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EXECUTIVE SUMMARY

Watershed Description. Located on the
eastern edge of the Sierra-Nevada crest
(Mohawk Ridge), the Sulphur Creek
watershed abuts the headwaters of the
North Yuba River to the west and the
Carman Creek watershed to the east.
Sulphur Creek flows directly to the
Middle Fork Feather River at Clio.

The Sulphur Creek watershed is
distinctly divided into a western half
and an eastern half by the Mohawk
Fault zone. Hot springs located in this
area attest to the fact that the zone is
still quite active.

The westside slopes draining to the
main stem of Sulphur Creek rise from
the valley floor at an elevation of 4500
feet to over 8000 feet at Haskell Peak.
This contrasts - sharply with the
eastside, where the elevation rise is
2000 feet less, ranging from the valley
floor to.just over 6100 feet. The effect
is the formation of a “rain-shadow” on
the eastern half. The average annual
precipitation along the western half is
from 40 inches near its base to over 60
inches near its summit, much in the
form of snow. Along the eastern half,
precipitation ranges from 30 to 40

inches. Adjacent Sierra Valley receives

an average of only 12 inches annually.

Another striking difference between
the two sides of the watershed is their
aspect (the general compass direction
and angle to the suns rays). The
western side generally faces north and
east, receiving much less direct sun
throughout the year than the eastern

v

side, which generally faces south and
west. The eastern side also contains
gentler slopes that are exposed to the
suns rays’ overhead during the hottest
time of the day. The eastside of the
Sulphur Creek watershed not only
receives less precipitation, but the
greater evaporation and vegetation
transpiration leads to less runoff than
that from the west side of the
watershed. The westside receives more
snow and it lasts longer into the year,
There is also more water available on
the westside to percolate into the
ground, feeding more springs and
streams with more water. Most of the
streams on the westside tend to flow
yearlong, while the two tributaries
draining the eastside become dry, or
nearly so, most years.

The watershed westside (rising to the
crest of the Sierra Nevada mountain
range) is tectonically active, rising
much faster than the eastside, which
appears to be standing still and eroding
away, compared to the westside. This
has very important implications on
how these two very different sides of
the Sulphur Creek watershed behave.
Surface erosion dominates the eastside
while slope failures are common on the
much steeper westside. Occurrences of
massive slope failures on the westside
are random and episodic, responding to
either rain-on-snow or seismic events.
The latest flood event occurred in
January 1997. During this rain-on-
snow event, massive amounts of rock
and soil, along with whole trees,



moved into Sulphur Creek and onto the
valley floor.

Rock types within the Sulphur Creek
watershed are a mixture of
metamorphic, granitic and volcanic.
Granitic rock types occur on both sides
of the watershed and the sandy soils
associated with this rock type are very
erodible. Highway 89 was constructed
through this highly weathered and
erodible rock type along the eastside of
Sulphur Creek at the Plumas Sierra
county line. Soils derived from the
other rock types break down into sand
and smaller size particles. These soils
are much less erodible, but can still
provide large quantities of sediment if
water flows are concentrated, as along
roadside drainage ditches and on bare,
steep slopes.

In the distant past (60,000 to 75,000
years ago), an arm of Lake Mohawk
extended into what is now the lower
and middle reaches of Sulphur Creek.
Lakebed deposits topped out at the
5040-foot elevation (Durrell 1987).
Erosion of these lakebeds continues
today ‘'and forms the sloping
meadowlands on both sides of the
Sulphur Creek valley. The existing
entrenched channel (gullied) of
Sulphur Creek flows along the lowest
elevation of this meadowland and is
removing large amounts of meadow
soil. Before the turn of the twenticth

century, the stream channel and its

floodplain were located on top of the
meadow as a stable system. Much of
the channel degraded during the past
50 years.

Before Lake Mohawk drained, the
climate of the region had been cooling
and drying, culminating in the
formation of glaciers.  The latest

glacial advances, the Tioga glaciation,
reached its maximum extent 20,000
years ago and as recently as 8,000
years ago, also marking the end of
Mohawk Lake (Durrell 1987). The
lower ends of many of the glaciers rode
out into the lake, leaving behind glacial
moraines as they receded. Several of
the more recent moraines were
deposited onto the lakebeds along the
watershed westside.

Because of the gently sloping sides
from the eroding lakebed material, the
valley bottom is not a typical, nearly
level meadow floodplain. The
floodplain of Sulphur Creek was much
narrower than the valley width, at
about 400 feet. It was the product of
small lake that extended up into
Sulphur Creek about two miles,
formed by the blockage of the Middle
Fork Feather River by the formation of
the Frazier Creek Fan (formed during a
massive rock and sediment debris
flow). This small lake naturally
drained about 600 years ago (Durrell
1987).

The watershed westside is composed of
many, parallel draining tributary
channels, as compared to only two
tributary channels draining the eastside
(Barry Creek and Calfpasture Creek).
This contrast in drainage patterns
supports the idea that the ecastside is
older and more stable. A parallel
drainage pattern usually denotes a
young landscape while a highly
branched drainage pattern denotes a
mature landscape.

Where each stream channel opens out
into the valley, alluvial fans composed
of coarse material have formed. The
alluvial fans on the watershed eastside
are composed of mostly fine material,



as opposed to the very coarse material
of the westside fans. The January 1997
flood is the most recent event to move
large amounts of material onto these
fans. Mass wasting and landslides
provide an abundance of material to the
streams along the steep westside and
debris flows are a common and very
important mechanism for transporting
this material downstream to the valley.

What condition are the streams in?
There are essentially two types of
streams, those that move sediment
because they are steep and narrow
(transport channels) and those that
respond to changes in the watershed
because they are gently sloping and
include  broad floodplain areas
(response channels). Most, if not all,
of the stream channel degradation
(gullying) has occurred in the response
channel types. At the headward
expansion of each gully is a headcut (a
rapidly eroding waterfall) and the
gullies themselves have become
narrow, but highly erodible, transport
channels. The valley bottom is still
considered a depositional landscape
and deposition of material from upper
watershed areas has formed gravel
bars, islands and braided channels.
These depositional features of coarse
sediment are forcing streamflows
against the highly erodible banks,
expanding gully widths.

Streams flowing into the valley from
the east deliver mostly fine sediment to
Sulphur Creek, degrading water quality
and aquatic habitats.  Groundwater
elevations are lowered by drainage into
the gullies, requiring extensive
irrigation to  maintain = growing
conditions. Headcuts are migrating up
the tributary channels as a response to
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the lowered elevation of Sulphur
Creek. Both Calfpasture Creek and
Barry Creek are now entrenched into
their historic floodplain, the meadow.

Gullying of the main Sulphur Creek
channel has progressed upstream to a
short bedrock-control section located at
an elevation of approximately 5000
feet, the elevation of the Mohawk Lake
deposits. Flood flows no longer access
the historic floodplain anywhere, but
are confined to the gully (entrenched),
passing quickly down valley and
providing little groundwater recharge
to the valley aquifer.  Most of the
sediment generated in the wupper
watershed  will eventually move
through the entrenched channel of
Sulphur Creek and on into the Middle
Fork Feather River at Clio. Channel
adjustments caused by the increased
water and sediment flow is widening
the channel through bank erosion. The
process is expected to continue until
adequate  channel geometry and
floodplain widths are established.

What are the causes of the
degradation? There is no one obvious,
direct cause. Gullying is usually a
result of some instability or drop in the
stream channel elevation (base level)
downstream. The MFFR has certainly
degraded where Sulphur Creek flows
into -it. The mouth of Sulphur Creek,
where it discharges in the MFFR, has,
apparently, been relocated from south
of the Clio bridge to upstream of the
bridge. Other factors either played into
the many potential causes or are
aggravating existing conditions. Upper
watershed  areas are  probably
delivering water faster than they did,
leading to higher streamflow peaks and
downstream - adjustments. .= Upper




watershed areas are also eroding more
and delivering more sediment to the
downstream reaches. The increase in
the flow of water and sediment are
responsible for continued channel
instability. Certainly other factors such
as overgrazing and bank trampling by
livestock and channel straightening
contribute to the instability.

What about the roads? The roads are
contributing significant amounts of
sediment and adding to the apparent
peaks during high water flow events.
Because of  these increases,
downstream conditions and
adjustments are affected. These stream
channel adjustments to the amount and
timing of water and sediment is
contributing to the instability that is of
concern today. This is especially true
for the roads on the westside, where
debris torrents are common. Several
roads actually increase the risk and
magnitude of naturally occurring debris
torrents. The Mohawk-Chapman Road
is the most notable example of this
problem.
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How_should we fix the problem?
Because human and natural
disturbances are generating large
amounts of sediment and the historic
streamflow regime has been altered,
restoration of basic sediment storage
features and floodplain function are of
highest priority. Reducing the sources
of  sediment should occur
simultaneously by treating high priority
roads and streams.

This report documents the findings of
an assessment of watershed condition.
A strategy for restoring and
rehabilitating  vital functions and
stream channel conditions will be a
separate document that will be
finalized later this year. Some
treatments can be  considered
restoration of full function, but the
general strategy deals with
rehabilitating the watershed while
taking into account natural and human
constraints, such as recreation, land
developments, livestock grazing and
other uses.

Up valley view with Sulphur Creek on the left.



INTRODUCTION

Background. The Sulphur Creek
watershed encompases a  dgnificant
portion of Mohawk Valey and is formed
by the man, north-south trending fault
that defines the eastern edge of the
SierrasNevada mountain  range.  The
watershed has experienced nearly 150
years of land and resource use. These
usss incdluded mining, timber harvesting,
livestock grazing, road congruction,
water diversons, channd draightening
and redignment, urban developments,
and wildfire suppresson and ignition.

Pasture land and timberland.

The cumulative effects of these activities
have caused changes to streamflow and
sediment  supply, resulting in rgpid
dream channd  adjusments. The
adjusments have formed an extensve
qully sysdem (deep, rapidly eroding
channels cut by running water in which
the streams become entrenched and are
rarely able to escape). This sysem of
gullies continues to develop as it grows
in both length and width. Other changes
include impared water qudity, lost
aquatic and riparian habitats, and
diminished aesthetic vaues

T\
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Urban devel opment.

Since 1995, various landowners
and managers in the Sulphur
Creek watershed have been
working with the Feather River
Coordinated Resource
Management group (FR-CRM) to
initicte redoration of the man
chaond and seved of its
tributaries.  In November 1999,
recognizing the need for an
integrated, watershed wide
approach, the Mohawk Vdley
Watershed Restoration Committee
(MVWRC) formed for the purpose of
collaboratively implementing a
watershed restoration effort, including
Nationa Forest lands. In January 2001,
the MVWRC requested that the FR-
CRM gply for funding under the
Proposition 13 Watershed Protection
Program to conduct a watershed andysis
of the Sulphur Creek watershed.
Approva came in March 2002 with the
sgning of an agreement with the State of
Cdifornia  Water Resources Control
Boad (SWRCB) to andyze the
watershed, develop a drategic plan for
restoration, and develop a Citizen

Monitoring Program (Appendix I).



Purpose.  The purpose of
the watershed andysis is to
asess the condition of the
Stream channels and
adjacent landscape
features, identify the mgor
sources of soil erosion and
channd ingability, andyze
the causes of the identified §
ingabilities, and to develop
an integrated restoration
Strategy. Data and
information were collected
that describe higtoric and
current conditions, and the
processes a work in the watershed.
Restoration opportunities and congdraints
ae to be identified and, findly, a lig of
project aress and activities is to be
developed and ranked. This prioritized
project list will be used as a draegy to
guide the MVWRC and the FR-CRM in
a watershed-scale restoration effort.  The
Citizen  Monitoring  Program  will
monitor improvements in conditions of
water flow and water qudity and the FR-
CRM with the MVWRC will monitor
eech project until functiond ability is
reached.

Problem Description. Higoric and
curent land uses are the most likely
causes for much of the sream and
riparian degradation that is apparent
throughout the watershed.

This degradation is in the form of
reduced water qudity, reduced aquatic
and riparian habitats, property loss, and
deteriorated aesthetic  vaues. This
andyss is not intended to evauae
timber haveding, grazing, mining, and
urban development prectices, but it will
evaluae the potentid impects of these
practices where they dill affect stream
and riparian conditions. Other studies

Sulphur Creek upstream of Whitehawk Ranch.

conducted in the Feather River basin of
gream and riparian conditions have been
linked to two primary eements (USDA-
Soil Conservation Service 1989 and
Clifton 1992). They are 1) roads and
road like features tha directly affect or
drain to stream channds and 2) stream
channels thet have become gullied.

Methods Used. The methods used for
this sudy condst of a reconnaissance
level overview of hill dopes dreams,
roads, mines, etc., followed by more
intensgve, ground-level  surveys. The
reconnaissance level work relied on
known informaion from hidoric files
Geographic  Information System (GIS)
databases, aerid photos, maps, etc. The
intensve survey looked a the man
Sulphur  Creek channd, the lower
reeches of tributary channds (where
active chand eroson is occurring),
roads and stream crossings, urban aress,
and mine dtes. Upper watershed stream
channds were asessed during  the
reconnaissance sage of this andyss and
were found to not need further Study
except where they are directly affected
by roads.




Channel cross-section survey.

Headcut at the bottom McNair Meadow.

The entire length of Sulphur Creek, from
McNair Meadow downstream to the

Middle Fork Feather River, was
surveyed. The lower reaches of the
tributary channels that flow through the
main valey bottom were aso surveyed.
Cross-s=ctions and longitudind  profile
surveys were conducted aong locations
deemed representative of conditions of
each stream reach.

The point where initid channd incison
is occurring, commonly referred to as a
headcut, (see photo next page) was
located dong each tributary channd.
The initid inddon cyde forming the
exiging, main-channel gully,  hes
traveled the full length of the vdley and
into the upper valey reach, a totd of 5.2
miles. The incddon is presently
controlled by bedrock at its terminus.
Upsiream of the bedrock, additional
channd incisons have teken place and
are now located a the downstream end
of McNair Meadow.

Subcontracts were let to gather historic
information and to conduct a
reconnaissance level geomorphic  study
(desgned to identify both naturd and
human caused disturbances). A seasond

~ crew of two people conducted surveys of

the road sysem while FR-CRM dga&ff

" conducted stream channel surveys.

Road erosion and stream delivery survey.




Location:

Sze

Elevation:

Aspect:

Geology:

Hydrology:
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“Headcut on Calfpasture Creek.

LOCATION AND VITAL STATISTICS

Immediatedly east of the Serra-Nevada crest and tributary to
Middle Fork Feather River at Clioin T21IN & T22N, R12E &
R13E, MDB&M.

21,243 acres (33.2 square miles).

Average, 5900 feet.
Eastside ranges from 4500 to 6100 feet.
Westside ranges from 4500 to 8000 fest.

Generd aspect is northwest (main channd flow direction).
Eastside watershed aspect is southwest.
Westside watershed aspect is northeast.

Metamorphic, volcanic, and granitic rock types, some covered by
landdide materid, in the upper watershed areas. Lakebed materia
(Mohawk Lake) isoverlain by glacid moraine, dong the western
margins of the vdley with dluvium in the vdley bottom. Alluvid
fans are located at the mouths of al tributaries,

Average annua precipitation is 41 inches (65% fdling as snow).
Average annud runoff is 21 inches.

Eastside average precipitation and runoff is 35 and 16 inches.
Westside average precipitation and runoff is 45 and 26 inches.



LANDSCAPE SETTING

Geology and Geomorphology. The
watershed is located a the contact
between he Serra Nevada Mountains to
the west and the Diamond Mountains, of
the Basn and Range Province, to the
east (Figure 1). From west to esd,
Mohawk Ridge is part of the crest of the
Siera-Nevada mountains. The land fdls
deeply as a fault scarp to the vdley
bottom and then rises gently over the
relatively rounded dopes and peaks of
the eastdde. The eastSde ridges are
goproximatdly 1200 feet lower in
elevation than the crest of the westside
(Figure 2).

View across Sulphur
Valley to  west
towards Mills Peak.

The principle
fallts outlining
the Sera-Nevada
mountains ae
located dong the
southwest sde of

Sera Vadley,
then cross into
Mohawk  Vdley

(Figure 3) before extending through
American Vdley (Durrdl 1987). During
eech episode of faulting the Sera
Nevada rises higher relative to the land
to the ees.  This fault zone is 4ill
conddered active, given that the higtoric
earthquake near Clio in 1875 was quite
laoge and frequent minor earthquakes
have been recorded in Plumas County to
the present (Durrell, 1960; 1987).

Figure 4 displays the mgor rock types in
the watershed and subwatersheds. These
rock types include meta-sedimentary,
metavolcanic  with intruded granitics.
The dseep westsde condsts of granitic
rock interspersed with glacid moraine
and landdide materid, while the esstside
encompasses modly volcanic  mudflow
materid and some granitic rock.  The
valey bottom condsts of eroding
lakebed (Mohawk Lake) and recent
dluvium.  Alluvid fans have formed a
the mouths of the canyons, where
tributary channels flow into the valey.

It is notable that only two tributary
dream systems dran the eastsde,
Cdfpasture Creek and Barry Creek.
Each of these tributaries drains
goproximately 6.5 square miles.  The
wedsde is dgnificantly different, not
only because it is much steeper, but aso
because it is drained by seven, somewhat
pardld, tributary channds. The average
aea of these subwatersheds is 1.75
square miles, the largest being 2.0 square
miles



The la mgor land-shagping event was
the formation of the Frazier Creek Fan
(actudly a large debris flow deposit),
which blocked the Middle Fork Feather
River for severd hundred years. The
sndl lake that deveoped behind the
debris dam extended up Sulphur Creek
approximatedy 2 miles and was filled
with gravel and finer sediment before the
dam breached, an edtimated 600 years
ago (Durrdl 1987). Mog of the lake
sediment has eroded away except for
diginct terrace features just upstream
from the exiding mouth of Sulphur
Creek. The large meadow area where
the MFFR and Sulphur Creek once
joined (across Highway 89 from the Clio
bridge) is the eroded surface of the lake.

Looking downstream at the original confluence
of Sulphur Creek and the Middle Fork Feather
River.

Geologic Hazards. The eastern portion
of waeshed contans few landdide
mass wading features. They are moslly
associated with channel “inner  gorges’
(over-steepened  dopes  adjacent  to
dream channels). The wedtsde is a
seep, fault scarp where dumps and
landdides ae common.  Sgnificant
amounts of coarse materid are ddivered
and stored in headwater stream channdls,
cregting large debris flows that

Small land slump.

depost onto the vdley bottom
during mgor flood events (Durrdl
1987 & Cadllins 2002). Even
though massve eroson events are
random and episodic (responding
to dther intense precipitation, ran-
on-snow, oOr sasmic events) they
occur frequently enough to play a
pivotd roe in forming the
channds and developing
morphologic  festures such as
dluvid fans.

During the past 7,000 — 10,000 yesars, the
vadley floor evolved as a large reservoir
or “gnk” for water, sediment and
nutrients flowing from upper watershed
aess. The effect of the snk includes
digributing flood flows across the valey
(attenuating pesk floods), providing a
groundwater source for late summer
greamflow (incressng base flow), and
good qudity water (filtering the water
and providing cold water). The vdley
bottom collected nutrients and stored
sediment on its extendve floodplain.  Of
note is that the large amount of woody



debris and coarse
bedload naturaly
trangported by the
tributary channds to
the vdley was
captured and stored,
creging dluvid fans,
while the finer
suspended  sediments
washed out onto the
meadow and
deposted as dluvid
overbank deposits
(Durrdl 1987 &
Coallins 2002).

Soils. The soils reflect the parent
materid  (rock type) from which it
originated. The Sulphur  Creek
watershed iswithin the Waca: Inville-.

Woodseye  soil complex  (Plumas
National Forest Soil Resource
Inventory). The 0l complex is

described as;

Gently sloping to very steep, moderately deep or deep, well drained!™! loamy soils

on steep side slopes and terraces.

The strongly sloping to very steep Waca soils are on side slopes and near
ridgetops. They are moderately deep, well to somewhat excessively drained

loamy soils that are moderately erosive.

The gently sloping to steep Inville soils are on toe slopes and broken side lopes.
They are deep, well to somewhat excessively drained, very gravelly loam soils
that are underlain by slightly weathered volcanic breccial?.

The moder ate to very steep Woodseye soils are on south facing side sopes and
ridgetops. They are shallow, well to somewhat excessively drained very cobbly
loam soils that are underlain by slightly weathered vol canic breccia.

The Gibsonville soils [aminor soil type] are on strongly sloping to very steep side
dopes and long, narrow ridgelines. They are shallow, well drained very cobbly
loam soils that are underlain by dightly weathered volcanic breccia.

[1] Soil drainage refersto therate at which water is removed from the sail, the
period of wetness, and any possible affect on the growth of plants.



[2] Volcanic breccia is pyroclastic materid. 1n the Sulphur Creek watershed it is
of the mudflow variety and conssts of angular to dightly rounded blocks of
volcanic rock in amatrix of volcanic mud (Bonta Formetion).

These soil complexes also include rock outcrops and rubble land.

The following two soil water attributes
areimportant for thisanalyss

1. Hydrologic  Soil  Group. An
etimate of the surface runoff potentid
from precipitation. Soils ae grouped
according to their ability to take in water
when they ae thoroughly wet and
receive precipitation from long duration
gorms.  The groups range from low to
high runoff potentids.

2. Maximum Eroson Hazad. A
Quartitetive rating that predicts the
potentid for sheet, rill and gully eroson
if vegetation and litter are removed. The
factors used to determine this rating are
soil  type, topography, climae and
vegetdive cover.  The ratings range
from low to very high hazards.

Agan there is a marked difference
between the two sides of the watershed.
The vey deep weddde is highly
undable and the soils are moderady
erodible.  Numerous active and inactive
dumps and dides have been identified
dong with the devdopment of large
dlwid fans where each tributary
channel opens out into the valey (Figure
4 and large scde map developed by
Laurd Callins in 2002 and located in the
Plumas Corporation office in  Quincy).
Much of this eroded materid is ddivered
during infrequent events as debris flows,
when lage quanttities of large dze
material are trangported.

The eastsde is dominaed more by
surface eroson that generates smdl sze
sediment, as compared to the higher
landdide frequency of the wedtside that
generates a higher proportion of coarse
sediment.  Except for the over-steepened
dopes found dong some dream
channels where the few landdides ae
found, mogt of the eastsde landscape is
“rounded” in  gppearance, having
experienced a long higory of eroson
with little tectonic uplift.

Looking east across the Sulphur Creek valley
towards Beckwourth Peak. Note the rounded
appearance.

The potentid for soil eroson is moderate
to high, primarily where soils have been
exposed. Much of the eroded materid
(sediment) is depodted into headwater
dream channeds where it is eventudly
trangported downstream.



Hydrology: Climate and Precipitation.
Winter precipitetion events move in off
the Pecific Ocean as fronta storms. As
the moist ar mass lifts over the Sera
Nevada mountain range mog of the
moisture is transformed into water and
ice, fdling mogly on the western dopes
(Sacramento  Vdley foothills to Lakes
Badn), leaving the eastsde much drier
(ran-shadow effect). East of the Sera
Nevada mountains, only the highest
pesks can Sgueeze out  dgnificant
moisure.  Even though the eastsde of
Sulphur Creek is lower in eevation, it
receves far amounts of precipitation,
abeat much less than the westsde. Mogt
of the winter precipitation is snow with a
much deeper snow pack accumulating
on the watershed westsde.  Summer
thundersorms are prevdent in the area
and can cause locdized downpours,
erode unprotected soils, and transport
materia into headwater Stream channels
for later trangport when winter and
Soring streamflows occur.

The average annud precipitation amount
of 41 inches (average over the entire
watershed) ranges from 35 inches in the
vdley bottom to 55 inches dong
Mohawk ridge and 40 inches dong the
eadern ridge.  Figure 5 digplays lines of
equal precipitation and runoff and Table
1 digplays precipitation and :

runoff in each sSubwatershed.
In the Feather river Bagn,
precipitation and  runoff is
digributed  unevenly  through
the year, fdling modly during
the winter and spring months
(Figure 6). There ae no long-
term  precipitation or  runoff
data documenting annud and
gorm specific  patterns  and
amounts for the Sulphur Creek
watershed but most years are

gther greater or lesser than the average
figures described. Precipitation and
dreamflov  measuremerts are  included
in the Citizen Monitoring Program.

Air _and Water Temperatures. A
product of solar radiation, Sope aspect,
and devation, ar temperaures ae
typicdly not only cooler during winter
months but adso cooler a higher
devaions. This is especidly true on the
westsde, where the dope faces away
from the sun most of the year and for
much of the day during summer months.
Air temperatures can directly impact
dream water temperatures, especialy
where streams are exposed to the direct
rays of the sun.

The shade provided by riparian
vegetation not only blocks direct solar
radiation from dreams but Ao
maintains cooler, more humid ar over
them. Good riparian cover dso insulates
dreams from the extremes of arflow and
ar temperature, both during the winter
and summer seasons.

Where riparian vegetation is sparse or
missing, dSream water temperatures can
reach thresholds that are lethd to aguatic
life both during the summer and winter.



© Of dl the mechaniams in the
- watershed that creaste change,
~ mgor flood flows ae the
greates. High flows occur
frequently during oring
sowmdt. The lower sze, but
frequent and longer duration,
flows ae citicd to channd
and habitat maintenance.
Hoods of unusudly high
megnitude are rare but very
important because they deiver
ggnificat amounts of sediment and

In the Sulphur Creek watershed, summer debris to stream channels.
ar temperatures can reach 100°F during
the hottest time of the day and wdl } S_lehur reek at itehawk Bridge, Jan. 1997.

bdow freezing during the winter,
sometimes reaching 0°F and lower.
Air and water temperatures were |
monitored  during the summer
months of 2002 and 2003. The
water temperature in the man
Sulphur  Crek channdl, especidly
a it flows through the vdley,
mimicked the diurnd changes in
ar temperature (Figures 7 & 8).
During the months of Juy and
August, water temperatures during
the hottet time of the day
exceeded 70°F, which is lethd to

coldwater fisheries (Appendix J). ul ph_ur Creek immediately after the flood.

Hydrology: Runoff. Runoff is ﬁ
defined as that part of precipitation
gopearing in surface sreams. The
average annud runoff amount is
estimaied a 21 inches over the
entire  watershed. This ranges
from 16 inches in the vdley
bottom and eastside to 45 and 48
inches dong Mohawvk Ridge
(Figure 5. The average annud
runoff pattern is farly predictable,
occurring modly in the late winter
and spring (Figure 6).
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These rare floods are usudly a result of
intense  ranfdl during wam, mog
gorms moving in from the subtropica
Pecific combined with a pre-exiding
snow cover (ran-onrsnow events). The
Sera Nevada mountain range is unusud
in that its infrequent large floods occur
during the winter ingead of during the
goring snowmelt period. Severd large
floods have occurred during the past few
decades that have dgnificantly affected
the Sulphur Creek watershed and its
dream channd. These flood everis
occurred during the years 1955, 1963,
1986, and 1997.

Flood-frequency analyses are used to
determine the probability of occurrence
of floods of different magnitudes. The
probability that a paticular flood will
occur is refered to as a  “return
frequency”, such as “the 100-year
flood’. Actudly, the probability that the
“100-year” recurrence interva flood will
occur is 1% each and every year, or one
chance out of a 100. This method of
viewing  flood  occurrences  gives
predictable results within the period of
record for gaged watersheds, but should
be cautioudy extrapolated beyond that
period.  The flood-frequency andyss
deveoped for this project has been
extrapolated from gaged subwatersheds
within the larger watershed of the upper
Middle Fork Feather River to the
ungaged subwatersheds of  Sulphur
Creek. For this reason and the fact that
al of the gaged sites had to be compared
to longterm dtes the andyss
peformed for the Sulphur Creek
watershed (Appendix A) is only an
aoproximation. It is dill very usgful for
further work in the waershed but will
need to be verified with fidd surveys at
project level andyses. The flood
frequency andyds in Appendix A gives

an etimae of floods of different
magnitudes and frequencies for each
subwatershed and the larger, Sulphur
Creek watershed. The edtimated flood
flows would be expected to occur near
the mouth of each subwatershed.

Even though the andyss conducted for
this sudy only projects estimated flood
flows up to the 100-year evert, the very
large floods are generdly expected to
have recurrence intervals between a 50-
year interval (2 % chance of occurrence)
and a 200-year interva (0.5 % chance of
occurrence). It is possble that even
greater floods have occurred in the past
and can occur in the future. It is the very
large events tha cary the mgority of
the large Szed bedload to the valey
bottom. Coarse materiad stored within
dluwvid fans can  be  mobilized,
redeposited or transported farther down
the channel network.

According to the “Glossary of Geology”,
produced by the American Geologicd
Indtitute, 1980, an dluwvid fan is defined
as a low, outspread, relatively flat to
gently dloping mass of loose rock
material, shaped like an open fan or a
segment of a cone, deposited by a stream
at the place where it issues from a
narrow mountain valley upon a plain or
broad valley, or where a tributary
streamis near or at its junction with the
main stream, or wherever a constriction
in a valley abruptly ceases or the
gradient of the stream suddenly
decreases.

Alluwvid fans are typicdly aess of high
indability due to the collection of
unconsolidated or poorly consolidated
coase maeid in a marix of finer
materids, usudly creating surface dopes
greater than 2% (0.02 feet per foot). The

11



Upstream end (apex) of the Boulder Creek
alluvial fan.

entire fan may continue to grow with
time, but stream downcutting may cause
fan incdson. Eventudly the entire fan is
dissected as the incision reaches the apex
of the fan and captures the trunk stream
as it emerges from the mountain (Ritter
1995). Additiondly, dluvid fans
disperse water flows that pass over and
through them, helping to recharge locd
groundwater aguifers.  When the trunk
stream is captured, this process is gregtly
diminished.

When the effectiveness of the dluvid
fan as a coarse materid storage feature is
log, the maeid tha would have
deposted on the fan is transported into
the qully sysdem, further accderaing
gully bank eroson. Because of the high
sediment load and ungable nature of the
gullies in the Sulphur Creek watershed,
channd and ripaian recovery must
restart after each large flood.

The Citizen Monitoring program  will
monitor the digribution and changes in
dreamflows. Staff and crest-stage gages
have been ingaled on Boulder Creek,
Barry Creek, Sulphur Creek at the upper
Loop Road bridge and at the lower Loop

Road bridge.
! recording dreamflov  gage

will be inddled near the
¢ Highway 89 bridge this year.
Paticipants in the Citizen
Monitoring  program  have
been reading the gages and
¢ will be devdoping dage-
discharge rdationships  for
each ste.

A continuous

Vegetation. Agan there is a
sgnificant difference
between the two sides of the

watershed The westside, which faces

mogly northeast, receives less incident
solar radiaion than the esstside, which
faces mosly southwest. This and the
fact that the more gently doping eastside
adso has many, broad ridges, means tha
the eastsde, which receives less annud
moidure initidly, loses more through
evaporation and transpiration.
Streamflows from the esdtsde ae
mogly intermittent (seesond) until  they
reech the valey, where they become
perennia (year-long), but very low. The
westsde channds are perennid most of
ther lengths supported by greater
snowpack accumulations and
groundwaeter input.

US Forest Service vegetation maps show
westsde vegetation types to be red fir at
the highest devations, ponderosa pine a
mid-elevations, and mixed conifer a the
lower devations. The esdtsde is
predominantly mixed conifer
throughout, while the vdley bottom is a
mosaic of wet meadow and grasdands
(Figure9).

Mgor vegedion modifications  will
have effects on evegporaion and
trangpiration rates, groundcover
conditions, the reflection and absorption
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of solar radiaion, show accumulation
and mdt, and the occurrence and
intengty of wildfires. These changes in
turn affect the amount and rate a which
water infiltrates into the soil, the amount
of moisture evgporating back to the
aimosphere, erosion/sedimentation  rates,
and ultimately watershed hydrology by
increesng pesk flows and decreasing
low flows. Generdly, dense vegetation
cover results in dense ground cover, high
infiltration rates, low evaporation rates,
high transpiration rates, low eroson and
sedimentation rates, and high intengity
wildfires, while light vegetation cover
can have opposite effects.

Wildfire.  Fire is a key ecosysem
process in Cdifornia and the Sera. The
frequency of occurrence and the
intengty of burn should be highest on
the Sulphur Creek watershed's eastside.
Recent, recorded wildfire history for the

watershed shows only one large fire, a
900-acre burn that occurred in 1937.
Approximatdly 270 acres of upper
Cdfpasture Creek was involved in the
bun, with the remainder of the fire in
the Carman Creek drainage. The fire was
most likdy a result of a lightning drike.
All other reported wildfires burned three
acres or less and the causes are mosily
unidentified.  Of the identified causes,
al are human rlated (Figure 10).

Fire and fuds experts in the State are
now using Condition Classes to identify
“..the degree of depature from
higoricd  fire regimes reating in
dterations of key ecosysem components
such as species compostion, sructurd
dage, stand age, and canopy closure
(Appendix B contans the complete
decription  of the Fre Condition
Clases).” Three Condition Classes are
used asfollows:

Table2. FireCondition Class

Condition Class

Departurefrom Historical Fire Size,
Frequency, and I ntensity

1 Little
2 Moderate
3 Dramatic

A prdiminay map of the Sulphur Creek
watershed titled “Nationd Fre Pan
Condition Classy, Sera Nevada
Framework Project” by George Terhune,
2002 (Copy in the Plumas Corporation
office, Quincy), illudtrates the watershed
fire condition classes. The wedtsde is
rated Class 1 near its crest and Class 2 in
the mid- to low- dope areas. Class 2
dominates most of the eastside, except
Cdfpasture Creek, where it is rated
Class 3. The map is consdered to be a
generd edimate and a more pecific

evauation will need to be made but it
does agree wdl with “Map |, Fire
Susceptibility Andyss, Dreft
Environmenta Impact Statement,
Herger-Feingein Quincy Libray Group
Forest Recovery Act, June 1999.” This
map shows modly low susceptibility on
the westsde and moderate susceptibility,
with areas of high susceptibility, on the
eastside. Currently, the Forest Service is
planning the condruction of mgor fud
reduction zones, cdled Defensble Fud
Profile Zones (DFPZs), within the
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Sulphur Creek watershed on Plumas
National Forest lands.

Hydrophobic  soil  conditions  (the
ingbility of waer to soak into the soil)

can devdop during a fire where the
intengty of the fire is high and certain
plant waxes present.  There is little
concen that this condition would
deveop in the Sulphur Creek watershed.

LAND USE

Land uses within the Sulphur Creek
watershed have included dl the expected
activities  induding livesock  grazing,
timber harvesting, mining, and
urbanization (Lindquis and Bohm 2003,
Appendix C). Associated with these
activities are roads, water diversons,
and redignment of stream channels.

Recorded impacts in the Sulphur Creek
aea began soon after gold was
discovered in  the Feather River
(Appendix C). Although no large
deposits of gold were ever discovered in
the Sulphur Creek watershed, minor
amounts were found.  Most of the
eadsde of the Sierra was exploited for
its abundance of grasses and timber.
Grasses supplied forage for horses, cattle
and other livestock and were able to
sudan large dary fams in neaby
watersheds for many years. Timber was
a necessay item for mining, but only
locdized use of timber occurred in the
Sulphur Creek watershed until the early
1900s.

Timber Harvesting. Land use impacts
in the Sulphur Creek watershed were
minor until the early 1900s.  Timber
extraction began in earnest during World
War |l. Eadside dopes and westside
mid to low dopes were essentiadly mined
of ther timber. Timber harvesing
continues today, but at alower rate.

Livestock Grazing. Sheep and cattle
grazing tha began prior to 1900,
primarily for cattle production, aso
continues to this day throughout most of
the valley bottom area. Upper watershed
aeas ae adso grazed during summer
months, both on private and public
lands.

Mining. Copper and gold mining
occurred in the headwater areas in both
the east and west sides of the watershed.
Little to no mining occurs today. The
largest of these mines, the Locke Mine,
located in subwatershed 6 (Boulder
Creek), was severdy qullied and was
recontoured and vegetation planted by
the Foret Service It is dowly
recovering and the sediment supply to
the channd subgsantialy reduced. At
present, none of the other mine dtes
within the watershed were found to be
contributing  dgnificant  amounts  of
sdiment or other water polluting
substances to the stream systems.  Direct
runoff from these Stesisminimdl.

Of note is the indream gravel mining
that occurred upstream of the Highway
89 bridge soon after the 1955 flood.
Gravel was removed from a section of
channd that was previoudy draightened
and was activdy downcutting and
widening. This reech of stream channd
was ds0 receving lage influxes of
bedload from upstream aress that were
adso activdly downcutting and widening.
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Any dabilizing vegetation growing in
the channd was ether removed during
gravel extraction operaions or during
season-long livestock grazing.

Ur banization. The condruction of
buildings and paved roads in the
watershed is increasng, primaily in the
valey Dbottom and the surrounding
foothills. Urbanization creates
impermegble  surfaces  that  frequently
drain directly to streams, increasng pesk
flows and carrying pollutants. The 2002
road survey detected no direct impacts,
& dexribed, from the exigting
developed areas.

Three impacts rdaed to urban
development, however, do need to be
discussed. These impacts are (1) Stream
channels condricted by road crossngs,
(2) bank hardening with rock riprap, and
(3 channd filling and loss of floodplain
capacity.

Channel constricted by bridge and bank
hardened to combat channel migration.

Sream Channels Constricted by Road
Crossings. Roads cross the main

channel of Sulphur Creek using bridges
a dSx locations (Upper Loop Road
Bridge, Lower Loop Road Bridge, two
bridges on the Whitehawk Ranch,
Highway 89 Bridge, and the bridge to
Clios Rivers Edge RV Pak). No
detrimental congtriction was detected at
either the RV Park bridge or the Upper
Loop Road Bridger The channd is
condricted a each of the other four
bridges, causng backwater  effects
during lage flood events These
backwater aeas dow the flow just
enough to cause bedload to deposi,
usudly in the center of the channd, to
flow againg one or both banks. By
forcing the channd to flow agang a
bank, it has a tendency to run around
(end-run) the bridge. Riprap is
eventualy added upstream of the bridge
to combat this trend. Mogt stream
crossing sructures (bridges and culverts)
are not desgned to convey floods in a
gmilar  geometry as the updream
channd. The broad floodplan width is
reduced or €iminaed, giving the
condricted channd the same
' » dimendons as the active channd
* (The bankfull channel, or “ active
4 channel”, becomes completely
| filled with water just prior to
Sy overbanking onto the floodplain.)

y width and this causes increased
dress and velocity a the outlet
and usudly backwater conditions
a the inlet. This typicaly means
future maintenance requirements
of the dructure due to bank
eroson upstream and  bed
incison andlor bank eroson
downstream and increased
sediment supply to the channd.

Bank Hardening. Bank hardening usng
rock riprap is a standard technique for
dabilizing an actively eroding section of
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gully bank. Little of this type
of work has been performed in
the watershed except at stream |
crossings. The only other bank
treated by hardening with rock
is dong the golf course on the
Whitehawk Ranch. This type
of treatment redistributes the
energy of flowing water both
to the opposte bank and
downgtream (and occasiondly
upsream), increesng eroSon e
a those stes The use of |
ripragp dong eoding qully
banks should only be
consdered as a temporary measure.
There is a high risk of channd incision,
repeted falures and high maintenance
and recondruction cods,  including
replacement costs and the cogt for
condructing grade control  gructures.
Gully trestments, therefore, should
include the entire width and length of the
dream reach, including off-ste effects,
and should include long-term solutions,
such as those liged in the restoration
drategy for Sulphur Creek (to be
completed by the end of 2004).

Channel Filling. The man channd of
Sulphur Creek has become entrenched
and is in the process of widening a its
new devation to reedtablish its
floodplain.  Until the appropriate width
is obtained, the channd will continue to
be unstable. Sulphur Creek is becoming
less of a gully and more of an entrenched
channd with an inner floodplain within
the Whitehawk Ranch channd reach.
Artifigd fill placed on the evolving
floodplan reduces its width and
effectiveness.  Streamflow depths and
shear dresses (eroson forces) are
increesed at those locations and both
upstream and downstream of the Sites.

Floodplain reduced in size by soil fill.

The dream will eventudly remove the
fill materid in an atempt to regan the
needed floodplain width.

Dams, Diversons _and _ Channd
Realignments. Smdl dams, water
diversons, levees, channd redignment,
and ripaian vegeation eradication
programs have directly affected stream
channed gability, sreamflows, and in-
channel eroson and sedimentation rates.
All of these impacts have been imposed
on the vdley channd sygem (Callins
2003, Lindquist and Bohm 2003, and
Benoit 2003).
A dgnge dan was in place
upstreeam of Highway 89 near
Mohawk Ranch in 1972. It was
goparently condtructed of ol
and  gravd materid and
subsequently washed out or was
removed.
Water diversons for irrigation
have been in place throughout
the lower watershed aea for
nearly 100 years and many dill
operate today.
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Lower Cdfpasture Creek was
redligned and draightened before
1940.

The roadway that was to be
Highway 89 was constructed
prior to 1940. The confluence of
Sulphur Creek with the Middle
Fork  Feather  River was
goparently redigned upstream to
its present location, just upstream
of the bridge to Clio.

The man Sulphur Creek channd
was draightened upstream of the
Highway 89 bridge apparently as
pat of bridge recondtruction in
the 1940s. Gravd was mined
from this chand aea during
subsequent years.

A willow eradicaion program
was implemented in the 1940s
(approximate).

The result of these channd changes,
dong with other impacts occurring in

the watershed, was the loss of riparian |

vegedion and channd  inciSon
(qullying) of the main sem of Sulphur
Creek. Channd incison and riparian
losses has migrated upstream  five
miles and is now impacting the
tributary channds, where headcutting
(the headward advance of the incison
process) isin progress.

Roads and Stream Crossings. The
Sulphur Creek watershed road system
was assessed because it is considered a
primary contributor to the hedth of the
watershed. Roads are known sources of
dream sediment and are likely causes of
increased streamflow peaks.  Increased
sediment and pesk flows cause stream
channd ingability, as channds change
their Sze, shape, and pattern.

Cutbank and road surface eroding next to a
stream channel.

Lage amounts of gravd ae moving
from upstream channe reaches into the
man vdley bottom channd, forming
large  inchannd  festures,  induding

point-bars and mid-channd  idands.
These features in turn further accderae
bank eroson. The finer sediment (slts

Inside ditch draining directly to a stream.

and days) day in sugpenson and
increese  turbidity, degrading water
qudity, while sand szed paticles sHtle
to the bottom, affecting channd
subgtrate  conditions. The excessve
anmount of sediment that currently
impacts the main Sulphur Creek channd
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is having negative effects on aguatic and
ripaian habitats and is accderating
property loss through  streambank
erosion.

In mountainous terrain, the dow,
downdope movement of groundwater is
interrupted by roads dong ther
cutdopes where it is forced to the
surface. Where roads are directly
connected to dreams, this captured
groundwater, plus the rain and snow that
fdls directly on the road, moves as
aurface flow directly into the streams,
potentidly increesng the dze ad
frequency of pesk streamflows (Har e
a. 1975). These road sections perform
like dream channds, capturing and
concentrating water, and, therefore,
increesng the dendty of the dream
dranage system.  Drainage dengty is
defined as the length of all channels in
the drainage basin divided by the basin
area and is rdaed to the efficiency with
which a basn drains (Ritter et d.1995, p.
157).  An increae in the drainage
dendgty can increese the magnitude and
frequency of flood pesks (Figure 11),
channel eroson and sediment production
(Dunne and Leopold 1978, p. 499-500).
Changes in the sze and frequency of
flood pesks results in changes to
downstream channed dimensons (Ritter
et a.1995, pp. 155-158). Alluvid
sream channels, as found in the valey
bottom, ae the most likdy to be
affected. In addition, higher and more
frequent pesk flows can  further
aggravate an dready degraded streasm
system.

As daed in the introduction, this study
concentrated on the two watershed
edements that are consdered to be the
most responsble for the obvious
changes in watershed hedlth: (1) Stream

Channel bank composed of highly erodible silts
opposite aless erodible gravel bar.

channel condition and (2) roads directly
connected to dreams.  The following
describes the watershed road assessment,
induding a summay of findings The
dream channd assessment is described
in alater section.

Inventory Method

A crew of two people spent the summer
of 2002 driving most of the roads in the
Sulphur  Creek  watershed. Specia
permission was obtained from
landowners to access and inventory road
problems on their properties. The Forest
Service is cooperdting with this study as
it petans to the Nationd Forest.
Highway 89 and Plumas County Road
114 within the Sulphur Creek watershed
were dso included in the inventory.

The inventory crew used data forms
developed for road inventories
conducted by the Forest Service and the
Feather River Coordinated Resource
Management Group (FR-CRM) and
modified  for  this inventory  in
conaultation  with Laurd Cdllins,
conaulting Huvid Geomorphologist for
this watershed andysis. Appendix D is a
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copy of the two data forms used: (1)
“Roads, Skid Trals, Landings and Mine
gtes Problem Assessment and Volume
Estimates’ and (2) “Stream and Meadow
Crossngs Problem  Assessment  and
Volume Edsimate’. Nearly 500 problem
stes were located and assessed.  The
completed forms have been cataloged by
subwatershed and are stored a the
Plumas Corporation office in Quincy.

Only those observations defined as
moderate to severe problems were
inventoried. The second and third
columns on the forms define wha is
consgdered moderate  and  severe
Essntidly, to be incduded in the
inventory, the road must be eroding and
the eroded materid must be entering a
dream channel directly or is deposting
within the dreams floodplain aress, to
be picked up later during flood events.
There must dso be a ditch, gully, or
some  dranage mechanism that
trangports water and sediment to the
stream channdl.

The location of each problem dte was
recorded usng a hand-hdd Globd
Pogtioning System (GPS) device. Each
dgte evaudion was made according to
source:  Cutdope, filldope, road surface,
and drainage dructure. In addition, the
affected channd sections above and
below each problem sream crossng
were ds0 evduaed. The results of the
inventory are summarized below (1) by
subwatershed and (2) by road (most
roads traverse more than one
subwatershed). The evauaions focused
on (1) the volume of eroded materid,
measured at each dte as “erosion voids’
sgnce road condruction (eg. volume of
cutdope recesson, volume of qullies,
etc) and (2) the length of the hydraulic
links (eg. ingde ditches and qullies),

measured a each problem ste. These
daa were used to help direct future
rehabilitation work by devedoping a lis
of priority projects. The remaning data
are to be usaed to further describe each
problem gte and potential  trestment
dternatives.

Inventory Results
1. Eroson Voids. The heght,
depth, and length of each erosion
feature (void) that is directly
linked to a dream channd was
measured and used in two
Separate analyses.

Erosion void measured by root exposure.

The fird andyds evaluaed the
total amount of  sediment
contributed by each

subwatershed as measured by
eroson voids. The results are as
follows (the highlighted
subwatersheds contain the
grestest amount of eroded
materid):

A more comprehensive analysis of

the data can be found in Appendix E.
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Table 3. Erosion Voids by Subwater shed

Normalized Total Volume of
ID Eroson Voids
Drainage Area | (cubicyardsper square mile of
Subwater shed Name (square miles) drainage ar ea)
1 Lower Sulphur Creek 1.87 5,796
2 Bear Wallow Creek 1.30 400
3a | South Calfpasture Creek 3.18 62,975
3b | North Calfpasture Creek 3.12 38,282
4 Wash Creek 2.81 49,852
5 McKenzie Creek 0.77 24,817
6 Boulder Creek 2.01 6,010
7 Raap Creek 1.50 86,070
8 Haskell Ravine 1.76 34,479
9a | Lower Barry Creek 3.15 26,992
9b | Upper Barry Creek 2.60 1,783
10 | Middle Sulphur Creek 3.91 88,090
11 | Upper Sulphur Creek 3.07 22,511
12 | McNair Meadow 2.08 0

consdered to have contributed the most
sediment to the Sulphur  Creek
watershed):

The second evauation looked a each
identified road. They are liged in order
of totd volume of eoson voids as
follows (The highlighted roads ae

Table4. Erosion Voids by Road

Total Volume of Erosion Voidsfor Selected
Water shed Eroson Voids Roads (cubic feet per
Road ID Sde (cubic feet) mile of road)

FS22N98 West 2,390,473 233,671

Hwy 89 East 427,427 58,665
FS22N13 East 413,452 21,669

FS 21IN27 West 50,276 2,236
Unnamed East & West 39,444

FS 22N12 East 37,004

FS 21NO2 West 31,572

County Rd. 114 East 20,997

FS 21IN83 West 18,026

FS 21N09 West 14,306

FS 21N94 West 6,933

21N91 West 6,515




FS 22N48 East 2,591
FS 21INO1 West 1,653
FS 21N31 West 734
FS 21IN29 West 676
FS 22N03 East 658
FS 21N06 West 555
Friendly Way West 520

The firg three listed roads contain 93%
of the volume of dl eodon voids
measured. The fourth road lisged only
adds another 2% to the total volume.
The top listed road, the Mohawk
Chapman Road (Forest Service (FS)
road 22N98), contains 69% of the tota
voume and was identified by the
inventory crew as the road mos likely to
fal during large flood events (It has a
hisory of requiring maor repars after
flood events). The road is located on
ungtable ground and crosses large
deposts of unconsolidated materid
deposited by landdides and dumps. It is
in the path of naturaly occurring debris
torrents and is suspected of exacerbating
their downstream force and damages.

The second and third lised roads,
Highway 89 and Forest Service road

21IN27 (both eastsde roads), each
contribute 12% to the totd volume
(Appendix G). Highway 89 contains 2.5
miles of extremdy erodible cutdopes
and filldopes where it dso padlds
Sulphur  Creek. Sediment generated
dong the highway discharges dmost
directly to Sulphur Creek. Forest
Service Road 2IN27 is dso in highly
erodible soil materid and drains directly
to nearby tributaries of both Cafpasture
Creek and Barry Creek.

The evdudion of eroson voids by
subwatershed tells another dory that is
best explaned by compaing those
subwatersheds containing the greatest
volume of eroson voids from the top
three listed roads only, Table 5.

Table5. Subwatershedswith Greatest Volume of Erosion Voids

Subwatershed ID Watershed Side Percent of Total Erosion Voids
10 West & East 20
7 West 19
3a East 14
4 West 11
3b East 9
Approximatdy 73% of dl eroson voids Chapman road (22N98).  Subwatershed

in the Sulphur Creek watershed can be
found in thee five <Subwatersheds.
Almog dl of the voids in the westsde
waersheds ae from the Mohawk

10 contains segments of both Highway
89 and 22N98, while both subwatersheds
4 and 7 are modly affected by 22N98.
Subwatershed 3a contains both Highway
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89 and Forest Service road 22N13, but
it's the Forest Service road that contans
the dgnificant volume of eroson voids.
The road eroson voids located in
Subwatershed 3b ae dmost totaly
associated with private roads.

Of the tota measured voids, 87% were
measured a dream crossngs and of
those, 80% involved cutdopes with an
indde ditch. Nealy dl roads in the
Sulphur  Creek watershed are doped
inwards, towards the cutdope side, and
ae drained by indgde (inboard) ditches
that either lead directly into streams or to
cross drains that spill onto dopes before
draining to stream channels.

Eroding cutslope and inside ditch delivering
water and sediment to a small stream channel.

=

2. Hydradlic Links Usng the same
inventory forms mentioned above, the
length of each hydraulic linkage was
recorded for each problem dte as the
length of the indgde ditch, road surface,
or gully that is connected to a stream
channd. The length of the hydraulic
link  from both sream-crossing
approaches was added together to give a
tota length for each Ste.  See Appendix
F for a dealed accounting of the
inventory results.

Hydraulically linked drainage channds
associated with roads are considered to
be smilar to headwater stream channds
where precipitation and groundweter is
intercepted admost  exdusively
during dorms and snowmelt
periods. The  contributing
watershed area (the catchment
aea that drains directlly to a
dream or road segment) for a
road dranage channd is not
equad to tha for a naturd
headwater stream channd. A
determination was made
(Appendix F) that a road drain
length is eguivdent to an
etimated Y4 of a headwater
dream because the catchment
areas (the watershed area that
contributes water to the channe)
are not equivdent. Road drain
lengths were, therefore, reduced
by %4in order to gpproximate the
volume of water captured by
natural headwater sream
channds.  Drainage density is
defined as the ratio of the total
length of all streams within a
drainage basin to the area of
that basin (Figure 12).
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Table 6 displays the adjusted hydraulic
link measurements and additions to the
total drainage density, by subwatershed.

The highlighted subwatersheds are
conddered to have sgnificant additions
to their drainage dengities.

Table 6. Drainage Density I ncrease by Subwater shed

Adjusted Per cent
Length of New Increasein
Drainage Hydraulic Drainage Drainage
Subwater shed Density* Link Drainage | Densit Densitzy
No Name (mi/mi?) Channels (mi/mi<) (mi/mi<)
(mi/mi?)

1 | Lower Sulphur Creek 4.49 0.15 4.64 +3.23%

2 | Bear Wallow Creek 5.77 0.01 5.78 +0.17%

3a | South Cafpasture 5.09 0.13 5.22 +2.49%
Creek

3b | North Calfpasture 3.69 0.25 3.94 +6.35%
Creek

4 | Wash Creek 4.06 0.12 4.18 +2.87%

5 | McKenzie Creek 5.70 0.12 5.82 +2.06%

6 | Boulder Creek 3.68 0.05 3.73 +1.34%

7 | Raap (Guidici) Creek 8.08 0.05 8.13 +0.62%

8 | Haskell Ravine 4.43 0.21 4.64 +4.53%

9a | Lower Barry Creek 5.01 0.15 5.16 +2.91%

9b | Upper Barry Creek 3.47 0.05 3.52 +1.42%

10 | Middle Sulphur 4.18 0.20 4.38 +4.57%
Creek

11 | Upper Sulphur 4.03 0.17 4.20 +4.05%
Creek

12 | McNair Meadow 4.42 0.01 4.43 +0.23%

Sulphur Creek Total 4.72 0.12 4.84 +2.63%

* Drainage Density is measured as the total length of all definable stream channels per unit area of
watershed, or total miles of channel length per square mile of watershed area (mi/mi?).

The average dendty of streams draining
the watershed’'s eastsde (Subwatersheds
33, 3b, 93, 9b, & 12) versus the westside
subwatersheds (2, 4-8, & 11) ae
Eastside = 4.34 mi/mi® (range 3.47-
5.09), and westside = 5.11 mi/mi® (range
3.68-8.08). Eliminating westside
subwatershed number 7, Ragp (Guidici)
Creek, with its high dranage densty

(808 mi/mi®), the adjusted westside
average drainage density is 4.62 mi/mi?
(range 3.68-5.77). The two sides of the
Sulphur Creek watershed are, therefore,
considered smilar in ther potentid to
dran the land and respond to flood
producing sorms snce the difference
between the drainage densties on the
two ddes is less than 10%. They were,
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therefore, compared together for this
andyss.

Vey little was found in the literature
that indicates the magnitude of change
necessxy to creste dgnificant changes
to dreamflows. Ritter et. a. 1995
displays a chart developed by Carlston in
1963 in which he evduaed 13
watersheds with drainage dengties of
less than 10 mi/m? and developed a
regresson equation for the mean annud
flood (Q233) per sguare mile of
watershed area of; Q33 = 1.3D?, where
D is the dranage dendty. Q233 isthe
pesk dreamflow that is equaed or
exceeded every 2.33 years on the long-
teem average (100 years). It is dmply
the aithmetic mean of dl the annud
maximum discharges.  With this smple
relaionship, we can see that streamflow
is exponentidly related to drainage
density (as the square of D) and is thus
gretly magnified by any chenge in the
drainage dengty. It dso tdls us that the
Sze of the mean annua flood increases
with an increese in  drainage
dendgty, and vice versa For
example, The mean annud flood
for North Cdfpasture Creek,
which has a 6.8% increase in
dranage dendty, would change
from 18 cubic feet per second (cfs)
to 20 cfs, a14% increase.

Ritter’'s  publication does not
describe  the 13
evauated by Calgon, so0 a
comparison  with the  Sulphur
Creek  watershed cannot  be |
peformed. We cannot use the
equaion to directly determine
what conditutes a  dgnificant
increase in drainage dengity for the
Sulphur Creek watershed.
Sendgtive  dream channds  in

watersheds § N :

erodible, fine dluvium, such as those
found in the wvdley bottom would
resoond sooner than channds in more
resgant materid. The condition of
those channds dso plays a role in how
wel they can ress more frequent
flooding. Where floodwaters easily
gread onto floodplains, the risk of
channd degradation is low.  Where
floodwaters are  concentrated  in
entrenched channds, eroson of the
channd is accderated.  Though any
increese  in dranage densty could
potentidly result in  negative channd
adjusments, we abitrarily chose an
increese of 4% to dgnify those
watersheds most out of hydrologic
badace  They ae highlighted in the
table above.

Stream _Channels.  Stream channels
reflect the dynamic bdance of dimae
with geology, 0ils, vegetation,
geomorphic setting and land uses.

Debris torrent material is temporarily stored in
this headwater channel above a road crossing.




Gengrdly, the upland sream
channels of Sulphur Creek make
mgor  adjusments to this S
dynamic badance over long
periods of time while short-term
changes, such as those caused by
human disturbances or rare flood
events are temporary. Most
upland channds are resgant to
short-term changes because they
are cutting into bedrock or are
well  amored with coase
sediment from debris flows or
boulder inputs.

Also, because they are steep (greater
than 4% gradients), most of the sediment
ddivered to them is quickly transported
to lower gradient reaches. These lower
gradient reaches are where most of the
materid eroded from the upland aress is
deposited. Low gradient streams (less
than 2% dope), formed in dluvium
(sediment deposited by the action of
dreams) ae generdly located in the
valey bottom. As explaned above,

dreams in low gradient, dluvid reaches
ae sndtive to changes in  dimate,
vegetation and land uses Those
channels dready degraded are very
sendtive to changes in watershed
condition.

Degraded stream channel, incised into the
meadow.

Table 7 displays the total length of each
dream type (redstance to erosion)
draning each subwatershed, with an
emphass on the percentage of the
channds deemed sendtive to eroson
and degradation.

Degrading (gullying) sream  channels
eventually become entrenched and are
unable to access ther floodplans and
contain most floods. They aso transport
more sediment downstream, where the
response to changes in sedimert supply
iS more sendtive than to changes in
water supply. They respond to the added
sediment supply by accderating bank
egoson and widening the qully.

. Low gradient stream formed in alluvial
1 sediment in the valley bottom.
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Table 7. Sensitive Streamshby Subwater shed

Miles of Per cent of
Miles of Moder ately Miles of Total Miles
Resistant Resistant Sensitive of Sensitive
Streamsin Streamsin Streamsin Streamsin
No. Subwater shed Subwatershed | Subwatershed | Subwatershed Entire

Name (>4% grade) (2-4% grade) (<2% grade) W ater shed
1 | Lower Sulphur 14 16 54 30%
2 | Bear Wdlow 59 0.8 0.8 4%
3a | South Cafpasture 13.0 0.8 2.4 13%
3b | North Calfpasture 10.9 0.1 0.5 3%
4 | Wash 9.4 0.5 15 8%
5 | McKenzie 3.2 1.2 0.0 0%
6 | Boulder 6.3 0.3 0.8 4%
7 | Raap 8.0 3.2 0.9 5%
8 | Haskdl 6.8 0.5 0.5 3%
9a | Lower Barry 12.9 18 11 6%
9b | Upper Barry 6.3 1.8 0.9 5%
10 | Middle Sulphur 14.3 11 12 7%
11 | Upper Sulphur 12.0 04 0.0 0%
12 | McNair Meadow 6.4 0.9 1.9 11%
Tota = 116.8 15.0 17.9 99%

Yarrington Meadow, upper
Barry Creek.

Yarrington Meadow
(located in  Subwatershed
9) ae in good condition,
but headcuts, located at the
| bottom of each, threaten to
~ & degrade them.

| Moderatdly resstant stream
" channdsaredsoligedin

the table because they are

primarily storage areas for

Jig 0 0 e R N L ’ coarse sediment (gravel,
Of the 179 miles of sendtive dream cobbles and boulders) and, therefore,
channds, 30% ae in Lower Sulphur should dso be consdered dluvid. They
Creek (Subwatershed 1) and completely could have been labeled “moderately
incised into the meadow and ectively sengtive’. Because dmost dl of these
widening.  All other dreams in this channdl types are degraded, much of the
subwatershed ae in the process of coarse materid stored in them has
degrading. Both McNair Meadow moved (and is ill in the process of
(located in  Subwatershed 12) and moving)
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Coarsealluviumin Boulder Creek just above the
valley.

i ﬁW1 b T feil

downstream into the degraded channel
areas of the valey bottom.

Subwatershed 10 (Middle Sulphur)
stored very large amounts of the coarse
sediment materid that is now
moving downstream into the
valey bottom.

Each large flood deposits
more coarse materid into
Middle Sulphur to be
trangported during
ubsequent high flow events
into Lower Sulphur.

Why is this important?
Because the coarse materia
is no longer in long-term
gtorage in the middle reaches
of the watershed, it is moving
into the lower, very sengdtive

w

networks.

Transporting this coarse
materid through the man
Sulphur  Creek  channd
can take hours to years.
As a reult of the
y formation of the lage
depositiond features
5 (oravel bars), eroson of
M the highly eodible gully
banks is accderating as
sreamflows are directed
a more acute angles into
them. Because the
depositiond bars contain
large quantities of coarse
Szed paticles, they ae
more resstant to eroson
than the highly erodible gully banks.

T
el e
o s

Coarse gravel deposited in Sulphur Creek
upstream of Whitehawk, pushing channel against
opposite bank.

and degraded reaches of the vdley“ :

bottom before it moves on into the
Middle Fork Feather River. The
trangport of this coarse materid
downgream forms large, temporary in-
channel depostiond features in the form
of bars, idands, and braided channe

The entrenched channel continuesto
widen until an insat floodplain at the
lower devation formsthat is of adequate
width to baance streamflows with the
trangported sediment supply. Asthe

27



inst floodplan forms, dynamic channe
Sability occurs smultaneoudy,
punctusted by periods of ingability,
usudly resulting from large flood events.
The lower Sulphur Creek channd
(downgream of Whitehawk Ranch) has
widened enough that it is approaching
dynamic dadlility, i.e it has enough
width to creaste redively dable insst
floodplains and channdl geometry.

Lower Sulphur Creek developing an inset
channel and floodplain. Fresh gravel upstream.

Table 8 describes average widths for the
exiging floodplains, referred to as
floodprone width, which includes the
floodplain, and the exising entrenched
and undable channd (this is where the
new inset floodplan is forming) and
compares them with an estimate of the
minmum meander bet width  This is
the minimum width tha the inst
floodplan mug atan before it and the
channd can become dable The

folowing definitions should hdp with
this undergtanding:

The floodprone width is the cross-
sectional width at a height of two times
maximum bankfull depth.

Bankfull depthis the depth of flow when
it just fillsthe stream to its banks.

Bankfull flow occurs approximately
every one to two years.

The meander belt isthe
zone along a valley
floor across which a
meandering stream
shifts its channel from
time to time. It may be
from 15 to 18 times the
width of the stream.

Channel _ dtability is
defined as a channel
that maintains its
geometry  of  width,
depth and gradient,
relative to the present
climatic regime. A stable channel may
laterally migrate but it does not cut
down or aggrade its bed to the point that
it abandons its floodplain. Changes in
either supply of water, or sediment or
abundance of riparian vegetation can
cause a channel to become unstable.

See Appendix H for a more complete
andyss. The numbers in parentheses
are the range of widths measured.
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Table8. Comparison of Inset Floodplain and Entrenched Channd Widthswith
Estimated Meander Belt Widthsalong the Main Stem of Sulphur Creek, L ower

Reaches
Estimated
Total Width of Meander Belt
Existing the Existing Width for the
Location FloodproneWidth Entrenchment Stable Condition
(ft) (ft) (ft)
Upper main channel 60 150 150
(subwatershed 10) (25-150) (60-200)
Middle main channd 190 300 300
(above Hwy 89 bridge) (90-390) (200-400)
Lower main channd 100 160 400
(near mouth) (70-170) (100-280)
The edimated meander bdt widths to achieve dynamic dability aong the

necessary to achieve dynamic valey and
channd  dability assumes tha the
sdiment load is near higoric leves
which should be very low through the
main part of the valey bottom compared
to the exiging sediment load. The newly
forming valey width is a that edimated

upper and middle reaches, but the lower
reech is 4ill very narow. Table 9
decribes exiging channd  types and
management interpretations as compared
to the two expected, higtoric stream

types.

Table9. Existing Channel Typesand Management Inter pretations Compared to
Historic Stream Types (adapted from Rosgen 1996, pp. 8 & 9)

Main
Sulphur | Existing
Creek Rosgen | Sensitivity Streambank | Vegetation
Channd | Stream to Recovery | Sediment Eroson Controlling
L ocation Type | Disturbance | Potential | Supply Potential Influence
Upper B3 Low Excdlent | Low Low Moderate
c4 Very high Good High Very High Very High
Middle C4 Very High Good High Very High Very High
D4 Very High Poor Very High | Very High Moderate
Lower C4 Very High Good High Very High Very High
F4 Extreme Poor Very High | Very High Moderate
HISTORIC
Upper c4 Very high Good High Very High Very High
Mid - Low E6 Very High Good Low Moderate Very High
Mid - Low DA6 | Moderate Good Vey Low | Very Low Very High

Existing Rosgen Stream Type. Refer to Appendix H, section 3.
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Sensitivity to Disturbance. Includesincreasesin streamflow magnitude and timing and/or sediment

increases.

Recovery Potential. Assumes natural recovery once the cause of instability is corrected.
Sediment Supply. Includes suspended and bedload from channel derived sources and/or from stream

adjacent slopes.

Vegetation Controlling Influence. Vegetation that influences width/depth ratio-stability.

The data and informaion are tdling us
thefallowing:

1. Even though dream channd has
degraded, recovery has begun in
the lower reaches.

2. The large sediment loads both
from upstreeam and indtream
sources are dowing recovery.

3. Hidoricaly, coarse sediment was
dored in the upstream reaches

and only a portion of the fine
sediment was transported
through the larger vadley bottom
area to the Middle Fork Feather
River.

Adequate floodplain and
vegetaion is key for dable
stream channel aress.
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APPENDIX A

FLOOD-FREQUENCY ANALYSIS

. Tables Displaying Methods Used and Estimates of Flbod-frequency by
Subwatershed.

. Flood of January 1, 1997, in Sulphur Creek Above and Below Boulder Creek
Inflow. ,
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FLOOD OF JANUARY 1, 1997
SULPHUR CREEK ABOVE AND BELOW
BOULDER. CREEK INFLOW

N ol

FLOOD FLOW ESTIMATED AT 2400 CUBIC. FEET PER. SECOND

 PHOTOS BY BUZZ MCCANN
FLOOD FLOW ESTIMATED AT 2900 CUBIC FEET PER SECOND
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APPENDIX B

FIRE CONDITION CLASS



CONDITION CLASS

Condition class deseriptions: Condition classes ate a function of the degree of departure from
historical fire regimes resulting in alterations of key ecosystem components such as species
composition, struchiral stage, stand age, and canopy closure, One or more of the following
activities may have cansed this departure: fire exclusion, timber harvesting, grazing,
infroduction, and establishment of exotic plant species, insects and disease (introduced or

native), or other past management activities.

Condition class Attributes Example management
, options
Condition Class 1 ¢ Fire regimes are within or near an Where approprlate, these areas can bo
historical range. maintained within the historical fite

e  The risk of losing key ecosystem regime by treatments such as fire use.

compopents is low.

»  Fime frequencies have departed from
historical frequencies by no more than
on¢ return interval.

s Vegetation attributes (species
composition and structure) are intact
and functioning within an historical

range.
Condition Class 2 « Fire regimes have been moderately Where appropriate, these areas may
altered from their historical range. . need moderate levels of restoration
e The risk of losing key ecosystem tfeatments, such as fire use and hand

components has increased to modecate, | or meohanical treatments, to be
»  Fire frerquencies have departed (either restored to the historical fire regime,
increased or decreased) from historical |
frequencies by more than one reicn
interval. This results ip moderate
K changes to one or more of the
following: fire size, frequency,
intensity, severity, or landscape
patterns,
e Vegetation atiributes have been
moderately altered from thelr historical

range.
Condition Class 3 «  Fire regimes have been significantly Where appropriate, these areas may

altered from their historical range. peed high levels of restoration

e  The risk of losing key ecosystemn treatments, such as hand or
components is high. ' mechanical treatments. These

s Fire frequencies have departed from treatments may be necessary before
historical frequencies by multiple return | fire is used to restore the historical
intervals. This results in dramatic fire regitne.

changes to ons or more of the
following; fire size, frequency,
intensity, severity, or landscape
patterns.

e  Vegetation attributes have been
significantly altered from their
historical range.




ApPENDIX C

CHRONOLOGY OF HISTORICAL EVENTS

1. Sulphur Creek Watershed Analysis Chronology of Significant Channel
Changes and Watershed Impacts From AD 1848 to 2000.

2. Sulphur Creek Watershed Analysis Aerial Photograph Interpretations.



SULPHUR CREEK WATERSHED ANALYSIS
CHRONOLOGY OF SIGNIFICANT CHANNEL CHANGES AND
WATERSHED IMPACTS
From AD 1848 to 2000

1848. California Gold Rush begins at Sutters Mill, Coloma, and crude mining begins at
Bidwell Bar on the Feather River.

1849-1900. Dairy farms and ranches produce food supplies for miners and others
moving into the area. Grazing is almost synonymous with mining because horses needed
to be boarded. Highland meadows were used early for hoses and cattle. The dairy
industry began using meadows in the 1870s. At this time some meadowlands were
plowed and hay corps for feed grown. Whether or not the shift from perennial to annual
grasses occurred at this time is still debated, but the intensity of the grazing and plowing
would have favored annual grasses. During the late 1800s and early 1900s, sheep began
to be routed to the high elevation meadows.

Within the Sulphur Creek watershed, timber cutting occurred primarily for local use as
building material and firewood. Wildfires were infrequent. “Mohawk Valley is a notable
pasture tract, but is mostly under fence and cultivation. It is not largely utilized as
pasture until late in the season, when the hay crop has been cut” (Leiberg 1902).

Drought years associated with high pressure and cold air; 1850-51, 1862-63, 1976-77,
and 1897-98. ‘

Flood years during winter with heavy rainfall and rapid melt of the snowpack: 1851-52,
1861-62, 1866-67, 1883-84, and 1889-90.

A large earthquake occurred near Clio in 1875. The strength of the quake, usually
measured on the Richter Scale, is unknown, but it is reported; “...that cracks in the
ground opened and that steam and hot water were emitted” (Durell 1987).

Most of the stream channels draining the Watershed’s westside have been scoured for
centuries by debris flows, a naturally occurring sediment transport mechanism in this
landscape..

\

1901-1939. The roadway that is to be Highway 89 has been constructed, crossing
Sulphur Creek immediately downstream from the present crossing location. The channel
is single thread and narrow with good riparian vegetation. Most of the valley is under
irrigation. '

Riparian vegetation along Sulphur Creek for approximately 2000 feet upstream of the
highway crossing is sparse. The area is heavily used for hay production and grazing.



Both private and federal forestlands were being intensively logged. Much of the
headwater areas, including the slopes surrounding McNair Meadow, the Barry Creek
subwatershed, and some of the Calfpasture Creek subwatershed have been extensively -
~ logged by 1939. Logging on the westside extended from McNair Meadow to the valley,
downstream to the confluence with Barry creek, along the lower slopes. Initially logging
used horse and mule power, the logs being loaded onto wagons for transport. Next came
the big wheels, which suspended one end of the log, increasing its drag on soils. By the
1890s, Steam Donkey technology was used, whereby logs were dragged to a collection
point, greatly accelerating soil erosion. Clearcutting became feasible at this time and,
along with railroad transportation, was the most economical way to remove timber.

The 1920s saw a plethora of literature about overgrazing. Livestock grazing in the
Sulphur Creek watershed is similar to that found elsewhere. Overgrazing is the norm and
as stream channels degrade, riparian vegetation is beginning to disappear.

Drought years: 1912-13, 1919-20, and 1923-24. \

Flood years: 1904-05, 1905-06, 1906-07, 1908-09, 1910-11, 1913-14, 1914-15, 1915-16,
and 1937-38. :

1940-1941. Lower Calfpasture Creek has been straightened and the Sulphur Creek
channel begins to incise immediately downstream of the new confluence to the highway
crossing, approximately 700 feet, and downstream of the highway crossing for
approximately 1700 feet.

The mouth of Sulphur Creek at Clio is in its present location. (Note. It is suspected that
the confluence of Sulphur Creek with the Middle Fork Feather River has been relocated
upstream from its original location, possibly a result of the construction of Highway 89.
It is also possible that the MFFR has also been altered at the site of the original
confluence. If so, channel incision would have been initiated at this time, both in the
MFFR and Sulphur Creek.) ‘

Logging continues in the upper watershed areas with emphasis on the Calfpasture Creek '
subwatershed. Roads have been constructed very close to the main Calfpasture Creek
channel. :

No drought. Flood years: 1940-41.

1942-1953. The Highway 89 crossing with Sulphur Creek is reconstructed and
straightened and the main channel upstream and downstream of the crossing is also
straightened. The riparian area for approximately 2000 feet upstream and 500 feet
downstream of the crossing is sparse to devoid of vegetation. Channel incision is evident
along Sulphur Creek upstream and downstream of the new Highway 89 crossing
approximately 2000 feet in both directions. Large, barren gravel bars have developed
upstream of the crossing. Efforts to eradicate willows occurred during this time.



Logging and road construction have extended into all parts, on both sides, of the
Watershed. The use of dozers to pull logs to landings was now used extensively,
although cable yarding was used to log steep slopes. '

No droughts. Flood years: 1942-43 and 1951-52.

1954-1972. Channel incision is evident in the MFFR and in Sulphur Creek from its
mouth upstream to at least its confluence with Barry Creek. There is evidence that
channel incision has progressed upstream of the lower Loop Road bridge and into Barry
Creék, which, by now, has been relocated up against southwest side of its valley (its
present location).

Calfpasture Creek and most of the tributary channels entering the main valley from the
westside show evidence of a lowered watertable and, possibly, channel incision.
Irrigation kept most of the main valley green, including along the tributary channels to
near their confluence with Sulphur Creek. ' ‘

In 1972, a large dam, apparently constructed of soil material, is located in the main
channel near the Mohawk Valley Ranch, This dam appears to be vulnerable to breaching
and washing out, but no major washouts are evident at this time.

The channel upstream of the highway crossing is very straight, degraded, and cutting its
banks. Channel straightening must be occurring after each flood event. Because the
channel has incised and no longer accesses its floodplain annually, the gully is widening
and straightening itself. It is evident that the channel is relocating itself frequently.
Instream gravel extraction occurred upstream of Highway 89 bridge beginning in the late
1950s and continuing into the 1960s.

The Sulphur Creek Loop road was constructed in the mid-1950s and the Mohawk-
Chapman Road was completed in 1957.

Drought years: 1960-61.
Flood years: 1955-56, 1957-58, and 1964-65.

1973-1997. The main Sulphur Creek channel has widened further, developing large sand
and gravel-bars. The channel upstream of the Highway 89 crossing is no longer being
straightened but the active channel area and bars show little evidence of revegetation.
Some riparian vegetation is developing downstream of the crossing, but still very spatse.
Channel incision has progressed upstream along the main stem as far as it can; to a
stream reach composed of bedrock and boulders and located between the two Loop Road
bridges. ‘

Channel incision has also occurred upstream of the bedrock reach and has reached the
lower end of McNair Meadow. Headcuts are located just upstream of the confluence of
McNair Meadow creek with the main Stem of Sulphur Creek. The Forest Service by this



time has constructed loose-rock headcut control structures to slow headward expansion of
the gully. The stringer meadow area between the upper Loop Road bridge and the
bedrock reach has gullied (the channel is located along the west side of the meadow) and
the meadow was logged. The beaver that were present here are now gone.

Irrigated lands remain green, but the lowered water table with livestock grazing are
causing drying along the upper channel banks, including many of the tributary channels.
This is weakening the natural bank protection provided by plant roots, accelerating bank
erosion and gully widening.

The soil dam that was present in the main channel in 1972 is no longer present and the
channel is very much wider downstream of that structure location than upstream. This is
approximately the downstream end of the Whitehawk Ranch reach (formerly the
Mohawk Valley Ranch). The golfcourse is now in place.

Large areas of private uplands surrounding the valley have been extensively re-logged.
Drought years: 1975-1977 and 1986-1988S.

Flood years: 1980-83, 1986, 1995, and 1997. Several sizable landslides occurred in the
upper watershed during the 1986 and 1997 events.

1998-2000. The main channel of Sulphur Creek upstream and downstream of Highway
89 crossing is still widening, but riparian vegetation, mostly willows, is moving into the
new, lowered floodplain and mid-terrace areas. These areas are beginning to show 51gns
of recovery, but gully widening is still very active.

Logging activities are active on private lands, while the federal lands show little sign of
such activities in the recent past. The Forest Service treated the Locke Mine area,
dramatlcally reducing erosion and sediment loss.

Cattle still gfaze within the active channel, floodplain and riparian areas developing
within the widening Sulphur Creek gully.

Few indicators of beaver activities remain in the watershed except at the confluence of
Barry Creek and Sulphur Creek and on the stringer meadow immediately downstream of
the upper Loop Road bridge.



SULPHUR CREEK WATERSHED ANALYSIS
AERIAL PHOTOGRAPH INTERPRETATIONS
Benoit, 3/12/03

. By 1941, riparian vegetation upstream of the Highway 89 crossing with Sulphur
Creek is sparse to non-existent for at least 2000 feet. Downstream of the crossing,
riparian vegetation was sparse for approximately 500 feet. -

. By 1941, the lower section of Calfpasture Creek had been straightened and
Sulphur Creek from the Highway 89 bridge upstream to the confluence with
Calfpasture Creek is downcutting. Irrigation channels were in place over the
outflow area of Calfpasture Creek. Upper watershed areas have been accessed
and logging begun. Most of the road system is close to the main channel of
Calfpasture.

. By 1953 much of the stream channel upstream of the crossing was in poor
condition, with active bank erosion, channel straightening, and loss of most of the
riparian vegetation.

. Between 1941 and 1953, Highway 89 crossing over Sulphur Creek was
reconstructed and the channel was straightened for approximately 1000 feet
upstream and 500 feet downstream. The bridge was also relocated upstream from
the old bridge.

. Much of the headwater area around McNair Meadow and the Barry Creek
watershed had been logged (jammer logged with steam donkeys) by 1939. Some
of the Calfpasture watershed had also been logged in this way by then. By 1939,
logging on the westside extended down from McNair Meadow to the valley
(downstream to the confluence with Barry Creek) along the lower slopes -
(subwatershed # 10). By 1953, almost all of the eastside and the lower slopes of
the westside had been logged.

. By 1953, main channel degradation had migrated upstream of Highway 89 to
where subwatershed # 4 flows in, at least 2000 feet, and downstream of Highway
89 approx1mately the same distance.

. The 1939 photo shows little to no logglng on the westside of the valley, but most
of the stream channels are scoured by debris flows.

. Most of the valley was being irrigated by 1939.



APPENDIX D

ROAD INVENTORY FORMS

1. Roads, Skid Trails, Landings and Mine sites Problem Assessment and
Volume Estimate. \

2. Stream and Meadow Crossings Problem Assessment and Volume Estimate.



Sulphur Creek Watershed Assessment

Roads, Skid Trails , Landings and Mine sites Problem Assessment and Volume Estimate

Road # GPS , Skid Trail GPS Landing GPS Mine site GPS
Survey Date: Observer Subwatershed MP '
Discription of Problem

Mod. SEV

Sediment Movement/Hydraulic Conection

Sediment to [ ] sediment being deposited within [ 1sediment deposited in channel

Nearest channel 100' of stream channel, and high or direct hydraulic linkage.
High potential flood flow transport. ' '

Stream flow 1 1dry [ ]wet

Facility type [l JRoad [] Skid trail [ ]landing [ ]mine site

1. Road Location/Alignment: ,

' T-] less than 1000' parallels a
stream channel, or is more
than 100’ away from channel

2. Cut Slope:
Sheet / rill / gully and
Slope failure

[ 1 Sheet/Rill on >10% area
[ Jheight, [ 1width, [ ]length

- Cut slope recession [ 1length, [ ]height{ ] set back

Not including gullies and slope failure

3. Road Surface: [ ] dirt, [ ] gravel, [ ] paved, [ ] HWY, [ ] driveway.
Sheet / 1ill / gully and [ ] Sheet/Rill on >10% area
Slope failure [ Jheight, [ ] width, [ ]length

4. Till Slope:
Sheet / rill / gully and
Slope failure

[ 1 Sheet/Rill on >10% area.
[ 1hbeight, [ ] width, ]length

5. Darinage structures:

[ ] most of road parallels a
stream channel and is within
100" of the channel or most
of fill slope is actively
eroding to stream channel

[ 1 Gullying / slope failure
[ 11height, [ ] width, [ ]length

[ ] Gullying / slope failure

[ 11height, [ ]width, { Jlength

[ 1 Gullying / slope failure
[ 11height, [ ]width, [ ]length

f[ ] water bars and rolling dips, [ ] inside ditch and cross drains, [ ] out-sloped road; berms with over-side

drain, [ ]no &tructure present.

[ ]active erosion occurring.
Inside ditch <18" deep or minor
Breaching of water bars, rolling dips

Erosion of structure

[ Mength, [ ]width, [ ] depth

[ ] gully is <1'top width
[ 1length, [ ]width, [ ] depth

FErosion below structure

[ ] active erosion occurring.
ingide ditch >18" deep or
water bars and dips washed
Out

[ 1length, [ Jwidth, [ ]depth

[- 1 gully is >1' top width
[ 1length, [ ]width, [ ]depth



Enter the number of MOD> and SEV. descriptors for each of the numbered items

Mod. ‘ Sev.
1. Location/ alignment
2. Cut slope
3. Road Surface :
4. Fill slope
5. Drainage .
Total
Sediment Volume by site;
Cut slope
Road Surface
Fill slope
Drainage Total Sediment Cubic feet

Notes:



Sulphur Creek Assessment

Stream and Meadow Crossings Problem Assessment and Volume Estimate

Date Observer, Subwatershed Road # MP
Stream/Meadow Crossing * Geomorphic vnit , GPS_
Crossing Type: [ JCMP, [ Box,[ JLWC.[ JRCP: Number . Size
Mod. Sev.
Sediment Movément
Water or Sediment to Sediment being deposited within sediment deposited in channel
Nearest channel [ 1100 of a stream channel, but [ 1 ordirect hydraulic linkage
Not to the channel
Stream flow [1] dry [1  wet
Stream: Crossing Meadow Crossing  {circle one)

1. Crossing Approaches

A] Approach [ 1"0" grade (level)

Grade
Cut Slope:
Sheet / rill / gully and [ 1 Sheet/Rill on >10% area
Slope failure [ ]height, [ ]width, [ ]length

Cut slope recession
Not including gullies and slope failure

Road Surface: [ J dirt, [ ] gravel, [ ] paved, [ ] HWY, [ ] driveway.

Sheet / 1ill / gully and [ ] Sheet/Rill on >10% area
Slope failure [ ]height, [ ]width, [ ]length
Fill Slope:

Sheet / rill / gully and [ 1 Sheet/Rill on>10% area
Slope failure [ Jheight, [ ]width, [ ]length
Darinage structures: ‘

[ 1"+" grade (drops down
from crossing)

{ 1Gullying / siope failure
[ ]Yheight, { }width, [ ]length

[ 1length, [ ]height [ ] set back

[ 1Gullying / slope failure -
[ 11height, [ ] width, [ Jlength

[ ] Gullying / slope failure
[ Theight, [ Jwidth| Jlength

[ ] water bars and rolling dips, [ ]inside ditch and cross drains, [ ] out-sloped road; berms with over-side

drain, [ ]no structure present.
. Erosion of [ Terosion of inside ditch <1'
Structure
Bars

[ Jwidth, [ Jdepth, [ Jlengih

deep or minor breaching of water

[ ] erosion of inside ditch>1'
déep or water bars washed
out

[ 1width[ Jdepth[ Jlength



3‘

4.

Stream channel aboye crossing
A.Scour and erosion [ 1moderate bed scour
Headcutting <24' deep or
Bank erosion <24' high
B. Ponding [ ]significant deposition above
Crossing
C. Obstructions [ 1 partial blockage of channel or
Culvert or moderate potential
For development
Stream Channel Below Crossing
Mod.
A. Scour at [ ] active scour hole
Culvert outfall <24' deep
B. Scour and [ }moderate bed scour
Erosion <12' deep or bank erosion
<24' high
Crossing [ 1no culvert and water flows

over roadway

[ 1significant bed scour
headcutting>24' deep or
bank erosion > 24' high

[ Jroadway has topped during
past flows or could be topped

[ 1mass drift has severely
restricted channel or culvert
area or high potential
for development

Sev.

[ 1active scour hole
>24' deep

[ ] significant bed scour
>12' deep or bank erosion
>24' high

[ ] crossing washed out or
recently replaced

Enter the number of Mod. and Sev. descriptors for each of the numbered items,

Mod. .
1. Crossing Approaches
2. Stream Channel
Above Crossing

3.Stream Channel

Below Crossing
4. Crossing

Total .

Sediment Volume by site;
Cut slope

Road Surface

Sev.



APPENDIX E

ROAD INVENTORY RESULTS
EROSION VOIDS

1. Tables Displaying the Number of Problems and Erosion Void Volumes by
Subwatershed.

2. Tables Displaying the Erosion Void Volumes by Road.
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APPENDIX K

ROAD INVENTORY RESULTS
" HYDRAULIC LINKS

. Tables Displaying the Change in Drainage Density and Hydraulic Linkages
by Subwatershed.

. Table Displaying the Hydraulic Linkages by Road.

. Road-Drainage Channels, A Comparison with First-Order Streams as an
Estimate of Equivalency.
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ROAD-DRAINAGE CHANNELS
A COMPARISON WITH FIRST-ORDER STREAMS AS AN ESTIMATE OF
EQUIVALENCY
Benoit, 2003

Problem Statement: Roads receive both surface and subsurface water, carrying this
water either directly off the road surface and onto the slopes below or, as in many cases,
water collects in constructed drainage channels, where it is either discharged onto the
slopes below the roads or directly to stream channels. Road-drainage channels perform
very similar to stream channels, collecting slowly moving groundwater into surface
flowing systems, then concentrating and delivering it to down-channel areas. Where
these drainage channels connect directly to natural streams, water that would have been
delivered to stream channels over an extended period of time is now delivered rapidly.
This increases the total flow within the natural stream system duting storm and snowmelt
runoff episodes. Even though the total amount of water yielded by a watershed isn’t
changed, the timing of that flow is reduced, manifesting itself as increased peak flows
(larger volume of water during the height of runoff events). Increased peak flows can
result in channel adjustments, especially where channels have formed within small-
grained, easily eroded material, such as in meadows. These adjustments can result in
gully formation or, where gullies already exist, in an increase in the rate of the adjustment
process, usually as gully widening.

The watershed area contributing water to road drainage channels is much less than that of
natural, first-order channels. The contributing watershed area for a road drainage channel
consists of the slope above the channel plus the road surface. The contributing watershed
area for a natural, first-order stream channel consists of the two slopes adjoining the
channel plus the entire watershed area upstream of the definable channel, the zero-order
watershed, area.

Analysis: To estimate the first-order channel equivalency for the road drainage channel,
the following simple analysis was performed.

1. Assume the contributing watershed area for the average first-order channel is
roughly pear shaped and that a simple equilateral triangle can be used for this
analysis (Figure 1 & 3). :

2. Assume the average definable first-order channel extends half the distance from
the mouth to the watershed divide (Figure 1).

3. Assume the contributing watershed area for a road drainage channel consists of
only the upslope area along the length of the channel and the contributing area can
~be estimated using a rectangle (Figure 2).

The result of this simple analysis is that a single unit of road drainage channel is roughly
equivalent, on the average, to % of a first-order channel.
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Figure 1. First-order Channel Contributing Watershed Area.
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Figure 3. Road Drainage Channel Equivalency to a First-order Channel.
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APPENDIX G

ROAD INVENTORY RESULTS
SELECTED ROADS

1. Summary Table.

2. Tables for Each Selected Road.
a. FS22N98 (westside)
b. FS 2IN27 (westside)
c. Highway 89 (eastside)
d. FS 22N13 (eastside)
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MOHAWK CHAPMAN ROAD (FS 22N98) IN THE SULPHUR CREEK WATERSHED

EROSION VOIDS AND HYDRAULIC LINKAGES

2002
Erosion |Hydraulic
Witsd No | Loc No |Assessment Problem Vol (ft*) | Link (ft)
2 0 none none
total = 0 . . 0 0
4 44 crossing cutslope and inside ditch 3,540 470
4 202 crossing cutslope and inside ditch - 8,930 470
4 203 crossing cutslope and inside ditch 2,580 430
4 204 crossing cutslope and inside ditch 1,200 200
4 205 crossing cutslope and inside ditch 2,600 500
4 206 crossing cutslope and inside ditch 32,436 2,151
4 207 crossing cutslope and inside ditch 6,580 940
4 225 crossing cutslope and inside ditch 2,943 335
total = 8 60,809 5,496
5 208 crossing cutslope and inside ditch 525 500
5 209 crossing cutslope and inside ditch 4,944 1,120
total = 2 5,469 1,620
6 210 crossing cutslope and inside ditch 800 200
6 211 crossing cutslope and inside ditch 1,480 370
6 212 crossing cutslope and inside ditch 1,014 195
6 213 . crossing cutslope and inside ditch 2,275 325
total = 4 5,569 1,090
7 214 crossing cutslope and inside ditch 4,973 585
7 215 crossing cutslope and inside ditch 3,360 420
total = 2 8,333 1,005
8 221 road entire prism 1,700,000 500
8 217 ~ crossing cutslope and inside ditch 8,000 500
8 218 crossing cutslope and inside ditch 2,400 200
8 249 crossing cut & fill slopes and inside ditch | 10,035 300
8 220 crossing cut & fill slopes and inside ditch 10,440 270
total = 5 1,730,875, 1,770
10 226 crossing cutslope and inside ditch 5,357 675
10 227 crossing cutslope and inside ditch 5,400 800
10 228 crossing cutslope and inside ditch 8,388 520
total = 3 _ 19,145 1,995
11 128 road drainage structure 9,625 1,100
11 121 crossing cutslope and inside ditch . 210 140
11 128 crossing cutslope-and inside ditch 1,296 360
total = 3 ' 11,131 1,600
TOTAL = 27 1,841,331 14,576
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FS ROAD 21N27 IN THE SULPHUR CREEK WATERSHED

EROSION VOIDS AND HYDRAULIK LINKAGES

2002
Erosion | Hydraulic
Witsd No | Loc No | Assessment Problem Vol (ft) | Link (ft)
2 0 0 0 0
total = 0 : 0 0
4 188 crossing cut and fill slopes 1,468 190
4 311 crossing cutslope 495 110
4 312 crossing cutslope- - . 822 140 -
4 313 crossing cut and fill slopes 622 115
4 314 crossing ] cutslope 720 200
4 315 crossing cutslope, fillslope, and rd surface 862 110
4 316 crossing cutslope and drainage structure 1,860 150
total = 7 6,849 1,015
6 272 crossing inside ditch 0 160
6 273 crossing " road surface 480 160
6 304 crossing cutslope, fillslope, and drain struc. 1,490 120
6 305 crossing cutslope, rd surface, and drain struc. 645 150
6 306 crossing cut, fill, surface, and drain structure 180 250
. 6 307 crossing cutslope and drainage structure 99 70
6 308 crossing road surface and fillslope 100 50
6 310 crossing cutslope and road drainage structure 739 140
total = 8 3,733 1,100
7 303 crossing cutslope, fillslope and road surface 597 60
total = 1 597 60
8 299 crossing cutslope, fillslope, and drain structure 333 100
8 300 ~ crossing cutslope and drainage structure 972 260
8 301 crossing cutslope, fillslope, and drain structure 1,849 515
8 302 crossing cutslope and drainage structure 2,016 450
total = 4, , 5,170 1,325
10 297 crossing cutslope, fillslope, and drain structure 173 130
10 298 ¢rossing drainage structure 0 30
total = 2 173 160
11 0 0 0
total = 0 0 0
Total = 22 16,522 3,660
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HIGHWAY 89 IN THE SULPHUR CREEK WATERSHED

EROSION VOIDS AND HYDRAULIC LINKS

2002
Erosion | Hydraulic
Wisd No. | Loc. No. | Easterly | Northerly Assessment Problem Vol (ft}) | Link (ft)

1 unk unk crossing inside ditch 0 2,840

1 170 708635 | 4400760 crossing inside ditch at Sulphur Cr. Xing 0 2,840
1 173 711049 | 4399555 crossing cutslope and inside ditch 270 300

total = 3 270 5,980
3a 169 710235 | 4399992 crossing cutslope and inside ditch 480 350
3a 171 710616 | 4400089 crossing inside ditch 0 600
total = 2 480 950
9a 172 711461 | 4398832 crossing inside ditch 0 160
9a 174 711295 | 4399239 crossing cutslope and inside ditch 1,360 850
9a 175 711512 | 4398631 crossing cutslope 1,350 100
9a 176 711631 | 4398226 crossing fillslope 900 10
9a 177 711655 | 4398201 crossing fillslope 338 15
9a 178 711678 | 4398130 crossing cutslope and inside ditch 280 70

total = 6 4,228 1,205
10 46 714587 | 4395161 road _|cutslope and drainage structure 25,900 700
10 105 712941 | 4396547 crossing inside ditch 0 200
10 106 712767 | 4396702 crossing fillslope and inside ditch 150 250

10 107 712594 | 4396765 crossing cutslope and inside ditch 7,200 450

10 108 712512 | 4396824 crossing [fillslope 8,450 100
10 123 713035 | 4396435 crossing cutslope and inside ditch 21,875 350
10 150 712473 | 4396839 crossing _ [fillslope 270 60
10 151 711702 | 4397938 crossing cutslope and inside ditch 61,425 585
10 152 711856 | 4397794 crossing cutslope and inside ditch 7,200 320
10 153 711952 | 4397683 crossing cutslope and inside ditch 11,250 180
10 154 711968 | 4397662 crossing cutsiope and inside ditch 20,250 270
10 155 712041 | 4397524 crossing cutsiope and inside ditch 16,875 225
10 156 " 712062 | 4397486 crossing cut & fill slopes and inside ditch 31,165 350
10 157 712739 | 4397356 crossing cut & fill siopes and inside ditch 36,750 300
10 158 712180 | 4397281 crossing cut & fill slopes and inside ditch 6,525 200
10 159 712223 | 4397217 crossing cutslope and inside ditch 43,200 270
10 160 712247 | 4397146 crossing cut & fill slopes and inside ditch 41,250 300
10 161 712302 | 4397054 crossing cut & fill slopes and inside ditch 28,800 230
10 162 712410 | 4396949 crossing cutslope and inside ditch 12,250 140
10 163 712354 | 4396927 crossing cutslope and inside ditch 17,220 120
10 714812 | 4395025 crossing inside ditch 0 450
10 714104 | 4395813 crossing cut & fill slopes and inside ditch 319 60
10 714169 | 4395726 crossing cutslope and inside ditch 5,625 150
10 714251 | 4395696 crossing cutslope and inside ditch 2,000 250
- 10 714364 | 4395642 crossing cutslope and inside ditch 7,500 525
10 714483 | 4395580 crossing cutslope and inside ditch 1,800 300
10 715770 | 4396079 crossing cutslope and inside ditch 1,200 600
10 713281 | 4396299 crossing fillslope 203 45
10 712863 | 4396510 crossing cutslope, road surface, fillslope 1,890 60

total = 29 418,542 8,040
12 45 715073 | 4394993 road cutslope and inside ditch 1,800 500
total= 1 1,800 500

TOTAL = 41 425,320 | 16,675




€90 ape'e z8g'cl Sre'olL 960°S S65°.S1 v Gg'9 = [e30}
010 620 9e6°lL ) 98¢e’) €0L'y 120°C 196%S 6 12 962 e6
710 zlo 919 qov'e ovl'y 180'Y 0L0C Z8Z'¥S 8 ) 980 ag
600 €20 611 V1LY 768 1912 G90'L 9v.'se g ¢l £6C eg
Iwyiw sojiw | (3) passnipy 1] lw/suo} | suo} PA Tl 1w/sqo 'sqO | (1w) y3bua | "ON psSIM
Jurq pAH “)jurq ainelpAy $SOT JOA papoiz awnjop ‘
2002
STOVINIT MITNVHAAH ANV SAIOA NOISOY3

3IHSHUILVM M3FHD JdNHLTINS FHL NI €ENZZ avOod sS4




FS ROAD 22N13 IN THE SULPHUR CREEK WATERSHED

EROSION VOIDS AND HYDRAULIK LINKAGES

2002
Erosion | Hydraulic
Wtsd No | Loc No |Assessment Problem Vol (ft°) | Link (ft)
3a 35 road surface and fillsiope 422 300
3a. 61 road road surface 637 700
3a 238 - road location, cut, fill, and rd surface 5,246 1,136
3a 145 crossing |cutslope and inside ditch 1,647 250
3a 146 crossing |inside ditch- 38 45
3a 224 crossing |cutslope and inside ditch 1,870 370
3a 232 crossing |cutslope and fillslope 11,862 250
3a 233 crossing |road surface 25 100
3a 234 crossing |cutslope and inside ditch 3,976 568
3a 235 crossing |cutslope and inside ditch 630 300
3a 236 crossing |cutslope, fillslope, and inside ditch 330 275
3a 237 crossing | cutslope, rd surface and inside ditch - 1,500 250
3a 239 crossing |cutslope and inside ditch 563 230
total = 13 28,746 4,774
3b 240 crossing |cutslope and inside ditch 750 100
3b 241 crossing |cutslope and inside ditch 324 120
3b 242 crossing |cutslope, fillslope and inside ditch 10,800 675
3b 243 crossing [fillslope and inside ditch 32,547 380
3b 244 crossing |cutslope and inside ditch 6,901 795
3b 245 crossing |cutslope, fillslope and inside ditch 2,946 375
3b 246 crossing (fillslope 14 20
total = 7 54,282 2,465
9a 39 road cutslope and inside ditch 2,157 1,211
9a 47 road fillslope 1,022 852
9a 37 crossing |cutslope, fillslope and inside ditch 561 100
9a 38 crossing |cutslope, rd surface, and inside ditch 2,336 400
9a 39 crossing |road surface and fillslope 143 60
9a 40 crossing |road surface 128 40
9a 85 crossing |cutslope and inside ditch 2,130 284
9a 86 crossing |cutslope and inside ditch 29,536 1,136
9a 87 crossing |cutslope and inside ditch 2,314 325
9a 90 crossing |cutslope and inside ditch 1,406 125
9a 91 crossing |cutslope and inside ditch 975 85
9a 92 crossing - |cutslope, fillslope,’and road surface 1,365 75
9a- 93 crossing |cutslope and road surface 2,780 425
9a 141 crossing |cut, fill, rd surface, and inside ditch 2,534 275
9a 142 crossing |cutslope and inside ditch 1,620 300
9a 143 crossing |cutslope and inside ditch 572 150
9a 144 crossing |cutslope and inside ditch 2,988 300
total = 27 54,567 6,143
TOTAL = 47 137,595 | 13,382




APPENDIX H

GULLY, STREAM CHANNEL AND FLOODPLAIN
ANALYSIS

1. Analysis of Individual Channel Gully Sections
2. Bankfull Morphometric Measurements and Bankfull Discharge Estimates

3. Simplified Version of the Rosgen Stream Classification System.
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ROSGEN STREAM CLASSIFICATION SYSTEM
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<

Dominant
Bed

C

D

DA .

Material

1

BEDROCK

2

BOULDER

3

- COBBLE

4

GRAVEL

SILT/CLAY

ENTRH.

<14

1.4-2.2

>2.2

N/A

>2.2

>2.2

<1.4

<14

SIN.

<1.2

>1.2

>1.4

<t

1.1-1.6

>1.5

>1.4

>1.2

W/D

<12

>12

>12

>40

<40

<12

<12

<12

SLOPE

.04-.099

.02-.039

<02

<.04

<.005

<.02

<.02

.02-.039

.. ~Cross-section view of stream lypes (adapled from Rosgen 1994). Original drawings by Lee Silvey, Courlesy
of Catena Verlag.



Appendix |
Sulphur Creek Citizen Monitoring 2003

Background
A core group of citizen monitors collected flow and turbidity data during winter and spring of

2003. The goal of the group was to assist the FR-CRM in collecting data that would contribute to
an understanding of watershed processes, and document pre—restorauon project conditions.
Another goal of the group was to begin a data collect1on regime in order to gain experience, and
refine methods as needed. :

The purpose of the flow monitoring was to compare streamflow to precipitation, in order to
determine how much of a spike there was in the hydrograph compared to precipitation events.

. The purpose of the turbidity measurements was as a surrogate for total suspended solids. These
two parameters were monitored with the assumption being that spikes in streamflow and high
turbidity are indicators of hydrologic dysfunction in the watershed.

Methods
In summer 2002, an FR-CRM sub-contractor, Sagraves Environmental, installed four gage plates
at the following locations in the watershed:

- Main Stem Sulphur Cr just above the upper Loop Road bridge

- Main stem Sulphur Cr just below the lower Loop Road bridge

- Barry Creek just above the Highway 89 culvert

- Boulder Creek, about 200’ upstream of its confluence with Sulphur Cr.
Stage levels were monitored at these stations as well as a fifth location off of the temporary
railing of the Highway 89 bridge above the mouth of Sulphur Creek (bridge still under
construction during this period). The elevation of the bridge railing was tied to a benchmark,
however, the other locations were not.

From summer 2002 to summer 2003 three to five flow measurements were taken using either a
Marsh-Mc¢Birney or a pygmy flow meter at each the four gage locations in order to develop stage-
discharge relationships. Only one measurement was taken at the 89 bridge, so no relationship
could be developed for that site.

From January-May 2003, gage heights were read at all five locations, and water samples were
sometimes taken for turbidity analysis. The schedule of readings was generally random, and not
coordinated between the volunteers, although an attempt was made to make sure that readings
were made in conjunction with storm events. Precipitation was recorded by personnel at the
Beckwourth Ranger Station. .

Results

Figure A-1 shows derived discharges (from the gage readings) for the four rated gage locations,
and precipitation from the Beckwourth RD. Discharge data points are not connected because
discharge is unknown between the gage readings. It should also be noted that due to a small
number of rating flow measurements, the ratings can only be considered to be moderately
accurate.

Figure A-2 shows turbidities that were collected at various gage readings (stages) for the four
gage stations. Only one turbidity sample was collected at the 89 bridge, so that site is not



included. An attempt was made to add a trend line to each graph. A polynomial relationship
provided the best correlation, however, even that correlation is not strong.

Discussion

Figure A-1 shows that gage readings were, indeed, taken in conjunction with some of the storm
events. However, because of the few readings, it is difficult to get a clear picture of the
hydrograph. Even more regularly scheduled readings may not catch peak flows. During storm
events, it would be best to get 3-4 readings per day. As this is a volunteer program, I don’t know
if that is feasible. Some of the volunteer gage readings do not show up on the graph because
there was not a corresponding rating measurement to convert the gage reading to a discharge.
One disconcerting observation is that the graphs shows discharges at the Upper Loop bridge site
to be greater than those at the Lower Loop bridge site. And at one point, the discharge at Barry
Creek was also higher than the Lower Loop site. Either there is significant subsurface flow, or
there was an etror in the rating measurements at the Lower Loop site or another site. 2004 data
are expected to provide further information on flows at all of the sites, and graphs similar to
figure A-1 will be developed.

The turbidity data, displayed in Figure A-2 as a function of stage, show a relatively weak
relationship. Here again, turbidity samples were collected during events, but usually only once a
day at best. Turbidity is also a function of precipitation and whether or not the sample was
collected on the rising or the falling limb of the storm. Most sites in Figure A-2 show varying
turbidity at the same stage. Here again, turbidity, or even Total Suspended Solids may have to be
collected more often during events in order to see if watershed restoration has an effect on these
parameters, The CRM will be installing a continuous recording station near the mouth of Sulphur
Creek, which will record flow and temperature every hour (this will be the CRM’s 9™ station of
this type in the Upper Feather). It is hoped that this station, together with the citizen monitoring
data, will provide a clear picture of the ability of the watershed to retain precipitation for release
later in the drier periods of the year.

Recommendations .
As mentioned in the beginning of this appendix, one of the goals of citizen monitoring in early
2003, was for the monitors to begin getting experience collecting the data. The CRM staff also
wanted to see how informative the data would be. A number of recommendations came from this
first year of monitoring:

- An attempt should be made to get more volunteers, and to collect data on a more regular
schedule. The random nature of the flow data made it difficult to discern what may have
happened between readings.

- The gages need to be moved so that they are in the water, (This was completed by
Sagraves Environmental in summer 2003.)

- The new gage locations need to be surveyed in and elevations tied to a benchmark.

- Weneed to have many more rating measurements. (To date, about 5 measurements have
been made per site.)




Sulphur Cr @ Upper Loop Bridge flows and precip at Beckwourth RD
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Sulphur Cr @ Upper Loop Bridge turbidity at various stages

14
13

12

"

y = 88,5004 + 79.083x + 16.904

R® = 0.6082

NTU's

4 M s

CaANWEODN®

+ + * *oy

-0.70

-0.40 -0,30
Gage helght (ft}

-0.60 -0.50 -0.10

0.00

Sulphur Cr @ Lower Loop bridge turbidity at various stages
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Appendix J
Sulphur Creek Water Temperatures

In conjunction with this Sulphur Creek Watershed Assessment and Restoration Strategy, is a
study by University of California Cooperative Extension and Dr. Lisa Thompson of UC Davis on
the availability and use of refugia for coldwater fishes in rangeland streams. Sulphur Creek is
one of several study sites throughout California. As part of this study, seven continuous
recording thermographs were installed on the mainstem of Sulphur Creek. The thermographs
record temperature once every hour, and are displayed here in Farenheit. Average daily
temperatures are displayed in Figure A-1. The following table displays some summary statistics
for water temperatures at the seven locations from June 7 through September 3, 2003, compiled
by FR-CRM staff.. The statistics are as follows:

Absolute daily MAX water temp = The highest 1 hour-long temperature that was recorded
during the sampling period.

MAX 7-day avg of daily avg = A running 7-day average was calculated throughout the sampling
period, This column displays the highest of those seven-day averages.

# 7-day averages >66F = This column displays the number of running seven day averages that
were greater than 66 degrees Farenheit. The importance of this parameter is biological, in that if
the water is an average temperature greater than 66F for seven days, it is probably not conducive
to a coldwater fishery.

# days with max >75F = This column displays the number of days that had an absolute 1-hour
long temperature greater than 75F. The importance of this parameter is also biological, in that if
the water has a short-term maximum greater than 75 degrees Fahrenheit, then it is probably not
conducive to a coldwater fishery.

Max diurnal fluctuation = This column shows the greatest fluctuation in temperature in a 24-
hour period during the sampling period.

Thermograph | Absolute Max 7-day # of 7-day # of days with | Max diurnal

location Daily Max avg of daily avgs >66F max >75F fluctuation
-, Wir Temp avg -

Abv McNair 56 ' 53 0 0 7

Meadow

Blw McNair 63 56 0 0 12

Meadow '

Upper Loop 66 59 0 0 12

Bridge

Upper White- 79 64 0 1 27

hawk Ranch

Lower White- 80 64 0 15 27

Hawk Ranch : )

Abv 89 Bridge - 83 67 5 43 29

Mouth 83 69 16 38 28

In general, temperatures are conducive for trout production in Sulphur Creek, especially in the
reaches above the valley. The valley itself lacks good riparian vegetation, and it is not suprising
to see temperatures steadily increase from the top to the bottom of Sulphur Creek. While the
worst temperature conditions appear at the mouth of Sulphur Cr, it should be noted that
electrofishing surveys at the mouth in 2001 and 2003 did show the presence of trout. Trout are
known to exist in other sections of Sulphur Creek, however, this creek has never been known as
an excellent cold-water fishery.
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