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1 INTRODUCTION

The Scott River Watershed Council (SRWC), in furthering its mission to support science-based
restoration in Scott Valley, isworking to restore natural processes and functions in the Callahan
Y uba Dredge Tailings Reach of the Scott River (hereafter referred to as the Tailings Reach),
located from River Kilometer (RKM) 83.8 to 91.9 in Siskiyou County, California. The work
involves constructing and enhancing habitat features intended to invigorate positive ecol ogical
responses towards the recovery of listed anadromous salmonid species. Project implementation
will be phased based on funding availability, as well as the willingness and availability of private
landowners to implement actions in the channel and in existing and former floodplain portions of
their property.

The Scott River Watershed Council, in collaboration with other key stakeholders, implemented
the Westside Planning Project in 2018 (SRWC 2018). The project identified and prioritized high
value, cost-effective opportunities to restore and enhance off-channel summer rearing and
overwintering habitat for juvenile coho salmon (Oncorhynchus kisutch) in the Scott River and the
west side tributaries to Scott Valley. The project identified lower Sugar Creek and the Scott River
floodplain in the vicinity of the Sugar Creek confluence as high-priority areas for habitat
restoration and enhancement. SRWC has implemented severa habitat restoration projectsin this
area over the past six years, including construction and adaptive management of Beaver Dam
Anaogues (BDAS) in Sugar Creek from 2014 to 2017 and floodplain restoration in both lower
Sugar Creek and the adjacent mainstem Scott River in 2020. SRWC has established and
maintains a network of groundwater and surface water monitoring sites in the area and has been
monitoring salmonid use of habitat featuresin this area since 2014.

The Long Pond Habitat Enhancement Design Project (hereafter Long Pond Project or Project)
described in this Basis of Design report is located within the existing and former mainstem Scott
River floodplain where SRWC has recently focused their habitat restoration efforts along lower
Sugar Creek. The Long Pond project will establish connection to Sugar Creek and further
enhance the complex mosaic of existing and restored aquatic and riparian habitat in the area.
Stillwater Sciences is supporting SRWC with science-based engineering analysis and design
development as part of the Project. The recent project implementation and monitoring by SRWC
provides awealth of information to inform the Long Pond project design elements. This draft
basis of design (BOD) report describes preliminary feasibility analyses developed from field and
office-based analyses, two conceptual design alternatives (i.e., 30% design level; see Appendix A
for design drawings), and a preferred aternative.

During development of the project, stakeholders who form a Technical Advisory Committee
(TAC) and who provide a cross section of habitat restoration knowledge and experience are
helping integrate the best available science by reviewing technical analyses and conceptual
designs and assisting in selecting and further developing a preferred alternative. TAC members
for this project include representatives from the California Department of Fish and Wildlife
(CDFW), the National Marine Fisheries Service (NMFS), the North Coast Regional Water
Quality Control Board (Regional Water Board), University of California Davis, SRWC, and
Stillwater Sciences (Table 1-1).
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Table 1-1. Technical Advisory Committee members and other project stakeholders.

Technical Advisory Committee

Member Affiliation
Shari Witmore NOAA
Bob Pagliuco NOAA Restoration Center
Mark Elfgen CDFW
Jacob Shannon Regional Water Board
Eli Scott Regional Water Board
Ann Willis UC Davis
Erich Y okel SRWC
Charnna Gilmore SRWC
Betsy Stapleton SRWC
Jay Stallman Stillwater Sciences
Ryan Kilgren Stillwater Sciences

1.1 Project Location

The Long Pond project site is located within the existing and former floodplains of the Scott
River and Sugar Creek, near the Sugar Creek confluence approximately 2.5 miles north
(downstream) of the town of Callahan in Siskiyou County, California (Figure 1-1). The project
area encompasses dredged mine tailings and associated ponds, as well as an approximately 800-
foot (ft)-long reach of the Sugar Creek channel immediately downstream of State Route 3.

The Scott River drains 813 square miles from its headwaters at approximately elevations of 7,000
to 8,000 ft (2,134 to 2,438 meters) to an aluvial valley floor at 2,700 ft (820 meters) and onward
to the Klamath River at 1,580 feet (482 meters). Sugar Creek isamajor west side tributary to the
Scott River that originates at Russian Peak in the Salmon Mountains and drains 13.3 square miles
asit flows east to the Long Pond project area and Scott River at approximately RKM 87.6. The
drainage area of the Scott River upstream of the Sugar Creek confluence is approximately 170
square miles (USGS 2021). Average annual precipitation in the project vicinity is 42 inches,
ranging from 20 inches in the valley bottom to 60 inches at higher elevations.

1.2 Need for the Project

The Scott River supports a core, functionally independent population of Southern
Oregon/Northern Caifornia Coast (SONCC) Coho salmon, one of the most productive natural
stocks in the Klamath River basin (NMFS 2014). Although little information is available to
estimate coho abundance prior to the mid-20th century, legacy impacts from placer mining and
other land uses have contributed significantly to a reduced population size relative to the
historical size. CDFW currently estimates the adult coho population size in the Scott River
watershed based on cooperative annua spawning ground surveys in the mainstem and tributaries
(initiated in 2001) and adult migration past a video counting facility located in the mainstem Scott
River at RKM 29 (initiated in 2007). Monitoring of the yearling juvenile emigration has also
taken place since 2000. Since video operations began in 2007, the estimated escapement of coho
Salmon in the Scott River has ranged from alow of 63 to ahigh of 2,752 and averaged 645
(Knechtle and Giudice 2020). The total number of Chinook Salmon that entered the Scott River
during the 2019 season was estimated to be 2,090 fish (Knechtle and Giudice 2020).
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Figure 1-1. Location of the Long Pond Habitat Enhancement Design Project.
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NMFS determined that 6,500 spawners are required to maintain a viable coho salmon popul ation
in Scott River. The discrepancy between the current estimated coho population size and the size
required to sustain a viable population underscores the need for immediate intervention to help
achieve recovery targets by eliminating migration barriers, improving water quality and
availability, and restoring critical habitat.

An analysis of factors limiting coho salmon in the Scott River identified alack of suitable rearing
habitat during the summer and winter months as the most probable limitation for smolt
production and the factor most limiting the population (SRWC 2006, NMFS 2014). Off-channel
habitats are particularly important for survival, growth, high flow refuge, and overall life history
diversity of juvenile coho in the Project area. These include habitats with slow-moving water,
complex cover, and abundant food availability that are typically associated with floodplain
wetlands and backwaters, secondary channels, alcoves, beaver ponds, and low-gradient
tributaries. As water temperatures increase, individuals redistribute to thermal refugia with
suitable low velocities and water temperatures.

Juvenile coho salmon redistribute from their natal habitats during the spring and fall in search of
suitable summer or winter rearing locations. Gorman (2016) found that individual juvenile coho
salmon in the Shasta River and Scott River that out-migrated as young-of-the-year (Y QY),
possibly due to poor natal conditions, experienced higher juvenile mortality than those rearing in
natal streams. High juvenile mortality while transitioning to a non-natal stream can contribute to
lower future adult returns. This mortality could have large effects on returns when, asin 2014 (a
drought year), the abundance of YOY outmigrantsis much larger than the number of smolt
outmigrants within a cohort. Gorman (2016) interpreted from otolith analysisand PIT tag
detectionsin the Shasta River that natal rearing contributes more to population persistence than
non-natal rearing.

The mainstem Scott River within the Tailings Reach is confined to a narrow channel by 20 to 30
ft-high tailings piles comprised of small boulders, cobbles, and gravel. Confinement by tailings
through the reach has disconnected the floodplain, simplified channel morphology, coarsened the
bed, increased sediment transport, and resulted in increased deposition in downstream reaches.
Floodplain disconnection has reduced groundwater recharge and storage capacity, aswell as
access to former floodplain habitat that provided high-value foraging, rearing, and slow water
refugia for salmonids during winter high flows and hel ped fuel food-web productivity. In addition
to causing floodplain disconnection, historical dredge mining realigned the mainstem Scott River
channel to the eastern margin of the valley, establishing a gradient in the shallow aquifer from
east to west away from the present river channel and toward the west side of the valley. Asa
result, the Scott River channel now goes dry and disconnects through the Tailings Reach during
the spring baseflow recession through the fall, preventing anadromous salmonids from moving to
and from mainstem and tributary habitats in the upper 20% of the watershed, including Sugar
Creek. Asdrought and climate change progress, dewatering of this reach of the Scott River will
likely become more frequent, more extensive, and longer in duration. The exposed cobble and
lack of vegetation throughout the Tailing Reach have aso increased incident solar radiation and
added to the river’ s thermal loading, contributing to the Scott TMDL temperature listing.

Remediation of the Tailings Reach has been identified in both the State and Federal coho
recovery plans as a high priority restoration action for the recovery of coho salmon (CDFG,
2004). The SONCC Coho Salmon Recovery Plan (NMFS 2014) prioritizes recovery actions that
(1) enhance and extend surface flow connectivity in the Scott River and tributaries so that
sufficient instream flows are available for coho salmon migration, and (2) increase summer and
winter rearing habitat through increased floodplain connectivity. NMFS recommends improving
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summer and winter rearing habitat by restoring natural channel form and function and by
restoring or creating ponds, alcoves, backwater habitats and other off-channel features.

1.3 Project Goals

The central goal of the Long Pond Project isto develop and enhance habitat features in the Scott
River floodplain in the vicinity of the Sugar Creek confluence that remediate limiting factors for
ESA and CESA listed Southern Oregon Northern California Coast Coho. The design elementsin
the Project area are intended to provide the following attributes that support high quality summer
and winter rearing habitat for juvenile coho:

e Accessto cold water refugiafor over-summering habitat with good water quality, high
primary productivity, and sufficient depth and cover for protection from predation;

e Accessto winter habitat with slow water during high flow events; and

e Connectivity between over-summering and winter rearing habitats in Long Pond, Sugar
Creek, and the Scott River.

In addition to improved rearing habitat conditions for juvenile coho salmon, implementing
actions that restore and enhance floodplain habitat and connectivity between Long Pond, Sugar
Creek, and Scott River offersthe potentia for significant groundwater recharge, increasesin dry
season baseflow, and associated fish passage through reaches currently vulnerable to seasonal
dewatering. The existing disconnected pond referred to as Long Pond and the other adjacent
perennial ponded water features located in the Project area intercept an abundant supply of cool
shallow groundwater, and connecting these ponds to the mainstem Scott River and/or Sugar
Creek offers the potential to create and maintain connectivity between critical summer thermal
refugia and winter velocity refugiafor both adult and juvenile salmonids and other aquatic
Species.

The project objectives will be achieved by compiling existing data and acquiring additional
relevant data, conducting analyses to evaluate opportunities and constraints, devel oping design
aternatives, and producing a 100% design for a preferred alternative. The TAC met on 15
December 2020 to discuss opportunities and constraints and design alternatives.

1.4 Limitations and Constraints

Both the legacy of historical land uses and the current uses of private properties within the Project
arearesult in potential limitations or constraints to habitat restoration and enhancement.

1.4.1 Historical land use

Prior to western expansion of settlersinto Scott Valley during the early 1800s, the river occupied
expansive floodplain aquatic and riparian habitat where a dynamic river channel contained
complex morphology, multiple flow paths connecting to the floodplain, abundant large woody
debris, and frequent beaver ponds. The river through the current Tailings Reach likely had year-
round flows and supported large salmon and steelhead runs (Wells 1881; Stuart 1925, ascited in
Klamath Basin Fisheries Task Force 1991; USDA 1944; Jackson 1966). Since then, the Scott
River basin has been atered by many human activities that have affected aguatic and riparian
habitats, including removal of beaver, hydraulic and dredge placer mining, construction of dams
and diversions, river channelization, agricultural conversion, road construction, timber harvest,
and rural residential development. These anthropogenic impacts, combined with the effects of
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large floods (e.g., 1955, 1964, and 1997) and fires, have simplified, degraded, and fragmented
salmonid habitat within the basin (NMFS 2014).

Trappers removed large numbers of beaver from Scott Valley during the 1820s and 1830s (Wells
1881, as cited in Sommarstrom 1990). Many beaver ponds, which historically provided important
off-channel rearing habitat and diverse channel margin habitat attractive to coho salmon, were
lost with the removal of beaver (Mack 1958, SRWC 2005). This habitat loss likely significantly
decreased the fitness and survivability of coho salmon in the Scott River basin (NMFS 2014).

Pervasive and lasting changes to the landscape began in about 1850 when alluvia reaches of the
Scott River and major tributaries were extensively mined for placer gold deposits (Wells 1881).
From 1936 to 1951, a floating dredge owned by the Y uba Consolidated Gold Fields Company
mined the Scott River for placer deposits within a 4.7-mile reach downstream of Callahan
between approximately RKM 83.8 and RKM 91.9 (Averill 1946, as cited in Klamath Basin
Fisheries Task Force 1991; Jackson 1966; Sommarstrom 1990). The floating dredge reconfigured
the entire Scott River valley within this reach, excavating up to 50 feet deep throughout the
channel, floodplain, and nearby terraces. Dredging broke up naturally occurring cementation in
the subsurface and inverted the alluvial stratigraphy in the valley, placing coarser material (i.e.,
cobble and boulder) at the surface in 20 to 30 foot-high piles and finer material (e.g., sand and
finer) formerly at the floodplain surface at depth. The process typically removed all fine sediment
and organic material from the ground surface that is necessary for supporting plant growth. The
floating dredge advanced its position by continually excavating a pond in the forward direction
while filling the ponded space behind. Where the dredge stopped, isolated ponds were left within
the surrounding tailings. These ponds persist today and are fed by perennial, relatively cool
shallow groundwater.

The legacy of dredging operationsis pervasive and enduring: the realignment of the Scott River
channel to the east side of its historical floodplain, confinement of the existing channel to a
narrow floodplain within tailings piles that are immobile during all but the largest flood events,
simplification of the channel to plane bed morphology with little in-channel or off-channel
complexity, and increased transport capacity that coarsens the bed and exacerbates sedimentation
in downstream reaches. The effects of these changes also contribute substantially to loss of
annual shallow aquifer recharge, subsurface flow and disconnection of the Scott River channel
through the Tailings Reach during the dry season, lower base flows during other times of the
year, and increased incident solar radiation that contributes to thermal loading and increased
water temperatures.

1.4.2 Contemporary land use

Agriculture, livestock ranching, mineral extraction (i.e., sand and gravel), and rural residential
development have been and continue to be the magjor land uses in the Scott Valley. There are six
private parcels that encompass portions of the Long Pond Project area (Table 1-2).
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Table 1-2. Parcel information for properties within the Long Pond Project area.

Assessor’s Par cel Number (APN) Owner
031-490-440 Kalpin Michael R.
031-490-150 Kalpin Michael R.
031-490-460 Kalpin Marlin & Mary
031-220-420 Callahan Caleb & Nicole
031-220-430 Bundy Lee & Lorrie
031-220-310 Bowen Elizabeth

A residential structure and detached shop owned by Kalpin are located along the western portion
of the site near the main access off State Route 3. Areas surrounding the structures are used for
equipment and material storage and disposal. A network of secondary and tertiary roads, al with
native surfacing, emanate from thislocation north to Sugar Creek, south down the Long Pond
alignment, and east across the former Scott River floodplain to the Scott River channel and Sugar
Creek confluence. The roadsto the east are used primarily by Kalpin to provide guest access to
private ponds for recreational fishing, Farmers Ditch Company to maintain their diversion facility
located on the right bank of the Scott River about 700 feet upstream of the Sugar Creek
confluence, and by SRWC to access habitat restoration projects and monitoring sites.
Telecommunication lines suspended by wooden poles traverse the site from southwest to
northeast over Long Pond.

2 GEOLOGY AND GEOMORPHOLOGY

2.1 Geology and Tectonics

The Scott Valley isa Quaternary tectonic basin located within the Klamath Mountains
geomorphic province, which is underlain by a series of geologic terranes comprised of accreted
oceanic lithosphere, volcanic arcs, and mélange (Irwin, 1994). The Project areaislocated in the
Eastern Klamath terrane. The modern alluvial Scott Valey formed by Basin and Range
extensional tectonics and was controlled by activity along two principal faults that form a graben,
the northern Greenhorn fault and the western Scott Valley fault (Fogliaet al. 2013). Activity
along the Greenhorn and Scott Valley faults caused adip in the alluvial Scott Valley during the
Quaternary period, which resulted in stream captures, realignment of tributaries, dissection of
older aluvia deposits, and tilting of the bedrock across the valley floor from east to west (Foglia
et a. 2013).

Bedrock geologic units surrounding the Scott Valley range from late Precambrian to Early
Cretaceous age and predominantly consist of the following strataiin order of upward succession:
Abrams and Salmon schists of early Paleozoic or |ate Precambrian age (older than 541 Ma),
sedimentary rocks of Silurian-Ordovician age (419-485 Ma), the Copley greenstone of Devonian
age (359-419 Ma), and ultramafic and igneous intrusive rocks of |ate Mesozoic age (Late Jurassic
to Early Cretaceous, 100-163 Ma)(Figure 2-1)(Strand 1963, Holtz 1977). The oldest rocks are the
Salmon and Abrams schists, recrystallized sedimentary and volcanic rocks of early Paleozoic or
late Precambrian age. Unconformably overlying these rocks are more than 5,000 ft of slightly
metamorphosed, strongly folded sedimentary rocks (e.g., sandstone, chert, date, and limestone)
of Silurian-Ordovician age correlated with the Duzel, Moffett Creek, and Gazelle formations
(Holtz 1977). These relatively resistant rocks largely compose the bedrock in the mountains
throughout the southern part of Scott Valley near the Project area. During the Mesozoic, these
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Figure 2-1. Geologic map of the Long Pond Project area and surrounding portions of the Scott
River watershed.
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bedrock units were intruded and deformed, leading to the formation of granitic and ultramafic
rocks ranging in composition from peridotite to granodiorite (Mack 1958). The peridotites are
typically highly sheared and serpentinized. The granodiorites are also commonly highly
weathered and erosive where jointed and sheared, often producing alarge supply of sand to the
Scott River, especialy from the west side tributaries such as Sugar Creek (Sommarstrom e al.
1990).

At the south end of Scott Valley, about 1 mile north of Callahan an ancient thrust or high angle
reverse fault strikes northeastward through the Project area (Gutierrez et al. 2010). The lower
reach of Sugar Creek, including the lowest reach that occurs within the Scott Valley, aligns with
the fault trace where it is overlain by Quaternary sediments. The fault is a westward extension of
the sinuous Mallethead fault, a major structural feature of the Eastern Klamath terrane (Hotz
1977). In the bedrock slopes west of the Sugar Creek confluence with Scott River, the fault
juxtaposes competent sedimentary rocks of Silurian-Ordovician age to the south against less
competent ultramafic rocks (i.e., serpentinized peridotite) to the north. This relationship of rock
units and their respective properties may explain, in part, the hinge point in the groundwater
hydraulic gradient indicated by water level monitoring in the Project area (refer to Section 3-4 for
adiscussion of water level monitoring), where groundwater that occurs at shallow depth over the
more resistant and less permeable sedimentary units south of the fault precipitously deepens asit
moves through the highly sheared and more permeable ultramafic units north of the fault.

Thealuvia fill in the southern Scott Valley consists of isolated remnants of older alluvium (Late
Pleistocene) that includes dissected fan and terrace deposits; and younger alluvium (Hol ocene)
that includes stream channel, floodplain, and alluvial fan deposits related to the present course of
the Scott River and itstributaries. The older alluvial deposits are prevalent at the south end of
Scott Valley near Callahan, where they form terraces along the valley margins. The maximum
exposed thickness of older alluvial depositsin thisareais probably less than 50 ft (Mack 1958).
These older aluvia deposits are poorly sorted and consist of well-rounded granodiorite,
serpenting, chert, and quartzite clasts within a matrix of sand and silty clay. The younger alluvium
reaches a thickness of as much as 400 feet in the widest part of Scott Valley, with thickness
decreasing to the north and south (Fogliaet a. 2013). Based on records derived from historical
dredging operations, Mack (1958) reports thicknesses of younger alluvium of about 100 ft near
McConaughy Gulch, 36 to 52 ft in the area between M cConaughy Gulch and the southern end of
thevalley, and 12 ft in an unspecified area located approximately two miles north of Callahan.

2.2 Geomorphology

The project team conducted a geomorphic assessment to characterize existing geomorphol ogy
and geomorphic processes within and near the project area, assess risks associated with potential
hazards, support assessment of opportunities and constraints, and inform project designs. The
geomorphic assessment included review of existing information, analysis of historical aeria
photographs from 1944 to 2020, and a field assessment.

As discussed above, the modern Scott Valley is atectonic graben that evolved into its present
form during the Late Quaternary in response to fault displacement, uplift, and tilting. The
dissected alluvial fan and terrace remnants in the southern portion of the valley indicate that the
Scott River incised during the late Pleistocene in response to regional uplift and base level
lowering. Throughout the Holocene, however, the Scott valley has largely been aggradational,
with the thickest valley fill located in the widest part of valley between Etna and Greenview and
thinner alluvial fill in the southern portion of the valley within the Tailings Reach (Mack 1958).
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The Tailing Reach is the transition zone between steeper headwater reaches of the drainage
network and the wider, lower gradient valley bottom to the north. The major headwater tributaries
draining to the Long Pond Project area upstream of Sugar Creek include Wildcat Creek (drainage
area 0.9 mi%), which meets the Scott River 1.8 miles upstream of the Sugar Creek confluence, and
the South Fork Scott River (drainage area 44 mi?) and East Fork Scott River (90 mi?), which meet
approximately 2.7 miles upstream of the Sugar Creek confluence near Callahan. The average
valley dlope through the tailings reach is about 0.87%.

Valley and channel widths are typically confined upstream of Callahan by bedrock toe slopes and
remnants of Pleistocene alluvial fans and river terraces. Between Callahan and about the Wildcat
Creek confluence, the valley widens to about 400-600 ft, with active channel and floodplain
widths of about 130-160 ft. The channel in this reach becomes more sinuous but is still relatively
narrowly confined by fan and terrace remnants. Mine tailings occur on floodplains and terraces
but have less overall effect on confinement and associated fluvial processes than in downstream
reaches. A prominent bedrock pinch point in the mainstem valley width located just upstream of
the Wildcat Creek confluence signifies the upstream end of the Tailings Reach, downstream of
which the valley quickly widensto 800—1,000 ft and is ubiquitously occupied by 20 to 30 ft-high
tailings piles from valley toe to valley toe, except within the active channel and floodplain, which
is confined to 100-150 ft by the tailings. The tailings are typically composed of small boulder,
cobble, and gravel. Bedrock outcrops occur intermittently in the mainstem Scott River channel
bed and right bank in the most upstream portions of the Tailings Reach; however, bedrock
outcrops have not been observed in the Long Pond Project area.

The Scott River channel through the Tailings Reach has predominantly plane bed and shallow
pool-riffle morphology with a predominantly cobble and gravel bed. Localized deposits of finer
gravel, sand, and silt occur in the channd in association with planform curvature, pool tails, and
large roughness elements (bedrock outcrops, boulders, large wood, and patches of riparian
vegetation) and on floodplains. Planform isrelatively straight to gently meandering with alow
amplitude and long wavelength. The active channel is highly simplified, with typically shallow
runs and riffles, little large wood or other structure, and a scarcity of woody riparian vegetation.
Most woody riparian vegetation is young and highly transient in response to flood events and
drought. High flow channels occur throughout the Tailings Reach, but typically in a dynamic
state with little cover, velocity refuge, or overall habitat complexity. Historical dredger mining
operations realigned the active Scott River channel to the east side of the valley throughout the
Tailings Reach, where it remains confined on the right bank by bedrock. Isolated perennial ponds
created by historical dredging operations occur throughout the tailings within the central and
western (left bank) floodplain areas. These ponds are fed by relatively cool shallow groundwater
flow. Wetland and woody riparian vegetation typically occur in narrow zones along the pond
margins and in the troughs between tailings piles where vegetation can access surface water and
shallow groundwater. The valley maintains these characteristics to the downstream extent of
historical dredge mining operations located about 2.3 miles downstream of Sugar Creek near
RKM 83.8.

Long Pond, the focus of this design project, is a prominent linear pond or series of ponded water
features that occur in the axis of anarrowly confined trough between tailings piles. The overall
length of the trough is approximately 1.0 miles, and the average slopeis 0.9 percent (Figure 2-2).
The upstream end of the trough is separated from the active mainstem Scott River channel by a
large plug or berm that is approximately 140 ft long, 60 ft wide, and 10 ft high. Historical aerial
photography indicates that the berm was built sometime between 1980 and 1992, likely in
response to the large flood that occurred on 20 December 1981 (peak flow of 25,500 cfswith a
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16-year recurrence interval at the USGS Scott River gage No. 11519500 near Fort
Jones)(Appendix B). The event, scaled by drainage area, would be roughly 6,600 cfsin the
Tailings Reach near the Project site. The berm prohibits surface water in the Scott River from
entering Long Pond at all flow levels, including high flow events. Bottom width of the trough
varies from 30 to 110 feet. The downstream half of the trough is occupied by three larger ponds
and several smaller ponded water features. The upstream most pond, commonly referred to as
Bowen Pond and which is outside the Project area, is approximately 0.5 acres; the middle pond,
commonly referred to as Long Pond, is approximately 1.1 acres; and the smallest and most
downstream pond is 0.6 acres.

l I
3060 Sugar Creek —Il.ong Por|1d Plug= 3060
|
T —Parking Lot Area T
Plug
£ 3050 1 ! [— 4 3050 o
R —Site Access Road ¥ 8
g T o r-Bowen Pond /J B g
—Plu

< 3040 o 7 3090 <
] —Plug “
5 1 o 3
L 3030 A 3030 &
T:a f...,.rf n i ~:J
[+, T ﬂ Scott River —- o
- -
© 3020 . 3020 ©
@ Q
w A1 A L [/_N —— <E> Ground w

3010 o o 3010

JAG Iy ifvr i
117 4
3000 +H-HH-t+HH+HHHHHHHHHHHHHH - 3000
60400 55400 50400 45+00 40400 35400 30400 25400 20400 15400 10400 5400 0400

Station

Figure 2-2. Longitudinal profile through Long Pond and adjacent ponds.

Although the ponds are hydrol ogically connected by arelatively large volume of rapid shallow
groundwater flow through the highly permeable tailings deposits, surface water connection is
blocked by small cobble-gravel plugs located between each pond. Monitoring of pond water
surface elevations and surrounding shallow groundwater levelsindicates that pond hydrology is
highly responsive to changes in mainstem Scott River flow, with the ponds experiencing rapid
stage changes over the course of a mainstem high flow event. However, the lack of surface water
connection to the Scott River combined with the low gradient, lack of stream power to mobilize
the existing coarse substrate, and lack of sediment supply leadsto relatively static conditions with
little to no fluvial geomorphic changes (e.g., scour and fill or vegetation removal) occurring over
the historical or anecdotal period of record.

The downstream end of the trough transitions to a broad and relatively flat surface where the
western side of the trough (left bank) becomes unconfined. The private residence and shop
structures and the primary access to the project from State Route 3 are in this area. This relatively
flat surface extends to and connects with the right bank floodplain of Sugar Creek. This areawas
an equipment yard and disposal site through 1980. Sometime between 1980 and 1992, the
eguipment and other materials stored at the site were removed, some of which may have been
buried on site. The adjacent pond to the east was reduced in size by fill during thistime.
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The Sugar Creek channel within the Project area has an average slope of 0.2 percent. The gravel
and sand-bedded channel has predominantly plane bed and pool riffle morphology. Pool water
surface elevations though the reach are largely controlled by BDA’s installed and adaptively
managed by SRWC and by naturally occurring beaver dams. The channel and floodplain of Sugar
Creek are narrowly confined by tailings piles on both banks over most of its course asit cuts
across the former Scott River floodplain. The Scott River Watershed Council implemented a
floodplain enhancement project on the left bank of Sugar Creek across and about 200 feet
downstream from the Long Pond alignment in 2020. The project involved lowering floodplain
elevations to increase the frequency and duration of inundation, thereby creating a surface for
finer sediment and wood accumulation during high flow events in Sugar Creek, suitable
conditions for riparian vegetation establishment and growth, and winter rearing habitat for
juvenile coho sailmon. In early 2021, SRWC began adaptively managing the newly constructed
left bank floodplain by injecting sand into the surface to reduce rapid infiltration and minimize
loss of surface flow in Sugar Creek. Anecdotal accounts indicate that lower Sugar Creek near the
Scott River confluenceisincising in response to base level lowering in the Scott River, which has
the potential to increase the frequency and duration over which Sugar Creek becomes
disconnected from the mainstem Scott River in the dry season and during dry years.

Two additional large, deep floodplain ponds occur within the tailings to the northeast of Long
Pond. Thefirst, which is part of the Long Pond Project, islocated immediately adjacent to the
parking area near State Route 3 and Sugar Creek. The Siskiyou Resource Conservation District
(SRCD) implemented a project in 2015 that involved constructing two short channels connecting
the existing pond to Sugar Creek to provide off channel rearing habitat and velocity refuge for
juvenile coho salmon and other aquatic species. The Scott River Watershed Council maintains the
off-channel project and monitors juvenile coho salmon use of this pond and other habitatsin
lower Sugar Creek viaPIT Tags. The larger pond to the east that is privately used for recreational
fishing is outside the project areaand is not part of the current habitat enhancement design.

2.2.1 Aerial photograph interpretation

Historical aerial photographs and LiDAR were reviewed to characterize long-term changesin
geomorphology, vegetation, and land use within the Project area. The historical aeria photo time
series used in the analysis includes the following years: 1944, 1955, 1965, 1980, 1992, 2002,
2010, 2016, and 2020 (Table 2-1, Figure 2-3). Appendix B includes orthorectified historical aeria
photographs cropped to the project vicinity. Table 2-2 includes a summary of changes interpreted
from the historical aerial photographic time series. These interpretations can be expanded, as
necessary, to address questions that may arise during future steps in the Project design process.
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Table 2-1. Aerial photo acquisition dates and associated peak flows.

13

Date of largest . ' Preceding Preceding
R . I Approximate Approximate annual peak annual peak
epresentative | Acquisition annual peak . .
photo year date dischar ge since annual recurrence discharge(cfs) at | discharge (cfs)
previous photo exceedance interval USGS qut Jones scale_ad to'Fhe
station Project site
1944 8/6/1944 1/22/1943 30.0 3.3 8,870 2,545
1955 8/12/1955 1/19/1953 125 8.0 16,000 4,591
1965 7/10/1965 12/22/1964 13 125 54,600 15,667
1980 6/17/1980 1/16/1974 3.7 26.7 36,700 10,531
1992 7/1/1992* 12/20/1981 6.2 16.0 25,500 7,317
2002 7/1/2002* 1/1/1997 5.0 20.0 34,300 9,842
2010 8/2/2010 12/31/2005 75 13.3 23,600 6,772
2016 6/19/2016 2/10/2015 175 5.7 14,600 4,189
2020 7/9/2020 2/10/2017 11.2 8.9 16,100 4,620
1 Aerial photo acquisition date estimated.
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Figure 2-3. Annual peak discharge record for the Scott River (USGS gage N0.11519500 near Fort Jones) associated with representative aerial
photographs.
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Table 2-2. Interpretation of changes observed within the Project vicinity based on representative historical aerial photography, 1944-2020.

Photo Observed changes by area
years Sugar Creek downstream of State Route 3 Scott River near Sugar Creek confluence L ong Pond alignment Infrastructure
Open water in Long Podn isless apparent in 1955
Lower Sugar Creek appears to have aggraded. 1955 channels cut across prominent . . (could be due to photo quality). Plugs separating
19441955 midchannel bar that is mostly undissected in 1944. 1944 pool located ~100 ft upstream of ﬁleri‘gr;c‘ilary flow paths near confluence are less defined and more vegetated in 1955 than ponds within the Long Pong alignment are already
the confluence missing in 1955. ' in place by 1944. Vegetation in vicinity of fin and
elsewhere already established.
Dramatic flood affects upstream and downstream of St Rte 4. Downstream of St Rte 4,
Sugar Creek flood flows went out of bank and were routed down the west side of the e . St Rte 3 constructed. New bridge over
; - . - - Dramatic shiftsin planform to more single thread upstream of confluence. Vast areas
mainstem valley, scouring the surface. The flood cut into the |eft bank tailings, creating new . ; : . ) . Sugar Creek. Levee may have been
; . . g ) scoured and filled, left unvegetated. Mainstem meander migrated downstream into Sugar | The 1955 and 1964 floods did not result in any
floodplain area over entire length. Sugar Creek straightened and simplified. Mainstem X . X constructed along left bank of Sugar Creek
1955-1965 S Creek confluence and the adjacent pond to the south (upstream). Left bank side channel apparent changes to the Long Pond alignment. : ' -
migration into Sugar Creek created new confluence and shortened Sugar Creek. Two flow . . immediately downstream of new highway
) . : . . formed downstream of confluence, probably carrying most of Sugar Creek flow. Flow Plugs and vegetation appear unaffected. . i .
paths at the confluence: one short, broad, and shallow; the other (mainstem side channel) is . g alignment at the same time the highway and
. N . split downstream of this side channel outlet. . )
longer, narrower, more sinuous, and more complex channel. Riparian forest in the lee of the bridge were built.
St Rte 4 appears less affected by flood and begins to thicken.
Sugar Creek has midchannel bar with split flow just downstream of St Rte 4 but is otherwise
wide, shallow, and plane bed. Midchannel bar formed at 1965 confluence. Extensive riparian Equioment storage and disoosal expanded
vegetation has established (1) on the right bank in the lee of St Rte 4, (2) on the back side of quip age and I Sposal exp
the left bank levee and in the path of scour along the west side of the valley, (3) at the outer . . . . . . . . around the Kalpin residence and shop and
; . . . Main channel shifted to right bank and straightened. Former channels established in 1964 | Very little change to ponds and plugsinthe Long | northward toward Sugar Creek and along
extent of the left bank floodplain near the confluence, and (4) in the mainstem floodplain I . . ] . o . . .
1965-1980 flood now secondary features with riparian vegetation established along margins and Pong alignment. More riparian vegetation has the adjacent pond. Small portion at the
upstream of the confluence where the pond was scoured. Short flow path at the 1965 . : - : . - - ;
e . ] . . intervening bars. Little vegetation along main channel. established. southern edge of this pond was filled. Levee
confluence has incised and lengthened into mainstem floodplain but lacks good connection -
) . ) S along left bank of Sugar Creek clearly in
to Scott River. Longer, more sinuous channel now has pool riffle morphology with riparian lace by 1980 (if not earlier)
vegetation, appears to convey much of Sugar Creek flow, connects to Scott River viawide P ¥ '
shallow riffle.
Equipment storage and disposal areas north
Midchannel bar at 1965 confluence apparent in 1980 transitions to transverse bar with pools | Main channel flow path still along right bank upstream of confluence with similar high of Kalpin residence/shop near pond and
at upstream and downstream ends. Dominant Sugar Creek connection to mainstem unclear flow features between channel and confluence. Riparian vegetation has expanded. Verv little change to ponds and pluas or riparian Sugar Creek are removed. Large area of
1980-1992 in this photo. Flow appears to go subsurface at bar/fan feature at 1965 confluence (migration | Downstream of confluence, the main channel shifted to right bank, apparently with much v Zt ationin thg Lonp Pona ali pnn?ent par adjacent pond has been filled. Road
barrier?). Sinuous channel along left bank downstream of 1965 confluence now heavily less inundation of the former left bank features (high flow channel and sinuous side €9 grongaig ' maintai ned from residence/shop north
vegetated. Other areas of riparian vegetation have expanded. channel conveying Sugar Creek flow). through riparian forest to Sugar Creek
channel.
Road network eastward across tailing and
1997 flood scoured riparian vegetation from channel throughout the reach and deposited new | The 1997 flood scoured large alternate gravel-cobble bars and forced channel migration Scott River floodplain and around ponds
bars in upper half of the reach. Areasin the lee of St Rte 4 and downstream right bank toward 1965 Sugar Creek confluence. This roughly established the confluence form that Verv little change to ponds and pluas or riparian was significantly devel oped. Equipment
1992-2002 tailings were largely unaffected. Bar/fan feature at 1965 confluence still apparent and likely | persiststoday. Large area between main channel and 1965 confluence now a dissected, v ()alt ationin thg Lonp Pona ali pnn?ent par storage and disposal devel oped southeast of
active depositional feature. Straight channel through this feature connects Sugar Creek to infrequently inundated terrace that was not scoured by 1997 event. Flood did not €9 grongalig ' shop. Large area of riparian vegetation
Scott River. significantly affect the sinuous side channel downstream of the Sugar Creek confluence. north of residence removed and converted
to parking/storage.
Pond constructed at the eastern (right bank) edge of the channel directly opposite Sugar
2002-2010 Bar forms established in upper half of reach after 1997 flood are now less apparent (shadows | Creek confluence. Some small channel adjustments and riparian vegetation Some expansion of riparian vegetation, but Little change.
obscure the channel, so unclear if they're gone or vegetated). Otherwise, little change. establishment along main channel, particularly at transverse bar opposite Sugar Creek otherwise little change. ge.
confluence.
Main channel upstream of confluence avulsed, resulting in two dominant flow paths; one
along east side of the valley that reoccupied the 1965 channel and filled the newly
constructed pond; the other along the west side of the floodplain following the 2010 Some expansion of riarian veaetation. but Some expansion of equipment storage and
20102016 BDA and pond connection projects completed in Sugar Creek. channel alignment. The bifurcation point, located at the grade control structureinstalled otherwisre)li ttle chan 2 €9 ! disposal in yard near shop, but otherwise
near Farmers Ditch Co. diversion, shifted flow toward |eft bank and Sugar Creek ge. little change.
confluence. Intervening area extensively scoured and largely devoid of riparian
vegetation except for the largest trees.
2016-2020 Continued development of riparian vegetation, but otherwise little change apparent in Very dry conditions. Channel disconnected in places. Scour pools formed downstream of Continued expansion of riparian vegetation. Little change.

photographs.

grade control structures. Some |oss of riparian vegetation.
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2.2.2 Project datum

Project mapping and analyses are referenced to the California State Plane Zone 1, North
American Datum of 1983 (NAD83) in units of U.S. survey feet and the North American Vertical
Datum of 1988 (NAVD88) in units of feet. All elevations referenced in this report are with
respect to NAV D88 unless otherwise noted.

2.2.3 Topography

Project site topography has been surveyed previously and during the current study. These efforts
include (1) LiDAR flightsin 2010 and 2018 that were each used to produce bare earth elevation
digital terrain models (DTM), and (2) site specific topographic surveys conducted by SRWC
during various field efforts. Topographic surveys conducted by SRWC include as-built surveys of
the 2015 Sugar Creek off-channel habitat enhancement project areathat is now permanently
ponded and their Sugar Creek floodplain habitat enhancement project area completed in 2020, as
well as site specific RTK GPS traverses of specific areas lacking adequate coverage in the
LiDAR data

Inaccuraciesin LiDAR derived bare earth elevations are commonplace in areas of dense riparian
and wetland vegetative cover and areas inundated during the time of LiDAR acquisition.
Conversely, LiDAR €levations can be quite accurate in sparsely vegetated landscapes that are
similar to a*“bare earth” condition. The most recent 2018 LiDAR dataset was selected as an initial
DTM for the project area. This DTM was visually inspected to assess the representation of major
terrain features and quantitatively evaluated for elevation accuracy by comparing extracted point
elevations with selected survey points. Theinitial DTM generally represented the major terrain
features well, including the parking lot area and tailings pile ridges and valleys. Error statistics
were computed for theinitial DTM using selected survey points (Table 2-3). A histogram and
cumulative distribution of the errors for each comparison survey point is shown in Figure 2-4.

Table 2-3. Error statistics for the initial DTM compared to selected surveyed site elevations.

Statistical descriptor Error (feet)
Minimum -3.15
Average 0.26
Median 0.15
Maximum 5.24
Root Mean Square 0.76
Standard Deviation 0.72
December 2021 Stillwater Sciences
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Figure 2-4. Histogram and cumulative distribution of elevation error between the initial DTM
and selected survey points.

To better represent the actual elevations at the site, the initial DTM was adjusted in two stepsto
create an adjusted DTM that can be used for site specific analyses including design surface and
earth work quantity estimates. The first step was to subtract the median elevation error of 0.15 ft
from theinitial DTM to vertically shift the entire initial DTM and remove this typica error. The
second step was to create arepresentative DTM surface using the survey points for portions of the
site not represented in the LiIiDAR derived DTM, such as the 2015 SRCD Sugar Off-Channel
Habitat area that was inundated during the 2018 LiDAR and the recent 2020 Sugar Floodplain
restoration project that occurred after the 2018 LiDAR acquisition. These representative DTM
surfaces were then merged into the vertically shifted DTM to create the adjusted DTM.

3 HYDROLOGY AND WATER QUALITY

This section describes the general Scott River watershed characteristics, how the surface and
groundwater portions of the watershed influence site conditions, and quantitative assessment of
variable hydrologic conditions. These aspects of hydrology are used to develop design conditions
that have seasonal importance, which are also described in this section.

3.1 Watershed Characteristics

The Scott River watershed areais approximately 800 square miles, of which 137 square miles are
located upstream of the tailings reach (CH2M Hill 1985). The average annual precipitation ranges
from 20 inchesin the lower elevations of the valley up to 60 inches at the higher ridgeline
elevations. Substantial precipitation occurs as snow during the cooler winter months. Snow melt
infiltrates to shallow groundwater aquifers and is concentrated as runoff to Scott River tributaries
and its mainstem. Rain-on-snow events occur often and result in high flows. Between 1911 and
1921 (the time period when a gauging station was present near the project site), mean annual
discharge was about 100,000 acre-feet, with a recorded maximum of 206,000 acre-feet and a
minimum of 36,000 acre-feet (DWR 1963).

December 2021 Stillwater Sciences
17



Long Pond Habitat Enhancement Design Project

3.2 Surface Water

The locations of long-term surface water monitoring within the Scott River watershed are limited
(Fogliaet a. 2013). The longest continuously operated monitoring station on the Scott River is
the United States Geological Survey (USGS) station at Fort Jones (Station 11519500). This siteis
located approximately 49 RKM downstream from the Tailings Reach and has an associated
watershed drainage area of 653 sguare miles, which represents about 80-percent of the total
watershed area. The watershed area upstream of the site, in comparison, represents about 21
percent of the watershed area. Similarly, surface water monitoring in Sugar Creek is also limited,
with the USGS operating a stream gage (Station 11518300) a short distance upstream of State
Route 3 for three water years (1958-1960). The California Department of Water Resources has
more recently operated a gage in Sugar Creek (Station F25890) from October 2009 to present.
The gage is rated for low and moderate flows only. The Scott River Watershed Council also
collected periodic discharge measurements in Long Pong between 22 May 2020 and 3 September
2020 to help develop an understanding of surface and groundwater processes and help inform
habitat restoration and adaptive management within the Project area (Appendix C).

Analyses of peak flows described in the Federa Emergency Management Agency (FEMA) Flood
Insurance Study (FIS; FEMA 2011) acknowledges contributions to peak flows from tributaries
downstream of the site, with Moffett Creek providing between 18% and 16% additional flow to
the Scott River during 10-percent annual chance exceedance events (commonly referred to as the
10-year flood) and 1-percent annual chance exceedance events (commonly referred to as the 100-
year flood), respectively. The peak discharge values from the FEMA FIS upstream of Moffett
Creek can be used to roughly estimate peak flows for the Scott River at the upstream end of the
Tailings Reach using the drainage area ratio method, which is a commonly used technique for
estimating streamflow for ungaged stream locations, such as at the Project site. The drainage area
ratio method is described by the following equation:

_ Aungaged
Qungaged - A X anged
gaged

where:

Qungagea =: Flow at the ungaged location (e.g., Scott River at the upstream end of the
Tailings Reach),

Qgagea =: Flow at the gaged or known location (e.g., FEMA estimates for Scott River
upstream of Moffett Creek),

Ayungagea =: Drainage area at the ungaged location (e.g., Scott River at upstream end of
the Tailings Reach at 137 square miles), and

Agagea =: Drainage area at the gaged or known location (e.g., FEMA provided drainage
area of the Scott River upstream of Moffett Creek at 416 square miles).

When using the drainage area ratio method, it is preferable to use gaged sites with drainage area
equal to, or as close as possible to the drainage area of the ungaged location. Additionally, itis
preferable to use a gaged site within the same drainage basin. However, if that is not possible,
selecting a nearby gage with similar drainage area, precipitation, stream slope, land cover, and
expected runoff is common. Given the lack of information on peak flow locations aong the Scott
River upstream of Moffett Creek, this method is suitable as an initial rough estimate of peak
flows at the site. The estimated peaks flows are shown in Table 3-1.
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Table 3-1. Estimated peak flows from FEMA FIS (2011) and at the Project site by drainage area
ratio method.

Peak dischar ge (cfs)

Peak flow estimate | Drainagearea | 10-percent 2-per cent 1-percent 0.2-percent
location (square miles) annual annual annual annual
chance chance chance chance

Scott River

Downstream of 538 19,400* 39,000 49,000* 81,000

M offett Creek

Scott River Upstream " " 1 1

of Moffett Creek 416 16,000 32,000 41,000 69,000

Moffett Creek 121 3,400 7,000* 8,000* 12,000*

Scott River Upstream 137 5,2602 10,5382 13,5022 22724

of Tailings Reach

Notes
1 From FEMA FIS (2011).
2 Estimated from FEMA FIS (2011) using drainage area ratio method.

Low flow estimates within the Scott River and Sugar Creek are less certain due to limited
available information related to water use, the presence of volcanic soils, and dredger mine
impacts to streambed and floodplain subsurface conditions (Tolley et a. 2019, FEMA 2011).
Modeling efforts (e.g., Tolley et al. 2019) illustrate the relative importance of irrigation water
application to water balance analysis, and emphasize the uncertainty associated with this data
gap. Additionally, recent drought and associated extreme low flow conditions indicate that
surface water discontinuities within the Tailings Reach of the Scott River can occur that result in
isolated pools separated by dry reaches of channel in the mainstem and tributaries.

3.3 Groundwater Dependency

Investigation of the relationship between groundwater and surface flow has been undertaken viaa
community groundwater study plan (Harter and Hines 2008), an integrated hydrologic model
(Fogliaet a. 2013), a groundwater conditions study (Papadopulos & Associates 2012), and a
groundwater management and enhancement plan (Scott Valley Groundwater Advisory
Committee 2012). These studies help document interactions between groundwater use and water
availability in groundwater dependent ecosystems, including aquatic and riparian habitats within
the Project area. Additionally, more recent modeling efforts of Fogliaet a. (2013) and Tolley et
al. (2019) illustrate difficulties in resolving low streamflows and floodplain shallow groundwater
levels in mainstem Scott River. These difficulties stem, in part, from limited surface water
monitoring records but are further influenced by water withdrawals and porous subsurface
conditions due to historical dredger mining impacts.

The Scott River mainstem channel is often flow deficient, most recently exhibited during fall
2020 during which discontinuities in surface inundation were prevalent throughout the upper
portion of the tailings reach, as observed by SRWC field staff and captured by the 2020 United
States Department of Agriculture’s National Agriculture Imagery Program (NAIP) imagery.
During these flow deficient periods, shallow water flows often persist within Sugar Creek. The
2015 Sugar Creek off-channel habitat enhancement project area, for example, remained inundated
during this dry time period. These persistent inundation areas become very important in
sustaining aquatic organisms until higher flows and water levelsreturn.
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3.4 Water Level Monitoring Network

The SRWC has worked towards furthering the understanding of site-specific water movement
through the installation and maintenance of a network of water level monitoring stations (Figure
3-1). The monitoring network within the upper portion of the Tailings Reach includes loggers
installed in surface water areas, such as Long Pond and the 2015 Sugar Off-Channel Habitat area,
and in shallow groundwater monitoring wells. Given the lack of certainty with the surface water
and groundwater relationships and the groundwater dependency of the site’s ecological
conditions (Section 3.2 and Section 3.3), the information from this monitoring network is
leveraged in the Project design for approximating ecologically important seasonal water levels
and using those as grading and excavation targets. A selected number of monitoring locations
evauated by SRWC staff as having relevant location and time series duration were provided for
Project design analysis. These monitoring stations, including their type and period of record, are
summarized in Table 3-2. Their locations are denoted on Figure 3-1, with an asterisk after the
monitoring station 1D.

Table 3-2. Period of record for water level monitoring stations used for project analyses.

I\gtgt-lilct)ﬁrll r[1)g Type Start date and time (PST) End date and time (PST)
SUMW?2S surface water July 22, 2014 13:15 December 19, 2019 9:00
SUMWS5S surface water March 23, 2016 11:30 July 27, 2020 12:30*
SUMW9IS surface water August 2, 2016 12:00 July 27, 2020 11:45*
SUMW11S surface water July 22, 2016 13:30 July 27, 2020 10:45"
SUMWI12S surface water July 22, 2016 14:15 September 3, 2020 11:45!
SUMW13S surface water July 22, 2016 15:15 July 27, 2020 8:45!
SUMW14 groundwater May 18, 2017 16:30 July 27, 2020 11:30*
SUMW15 groundwater May 18, 2017 16:15 July 27, 2020 11:30*
Notes

1 Gaps are present in the time series for the monitoring station.
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Figure 3-1. Surface water and shallow groundwater monitoring locations in the Project
vicinity.
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3.5 Dissolved Oxygen and Temperature Conditions

Water temperature and dissolved oxygen are important water quality parameters that influence
aquatic habitat suitability, particularly for juvenile summer rearing of salmonidsin Mediterranean
climates like the Scott River that experience warm, dry conditions during the late spring through
early fall period. The Scott River Watershed Council collects water quality data within their
existing network of water level monitoring stations and el sewhere within the Long Pond Project
area.

The Scott River Watershed Council analyzed surface water and groundwater temperatures (°C) at
select stations within the Long Pond Project area to characterize summer and winter temperature
regimes (Appendix D). The analysisincluded Water Y ears 2016-2020. Results of the analysis
indicated that (1) maximum Moving Weekly Average Temperatures (MWATYS) at the
groundwater stations were significantly cooler than those observed at the surface water stations
during summer, and (2) the minimum MWATSs observed at the surface water stations were
significantly cooler than those observed at the groundwater stations during winter. Warmer winter
temperatures and cooler summer temperatures were also observed at stations located within the
isolated ponds along the Long Pond alignment, indicating the strong effects of groundwater on
the temperature regimes in these habitats. The temperature regimes observed at these sites are
preferable (compared to Sugar Creek) for rearing coho salmon during the critical summer and
winter life stages.

The Scott River Watershed Council also analyzed dissolved oxygen at select stations within the
Long Pond Project area during the base flow period of the critically dry WY 2020 (Appendix D).
During the base flow period of WY 2020, BDA Ponds 1 and 2 in Sugar Creek were dewatered
from late August through early October. Surface water persisted in the impoundment behind the
natural beaver dam located in Sugar Creek just Downstream of Highway 3. The Sugar off-
channel pond was disconnected during this period but received groundwater inputs, and dissolved
oxygen levels were not significantly impaired during the period of disconnection. A more
significant reduction in dissolved oxygen was observed in the Long Pond during the base flow
period of WY 2020.

3.6 Seasonal Water Level Design Conditions

Thetime series for the selected water level monitoring stations was processed to develop a
seasonal water level duration analysis derived from calculation of exceedance probabilities.
Representative summer and winter periods were selected based on the life history timing of
juvenile coho salmon and the seasonal hydrologic signatures that control juvenile rearing habitat
availability and quality (e.g., interconnected habitat functions of emergent marsh and shallow
water areas that foster development of macrodetrital and invertebrates vital to food web cycling).
The representative summer period was selected as June through September, a period of 153 days;
and the representative winter period was selected as December through February, a period of 91
days. Daily mean water levels were computed for the period of record for each of the selected
monitoring stations, and those computed daily values were then grouped by the two analysis
seasons for calculation of exceedance probability. Inundation duration during the selected season
isthen related as the product of the number of days during the seasonal period and the calculated
exceedance probability. Three primary exceedance probabilities were queried for their habitat
importance and use in the development of primary design elements described in Section 4. These
three exceedance probabilities that informed the design process are described below.

e The 80-percent exceedance during the summer period, representing a probable water level
that will be equaled or exceeded about 122 days between the start of June and the end of
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September. During the summer period, lower water levels are common due to seasonally
drier conditions and open water habitats within the mainstem Scott River may be limited,
as previoudy noted. This seasonal design condition is used to target sufficient design
inundation depth during this dry period to ensure habitat availability and access.

o The 50-percent, or median, exceedance during the winter period, representing a probable
water level that will be equaled or exceeded about 46 days between the start of December
and the end of February. During the wintertime, higher flows within the mainstem Scott
River and Sugar Creek typically occur. During these peak flow events, juvenile salmonids
may seek out slower moving habitats. This seasonal design condition is used to increase
the amount and diversity of shallow and slow water habitat availability during these
periods when mainstem conditions have higher velocities.

e The 10-percent exceedance during the winter period, representing a probable water level
that will be equaled or exceeded about 9 days between the start of December and the end of
February. Less frequent inundation of riparian habitats supports localized geomorphic
processes that mimic floodplain activation in pre-disturbance settings, such as sediment
deposition and erosion, that in turn contribute to food web cycling, terrestrial and aquatic
ecosystem nutrient exchange, and plant dispersal. This seasonal design condition is used to
activate higher elevation flow pathways to mimic historical floodplain engagement
processes.

The associated exceedance values for each of the seasona design conditionsis provided in Table
3-3 for each of the selected monitoring stations used in the analysis. These values were utilized in
developing alternatives by creating representative water level surfaces from triangulated station
location exceedance values and then extending the edges of that triangulated surface to the project
area extent. These surfaces were then used as excavation and grading targets for the alternative
design elements described in Section 4.

Table 3-3. Summary of seasonal design condition water elevations for monitoring station
locations and the intended design outcome targeted by each condition.

Design condition water elevation (feet NAVD88)/Intended design outcome
Monitoring 80-per cent summer 50-per cent (median) exctgjgenrg:/ngvrlnn;frhic
Station ID exceedance/habitat access | winter exceedance/habitat ' P
S . : floodplain process
and availability diversity and amount c
mimicry
SUMW2S 3001.4 3002.7 3002.8
SUMWS5S 3001.9 3003.2 3003.4
SUMWO9S 3002.2 3003.4 3003.7
SUMW11S 3005.8 3006.0 3006.4
SUMW12S 3006.4 3006.8 3007.4
SUMW13S 3008.8 3009.1 3010.1
SUMW14 3002.7 3003.4 3003.9
SUMW15 3004.1 3004.2 3004.5

The seasonal design condition water level exceedance values were used to inspect the period of
record for the selected monitoring stations for the actual frequency measured water levels were at
or above the targeted values. In particular, the frequencies associated with the lowest elevation
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target (i.e., the 80-percent exceedance during the summer period) were of most interest during
thisinspection to provide an approximation of project performance during these lower water
periods. The frequencies of occurrence were organized by water year to help further relate
potential project performance to interannual variability caused by wetter and drier water year
types. The interannual variability was assessed by ranking water years by dryness, and the rank
values and accumulated annual precipitation from the precipitation station at the USFS Ranger
Station in Fort Jones, CA are presented alongside the resultsin Table 3-4. The dryness rank and
accumulated annual precipitation values were provided by SRWC staff (Y okel, pers. comm.
2021), which are further described in Appendix E. The timeseries for each monitoring station
shown in Table 3-4 are provided in Appendix F with the seasonal design condition elevations
plotted for reference.

After evaluation of the seasonal design condition water elevations, the values for each of the three
criteriawere triangul ated to devel op respective groundwater surfaces. The boundaries of those
surfaces were each extended laterally to the limits of the project areato provide a complete
surface coverage estimate for the area considered for the aternative designs and the preferred
alternative. Contours of groundwater elevation for each of the three design condition surfaces are
provided in Appendix F.
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Table 3-4. Percent of time that water levels exceeded the 80-percent summer exceedance design condition at each monitoring station
(number in parenthesis indicates days exceeded).

25

Annual N .
Water | accumulated Dry Monitoring Station 1D
year precipitation | rank?
(inches)! SUMW2S SUMWS5S SUMW9S | SUMWI11S | SUMW12S | SUMW13S SUMW14 SUMW15
2015 19.6 36 60% (157) -2 -2 -2 -2 -2 -2 -2
2016 23.6 53 92% (337) 91% (173) 64% (38) 90% (64) 100% (70) 80% (57) -2 -2
20178 335 79 100% (365) | 100% (355) | 100% (365) | 100% (350) 100% (345) 98% (357) 100% (124) | 86% (116)
2018* 12.2 6 84% (298) 83% (295) 82% (231) 66% (228) 64% (216) 50% (138) 86% (291) 67% (215)
2019° 20.8 41 99% (362) 98% (248) 93% (340) 68% (249) 83% (289) 56% (205) 91% (334) 98% (356)
2020 10.1 3 100% (79) 96% (275) 92% (263) 49% (139) 46% (155) 44% (127) 93% (265) 61% (173)
Notes
1 Information prepared by SRWC Staff (Y okel, pers. Comm. 2021; see Appendix E).
2 Station period of record does not include water year.
3 Water Year 17 is considered to be a representative wet water year by SRWC Staff (Y okel, pers. Comm. 2021).
4 Water Year 18 is considered to be a representative dry water year by SRWC Staff (Y okel, pers. Comm. 2021).
5 Water Year 19 is considered to be a representative average water year by SRWC Staff (Y okel, pers. Comm. 2021).
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4 PROJECT DESIGN

The conceptual design approach incorporates site specific characteristics as described in Section 2
and Section 3, along with lessons learned by SRWC from the implementation of recent and
nearby restoration projects. Several of the designs target hydrologic conditions that are
understood from a data driven perspective (Section 3), which also provides a method of assessing
potential project performance, for example by comparison of the proposed design conditions to
recent past site responses to relevant water year types and station recorded water levels (Section 3
and Appendix F). Each proposed design element is intended to work in concert to achieve project
benefits over varying timeframes, such as from the immediate uplift realized by the form driven
response of connectivity through grading to the longer-term uplift by process driven responses
associated with mature native vegetation.

4.1 Overview of Primary Design Elements

Conceptual design alternatives for the Long Pond Project are shown in Appendix A. The
conceptual design plans focus on several key enhancement components including (1) rearing
habitat for juvenile coho salmon during the winter and spring, (2) hydrologic connectivity, (3)
riparian function, and (4) healthy soil development. During the course of the project the
conceptual design aternatives evolved and advanced in complexity into a preferred alternative
based on input from SRWC, the TAC, landowners, and through further site analyses and
understanding. The stepwise evolution for the project is delineated by milestone phases related to
percent level of design completion (i.e., 30%, 65%, 90%, and final).

Severa primary design elements are identified for application to the Long Pond project site.
These primary design elements are intended to target the enhancement objectives, provide near-
term immediate ecological uplift, and establish alonger-term process driven trajectory that
achieves a self-sustaining and more robust functional state within the site. The primary design
elements work best in concert through landscape linkages between climatic, topographic,
geologic, and biotic response. The following subsections describe the proposed primary design
elements and the method by which they seek to target the project objectives.

At the 30% design level the project team’ s primary goal was to determine the general form and
intended function for the design elements having the highest implementation cost. Thiswas
predominately focused on earthwork quantity and excavation layout, or el ements that rely on
specific locations to achieve their intended function such as the proposed waterway crossing
structure. Detailed design element rigor associated with less costly items and those that may not
depend on specific locations to achieve their functional and process intent are represented on the
alternative design drawings in amore general plan layout view and have been incorporated into
planning level costs with higher uncertainty related to their quantities. Subsequent design of a
preferred alternative at and beyond the 65% level (refer to Section 4.4) identifies the specific
locations and quantities associated with these less costly elements.

4.1.1 Primary connection channel

The dredger placed tailings piles at the site have variable heights that form a coarse-grained
undulating surface with ridges and valleys (or troughs). Between the tailings pile ridges, the
valleys extend to lower elevations that periodically intersect with adjacent groundwater and create
shallow ponded areas of cool oxygenated water. The largest feature within the siteis Long Pond
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itself, which is comprised of severa open water ponded areas oriented in a somewhat linear down
valley alignment. Connection of Long Pond to the adjacent stream network can provide direct
salmonid access to key habitat elements (e.g., cold water refugia) that are limited within the Scott
River watershed. The treatment method proposed for direct connection is to construct a primary
channel that connects the three downstream-most ponded portions of Long Pond to Sugar Creek.
Direct connections of Long Pond to the Scott River were considered during early phases of the
project, but discounted due to uncertainty in long-term function and perceived risks related to
capture of the mainstem Scott River through the connected Long Pond flow alignment.

The previously implemented primary connection channels to the 2015 Sugar Creek off-channel
habitat enhancement project provide a validated reference point for salmonid utilization of off-
channel rearing habitats at the site through connection to Sugar Creek. These off-channel
connections and fish rearing use is further enhanced through SRWC' s previous beaver dam
analogue restoration actions along Sugar Creek. These two previous restoration actions on Sugar
Creek have created year-round habitat conditions that are unique within the Scott River watershed
with respect to providing significant ecological opportunity and uplift. The additional primary
connection channel proposed in the current project stands to further increase the amount of
habitat access and opportunity for juvenile salmonids.

The primary connection channels proposed in the restoration design have variable benched widths
and side slopes. An example of atypical primary connection channel cross section geometry is
shown in Figure 4-1, and further details are included in the design drawings provided in
Appendix A. The bottom width of the channel upstream of the proposed waterway crossing is 12
ft and downstream of the proposed waterway crossing is 16 ft. The channel bottom elevation
targets an inundation depth of at least 0.5 ft when water levels are at or above typical summer
lower water level conditions associated with the 80-percent exceedance probability. Thisisa
frequently occurring summer condition, which ensures a minimum level of connectivity to
achieve summer rearing habitat access and functional goals. A lower target elevation is used for
the primary connection channel bottom within the downstream 400-500 ft of channel. This lower
targeted elevation is intended to enhance rearing habitat access and opportunity with this lower
portion of the primary connection channel, as well as hedge against uncertainty in the statistically
derived target water level surface, ensure positive drainage for improved water quality, and help
minimize the potential or fish entrapment during periods when water levels may fall below the
targeted design condition. The lower targeted elevation ranges from 1.0 to 1.5 ft below the 80-
percent exceedance probability water level.
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Figure 4-1. Example of typical primary connection channel cross section geometry.
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4.1.2 High-flow connection channels

High-flow connection channels offer less frequently inundated and accessible flow pathways than
primary connection channels. Less frequent flow pathways support both geomorphic processes
and ecological functions. These processes and functions may include facilitation of floodplain
deposition and scour and introduction of macro detrital and other food web components to open
water refugia areas. Additionally, when the high flow connection channels provide connectivity
with off-channel rearing areas, accessis provided for fish to move into these slower off-channel
refugia and out of the primary connection channel or stream channel higher velocity aress.

High flow connection channels proposed in the restoration alternatives target an activation
frequency above the wintertime 10 percent exceedance probability water surface elevation.

4.1.3 Roughened channel grade control

Roughened channel grade controls, or constructed riffle segments, are a method of stabilizing the
channel profile by mimicking natural coarse grained riffle type features. An example of atypical
roughened channel grade control is shown in Figure 4-2. The proposed design includes several
locations for roughened channel grade controls, including at the two plug grading locations
between existing open water segments of Long Pond and the waterway crossing structure
channel.

The proposed roughened channel grade controls include oversized boulders embedded within a
coarse streambed rock matrix that is intended to provide hydraulic diversity through increased
bed friction and water depths that then slow water velocities, dissipate energy through arange of
flows, and provide a mechanism that retains higher upstream water depths for use as refugia
habitat for juvenile salmonids and that supports emergent vegetation communities, and a method
of bed armoring that hinders the potential for incision or erosion that could impact these upstream
benefits.

The mimicked riffle forms are proposed to be created from sorted on-site materials obtained from
channel excavation. Coarser sized materials would be selectively sorted, mixed, and then
backfilled in over excavated trenches within the channel bottom and side slopes of the proposed
locations.
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Figure 4-2. Example of a typical constructed roughened channel grade control using oversized
coarse materials.

4.1.4 Variable slopes and aspect

Diverse and rich ecological processes are fostered by varied physical watershed components.
Variations in topographic relief, slope, and aspect, for example, can facilitate different solar
exposure regimes that create microclimatic gradients in heating, cooling, and evaporation.
Terrestrial wildlife utilize these differences for ease in motility and selection of suitable nesting
and aestivation areas. Furthermore, these types of variations can create shading that helps
maintain cool water refugia and assist seed and plant establishment. Given the general lack of
taller mature vegetation at much of the site, topographic variability can help fulfill this near-term
shade condition until the restored vegetation achieves sufficient height and canopy to contribute
shade. In many parts of the site the tailings piles are relatively tall and relatively stable at steeper
slope angles. These areas benefit from localized topographic shading on northern and eastern

aspects.

The restoration alternatives include variable slopes to help achieve these objectives. For example,
the primary connection channel downstream of the proposed waterway crossing has alower slope
of 10 feet horizontal to 1 foot vertical (10H:1V) on the south side below the emergent bench and
a steeper dope of 3H:1V above the emergent bench. The lower slopeisintended to provide a
larger shallow water areathat is accessible over arange of water level conditions and the steeper
dopeisintended to provide topographic shading of the bench and allow for future SRWC staff
access for post-construction restoration monitoring.

4.1.5 Bench grading

Benched grading allows for the creation of surfaces targeting physically and biologically
important water level frequency events. For example, these targets can include consideration for
the depth from the bench surface elevation to seasonal water levels with respect to plant root
depths or variable shallow water habitat areas. Bench grading is proposed in five locationsin the
alternative designs that target inundation at approximately the winter median water level
condition to facilitate emergent wetland habitat conditions that support food web cycling, woody
material source development, and habitat complexity during seasonally higher water level periods
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that extend shallow water inundation onto the bench surfaces. These benefits relate back to the
varied uplift timelines expected for the site due to form and process driven responses. These
proposed bench locations and approximate widths are listed in Table 4-1.

Table 4-1. Proposed emergent bench grading locations and widths (feet).

L ocation Approximate bench width (feet)

Fin Alcove 1 24

Fin Alcove 2 24

South side of primary connection channel 10

upstream of proposed waterway crossing

South side of primary connection channel 10

downstream of proposed waterway crossing

North side of primary connection channel 5

downstream of proposed waterway crossing

Two of the bench locations, referred to as Fin Alcove 1 and Fin Alcove 2 (Table 4-1 and
Appendix A), included in the proposed alternative designs are located adjacent to and along the
south side of the existing Long Pond open water area. This location was noted by the project
design team as having a unique microclimate due to aspect and mature tree related shading, and
potentially higher deposition and retention of finer topsoil due to the combination of terrain and
vegetative disruption of wind fetch and the contribution of carbon rich material due to seasonal
vegetative decay cycles. The proposed considerably larger width associated with these two bench
locationsis intended to enhance the response of these functions and processes. Additionally, since
these alcove locations are positioned upstream of the majority of the proposed rearing habitat
closer to Sugar Creek, it is anticipated that over time these two benches will become vital food
source areas for the restored area. However, these two locations result in a higher incremental
earthwork effort than the other bench forms, which translates to an assumed higher
implementation cost. And, it is acknowledged that the timescal e associated with the functional
development of robust food and macrodetrital source areasis longer than that of more simplified
shallow water habitat developed in large part by graded form.

4.1.6 Large wood habitat features

Large wood is an important habitat component that provides structure, shade and cover,
moderates stream vel ocities, entrains sediment, and contributes to the development of macro
detrital and benthic food source materials. Large wood sources have historically been removed
from the watershed through land devel opment and use actions, and these remova actions have
concurrently reduced large wood recruitment from upstream sources to streams like Sugar Creek
and the Scott River. This reduction in wood load and structure within the stream system
contributes to the decline in insect prey for aguatic organisms and food web macro detrital inputs.
Installation of large wood is a bioengineering technique that enhances habitats for aguatic
organisms by providing shade, cover, and contributions to food source development.

Large wood habitat features are proposed along the constructed benches and channel segmentsto
bolster the habitat enhancement value immediately following construction, and with the
assumption that upstream logs from existing trees and those included with the proposed
restoration planting will support natural recruitment processes that replace or supplement the
installed logs in the coming years. The proposed large wood habitat features will be further
developed during later phases of design but are likely to include crisscrossed 20-30 ft long 12- to
24-inch diameter logs with root balls. A horizontally placed footer log will likely get added
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beneath the stems of the root ball logs to provide vertical stability and minimize downward
deformation of the habitat feature in the event of local scour. Specific embedment criteriawill be
further evaluated during later design phases based on the force balance requirements to maintain
the position of the feature for habitat utilization. Given the low velocities assumed for the created
refugia habitat areas, the feature stability factors are likely to be dominated by buoyant uplift
during higher stage events. During later design phases, we proposed evaluating the uplift force
and necessary embedment criteriafor the log features using the 1-percent annual exceedance
probability flood water surface elevation and a design safety factor of 1.5 in accordance with
standardized restoration risk assessment and design methods (Rafferty 2013, USBR and USACE
2015).

4.1.7 Healthy soil development

Two test pitsinvestigated during installation of shallow groundwater monitoring stations
indicated that arelatively thin (e.g., approximately 1-3 inch) horizon of finer material occurs
above the coarse tailings, but that this fine layer is compacted and comprised primarily of
inorganic material. Historical dredger mining within the Tailings Reach dramatically altered near
surface soil conditions. One of the most impactful alterations of soil conditions was the inversion
of the dluvid stratigraphy from its pre-disturbance state to one where coarse material is now
generally located in the upper soil layers and finer materials are present in the deeper layers.
These disturbances severely limit biological processes in the near surface layers and the ability to
retain moisture and nutrients necessary to support native woody vegetation. Additionally, the
lighter colored coarse surficial materials likely contribute to an increased albedo effect that
creates harsher diurnal temperature variations (i.e., warmer daytime temperatures and cooler
nighttime temperatures) than the surrounding landscape. These combined impacts create
inhospitable terrestrial habitat conditions that will likely persist for avery long time (i.e., on the
order of thousands of years) without direct restoration actions.

The primary design elements for early establishment of arestored soil state involves the
following:
1. Minimizing limits of disturbance and heavy equipment movement for construction
activities to reduce compaction of site surface soils.
2. Salvaging and stockpiling the existing thin finer topsoil layer and all cleared vegetative
material.
3. Restoring construction finished grade top soils to enhance early soil functions by:

a.  Re-use of salvaged and stockpiled topsoil and vegetative materia by re-distribution
onto finished grades;

b. Deep ripping to at least 12 inches below finished grade to loosen compacted
subsurface layers;

c. Deeptilling of coarse mulch materias, such as chipped vegetative materials cleared
prior to construction excavation activities and imported straw or bark mulch, into
deeper subsurface to fill void space within the coarser layer materials to reduce
migration of finer surface soils down through the more porous soil column and
exposure of deeper rootsto air pockets;

d. Blending finer grained organic compost amended topsoil with the stockpiled site-
salvaged topsoil and redistributing onto the finished surface; and,

e. Top dressing the finished grade with 6-8 inches of imported compost amended
topsoil.
4. Mulching around native restoration plantings.
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5. Protecting restored soil areas from erosion or re-compaction by vehicular traffic.

Although the existing finer topsoil layer is relatively thin and vegetation is sparse, re-use of these
materials isimportant in hel ping establish soil biologic process through inoculation with locally
recruited microbial communities that are present within these salvaged materials while reducing
the cost of importing soil anendments.

4.1.8 Fine substrate supplementation

Lack of fine materials within the existing Sugar Creek left bank can potentially cause aloss of
stream flow to shallow groundwater. The more porous coarse substrate present at the site has an
associated higher hydraulic conductivity than that of sites with well-mixed soils having a
gradation that includes finer through coarser material sizes. For example, hydraulic conductivities
between layers comprised solely of gravel can have hydraulic conductivity values two to four
orders of magnitude higher than layers comprised solely of finer sands. Supplementation of fine
materials into the soil subsurface can help reduce the hydraulic conductivity within the
augmented soil layer and thereby reduce the potential loss of stream flow. Fine substrate
supplementation may also help facilitate moisture retention and root zone establishment for
restoration plantings.

The Scott River Watershed Council has implemented fine substrate supplementation on past
projects to help reduce stream bank porosity and the associated subsurface hydraulic
conductivities that may potentially contribute to localized loss of stream flows to shallow
groundwater flows. The method utilized previously was performed in three steps:

1. Place native and imported fine materials on top of the coarser surface materials,

2. Wash the fines down into the coarse layer to fill void spacing using low- or high-pressure
temporary pump supplied water, and

3. Repesat steps 1 and 2 until wash-water and fines cease to infiltrate into the subsurface and
instead wash water flows on the surface.

When the wash-water ponds and flows on the surface, the void space is assumed to be sufficiently
filled with finer materials and the subsurface hydraulic conductivity is assumed to effectively be
reduced, thereby reducing the potential for loss of stream flow to shallow groundwater. A typical
application of this technique for fine substrate supplementation is shown in Figure 4-3.
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Figure 4-3. Typical application of fine substrate supplementation to treat coarse substrate void
space and reduce the potential for stream flow loss.

Fine substrate supplementation is proposed in the alternative designs for application of an area of
the left bank of Sugar Creek located about 50 ft downstream of the State Route 3 bridge. The
application would extend for approximately 325 linear feet along this left bank location and span
the height of the bank between ordinary high water and the top of the bank.

4.1.9 Protection of existing functional vegetation and disturbed area
revegetation

Native emergent wetland and riparian plant communities serve as vital sources for detrital inputs
for food web cycling, provide habitat for insect prey for juvenile salmonids, trap fine sediment
and provide roughness that can enable natural habitat forming processes, as well as reduce
heating of waterways through devel opment of foliated shade. The timeline for vegetative growth
at the siteisrelatively long in duration based on climatic and soil conditions. Therefore,
protection of intact and functional vegetation is of high importance to ensure continued near-term
ecosystem services offered by the existing vegetation. However, due to Primary Connection
Channel and Bench Grading design elements, some intact vegetation will be disturbed during
project implementation. The design alternatives propose revegetation of these disturbed areas. A
native planting zone palette will be developed during future design phases, and the quantity,
spacing, and size for the plants included in the palette will aso be informed by past nearby and
successful implemented revegetation projects.
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Beaver are active within Sugar Creek and have constructed at least one beaver dam located
between State Route 3 and the existing upstream connection channel to the 2015 Off-Channel
Sugar Habitat area. Beaver can show preferences towards more supple young woody vegetation,
and in the case of restoration plantings can negatively impact plant establishment through their
browse and chew of woody materials. Additionally, SRWC staff (Yoke , pers. Comm. 2021)
indicated that mulch placed around previous restoration project plantings attracted rodents that
subsequently girdled woody plantings. Browse protection or other deterrents are recommended
for incorporation into the restoration planting plan developed during later design phasesto
provide near-term herbivory protection of plantings and to ensure vigorous establishment.

4.1.10 Removal of existing roadways and waterway crossing structure

The proposed project el ements include excavation extents that encompass some existing unpaved
roadways. Most of the existing roadways and driving routes that are within the limits of the
proposed restoration elements are proposed to be removed and alternate driving routes are
proposed to use other existing unpaved roadways that already provide redundancy in the road
network. The largest vehicle access areathat is proposed to be atered by the restoration actionsis
referred to as the parking areain the southwest portion of the site. An alternative parking areais
not proposed as part of the project.

The primary connection channel proposed bisects an existing unpaved roadway at the site that is
used to access portions of properties closer to the Scott River. A waterway crossing structureis
proposed at this location to provide vehicle access across the primary connection channel and
prevent vehicles from directly crossing through the channel and potentially introducing sediment,
turbidity, and other constituents into the restored aquatic habitat areas. The proposed waterway
crossing structure is recommended to have a clear span width of the channel width without the
need for mid-span support piers or multiple opening structure like a multi-barrel culverted
crossing.

The proposed primary connection channel cross section geometry combined with the excavation
depth to achieve the targeted connectivity at the 80-percent summer exceedance frequency water
level resultsin a span width of approximately 60 ft at the existing road centerline elevation. This
represents the maximum span width considered currently for awaterway crossing structure. The
excavation at thislocation is estimated at 7.5 feet from the existing ground surface to the finished
grade of the roughened channel grade control placed in the bottom of the primary connection
channel. Narrower span width waterway crossing structures can be considered for this location as
well but would result in decreased hydraulic performance during higher flow and stage
conditions.

Bridge options alow for flexibility in span width and two options for consideration based on
lower structural material cost and time efficient installation include;

o A repurposed railroad flat car bridge with wood decking (Figure 4-4), and
e A precast concrete slab decked bridge on steel girders (Figure 4-5).

Installation of these bridge options requires lifting bridge elements into place, which can be
accomplished with multiple excavators working in sync or more easily with atruck crane. The
bridges are recommended as a single 12-ft-wide travel lane to accommodate typical passenger
vehicles as well as heavy equipment and emergency vehicles.
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Large spanning pre-cast concrete culvert options are available such as Contech Conspan B-Series
(three-sided box structures with a maximum span width up to 48 feet), O-Series (arch geometry
with a maximum span width up to 65 ft), and BEBO-Series (arch geometries with a maximum
span width up to 102 ft). However, these options are considerably more costly than the two bridge
options previoudly listed and not recommended for further consideration on the project.

If the span width is reduced, aluminum plated culvert options may be considered. Aluminum
culverts are lighter weight and have thinner material thicknesses than comparably sized concrete
culverts. Additionally, aluminum culverts are cheaper than concrete culverts. The plated culvert
option can be easily shipped and assembled without the need for atruck crane. An example of an
installed aluminum culvert isillustrated in Figure 4-6.

A relatively small amount of approach grading is recommended for the selected option to elevate
the selected waterway crossing to the top of the proposed primary connection channel bank slope.
This approach grading would have a maximum height increase of approximately 3 ft.

The two bridge options and the aluminum plate culvert option can each be designed to meet the
live load recommendations such as the American Association of State Highway and
Transportation Officials (AASHTO) recommended HS-20 design loading. The HS-20 design
loading is for a hypothetical vehicle with one 8,000-pound axle and two 32,000-pound axles. This
design loading is consistent for some tractor trailer trucks and fire trucks, and the combined
weight of this design loading exceeds the California Fire Code required access |load requirement.

Comparison of the approximate structure material costs without consideration for design and
installation for the three options considered here are provided in Table 4-2.

Table 4-2. Comparison of approximate waterway crossing structure material costs (In order
from lowest to highest cost).

Waterway crossing type Approximate structure cost
Railroad flat car bridge $60,000
Aluminum plated culvert $75,000
Precast concrete slab bridge $120,000

Given the flexibility afforded span width and the lowest approximate structure cost, the railroad
flat car bridge is the recommended type of waterway crossing for use at the project site. Further
design on the waterway crossing structure is not included in the current project scope and can be
effectively transferred to the construction phase of the project.
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Figure 4-4. Example wood decked repurposed railroad flat car bridge.
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Figure 4-6. Example aluminum culvert.
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4.2 Project Design Alternatives

The primary design elements were assembled to provide two comparative options at the 30%
design phase (Table 4-3), referred to as Alternative 1 and Alternative 2. Design drawings are
included in Appendix A for the primary design element layout that illustrate the differences
between the two alternatives.

4.2.1 Alternative 1

Each of the primary design elements described in Section 4.1 are incorporated in Alternative 1.
The intended benefits for Alternative 1 include:

e Improved connectivity and habitat complexity along the existing Long Pond alignment,
including: (1) roughened channels at the existing plugs to create hydraulic control that
maintains the existing gradient and low velocity when the Long Pond open water areas are
connected by surface water, (2) submersed benches and large wood to improve rearing
habitat conditions, (3) riparian planting benches that create shade and cover and take
advantage of topographic shading, (4) small alcoves and other site-specific habitat features
that provide variable timeline functional and process gains.

e Extension of the Long Pond alignment through the existing parking area, with an outlet to
Sugar Creek located across from the left bank berm and upstream of the recently lowered
left bank floodplain (i.e., the outlet location that we have been discussing).

e Creation/enhancement of off-channel rearing habitat at the Long Pond outlet in the form of
variable amounts of shallow water habitat based on seasonal water level fluctuations and
multiple high flow connection channels between the primary connection channel and the
2015 Off-Channel Habitat areato mimic morphological floodplain connectivity.

e No changein the Sugar Creek mainstem channel.

e Fine substrate supplementation to seal al or portions of the left bank of Sugar Creek and/or
dike to reduce flow losses through infiltration and high transmissivity.

A key difference between Alternative 1 and Alternative 2, isthat Alternative 1 has a primary
connection channel outlet that istied to Sugar Creek as opposed to the 2015 Off-Channel Habitat
area. This direct connection pathway allows direct juvenile salmonid movement between the
Alternative 1 restoration area and the existing Sugar Creek channel.

Design drawing Sheets 6A, 8A, and 9A (Appendix A) illustrate the elements that are unique to
Alternative 1.

4.2.2 Alternative 2

Alternative 2 includes the same primary design elements included as Alternative 1 for the purpose
of achieving the same benefits. However, Alternative 2 incorporates two flow pathways that are
different than Alternative 1 and intended to direct higher flows away from the existing Sugar
Creek left bank, which could improve refugia access during higher flows and enhance the

material exchange between Sugar Creek and off-channel areas. The flow pathway differences
include:

e the primary connection channel alignment towards the 2015 Sugar Creek Off-Channel
Habitat ponded area and downstream-most outlet channel, and

e ahigh flow connection channel that provides by-pass of higher Sugar Creek flows also
through the 2015 Sugar Creek Off-Channel Habitat ponded area.
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The function of the high flow connection for Sugar Creek is facilitated by construction of a

mimicked low elevation gravel bar along the left bank of Sugar Creek. This mimicked bar formis
intended help steer high flows into the by-pass channel alignment.

Design drawing Sheets 6B, 8B, and 9B (Appendix A) illustrate the elements that are unigue to
Alternative 1.
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Table 4-3. Comparison of the two alternatives.

Includes primary design

Redirects primary connection channel

Includes Sugar Creek high flow

Planning-level

Alternative elements (yes/no) high flows away from Sugar Creek left connection channel by-pass (yes/no) construction cost
bank (yes/no)
1 Yes No No $821,000
2 Yes Yes Yes $853,200
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4.3 Planning-Level Construction Cost Estimates for Alternatives 1 and 2

Tables 4-4 and 4-5 provide planning-level cost estimates for Alternatives 1 and 2, respectively.
These costs assume that the Project will be permitted through a streamlined permitting pathway
(e.g., The Habitat Enhancement and Restoration Act) or a grant organization’s programmatic
permitting pathway (e.g., CDFW’s FRGP programmatic permitting process). The permitting
efforts associated with an individual CEQA permit and other individual permits are therefore not
incorporated in the cost estimate provided, except for the necessary CDFW 1602 Stream
Alteration permit process, for which arough order of magnitude cost has been added. The unit
costs were developed based on reference cost information from recent and nearby similar
projects, CALTRANS and vendor specific standard unit cost guidance, and engineering
experience. Quantity and material estimates are based on the 30% design plans (Appendix A).
Optional additional work item costs are included as a contingency alowance to accommodate
additional restoration feature opportunities that may not arise until during construction and
provides a budgetary line item for achieving additional habitat enhancement without necessitating
a construction contract change order. Payment of additional work itemsis contingent upon
additional work being requested by SRWC, and subsequently directed by SRWC and completed
by the restoration contractor. Construction management, engineering during construction, and
construction contingency are estimated as 20% of the sum of the construction item subtotal.
Additional considerations of the cost estimate include:

e Unit costs include equipment, labor, materials, and construction contractor overhead and
profit;

e Costsdo not account for phased construction (i.e., multiple mobilizations and
demobilizations);

e Costs do not include permit preparation costs or application fees; and,

e Costsarein 2021 dollars. Escalation costs for anticipated period of construction are not
included and would be needed if the time of construction is delayed into the future.
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Table 4-4. Cost estimate for Alternative 1 based on 30% design.

Item no. Description | Quantity | Unitst | Unit cost Total cost
Division || General Construction
1 Mobilization 1 EA 10% $56,364
2 Temporary Construction Entrance 1 EA $500.00 $500
3 Temporary Sediment Control 1 LS $14,000.00 $14,000
4 Temporary Construction Fence 300 LF $5.00 $1,500
Division 111 Earthwork and Landscape
Clearing and Stockpile of Salvaged
5 Vegetation and Top Soil 1,500 cY $20.00 $30,000
Channel and Bench Excavation,
6 Including Haul (Assume cut/fill 28,500 CY $12.00 $342,000
balanced on site)
Roughened Channel Grade Control 131 CcY $24.00 $3,144
Large Wood Habitat Features 33 CY $1,500.00 $49,500
Healthy Soil Development 1 LS $40,000.00 $40,000
10 Fine Substrate Supplementation 100 CY $95.00 $9,500
11 Seeding/mulch/planting 1 LS $12,500.00 $12,500
12 Restoration PIan.tmg Browse 1 LS $1,000.00 $1,000
Protection
Division VI Structures
Waterway Crossing Structure:
13 Railroad Flat Car Bridge and 1 LS $60,000.00 $60,000
Unpaved Road Approach Grading
Construction Item Subtotal $620,008
Construction Contingency (Percentage of Construction Item 20% $124,001
Subtotal)
Permits (CDFW 1602) $5,000.00
Engineering - bid support, construction oversight, as-builts $40,000.00
Base Construction Cost: $789,010
Optional Additional Work
14 Additional Excavation 1000 CcY 12 $12,000
Additional Hourly Work: General
15 L aborer 40 HR $80.00 $3,200
16 Additional Hourly Work: Dozer 40 HR $140.00 $5,600
17 Additional Hourly Work: Excavator 40 HR $140.00 $5,600
18 Additional Hourly Work: Dump 0 HR $140.00 $5,600
Truck
Optional Additional Work Cost $32,000
Construction Total (Base Construction Cost + Optional Additional Work Cost;
$821,000
rounded)
Note

1 Unit abbreviationsinclude: CY — Cubic Yard, EA — Each, HR - Hour, LF — Linear Foot, LS — Lump Sum
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Table 4-5. Cost estimate for Alternative 2 based on 30% design.

Item no. Description | Quantity | Unitst | Unit cost Total cost
Division || General Construction
1 Mobilization 1 EA 10% $58,8030
2 Temporary Construction Entrance 1 EA $500.00 $500
3 Temporary Sediment Control 1 LS $14,000.00 $14,000
4 Temporary Construction Fence 300 LF $5.00 $1,500
Division 111 Earthwork and Landscape
5 c ea”\;‘gg"{e"t‘gﬂ%r?g;g 'fo‘g Saveged | 1s00 | ey $20.00 $30,000
Channel and Bench Excavation,
6 Including Haul (Assume cut/fill 28,650 cY $12.00 $343,800
balanced on site)
Roughened Channel Grade Control 368 CY $24.00 $8,832
Large Wood Habitat Features 44 CY $1,500.00 $66,000
Healthy Soil Development 1 LS $40,000.00 $40,000
10 Fine Substrate Supplementation 100 CY $95.00 $9,500
11 Seeding/mulch/planting 1 LS $12,500.00 $12,500
12 Restoration PIan.ting Browse 1 LS $1,000.00 $1,000
Protection
Division VI Structures
Waterway Crossing Structure:
13 Railroad Flat Car Bridge and 1 LS $60,000.00 $60,000
Unpaved Road Approach Grading
Construction Item Subtotal $646,835
gj)tr)lts;t)tr;?lon Contingency (Percentage of Construction Item 20% $129.367
Permits (CDFW 1602) $5,000.00
Engineering - bid support, construction oversight, as-builts $40,000.00
Base Construction Cost: $821,202
Optional Additional Work
14 Additiona Excavation 1000 (' 12 $12,000
15 Additional Hﬁgggr\e/rVork: Genera 40 HR $80.00 $3,200
16 Additional Hourly Work: Dozer 40 HR $140.00 $5,600
17 Additional Hourly Work: Excavator 40 HR $140.00 $5,600
18 Additional H'(I)'L:Sgkwork: Dump 40 HR $140.00 $5,600
Optional Additional Work Cost $32,000
Construction Total (Base Construction Cost + Optional Additional Work Cost) $853,202

Note

1 Unit abbreviationsinclude: CY — Cubic Yard, EA — Each, HR - Hour, LF — Linear Foot, LS —Lump Sum
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4.4 Selection of a Preferred Alternative

Following review of conceptual design alternatives during the first TAC meeting on May 10,
2021, TAC membersindicated a preference for adesign planform that provides multiple
connections for fish passage between rearing habitats in Long Pond, Sugar Creek, and the 2015
Sugar Off-Channel Habitat area. Support was expressed by the TAC for utilizing the 80-percent
exceedance water surface elevation as a proposed design water surface elevation, and for
lowering lateral connections between the proposed downstream rearing area and the 2015 Sugar
Off-Channel Habitat area shown in the Alternatives to be activated by the 80-percent exceedance
elevation. Based on the water quality conditions discussed in Section 3.5, the TAC members did
not have concerns about fish stranding, seasonal water temperature fluctuations, or dissolved
oxygen availability within the constructed rearing habitats or connected Long Pond open water
area. The TAC recommended increasing topographic heterogeneity within the bench and alcove
features and providing habitat areas with depths greater than 4 feet for optimal coho habitat. The
TAC also recommended approaches for improving soil health (e.g., increasing soil moisture
retention, carbon content, and nutrient content available) to improve successful establishment and
growth of restoration plantings; specificaly, re-use of salvaged whole trees and smaller woody
materials (i.e., slash) through buria to emulate nurse log ecological processes. Larger whole tree
and rootwad applications were suggested for placement on benches, alcoves, and within open
water areas to provide habitat complexity.

The TAC also requested more information about sediment conditionsin the Sugar Creek channel
within the project reach to help inform any potential effects of channel erosion and sedimentation
on the functionality and longevity of the proposed connection channels. In response, the project
team analyzed changes in historical channel cross sections surveyed by the California Department
of Transportation (Cal Trans) at the State Route 3 bridge crossing of Sugar Creek, evaluated
changesin longitudinal profilesin Sugar Creek downstream of the State Route 3 bridge crossing,
and conducted afield reconnaissance of channel sediment conditionsin the Project reach
(Appendix H). Theresultsindicated arelatively abundant supply of sand and fine gravel to lower
Sugar Creek and a modest amount of bed elevation change related to sand deposition in the
upstream portion of the project reach associated with local hydraulics at the State Route 3 bridge
crossing, backwatering behind the natural beaver dam, and floodplain inundation on the
downstream left bank. Little change in bed elevation due to sand deposition, however, was
apparent in the main Sugar Creek channel downstream of the natural beaver dam and in the
vicinity of the outlet from the 2015 Sugar Off-Channel Habitat area. These results suggest much
of the sand and fine gravel flux into the reach istrapped by the first natural beaver dam
obstruction, deposited on floodplains, and/or transported downstream of the proposed Long Pond
connection paints.

During the site reconnaissance of Sugar Creek performed by SRWC and Stillwater staff
(Appendix H), the left bank of Sugar Creek between the State Route 3 bridge and SRWC's 2020
floodplain restoration project was observed to be primarily composed of sand and was occupied
by dense riparian vegetation. The design alternatives previously considered an action to
supplement left bank areas with a fine substrate (e.g., sand) to reduce void space, infiltration rate,
and overall flow loss from Sugar Creek. Given the existing prevalence of sand across the
floodplain surface, it is unlikely that further supplementation would be effective at reducing
conductivity and could negatively impact existing riparian vegetation. This design element was
therefore removed from the Preferred Alternative.

Following the TAC meeting, the Preferred Alternative was devel oped based on TAC input and
with additiona direction from SRWC. The Preferred Alternative was then advanced to the 65%
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design level with supporting planset drawings, quantity estimates, and associated construction
costs. Additional direction from SRWC included specifying removal and offsite disposal for
debris accumulated at the site (predominately scrap metal and other building materials) and
supplementing soil amendments with biochar to increase carbon, nutrient cycling, and soil
moisture capacity. An additional TAC review meeting was conducted on August 3, 2021 to
discuss the project design advancement to the 65% design level, which incorporated the
recommendations and changes. TAC and SRWC recommendations and reguested changes from
review of the 65% and 90% designs have thus been incorporated into the grading and habitat
design features of the 100% design. The following describes the key features and the associated
design parameters.

4.4.1 Multiple and variable connections

The proposed design plans incorporate multiple and variably activated connection points between
Sugar Creek, the 2015 Sugar Off-Channel Habitat area, and the proposed rearing channel area.
The previously proposed high flow connection channels were lowered to provide a minimum
inundation depth of 0.5 feet at the 80-percent exceedance water surface elevation to facilitate
volitional movement of juvenile salmonids between these diverse habitat areas. An additional
connection between Sugar Creek and the proposed rearing channel areaisincluded to further
increase salmonid ingress and egress opportunities. The primary connection between the rearing
area and Sugar Creek was lowered to an approximate elevation of 2,998 feet NAV D88 to match
the existing pool depth within Sugar Creek, and thus provide deeper rearing area depths (e.g.
approximately 6 feet at the 80-pecent exceedance water surface elevation). The increased number
of connections provides for a higher level of resiliency in the design to possible change in Sugar
Creek channel form from episodic erosion and deposition events.

4.4.2 Large wood habitat features

Two large wood feature types are included in the designs to provide immediate habitat benefits.
These are referred to as the Large Wood Habitat Feature, Type | (LWHF1) and the Large Wood
Habitat Feature, Type Il (LWHF2). The LWHF1 is constructed using a single log with intact
rootwad, and the LWHF2 is constructed using two criss-crossed |ogs with intact rootwads. Based
on SRWC' s past experiences acquiring material for building large wood habitat featuresin the
regions, these features are assumed to be constructed using Ponderosa Pine, Douglas Fir, or
Western Juniper rootwad logs that are approximately 20 feet long with 1.5 foot diameter at breast
height. Each log member will be embedded into the constructed bench or channel to at least 2/3
of total log length and ballast for vertical, horizontal, and rotational stability will be achieved by
placement of native material backfill to the finished grades. Each log is assumed to be keyed with
the stem angled vertically downward into the finished grade banks at a minimum of 10° from
horizontal to increase the amount of native backfill ballast on the log stem.

The vertical and horizontal stability of the large wood habitat features was evaluated using an
assumed flood stage and flow conditions. For the flood stage assumption, the 1-percent AEP
flood water surface elevation (3,023 feet NAVD88) was derived by inspecting the point of
intersection between the effective Special Flood Hazard Area (FEMA 2011) and State Route 3
near the project site and extracting the elevation for the intersections from the 2018 LiDAR. A
normal depth calculation was used to estimate a high biased velocity associated with the future
proposed water depth, calculated as the difference between the 1-percent AEP flood water surface
and the lowest rearing channel bottom elevation. The slope used for the normal depth calculation
was assumed as the proposed channel bed near the proposed crossing. These assumptions provide
ahigh biased velocity estimate, since the FEMA (2011) mapping indicates that significant
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flooding would occur throughout the valley at the 1% AEP flood water surface elevation. This
backwatering, combined with vegetative and topographic complexity in the tailings and
restoration area, would likely reduce down valley velocities during such aflood event. The
predicted factor of safety for each force (vertical, horizontal, and rotational) exceeds the design
criteriafactor a safety of 1.5, indicating that the proposed large wood habitat features are stable
for the conditions considered.

Whole trees and associated smaller coarse woody materials (e.g., branches and shrubs) removed
as part of clearing for project grading plan implementation can be salvaged and stockpiled for
reuse in the project. Two habitat features, referred to in the design plans (Appendix G) as nurse
logs and brush trenches, are proposed that incorporate these materials salvaged on site. The
purpose for incorporating these material s into the proposed design features is primarily to
increase soil organic and nutrient content and increase soil moisture capacity, as recommended by
the TAC. Inspection of aerial photography overlain with grading contours indicates that
approximately 38 whole trees may be available through salvage. The nurse log and brush trench
features utilize salvaged woody material as either fully or partially embedded. The near surface
soil associated with these two featuresis specified for amendment using a blend of 25-percent
imported wood chips, 25-percent top soil, and 10-percent imported biochar materials mixed with
the remaining 40% of salvaged native topsoil. Plantings and seeding are assumed to occur within
these features to emulate naturally occurring nurse logs. Up to 25-percent of the protruded
surficial area of the nurse logsis proposed to be enhanced for wood cavity nesting pollinator
habitat by drilling nesting pilot holes with varying diameters and lengths. A blanket rolled erosion
control product (i.e. coir matting) is proposed for installation along the subgrade bottom and sides
of the nurse log installations to further enhance the soil moisture retention within the nurse log
trench to improve the likely success of native plantings and accel erate macrodetrital processes.

4.4.3 Roughened channel grade control

Roughened channel grade control material is specified for each of the two proposed plug grading
locations and at the proposed water crossing location. The intent of the roughened grade control
material isto provide vertical bed stability and also increase hydraulic turbulence in an effort to
aerate the water entering the proposed downstream rearing area adjacent to Sugar Creek. A 1.5
foot thick layer of engineered streambed material (ESM) is specified for construction of the
roughened channel segments following the guidance of the California Salmonid Sream Habitat
Restoration Manual Part XIl (2009). A normal depth calculation was used to estimate the unit
discharge associated with each of the three roughened channel locations. The highest unit
discharge between the three |ocations was then used to compute the ESM gradation. It is assumed
that the ESM gradation can be efficiently achieved by sorting materials excavated as part of the
project grading plan and supplemented with imported rock materials on an as-needed basis. The
ESM layer is assumed to be placed in aminimum of threelifts, with each lift having a maximum
height of 0.5 feet. Construction of the ESM in smaller liftsis intended to improve the stability and
compacted unified form of the overall ESM layer, that will then provide reduced infiltration and
flow loss to potential ESM void space when the roughened channel segments are activated.

4.4.4 Healthy soil development

In addition to the soil amendments proposed for the aforementioned nurse log and brush trench
habitat features, additional healthy soil development is proposed. Specifically, the designs include
soil amendments for two habitat planting zones classified as future state riparian forest areas
along portions of the grading plan slopes and emergent wetland bench areas along the grading
plan benches. These locations are each assumed to be treated by 10-percent imported wood chips
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and 10-percent imported topsoil mixed with the salvaged native topsoil. For the riparian forest
areas, an additional 10-percent of the amended sail is proposed to be made of imported biochar,
however no biochar is assumed for addition to the emergent wetland bench amended soils. A
netted rolled erosion control product (i.e., jute netting) is proposed for placement over top of
these two amended soil locations to minimize the potential for fluvial or aeolian erosion of the
lower density amended soil compared with the higher density native substrate. The depth of
trestment application is assumed to be 18 inches for each of these |ocations.

4.4.5 Debris removal

Surficial debris, including discarded tires and scrap metal, islocated near the grading areas and
within alocation that likely needs some minor grading to accommodate continued and future
private property unpaved access routes. Potential mobilization of this material into the proposed
aguatic habitat areas would be deleterious to the uplift processes that the project intends to
provide. Therefore, offsite haul and disposal at appropriate landfill sitesis proposed for this
material. An estimate of the number of dump truck loads was prepared by inspection of aerial
photography of the debris areas and using an assumed compacted thickness for haul transport.
Using this methodol ogy, the estimated number of 10 cubic yard dump truck loadsis 16.

4.4.6 Native planting and seeding

A preliminary native planting zone pal ette was devel oped for the revegetation following
completion of the grading work. The palette zonation is based on the habitat conditions that are
likely to occur and that provides for the long-term physical and biological habitat attributes
necessary to sustain robust salmonid rearing conditions. The plants and seeds proposed for the
two zones, classified as riparian forest and emergent wetland bench habitats, include species
commonly found in healthy similarly classified habitat areas near the project area. The native
seed mix proposed as Seed Mix A is provided in Table 4-6.

Table 4-6. Native Seed Mix A for application to emergent wetland bench and
riparian forest planting zone areas.

Common name Scientific name pZ?léq?Vsep;regciLech)

Western Y arrow Achillea millefolium 1

Cdlifornia Brome Bromus carinatus 25
Clustered Field Sedge Carex praegracilis 5

Blue Wildrye Elymus glaucus 25
Barley Hordeum brachyantherum 25
Beardless Wildrye Elymus triticoides 15
Spanish Lotus Acmispon americanus 10
Small Fescue Festuca microstachys 5

Total PoundsPL S per acre= 111
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4.5 Opinion of Probable Cost for the Preferred Alternative

Table 4-7 provides an opinion of probable cost for the preferred alternative that is commensurate
with the 100% level desigh element considerations. The estimated direct construction item
combined cost is $1,360,000, and with added contingency, permitting, and associated engineering
support for implementation is $1,647,000. An additional $38,800 isincluded for budgetary
purposes to allow for opportunistic construction actions that are within the permit constraints and
in line with the project objectives, but that may not be readily apparent until active constructionis
underway. Accounting for this additional optional work budgetary cost, the project total cost is
estimated at $1,685,800. The details provided in the design drawings (Appendix G) and Table
4-7, allows for avariety of methods to achieve project implementation with altered estimated
costs, such as aternative unit cost assumptions, phased implementation of project elements, and
reduction in item quantities.

SRWC requested cost details delineated for potential phased implementation. Potential project
phases were delineated by work elements along the project length, and assumed to sequence from
Sugar Creek towards the open water Long Pond feature. Three phases are delineated and
correspond to the project elements shown on the design drawing plan views (Appendix G) as
follows:

e Phase 1: Project elements shown on design drawing sheet 7, downstream of and not
including the proposed waterway crossing,

e Phase 2: Project elements shown on design drawing sheet 10 and 14 that are upstream of
and including the proposed waterway crossing to connect the Phase 1 areato Long Pond,

e Phase 3: Project elements shown on design drawing 12 that are along Long Pond, including
the alcoves and associated habitat el ements.

Quantity and cost estimates for the potential phased implementation are provided in Table 4-8,
Table 4-9, and Table 4-10. The combined phased implementation cost is estimated at $37,500
more than the single phase of implementation provided in Table 4-7, due to uncertainty in phased
implementation timing and therefore the need to assume duplication of temporary efforts and
higher support costs.

Table 4-7. Cost estimate for the 100% Preferred Alternative design with assumed single phase.

[tem no. Description | Quantity | Unitst | Unit cost Total cost
Division Il General Construction

1 Mobilization 1 EA 5% $64,700
2 Temporary Construction Entrance 1 EA $4,300 $4,300
3 Temporaryc'i:]‘ifgl’”magr? Sediment 1 LS $2,000 $2,000
4 Temporary Erosion and Sediment 1 LS $21.150 $21.150

Control Materias

5 Temporary Construction Fence 300 LF $5 $1,500

Division |11 Earthwork and Landscape

Clearing and Stockpile of Salvaged

6 Vegetation and Top Soil 2,675 CY $20 $53,500
7 Removal and Disposal of Debris 160 cY $141 $22,560
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[tem no. Description Quantity | Unitst Unit cost Total cost
Channel and Bench Excavation,
8 Including Haul (Assume cut/fill 37,950 cY $14.00 $531,300
balanced on site)
9 Roughened Channel Grade Control 575 CY $73.00 $42,000
Large Wood Habitat Feature, Type 1
10 (LWHF1) 22 EA $1,800 $39,600
Large Wood Habitat Feature, Type 2
11 (LWHF2) 11 EA $3,000 $33,000
12 Brush Trench 900 LF $64 $57,600
Nurse Logs, using onsite salvaged
13 trees (including live stakes) 38 EA $3,800 $144,400
14 Riparian Forest Soil Amendment 4,200 Sy $40 $168,000
Emergent Wetland Bench Sail
15 Amendment 1,760 SY $38.50 $67,760
Boulder Bollards, placed to deter
16 larger vehicle access to plug and 8 EA $1,130 $9,040
acove grading areas
Native Plant Seeding, Seed Mix A:
7 Emergent Wetland Bench 0.5 AC $6,000 $3,000
Native Plant Seeding, Seed Mix A:
18 Riparian Forest 1 AC $6,000 $6,000
Native Plant Seeding, Seed Mix A:
19 Brush Trench 0.06 AC $6,000 $360
Native Plant Revegetation: Emergent
20 Wetland Bench Live StakesInstalled | 287 | FA % $18,860
Native Plant Revegetation: Riparian
21 Forest Live Stakes Installed 952 AC 3 $2,860
Restoration Planting Browse
22 Protection 1 LS $6,000 $6,000
Division VI Structures
Waterway Crossing Structure:
23 Railroad Flat Car Bridge and 1 LS $60,000 $60,000
Unpaved Road Approach Grading
Construction Item Subtotal (rounded) $1,360,000
Construction Contingency (Percentage of Construction Item o
Subtotal; rounded) 15% $204,000
Permits (CDFW 1602) $5,000
Engineering - bid support, construction oversight, as-builts $78,000
Base Construction Cost (rounded): $1,647,000
Optional Additional Work
25 Additional Excavation 1000 CcY 14 $14,000
Additional Hourly Work: General
26 L aborer 40 HR $100 $4,000
27 Additional Hourly Work: Dozer 40 HR $140 $5,600
28 Additional Hourly Work: Excavator 40 HR $240 $9,600
29 Additional Hourly Work: Dump 0 HR $140 $5,600
Truck
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[tem no. | Description | Quantity | Unitst | Unit cost Total cost
Optional Additional Work Cost $38,800
Construction Total (Base Construction Cost + Optional Additional Work Cost; $1,685,800
rounded)

Note

1 Unit abbreviationsinclude: AC - Acre, CY — Cubic Yard, EA — Each, HR - Hour, LF — Linear Foot, LS—Lump
Sum, SY — Square Yard
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Table 4-8. Cost estimate for the Phase 1 of the 100% Preferred Alternative design.

Item no. Description | Quantity | Unitst | Unit cost Total cost
Division || General Construction
1 Mobilization 1 EA 5% $19,100
2 Temporary Construction Entrance 1 EA $4,300 $4,300
Temporary Erosion and Sediment
3 Control Plan 1 LS $2,000 $2,000
Temporary Erosion and Sediment
4 Control Materials 1 LS $9,600 $9,600
5 Temporary Construction Fence 300 LF $5 $1,500
Division |11 Earthwork and Landscape
Clearing and Stockpile of Salvaged
6 Vegetation and Top Soil 974 CY $20 $19,500
Channel and Bench Excavation,
7 Including Haul (Assume cut/fill 7,950 CY $14.00 $111,300
balanced on site)
8 Roughened Channel Grade Control 275 CcY $73.00 $20,100
Large Wood Habitat Feature, Type 1
9 (LWHE1) 18 EA $1,800 $32,400
Large Wood Habitat Feature, Type 2
10 (LWHE) 5 EA $3,000 $15,000
11 Brush Trench 540 LF $64 $34,600
Nurse Logs, using onsite salvaged
12 trees (including live stakes) 9 EA $3,800 $34,200
13 Riparian Forest Soil Amendment 1,040 SY $40 $41,500
Emergent Wetland Bench Sail
14 Amendment 1,090 Sy $38.00 $41,400
Native Plant Seeding, Seed Mix A:
15 Emergent Wetland Bench 0.22 AC $6,000 $1,350
Native Plant Seeding, Seed Mix A:
16 Riperian Forest 0.21 AC $6,000 $1,290
Native Plant Seeding, Seed Mix A:
17 Brush Trench 0.04 AC $6,000 $220
Native Plant Revegetation: Emergent
18 Wetland Bench Live StakesInstalled | 2830 | FA ¥ $8,490
Native Plant Revegetation: Riparian
19 Forest Live Stakes Installed 204 AC 3 $612
Restoration Planting Browse
20 Protection 1 LS $2,000 $2,000
Construction Item Subtotal (rounded) $400,000
Construction Contingency (Percentage of Construction Item o
Subtotal; rounded) 15% $60,000
Permits (CDFW 1602) $5,000
Engineering - bid support, construction oversight, as-builts $35,000
Base Construction Cost (rounded): $500,000
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Item no. Description | Quantity | Unitst | Unit cost Total cost

Optional Additional Work

21 Additional Excavation 400 CcY 14 $5,600

29 Additional Hourly Work: General 20 HR $100 $2,000
Laborer

23 Additional Hourly Work: Dozer 20 HR $140 $2,800

24 Additional Hourly Work: Excavator 20 HR $240 $4,800

o5 Additional Hourly Work: Dump 20 HR $140 $2.800
Truck

Optional Additional Work Cost $18,000

Construction Total (Base Construction Cost + Optional Additional Work Cost;

rounded) $518,000

Note
1 Unit abbreviationsinclude: AC - Acre, CY — Cubic Yard, EA — Each, HR - Hour, LF — Linear Foot, LS—Lump
Sum, SY — Square Yard

Table 4-9. Cost estimate for the Phase 2 of the 100% Preferred Alternative design.

Item no. Description | Quantity | Unitst | Unit cost Total cost
Division |1 General Construction
1 Mobilization 1 EA 5% $27,600
2 Temporary Construction Entrance 1 EA $4,300 $4,300
Temporary Erosion and Sediment
3 Control Plan 1 LS $2,000 $2,000
Temporary Erosion and Sediment
4 Control Materials ! LS $7,300 $7,300
5 Temporary Construction Fence 300 LF $5 $1,500
Division |11 Earthwork and Landscape
Clearing and Stockpile of Salvaged
6 Vegetation and Top Soil 1,240 cY $20 $24,800
7 Removal and Disposal of Debris 160 cY $141 $22,560
Channel and Bench Excavation,
8 Including Haul (Assume cut/fill 18,350 CcY $14.00 $257,000
balanced on site)
9 Roughened Channel Grade Control 300 CY $73.00 $21,700
10 Brush Trench 80 LF $64 $5,200
Nurse Logs, using onsite salvaged
1 trees (including live stakes) 21 EA $3,800 $80,000
12 Riparian Forest Soil Amendment 650 Sy $40 $26,000
Emergent Wetland Bench Sail
13 Amendment 670 Sy $38.50 $25,500
Boulder Bollards, placed to deter
14 larger vehicle access to plug and 4 EA $1,130 $4,500
alcove grading areas
Native Plant Seeding, Seed Mix A:
15 Emergent Wetland Bench 0.14 AC $6,000 $830
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Item no. Description Quantity | Unitst Unit cost Total cost
Native Plant Seeding, Seed Mix A:
16 Riparian Forest 0.13 AC $6,000 $800
Native Plant Seeding, Seed Mix A:
17 Brush Trench 0.01 AC $6,000 $30
Native Plant Revegetation: Emergent
18 Wetland Bench Live StakesInstalled | 70 | FA ¥ $5,240
Native Plant Revegetation: Riparian
19 Forest Live Stakes Installed 128 AC ¥ $380
Restoration Planting Browse
20 Protection 1 LS $2,000 $2,000
Division VI Structures
Waterway Crossing Structure:
21 Railroad Flat Car Bridge and 1 LS $60,000 $60,000
Unpaved Road Approach Grading
Construction Item Subtotal (rounded) $579,000
Construction Contingency (Percentage of Construction Item o
Subtotal; rounded) 15% $87,000
Per mits (CDFW 1602) $5,000
Engineering - bid support, construction oversight, as-builts $40,000
Base Construction Cost (rounded): $711,000
Optional Additional Work
22 Additional Excavation 300 CY 14 $4,200
23 Additional Hourly Work: General 10 HR $100 $1,000
L aborer
24 Additional Hourly Work: Dozer 10 HR $140 $1,400
25 Additional Hourly Work: Excavator 10 HR $240 $2,400
%6 Additional Hourly Work: Dump 10 HR $140 $1,400
Truck
Optional Additional Work Cost $10,400
Construction Total (Base Construction Cost + Optional Additional Work Cost;
$721,400
rounded)
Note

1 Unit abbreviationsinclude: AC - Acre, CY — Cubic Yard, EA — Each, HR - Hour, LF — Linear Foot, LS—Lump
Sum, SY — Square Yard
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Table 4-10. Cost estimate for the Phase 3 of the 100% Preferred Alternative design.

Item no. Description | Quantity | Unitst | Unit cost Total cost
Division || General Construction
1 Mobilization 1 EA 5% $18,800
2 Temporary Construction Entrance 1 EA $4,300 $4,300
Temporary Erosion and Sediment
3 Control Plan 1 LS $2,000 $2,000
Temporary Erosion and Sediment
4 Control Materials 1 LS $21,150 $7,400
5 Temporary Construction Fence 300 LF $5 $1,500
Division |11 Earthwork and Landscape
Clearing and Stockpile of Salvaged
6 Vegetation and Top Soil 640 CY $20 $12,800
Channel and Bench Excavation,
8 Including Haul (Assume cut/fill 11,650 CcY $14.00 $163,100
balanced on site)
Large Wood Habitat Feature, Type 1
10 (LWHF1) 4 EA $1,800 $7,200
Large Wood Habitat Feature, Type 2
11 (LWHF2) 6 EA $3,000 $18,000
12 Brush Trench 270 LF $64 $17,30