 42 .6 39.0 27.6 8.2
F3 33.4 29.2 17.6 8.2
S1 30.8 26.4 18.0 6.3
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Figure 4-6

PERCENT FINES
LESS THAN

Y-
Y-
RN -

- SCOTT RIVER
6.4 mm

4-20

A

NN«

o o o o o
(<2} o o
o N —
— [oo] N~ ©




St udv Speci es Si ze of Fines

Koski coho 0.85 mMm 3.3 mm

Bj or nn chi nook, steel head 6.4 mm

Phillips coho, steel head | -3 nm

McCuddi n chi nook, steel head 6.4 mm

Ceder hol m coho 0.85 nm

TaPFeI/Bjornn chi nook 0.85 & 9.5mm

Hal [ ( NCASI ) rai nbow trout 0.80 mm

Rei ser/ Wi te chi nook, steel head 0.84, 4.6mm

Therefore, it is difficult to put all of these results on one

graph for conparison. Regression equations were developed to find
the line of best fit for each study's data and have been plotted
on one graph in Figure 4-7 (Hall, 1984). As can be seen, the
regressions have major differences in placenent and sl ope which
Chapman and MLeod (1987) believe can "only partly" be explai ned
by the different categorization of fines.

Since such a range exists, two studies were selected for
providing exanples of survival based on percentage fines. One
study is by Cederholmet al (1982), which uses a particle dianeter
of less than 0.85 mm for coho and steel head (Figure 4-8 ). Data
were determned froman artificial stream environnent. The ot her
study by Stowell et al (1983) uses those particles |ess than 6.4

of which at least 20% are less than 0.8 nmin dianeter. Al'l
of the sanples in the maminstem Scott R ver qualify by this
definition.)

A statistical analysis of the two predictive curves from
Stowel|l et al's report reveals that they nust be used only with
caution since there is substantial variability in the data. To
account for the uncertainty in the curves, lines indicating the
95% confidence limts are inportant to add to any graph to be used
in prediction. Figures 4-9A and 4-9B were developed by a
statistician for Stowell's report for these data to provide such
upper and |ower confidence |limts for steel head and chinook
salmon.  For exanple, 40% sand (less than 6.4 nm) corresponds to a
rate of fry energence anywhere from 0% to 55% for chinook sal non,
or fromO0%to 28% for steel head. As can be seen in Figure 4-9A
the relationship between percent survival and percent fines
appear 3 signoid rather than linear, which can explain the fairly
poor r values for linear regressions (R Klant, pers.comm).
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Figure 4-9A. Upper and |ower 95% confidence
intervals on function fitted to data for
steel head fry energence and percent fines
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Figure 4-9B. Sane as above for chinook sal non
fry energence.

Source: Stowell, et al, 1983, pp. 93-94
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Tabl e 4-5

Predi cted Rates of Energence by Percentage Fines
(in percent)

Stowell Cederholm
Site Steelhead Chinook Steelhead Coho
95% Confidence Limts
Scott R ver
A O 28-57% 25-60-90% 42% 45%
B 0- 0-26% O 22-55% 35% 36%
C 0- 3-28% 0- 28-60% 35% 36%
D 0- 0- ? 0- 0- ? 5% 8%
E 0 -0- 7 0- o0- ? 1%
F 0 -0- 7 0- 0- ? 5%
G 0 -0- 7 0- 4-35% 15% 15%
H 0- 2-26% O 22-55% 37% 40%
| 0- 3-28% 0- 28-60% 33% 30%
J 0- 24-50% 25-60- 90% 45% 45%
K 0-11-38% 20-52-85% 50% 52%
Tributaries
El 2-28-57% 25-60-90% 50% 52%
E2 0- 24-50% 25-60-90% 52% 52%
F1 0- 2-28% 0-28-60% 38% 42%
F2 0- 0-26% 0-16-50% 38% 44%
F3 0- 5-32% 10-40-75% 38% 44%
S1 0 - 20-52-85% 50% 52%

As can be seen from Table 4-5, the estimates of survival vary
consi derably depending on the [aboratory study, species, and
|ocation. This interpretation is based on the neans presented in
Table 4-4. |f data at the ends of the the confidence limts of the
mean were also used for interpretation, then the range woul d be
even greater. It also should be noted that no experinental studies
have been done with such high |evels of fines (80-90% | ess than
6.3 mm as found at sites D-F. The hi ghest anount evaluated in the
Iitergtu)re appears to be 66% fines less than 6.35 mm (Bjornn et
al, 1977).

Al t hough Cederhol m et al
st eel head and coho sal nron survival,
ot hers (Bjornn, 1969; MCuddin, 1977),
di fferences between steel head and chi nook sal non, with steel head
being nore sensitive. In contrast, Phillips et al (1975) found
coho salnon nore sensitive than steel head. Steel head enbryo
survival was strongly related to substrate material |ess than 0.85
mm and only weakly related to sedinent less than 9.5 nm while
the opposite was true for the survival of chinook sal non enbryos
(Tappel and Bjornn, 1983). Particle sizes from1.70 to 4.76 nm
were nore harnful to chinook salnon than steel head enbryos.
Conpared to other grain sizes, fine sedinment less than 0.84 mmin

found little variability between
Stowel|l et al, as well as
found fairly |arge survival
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dianeter was also found in another study to be the nost
detrinmental to incubating eggs and to the quality of resulting
fry, although green chinook salnmon eggs appeared nore sensitive
than green steel head eggs (Reiser and Wite, 1988).

By location, certain sites were definitely worse than others
in terns of inpacting survival of Salnonid fry. Sites D - F have
predicted survival rates of 0 to 10%for all species. Sites B, C
H |, and FI-F3 are conparable with predicted survivals of 0 to 40
percent or so. In contrast, sites A J, K El, E2, and S1 have
| esser anmpbunts of fines and an estimated survival of 2 to 90%
wth a mean of about 50-60%

H storic Trends

The effects over time can only be conpared at three sites at
this date. In 1982, the California Dept. of Fish and Gane
collected McNeil sanples at one site on Etnha Creek (I-Iv\z.B bridge)
and two sites on French Creek éH\Ny 3 and Mner's Creek bridges).
Only the 0.85 nmsieve was used to define percent fines. As can be
seen in Table 4-6 below, 1989 sanples taken in conparable nunber
and at the sane sites reveal a 4.5 to 6.5 % reduction in the
percentage of fines smaller than 0.85 mm Such a variation could
reflect the tinme of year (May 1982 vs. August 1989), normal annual
fluctuation, the variability of the sanpling nethod, or a
reduction in sedinment delivery. One mght expect higher fines in
August after deposition than during My's snowrelt runoff.
However, May 1982 was a year of above average runoff. How the
ot her sedi ment sizes changed cannot be known.

Table 4-6
H storic Conparison of Percent Fines
with Tributary Sites, 1982 vs. 1989

_ No. of May 19821 No. of Aug. 1989
Site Sanpl es  >0. 85mm <0. 85nm Sanples >0.85mm <0. 85nm
Etna Ck. 8 88. 2% 11.8% 10 94 9% 5.1%
- Hwy.3
French Ck. 5 87. 3% 12. 7% 5 91. 8% 8.2%
- Hw. 3
French Ck. 4 85. 1% 14. 9% 5 91. 8% 8.2%
Mner's
Bri dge

|/ Unpubl i shed CDFG data from May 1982 gravel sanpling
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Ceonetric Mean Di aneter

The dg indicator is "assumed to be a sufficient 1st order of
magni tude indicator, for it can be conveniently related to
spawni ng success" (Shirazi et al, 1979). Table 4-7 presents the
geonetric nean diameters for each site, including the values for
the upper and |ower 95% confidence intervals. The assunption is
that the larger the d value the better the gravel quality. The
rel ative geonetric mnen values for each site are depicted in
Fi gure 4-10.

Correlation of the dg to spamnin% success, or the percentage
enbryo survival, have been provided by several studies. Shirazi
and Seim (1981) translated the percentage data from different
studies into geonetric nean dianeter and analyzed all of the
rel ati onshi ps for steel head and coho sal non on one graph (Figure
4-11). Tappel and Bjornn (1983) offered sone additional |aboratory
results for steelhead and chinook salnon (Figure 4-12). No
confidence limt lines were placed on these graphs by their
authors to increase the accuracy of interpretation

Conparing the geonetric nean dianeters fromthe Scott R ver
data wth these two graphs provides the survival estinmates of
Table 4-7. One of the first observations is that the sites change
in relative quality conpared to their ranking in the previous
I ndex because the total sedinent conposition is taken into
account.

Based on the Shirazi graph, no sites would have survival
rates lower than 30% which is higher than the estimates fromthe
percentage fines index discussed above. The best sites (A, J, and
S1) would have estimated survival rates of 65-70% Based on the
Tappel and Bjornn graph alone, no site would have | ower than 82%
survival. Therefore, all sites would rate as very good quality.
Such a high rating does not seemto hold up when conparing actual
substrate conditions or preferred spawning sites in the Scott
River and its tributaries, as discussed previously.

The major difference between the two estinmates is that the
Shirazi and Sei manal ysis of several studies showed that a dg of
15 was needed for excellent (90% survival while Tappel and
Bjornn's study showed a level of 10 was needed. This latter study
used gravels with identical geonetric neans but observed higher
survival rates. The only explanation for the difference offered by
Tappel and Bjornn was that the gravel mixtures had different
conpositions and therefore the use of the geonetric mean is
limted as an index of gravel quality. Simlarly, Lotspeich and
Everest (1981) concluded that using d alone as an indicator can
| ead to inaccurate concl usions about gravel quality.
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Table 4-7

Geonetric Mean D aneter and Estimated Survival
(wth 95% Confi dence Interval)

95% C.1I. % Estimated Survival
Reach Site q Lower Upper Siraa /1 Tappel /2
g

Scott R ver:

1 A 13.81 12. 74 14. 87 70% 90%

B 9.64 9.43 9.85 42% 88%

2 C 10.61 10. 11 11.11 45% 90%

3 D 7.98 7.53 8.42 30% 85%

E 7.56 7. 46 7.66 30% 82%

4 F 8.08 7.53 8.62 30% 85%

5-6 G 8.78 8.61 8. 95 35% 86%

7-8 H 10.03 9.81 10. 26 42% 90%

9 | 11.34 10. 68 12. 00 50% 90%

10 J 13.20 12. 38 14. 02 65% 90%

K 12.17 10. 33 14. 02 55% 90%
Tributaries:

El 12. 38 10. 67 14. 08 58% 90%

E2 13.19 12. 13 14. 26 65% 90%

F1 9.68 8.23 11. 14 42% 88%

F2 11. 07 8. 88 13. 27 50% 90%

F3 11.98 10. 94 13.03 55% 90%

S1 13. 29 9. 54 17.05 65% 90%

1/ Steel head and coho sal non
2/ Steel head and chi nook sal non
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Fredle Index

The fredle index (f) was specifically devel oped to overcone
the limtations of using a single neasurenent (percent fines or
geonetric nmean) to describe substrate conposition b providin% a
description of substrate porosity (Platts et al, 1983). Table 4-8
descri bes the nean fredle index (and confidence limts), while
Figure 4-13 compares the relative fredle value for each site.

Table 4-8

Fredle Index (f) Results with 95% Confidence Intervals
and Estimated Survival Rates

_ Fredle O5% C.T. EStimated rvival T/
Reach Site I ndex  Lower upper Steel head Coho Chinook
Scott River
1 A 5.43 4.22 6.64 78-90% 65% 98%
B 3.19 2.88 3.51 60-70% 45% 70%
2 C 3.25 2.84 3.66 60-70% 45% 70%
3 D 4.34 4.07 4.60 70-88% 60% 88%
E 3.75 3.31 4.20 65-80% 52% 80%
4-5 F 3.57 3.24 3.90 65-75% 50% 75%
5-6 G 2.79 2.67 2.92 55-60% 40-65% 60%
7-8 H 3.02 2.81 3.23 58-65% 42-66% 65%
9 I 3.19 2.62 3.76 60-70% 45% 70%
10 J 4.80 4.04 5.56 75-90% 60% 90%
K 3.82 2.41 5.24 65-80% 52% 80%
Tributaries
El 5.53 3.69 7.36 78-90% 65% 98%
E2 4. 66 3.63 5.70 75-90% 60% 90%
F1 2.78 2.10 3.46 55-60% 40-65% 60%
F2 2.95 1.72 4.17 58-65% 42-66%  65%
F3 3.59 3.15 4.03 65-75% 50% 75%
S1 5.70 2.03 9.38 80-90% 70% 98%

I Based on conpil ation by Chaprman (1988)

Rel ati onshi ps of survival as correlated with the fredle index
are provided in Figure 4-14, as conpiled by Chapman (1988). Based
on the regression lines from Koski (1966), Tappel and Bjornn
#1983), and Lotspeich and Everest (1981), estimates of survival

or three species were determned for each site (Table 4-8).

These survival estimates are higher than those predicted from
percent fines (Table 4-5), but conparable to the geonetric mean
predictions for nost sites for coho salnon (Table 4-7). For
survival of steelhead and chinook sal non energents, the fredle
predictions are inbetween the two geonetric nean predictions. The
di fference between coho sal non and steel head survival at a given
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FREDLE INDEX

Figure 4-13

FREDLE INDEX - SCOTT RIVER

._% %
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Fredle index

Survival to emergence in relation to the fredie index for natural coho salmon rcdds (Koski 1966)

and for chinook samon and steelhead (Tappel and Bjomn 1983) and sockeye samon (Cooper 1965) in laboratory

gravel mixes. Heavy arrows indicate the upper ends of regressions for the Tappel and Bjornn data; at higher fredle

indexes. survival exceeded 90%. Regression lines for steclhcad and coho salmon are also plotted from Lotspeich

and Everst (1981) for the late part of the incubation period in laboratory gravels. (Lotspeich and Everst 1981
used data from Phillips et a. 1975.)
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"f" value may be related to differences in the cranial dianeter of
alevins and their relative ability to maneuver through pore spaces
in gravel (Platts et al, 1983). Mean gravel size, which directl
influences the fredle value, is also related to the size o
spawni ng fish and therefore species of fish (i.e., bigger fish can
spawn in bigger gravels) (Kondolf, 1988).

Anong the sites, the fredle index surprisingly does not
predict a lower rate of survival for the obviously sandy sites D
E-F as the two other indices did. In fact, for chinook sal non, the
fredle correlation indicates sonme of the higher rates of energence
at these sites, despite percentages of fines (less than 6.35 mm)
over 80% A graphic conparison of the fredle 1 ndex for each site
is found in Figure 4-13, where the taller the bar, the better the
site.

While the fredl e index was designed to be an inproved neasure
of spawni ng substrate quality, it appears to suffer from several
i nadequaci es (Kondol f, 1988). Its sorting coefficient assunmes that
poorly sorted gravels are those with nore interstitial fine
sedi nent. However, poor sorting can also be derived froma snall
anount of particles which are nuch |arger than the rest of 7he
distribution. In addition, the sorting coefficient ((d;g5/d 5)1 2)
reflects only the mddle 50% distribution and is not sénsi €rve to
changes in percentiles snaller than the 25th. Kondolf (1988) feels
this "my be a serious shortcom ng' because of studies (MNeil and
Ahnel |, 1964; Cederholmet al, 1982 and others) which identify
fines less than 0.85 mm as being critical to survival. As noted
before, sites D-E-F contain about 20% fines of this size.

Vi sual Anal ysis

The visual rating of surface substrate is sumari zed as a
Substrate Score for each site (Table 4-9), wth conparisons
depicted in Figure 4-15. This score includes an evaluation of
enbeddedness. Site F had the | owest visual score and therefore
represents the worst surface quality, along wth sites D and E
Sites J and K represent the best surface areas.

A statistical correlation was attenpted to relate (]
substrate score with geonetric nmean particle size, and (
enbeddedness rating with percent fines (0.8 mm,. The highest
coefficient of determination was very |ow (ré=.29) for geonetric
mean. In contrast, Crouse et al (1981) found a high correlation
(r‘=.93) between average geonetric nean and substrate score.
However, their study was based on |aboratory streans wth
substrate particle size of higher geonetric neans (10 to 40) than
t hose experienced in the Scott R ver system

The main problemwith the Substrate Score nethod for the
Scott River is the high anmount of fines. Not enough distinction
can be nmade with the current system anong many of the sites. At
riffle areas, the fines are also often washed off the surface so
the surface quality does not indicate the anmount of fines bel ow
the surface. This factor probably explains why the statistical
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correlation was not high between the qualitative surface
eval uation and the quantitative subsurface neasurenent.

Platts and Nb%ahan (1975) and Megahan et al (1980) found
visual estimates (the Platts ocular nethod) of spawning substrate
to be useful for evaluating deconposed granitic sand trends in the
South Fork of the Sal non R ver watershed in the |Idaho Batholith,
where the sane observer has estinmated the conditions over tine.
QO her studies have found surface appearance of gravels to be
"I nadequate and often msleading" (Everest et al, 1981) or
observed generally weak rel ationshi ps between subsurface core data
and surface visual data (r values below 0.29) (Torquenmada and
Platts, 1988). However, the latter report noted that surface sand
was significantly related (p<0.05 to subsurface sedinent |ess
than 4. 7mm in sanples taken from undi sturbed areas prior to
spawni ng. They recommended the use of substrate score as the
qui ckest and easiest assessnent of gsurface condition

Tabl e 4-9

Visual Surface Analysis - Substrate Score

_ 95% C.1I.
Site Mean Lower Upper Rank
Scott River
A 17.1 16.6 17.6 4
B 16.0 15.1 16. 8 7
C 16.6 15.8 17.3 5
D 11.1 10.1 12.1 10
E 11.2 10.1 12.1 9
F 9.6 8.7 10.5 11
G 14.5 13.9 15.0 8
H 16.5 15.9 17.1 6
I 17.5 17.0 18. 1 3
J 19.0 18.3 19.6 1
K 18.4 16.5 20. 3 2
Tributaries
El 17.6 16.6 18. 6 5
E2 18.6 17.7 19.5 3
F1 17.4 16.5 18.3 6
F2 18.0 16.5 19.5 4
F3 19.0 17.5 20.5 1
s1 18.9 17.3 20.5 2
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CONCLUSIONS

Use of Quality Indices

Quality indices for the Scott River best serve as relative
nmeasurenents between sites and between years rather than as
predi ctors of energent survival. The variations in estinmted
survival are so great anobng the numerous studies and indices that
they only validate the observation that increasing fines cause
decreasing survival. However, the four indices conbined nay offer
insight into the three dinensional properties of the spawning
gravel s which woul d be overl ooked if only one was used. The visual
Index rates surface quality, the percentage fines index neasures
subsurface amounts of selected particle sizes, the geonetric nean
eval uates subsurface texture and thereby perneability and
porosity, and the fredle index neasures changes in subsurface
sorting of gravels and fines.

The search for a single variable as the ideal index of gravel
quality has not worked for at least two reasons: (1) different
i nvestigators have used different indices, so results cannot be
conpared; and (2) gravel requirenents differ wwth life stage, and
the appropriate nmeasures vary wth those requirements (Kondolf,
1988). For exanple, geonetric nean may be a reasonabl e i1 ndicator
of the spawning gravels' "framework size" for construction of a
nest by a female. However, a better neasure of fine sedinent, such
as percentage finer than sone size, is needed for the incubation
and energence stages. A third reason may be the regional
variability of spawning gravels and the relative ability of native
stocks to adapt to local conditions. The Scott River situation is
different than other streams described in the literature: it does
not have the high levels of silt and clay fines (less than 0.85m)
found in many disturbed coastal streans, yet its sand is |ess
coarse (less than 4.75mm than the sand of the Idaho Batholith
streans (less than 9.5nm). Such a variability between regions, as
well as within a honogeneous area, has been noted for western
Oregon streans (Adans and Beschta, 1980).

One of the problenms with the energent survival relationships
Is that they are based on particle size as neasured in the
spawning area, in the |aboratory troughs, or in the redd but not
in the egg pocket, which may be the nbst sensitive and inportant
area to neasure (Chapman and MlLeod, 1987). Laboratory studies of
enbryo survival, these researchers caution, are only useful in
"assessing nechani stic responses rather than as exact anal ogs of
nature that permt accurate assessnment of quantitative biol ogical
response? As a result, Chapnman advocates that survival rates
shoul d only be devel oped fromdata froman egg pocket and only
apBIied to gravel sanples taken from egg pockets. Extrapolating
| aboratory results to field conditions, as did Stowell et al
(1983), is therefore "inappropriate". However, such narrow
limtations to data devel opnent and interpretation as Chapnman
proposes woul d preclude sone very useful applications of non-redd
field work and quality indices.
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One could argue that the results of the Scott River study
reflect only pre-spawning conditions and not the actual conditions
of the redd or egg pocket. Redd construction is known to have a
cleansing effect on the spawning site. In a study of 23 chi nook
sal non redds in the South Fork of the Sal non River, |daho, post-
spawni ng neasurenments of subsurface sedi nent reveal ed a decrease
in percentage of fine sedinment (less than 6.3m) anywhere from
3.7%to 13.6% at each site. Reducing the quantity of such fines
al so increased the geonetric nmean particle size and the fredle
i ndex (Torquemada and Platts, 1988). Therefore, the Scott River
measurenents would have overestimated the quantity of fine
sedi nent affecting the energence of fry. However, post-spawning
measurenents in the egg pocket assumes that further deposition of
fine sedi ment does not occur before energence. In the Scott River,
fall chinook fry would be energing about 2 nonths after spawning

Decenber through February), while winter steelhead lay their eggs
uring a nore prolonged period, wth incubation from m d-Decenber
t hrough m d-June (Leidy and Leidy, 1984). Sedinment deposition
woul d likely occur during lower flows follow ng runoff peaks in
these months. Wthout evaluating local conditions within redds or
egg pockets during incubation and just before energence,
concl usi ons cannot be nmade about the |ongevity and effectiveness

of redd construction cleansing.

Comparison of Sites

To summarize the results of the various indices, Table 4-10
presents the nean value for each site. A statistical conparison
was nmade of the sites for three of the indices. Table 4-11
descri bes the relationships anong the Scott R ver sites: the
marked ones are not statistically different, while the unmarked
ones are significantly different (P<0.05).

Each index reveals a certain clustering of simlar sites.
Wiile there are differences between indices, the patterns reveal
that the downstreamsites (A B,C) tend to be simlar to upstream
sites (H1,J,K) and the sites wthin these two groups are simlar
with each other. However, the mddle sites (DEFG are
significantly different fromthese two groups and tend to only be
simlar to each other

Anot her way to conpare the sites and quality indices is to

rank the sites (Scott River separately fromthe tributaries), wth
1 representing the best site for that index (Table 4-12).
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Table 4-10

Summary of Index Mean Values

Site % Fines Geo.Mean Fredle Visual
<6.3 <0.85

Scott River

A 26.8 8.0 13.8 5.4 17.1
B 41.0 11.1 9.6 3.2 16.0
o 36.5 11.0 10.6 3.3 16.6
D 92.7 20.1 8.0 4.3 11.1
E 82.4 19.9 7.6 3.8 11.2
F 82.1 21.6 8.1 3.6 9.6
G 56.7 17.2 8.8 2.8 14.5
H 40.1 10.5 10.0 3.0 16.5
| 36.8 12.2 11.3 3.2 17.5
J 28.2 7.4 13.2 4.8 19.0
K 30.6 6.4 12.2 3.8 18.4
Tributaries
El 27.5 6.5 12.4 5.5 17.6
E2 28.3 5.1 13.2 4.7 18.6
F1 37.2 8.6 9.7 2.8 17.4
F2 42.6 8.2 11.1 3.0 18.0
F3 33.4 8.2 12.0 3.6 19.0
S1 30.8 6.3 13.3 5.7 18.9
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Table 4-12
Ranking of Sites by Index

Site % Fines Geo.Mean Fredle Visual
<6.3 <0.85
Scott River
A 1 3 1 1 4
B 7 6 7 8 7
C 4 5 5 7 5
D 11 10 10 3 10
E 10 9 11 5 9
F 9 11 9 6 11
G 8 8 8 11 8
H 6 4 6 10 6
I 5 7 4 9 3
J 2 2 2 2 1
K 3 1 3 4 2
Tributaries
El 1 3 3 2 5
E2 2 1 2 3 3
F1 5 5 6 6 6
F2 6 4 5 5 4
F3 4 4 4 4 1
S1 3 2 1 1 2

Al t hough subtle and gross differences are not apparent
through ranking, this procedure highlights the relative status of
each site. The relative rankings of the various indices are
surprisingly consistent, except for the fredle index. Sites A and
J are consistentty ranked the highest (# and 2) in the fredle,
geonetric mean and percent fines (less than 6.3 nm) indices . Site
Ais at the downstreamend of the valley bel ow Shackl eford Creek's
confluence, while Site J is near the upper end just above the Fay
Lane bridge. Except for the fredle index, sites Db E, and F are
ranked the lowest. These sites are located in the mddle of the
val l ey fromKidder Creek's nouth (RM 32.2) to Island Road bridge
(RM 34.7). Based on the conparative analysis of the above indices,
zhf61989 spawni ng gravel quality in the valley is rated in Figure

The quantitative ranking of these sites as the best and the
wor st spawning areas correlates wth the observations noted in
previous spawni ng surveys, as discussed earlier in this chapter.
Recent CDFG chi nook sal non carcass recovery surveys, summarized in
Tabl e 4-1, have found a predom nance of spawning activity (carcass
counts per mle = 137) in the lower valley reach, which is where
Sites A and B are |ocated. The second reach surveyed (gravel plant
tothe irrigation punps at Mdffett Creek) had a nmuch |ower rate of
use (26 per mle) and includes the area of Site C, which is ranked
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in the mddle (4 to 7) in quality. The third surveyed reach
( Sweasey brid?e to Fay Lane bridge) was used inghtIY | ess (23 per
mle) and includes the area of Sites Hand I, as well as carcasses
drifting dowmn from lower Etna Creek and French Creek. The two
river sites ranked in the mddle (4 -7) for two indices but |ow
for the fredle index (rank 9,10), while the lower Etna Creek site
(EI) was one of the best sites relative to other tributary sites
as well as to the river sites. Lower French Creek (site F) was
one of the poorest of the tributary sites but in the mddle in
conparison to river sites.

O her factors, however, confound correlations of carcass
counts with quality of spawning areas. Low flows have inpeded fal
chi nook sal non passage upstreamto the m ddl e and upper portions
of the valley in sone years. The diversion structure at the
irrigation punps near the nmouth of Mffett Creek was a |low flow
barrirer until its renoval in 1989. Flow diversions, although
reduced to supporting mainly stock watering needs during the fall
and winter nonths, can contribute to the poor flow conditions in
the lower portions of the tributaries and in areas below the nain
stem di versi ons.

The spawning gravel data developed for this study provides a
good baseline for future evaluation of streanbed conditions in the
Scott R ver and several of its tributaries. It is recomended that
a simlar gravel analysis be repeated at the sane sites every five
years to nonitor changes in streanmbed conposition. Research is
al so needed to evaluate survival to energence in |ocal gravels
(e.g., egg Pocket survival tests) in the Scott River system
rat%er than relying on correlations perforned in the | aboratory or
in streams from other regions.
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CHAPTER 2: SCOIT RI VER BASIN GRANI TI C SEDI MENT SOURCES
SUMVARY

Soi | s devel oped fromgranitics are recogni zed as sone of the
most erodible. A granitic watershed' s response to land use is very
different and sonetines unique conpared to watersheds of other
geol ogi ¢ types.

I nternmedi ate el evations have higher sedinentation rates than
hi gher and |ower elevations, due to chem cal weathering, clay
formation, and higher flood flows.

The angle of repose for granitic rock decreases as it
deconposes, and is deternmned to be about 70 percent (35 degrees)
for soils derived fromgranitic parent naterial

Twenty-si x percent of the Study Area contains deconposed
granitic soils, or about 56,900 acres.

Granitic portions of the Study Area sub-basins contain about
129 miles of streanms including seven mles of diversion ditches
If the entire watershed is considered, there are 809 mles of
streams, including 183 mles of diversion ditches.

Soils derived fromgranitic rocks have high infiltration
capacity and perneability: as a result, the nost significant effect
of soiy di sturbance on stream flow is the interception of
subsurface flow by roads incised into bedrock. The road can

concentrate the water and sediment comng off the cut bank
diverting it onto fill slopes and from one stream channel to

another. = Overloaded channels wi |l respond to the increased flows
wi th what can be serious streambank erosion or downcutting, while
fill slopes may gully or slough

Al though roads contribute nore sedinent, tinber harvesting on

sandy | oam soils can have serious inpacts depending upon how ground
cover in the harvest area and skid trails relate to bedrock

outcrops, streanms, and conpacted areas such as roads, |andings and
epheneral draws.

Thirty-nine percent of the granitic area has been harvested,
not including site re-entries, ased on data from 1958-1988 for

public lands and 1974-present for private |ands.

The Study Area contains about 288 mles of roads on granitics
or about 1428 acres. This represents a road density of about 27
feet per acre (3.2 mles per square nile).

There are, conservatively, about 191 mle of skid trails on
granitics or about 232 acres. This represents a density of 17.7
feet per acre (2.1 mles per square mle).
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Streanmbank road and skid trail erosion were estimated wth
procedures that quantified the volune of material |ost per year
The USLE (Universal Soil Loss Equation) nodified for forest
conditions in the west served as the basis for evaluating erosion
off of vegetated slopes in the Study Area. The equation was
enpl oyed on a grid of 1.6 acres using a %eographical i nformation
system to track the pertinent variables Despite their
limtations, these nmethods are appropriate for determning relative
erosion rates and maki ng pl anni ng decisions, such as the assignment
of dollars and resources.

Average annual erosion for the entire road prismwas 737 tons
per mle, or 149 tons per acre. These values are within the range

reported by others on sandy |oam soils.

~ Sixty-four percent of road erosion was fromthe cut bank
which was our highest category of soil loss fromall sources at 40
percent of the total.

Losses fromskid trails averaged about 239 tons per acre per
year. About 12.6 tons per acre of this |oss was due to sheet and

rill erosion.

Granitic terrane streanbanks average 382 tons per mle per
year. Nearly three tinmes the average streanbank erosion is
estinmated for Boul der and Fox creeks because of |arge areas of
upper bank scour. About 17 mles of granitic streans in the Study
Area are gutted on their upper banks. In nost cases, this occurred
with the 1964 flood. There has been only |limted revegetation of
these banks since 1964, as viewed in historic and current aeri al
photos. The activity appears unrelated to tinber harvest as it
generally occurs in upper watershed areas where little if any
harvesting has occurred.

Losses from sheet and rill erosion_on harvest sites are about
doubl e the geologic rate of erosion. These and |osses from earth
flows are mnor 1n conparison to other sources.

Total erosion is estimated to be about 340,450 tons per year.
Road cuts constitute 40 percent of this anount, and streambanks 23
percent. Individual sub-basins contribute amounts closely related
to the proportion they represent of all granitics in the Study
Area, with sone mnor variance above or below the average.

Erosion rates higher than tolerance values of one to two tons
per acre nean the soil is being mned faster than it can be
replaced by soil formation processes.

For nost years, sedinent production in the Study Area is
stored in the upper watershed. Primary storage sites include
hill sl ope swal es, hillslopes outside of swales, %%per st r eanbanks,
channel margins and fans, and channel bedl oad. hese areas become
sources of small annual anobunts and |arge, episodic pul ses of
sedi nent. Channel bedl oad appears to be a source of annua
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sediment rather than a site for |ong-term storage.

. I n nost cases of streambank scour, there is a downstream
al luvial section populated with willows and al ders where at | east
some of the resulting sedinent is stored-

: An anal ysis of grain sizes fromroad ditches and streanbanks
suggests that of the nmaterial delivered to the Scott River, about
43 percent is "fines" (less than 0.85 nm). This represents about
31,000 tons per year.

A delivery ratio of 0.21 is preferred for estimating sedinent
yield to the Scott River, based on results of a survey of Antelope
Reservoir in Plumas County, Wwhich has about the same proportion of
granitics as our Study Area. This would predict an average annua

yield of 71,500 tons. Results of another sedinent yield
met hodol ogy, devel oped by the Pacific Southwest Interagency
Comm ttee and nodified for Trinity County forests by the Soi

Conservation Service, cane very close to this anount. “Results of

reservoir surveys from other watersheds are presented for
conparison, as well as estimates of sedinment yield from nearby
granitic watersheds.

These val ues suggest that about 60 percent of sedinent yield
is accelerated, or due to managenent activities of man.



CHAPTER 3 - SEDI MENT STORAGE AND TRANSPORT
SUMVARY

As concluded by Beschta (1987), "our ability to predict
sedi nent transport accurately Is extrenely limted' due to the
[imtations of applying observations fromartificial channels to
natural stream systens. However, the exercise of applying various
transport equations can help recognition of patterns of sedi nent
transport in streams and can assist In understanding why streans
nove sedi nent.

o The greatest anount of sand in channel storage can be
found in Reach 3, below the State H ghway 3 bridge, and Reach 2
above Meanber Bri dge.

0 Reach 3 has the highest transport capacity, while Reach 2
has the lowest. Such a difference may account for the high storage
found in Reach 2.

1944 photos reveal that the channel width and shape of the
Scott River have not changed substantially. Wile sonme w dening
has occurred in subsequent years, the wi deSt sections of Reaches 2
and 3 had already been formed. The 1944 channel conditions nost
likely reflect the work perforned in 1938 by the Corps of
Engi neers, who renoved nany areas of riparian vegetation,
strai ghtened sections of channel, and constructed sone | evees.

o Channel straightening over the years has increased stream
velocities and therefore transport capacities. As a result, the
river has less opportunity to overflow its banks and deposit
sediment within the flood plain.

o The flood plains of the Scott River and Kidder Creek/Big
F?o%?h have stored consi derabl e anounts of sedinent from recent
00ds.

o Sedinent transport equations, particularly Engelund-Hansen
and Ackers-Wite, were useful in identifying relative sedinent
transport between reaches and possible contributing factors.

0 Renmoval of the SVID diversion dam near the confluence of
Mffett Creek in 1989 will cause an adjustnent in slope and
therefore bedload transport for this reach and at |east one
upstream reach. Downstream effects (e.g., pools filled wth sand)
have been noticed for the past several years.

o Inproved riverbed sedinment quality can happen over tinme in
a stream severely degraded by DG sand, as it did in the South Fork
of the Salnon River, Idaho, once sedinent supply is reduced

0 Prevention and rehabilitation of DG erosion in the uplands
of the Scott Ri ver watershed would serve to decrease the input
side of the local sedinment budget and allow nore of the present DG
sand in channel storage to get noved out. Such an effort is
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presently underway in the French Ceek sub-basin- by the Siskiyou
Resource Conservation District and the U S. Soil Conservation
Service, who are identifying site-specific DG erosion problens and
their solutions. Since roads cause 63% of the total erosion in
the basin (see Table 2-12), focusing on the control of erosion
fromroad cuts, fills and surfaces should be a high priority.

CHAPTER 4 - SPAWNI NG | MPACT
SUMVARY

o Existing and potential spawning sites were sanpl ed using
238 McNei|l sanpler cores at 11 sites in the Scott Valley portion
of the Scott R ver, and 55 cores at 6 sites in the tributaries of
Etna, French and Sugar Creeks.

0 Core sanples were sieved into 7 categories (less than
sel ected sieve sizes): 100mm 25.0mm 12.5mm  6.35mm 4. 75mm
2.35mm 0.85mm

o Future gravel sanpling on the Scott River should use a
mnimm of 20 and an optinmum of 25 sanples per site to
mnimze statistical variation.

o Four quality indices were applied to the field data: ?1
Percentage Fines, less than 6.3mm and |ess than 0.85mm 2
CGeonetric Mean of particle size; (3) fredle index; and (4) visual
Substrate Score.

0 The relative ratings of the various indices are quite
consi stent except for the fredle index.

0 The fredl e i ndex should not be used al one to eval uate
spawni ng habitat quality.

0 Quality indices best serve as relative neasurenents
bet ween sites and between years rather than as accurate predictors
of enmergent survival. Predictions of fry survival for the sane
site ranged from0%to 88% depending on the index used.

o The spawning gravel data devel oped for this study serves
as a good baseline for nonitoring changes in streanbed conposition
of the Scott River and several tributaries.

o A mp indicating the relative spawning gravel quality of
the Scott River and several tributaries was prepared based on the
results of the quality indices. The worst section is in the area
frombel ow Moffett Creek to above the Island Road bridge.

o Scott River's spawning gravel should be nmonitored at |east
every two years, using simlar procedures and the sanme sites.

o Research is needed on the survival to energence of fry in

the local gravels, rather than depending on survival predictions
devel oped in the | aboratory or streans from other regions.
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APPENDI X A
SEDI MENT TRANSPCRT CAPACI TY FORMULAS

1. Meyer-Peter-Muller Formula:

This version is from Gonmez and Church (1989), as corrected:

iy = ¥YS - .047 ((vg=y)/v) D 1-3 w
Vg~V (0.25/v)(v/) /"
Where: i,= specific bedload transport rate (dry weight)
Y°= Depth (m
S = sl ope
D=0D (m)
W= ngth (m)
v = specific weight of water
vg= specific weight of sedinent
g = acceleration of gravity

2. Engelund - Hansen Formula:

This version is from Chang (1988):

c. = 0.05 s us RS
s-1 ((s-1)gd)*/<¢ (s-1)d

Wiere: c., = sedinment concentration by weight
U = cross-sectionally averaged velocity
R = hydraulic radius _
s = specific gravity of sedinment = 2.65
d = nedian fall dianeter of the bed materi al

3. Ackers-White Formula:

This version is from Chang (1988):

C.=cs d v F -1 M
S R u, Aa°
Wiere: ¢ = 0.025 for dg > 60
n = transition gxponent (O for bed load only)
A = 0.17 for dg > 60
m= 1.50 for d¢” > 60

*xf

g particle mobility



APPENDIX B

SCOIT R VER CROSS- SECTI ONS
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APPENDIX C
SPAWNING AREA GRAIN SIZE DISTRIBUTIONS
Dry weight (grams)

95% Confidence Interval (C.1.) Limits - Lower and Upper

Amount retained by sieve size
Site D25 D12.5 D6.3 D4.75 D2.36 D0.85 Fines

Scott River - Downstream to Upstream (North to South)

A— Nutting 3269 784 603 176 304 726 505
C.1. Lower 2838 702 519 131 259 580 444
C.1. Upper 3700 866 686 222 349 872 566

B - Tozier 873 1215 995 308 549 716 577
C.1. Lower 662 1117 894 253 466 574 480
C.1. Upper 1085 1313 1096 363 631 857 674

C - Mason 1809 972 791 253 450 735 606
C.1. Lower 1509 835 711 213 371 616 529
C.1. Upper 2109 1110 871 292 530 855 682

D— Langford 0 86 231 201 693 2304 890
C.1 Lower 0 47 166 132 455 2036 737
0

C.1. Upper 125 295 269 931 2572 1043
E — Anderson 137 155 489 262 880 1675 1002
C.1. Lower -130 68 362 199 715 1267 516

C.1. Upper 405 241 616 325 1044 2083 1487

F — Tobias 193 116 506 313 928 1293 902
C.1. Lower -227 74 361 231 771 871 774
C.1. Upper 613 159 651 395 1084 1715 1030

G— Hurliman 216 995 875 306 612 927 806
C.1. Lower 150 816 779 266 537 831 687
C.1. uUpper 282 1173 972 346 688 1023 924

H Whipple 1384 1079 800 265 515 837 569
C.1. Lower 1241 1010 749 234 467 740 520
C.1. uUpper 1526 1148 850 293 563 934 617

I — Spencer 2274 934 545 195 399 853 706
.1 Lower 1920 819 471 154 355 709 595
-1. Upper 2627 1049 618 237 443 996 817

([@X®]

J — Barnes 2867 665 669 188 407 609 415
C.I Lower 2450 564 551 166 345 516 375
C.l. uUpper 3284 766 787 210 469 702 455

C-1



Amount retained by sieve size

Site D25 D12.5 D6.3 D4.75 D2.36 D0O.85 Fines
K - Hayden 2724 673 478 185 436 704 353
C.l1. Lower 2271 447 322 144 388 577 303
C.1. Upper 3177 899 633 227 483 831 402
Tributaries
El Etna-Low 2003 1054 613 229 304 488 339
C.1. Lower 1447 948 466 151 244 326 239
C.1. Upper 2559 1159 761 309 364 650 439
E2 Etna-Hwy3 3530 900 676 230 484 922 359
C.l. Lower 2756 738 606 186 419 730 257
C.1. Upper 4304 1060 746 273 548 1115 461
F1 French-L 2304 727 527 170 519 878 472
C.l. Lower 1837 631 423 120 449 696 425
C.1. Upper 2771 823 630 219 588 1060 518
F2 French-H3 2080 647 493 203 628 1079 459
C.l1. Lower 1400 446 290 124 305 621 319
C.1. Upper 2760 848 696 281 950 1537 598
F3 French-MB 2497 729 601 234 656 534 408
C.l1. Lower 2205 469 509 168 503 435 326
C.1. Upper 2790 990 693 299 808 623 634
SI Sugar-H3 2663 699 295 238 456 625 341
C.1 Lower 1.977 586 557 102 296 407 260
C.1. Upper 3350 811 303 375 615 844 422
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APPENDI X D

SUMVARY OF PRQJECT EXPENDI TURES
1989-90

Salaries ... $42, 500. 00
Travel / Transportation,. . .......... ..$ 2,200.00
Overhead......... ... ..., $ 3,800. 00
Supplies ..o $ 1,500.00
TOTAL. . . $50, 000. 00

Fundi ng provided by the Klamath River Basin Fisheries Task Force

U S Fish and WIdlife Service Cooperative Agreenent
89506

D



