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This memorandum describes a Phase | preliminary design level subsurface site investigation
program for the Eagle Mountain Pumped Storage Project (Project), which is being developed
by Eagle Crest Energy Company (ECE). This program will commence in the initial stages of
engineering design after the Federal Energy Regulatory Commission (FERC) license has
been granted and access to all portions of the Project site has been obtained. Coupled with
previous work on the site conducted for other purposes, the Phase | program will provide the
information needed to finalize the location of Project features and design concepts, assess
water quality and groundwater levels, and to plan investigations during a subsequent Phase |
program to support final design of the Project. In addition to investigations to support design
of pumped storage facilities, the Phase Il program will also include field investigations and
modeling to support detailed evaluation of potential seepage from the Project features
(reservoirs and water conveyance tunnels). Seepage evaluations will include groundwater
modeling to refine plans for seepage control, seepage recovery, and groundwater monitoring
as required to avoid potential adverse impacts on the local ground water regime and water
guality, the Colorado River Agqueduct (CRA), and the proposed landfill (should it be
implemented). The Phase Il program is typically implemented in a humber of progressive
steps. Geotechnical field programs during the design stage are implemented in a phased or
step-wise manner with subsequent field work planned based on what is learned from the
preceding field work.

Existing Data

Extensive geologic and geotechnical investigations have been carried out at the Eagle
Mountain site over many decades. Initial investigations were conducted prior to, and during,
operation of the iron ore mining operations. More recently, comprehensive site investigations
were completed in the late 1980’'s and 1990’s as in support of planning and preliminary
design studies for the proposed landfill project. These investigations included:

e Geologic mapping
e Seismic refraction studies
e Drilling of borings to depths in excess of 1500 feet

e Borehole video logs

¢ Installation of monitoring wells and piezometers



¢ Downhole pressure testing

e Sampling and laboratory testing of rock samples collected from the major rock units
present on site as well as sampling and extensive laboratory analyses of mine
tailings materials

¢ Investigations into the age of several faults that pass through or close to the site
including age dating of dikes which cross but are not offset by one or more faults

Laboratory testing of both bedrock and alluvium involved an extensive program that
included:

e Grain size distribution

e Direct shear testing

e L.A. abrasion tests (to evaluate material durability)

e Specific gravity

e Triaxial shear tests

e Expansion index

e Atterberg limits

e Consolidation tests

e Swell potential

¢ Moisture content/dry density

e Leachate compatibility and durability

e Shrinkage limit

o X-ray diffraction

e Hydraulic conductivity

¢ Pinhole dispersion

e Petrographic analyses

e Maximum dry density/moisture content

e Chemical analyses
The site investigations and studies were completed between 1988 and the spring of 1993 by
GeoSyntec Consultants of Huntington Beach, California, and GSi/Water of South Pasadena,
California. Results of these investigations are presented in the Report on Waste Discharge,
which was filed with the California Water Quality Control Board, as part of the landfill

permitting process. Additional geologic information is presented in the Environmental Impact
Statement for the Eagle Mountain Landfill, dated July 1991.

The existing data are adequate to support conceptual design, and to solicit contractors for
construction of the water supply wells and extensometers.



Phase | Site Investigations

The data used for characterization of the site for the Eagle Mountain Pumped Storage
Project’s Final License Application (FLA) and Environmental Impact Report (EIR) are drawn
from the previous reports, and from observations made during a reconnaissance visit to the
mine during the previous 1992 to 1994 FERC licensing process. The previous investigations
were not tailored specifically to gaining data that would support design of large dam, tunnel,
and related structures for a hydroelectric development. However, data are available to
understand the site characteristics in sufficient detail to document the feasibility of
constructing the Project.

ECE will undertake Phase | site investigations to support final configuration and preliminary
design of the Project. Based on available information and the current Project configuration, a
limited pre-design field investigation program will be undertaken to confirm Project feature
locations, assess water quality associated with future ore body contact, determine
groundwater levels, and provide design parameters for the final layout of the Project features.
Phase | subsurface investigations will be initiated after licensing and obtaining site access,
after the initiation of the Project design phase. Field work will be completed within 6 months of
the start of field investigations, and results filed with the FERC and SWRCB within 12 months
after the start of field investigations.

The general scope of the Phase | program is discussed in the following paragraphs and
shown, in schematic form on Figure 1.

Water Storage Reservoirs

The Project involves adapting two existing mining pits for use as water storage reservoirs. At
the Upper Reservoir, the existing mine pit does not have adequate volume to provide the
entire water storage needed. To create the required storage, two dams will be constructed in
order to close off low areas around the mine pit rim. Both the FERC and the California
Division of Safety of Dams (DSOD) will review the design of these dams and confirm that the
designs meet their strict safety criteria and standards. Both agencies require geologic and
foundation conditions and construction materials for the dam to be thoroughly investigated
and documented. The scope of these investigations must be appropriate for the dam size
and type and the complexity of the foundation. The potentials for seepage from the reservoir
that could affect the design and safety of the dams will also be investigated in support of
design, and construction, and operation of control measures.

Upper Reservoir Dam 1: Three borings are planned for the pre-design program; one boring at
the low point on the rim and one boring at each abutment.

Upper Reservoir Dam 2: Three borings are planned; one boring at the low point on the rim
and one at each abutment.

Upper Reservoir Conditions: Detailed reconnaissance and geologic mapping of the Upper
Reservoir will be performed to characterize conditions that will affect the stability of existing
slopes during reservoir level fluctuations. Mapping will identify the degree and orientation of



jointing and fracturing, faulting, weathering, and the dimensions of the benches excavated
during mining. The apparent stability of the cut slopes and benches will be assessed.
Potential measures to control seepage and leakage from the reservoir will be assessed in the
field, as observations of pit conditions are made. During the reconnaissance, plans for further
investigations will be developed to obtain information that supports design of seepage
remediation measures, as well as slope stability enhancements.

Lower Reservoir Conditions: Unlike the Upper Reservoir, the Lower Reservoir has two
distinct characteristics. The west, north and south rims are primarily exposed bedrock, while
the east rim exposes alluvial material (fan deposits/debris flow), which will be the primary
location of seepage from the Lower Reservoir. A minimum of two borings, at approximately
surface elevation 1100 are planned to explore conditions of this alluvial material where
seepage controls will be installed. Each boring will have a depth of 300 feet and will be drilled
vertically. Samples for laboratory testing will be obtained at pre-determined intervals and
when changes in stratigraphy are apparent. In-situ permeability tests will be performed and
piezometers will be installed. Total drilling will be 600 linear feet. As in the case of the Upper
Reservoir, geologic mapping will be performed to identify conditions of the exposed schistose
meta-arkose rock types in the mine pit. Detailed geologic mapping will be performed to
characterize conditions that will affect the stability of existing slopes during reservoir level
fluctuations. Mapping will identify the degree and orientation of jointing and fracturing, faulting,
weathering, and the dimensions of the benches excavated during mining. The apparent
stability of the cut slopes and benches will be assessed. Potential measures to control
seepage and leakage from the reservoir will be assessed in the field as observations of pit
conditions are made. Based upon the reconnaissance and geologic mapping, plans for
subsequent investigations will be developed to obtain information required to support design
of seepage remediation measures, as well as slope stability enhancements.

Hydraulic Structures

In addition to the Upper Reservoir dams, there will be two large reinforced concrete hydraulic
structures associated with the Project. These are the Upper and Lower Reservoir inlet/outlet
(I/O) structures. These structures will be built in excavations made at the east end of the
Upper Reservoir and the northwest portion of the Lower Reservoir, as shown on Figure 1.

Upper Reservoir 1/0O Structure: For the pre-design exploration, one boring is planned to be
advanced from the top of the slope cut at approximately elevation 2600 at a minimum of
about 10 feet below the proposed structure foundation at elevation 2260. The estimated
boring depth is 362 feet at an angle of 70 degrees (340 feet vertical). Rock coring methods
will be used and permeability tests will be performed in addition to logging and sampling the
core for testing. The purpose of the boring and testing will be to evaluate slope integrity, rock
type and quality, and foundation conditions. This information may be used to evaluate the
upstream tunnel portal location and to provide criteria for design of the I/O structure.

Lower Reservoir 1/0O: One boring is planned to be advanced from the top of the slope cut at
approximately elevation 1550 at a minimum of about 10 feet below structure foundation at
elevation 840. The boring depth will be 755 feet at 70 degrees (710 feet vertical). Rock coring
methods will be used and permeability testing using standard methods will be performed.
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Data from this boring will be used to evaluate slope integrity, rock type and quality, and
foundation conditions. This information will be used to evaluate conditions at the upstream
tunnel portal location and to provide criteria for design of the 1/O structure.

Tunnels, Shafts and Powerhouse

The Project includes a number of large-diameter tunnels and shafts for water conveyance
between the two 1/O structures and for access to the proposed underground powerhouse.
The water conveyance tunnel alignment is stationed from the 1/O structure at the Upper
Reservoir (Station 0+00) to the I/O structure at the Lower Reservoir (Station 130+00). The
underground powerhouse is located at approximately Station 65+00. The access tunnel
extends from the Lower Reservoir I/O to the underground powerhouse.

Water Conveyance Tunnels: The purpose of these borings will be to evaluate rock type,
guality and permeability characteristics within the tunnel target elevations described above
and to assess conditions for construction using a tunnel boring machine. One boring planned
at Station 20+00 at approximate ground elevation 2600 will be drilled vertically to elevation
2250, a boring depth of 350 feet. Another boring will be drilled at Station 90+00 at
approximate ground elevation 1800 and drilled vertically to elevation 740, a boring depth of
1060 feet. A third boring would be drilled at Station 110+00 at approximate ground
elevation 1870 and drilled vertically to elevation 800, a boring depth of 1070 feet. Rock coring
methods will be used at these three set-ups, with total boring length of 2480 feet. In addition
to logging and sampling for rock testing, permeability testing will be performed within 1.5
tunnel diameters (approximately 50 feet) above and below the tunnel spring-line elevation.

Access Tunnel: The access tunnel will parallel the tailrace tunnel. At this time, we believe that
explorations for the water conveyance tunnel between the Lower Reservoir I/O structure and
the powerhouse, as well as exploration for the underground powerhouse, will be adequate to
characterize the geologic conditions for design of the access tunnel.

Shaft: The current Project plan envisions a 1390-foot-deep shaft between the upper tunnel
and the deeper lower tunnel section located just upstream of the powerhouse and the deeper
tunnel that will form the Project tailrace. The shaft is located at approximate Station 40+00.
One boring near Station 40+00 is planned to be advanced from elevation 2600 to
elevation 760, a depth of 1840 feet. The shaft boring will be used to evaluate rock type,
guality and permeability and to provide design parameters for the shaft.

Underground Powerhouse: One boring will be advanced from approximate ground
elevation 2000 at Station 65+00 to elevation 680, a total depth of 1320 feet. Permeability
testing will be performed above, at, and below the elevations defining the proposed
powerhouse cavern. This boring will be used to evaluate rock type, quality and permeability
and to provide design parameters for the powerhouse cavern and to help define rock
treatment requirements.



Reservoir and Tunnel Seepage Potentials

Detailed mapping of rock types, faults, fractures and jointing in the two reservoirs, coupled
with data obtained and interpretations made from the core drilling described above, will allow
definition of the seepage potentials from the Project facilities. Data relative to primary and
secondary permeabilities of the local bedrock will be collected during the Phase | program
described above. Seepage estimates will then be revised and alternative lining options will be
evaluated.

Reservoir-Triggered Seismicity

While the size and depth of the Project reservoirs suggest that reservoir-triggered seismicity
(RTS) will not be an issue, further research is needed. This issue cannot be addressed with
subsurface investigations. In preparation of the FERC Final License Application, and in
response to comments received on the Draft License Application, GEI Consultants, Inc.
reviewed relevant literature on RTS. Findings are presented below.

RTS is the activation of fault movement, and hence the production of earthquakes, by the
impoundment or operation of a reservoir. This phenomenon is most commonly referred to in
the literature as reservoir induced seismicity. However, because those crustal masses
experiencing RTS were likely only marginally stable to begin with, most experts consider the
term “triggering” as more accurately describing increases in seismicity associated with
reservoir impoundment.

From a worldwide perspective, only a small percentage of reservoirs impounded by large
dams have triggered known seismic activity. It is generally accepted that reservoir filling will
not cause damaging earthquakes in areas where they would not otherwise occur.
Accordingly, the maximum credible earthquake for an area is not changed by the reservoir
filling, although the frequency of earthquakes may be increased, at least on a temporary
basis (FEMA, 2005).

General theory suggests that reservoir impoundment alters the stress regime within the crust
of the earth by increasing shear stress due to the weight of the water, and reducing the shear
strength by increasing pore-water pressure. While these changes appear insufficient to
generate failure in unfractured rock, it is possible that faulted rock under significant tectonic
strain may be induced to slip by the compounding effects of reservoir impoundment (United
States Commission on Large Dams (USCOLD), 1997). As such, zones of active faulting
appear to be the most susceptible to RTS.

Studies for the landfill investigated those faults that trend towards or through the proposed
landfill footprint. These include several northwest trending fault segments among which are
the Bald Eagle Canyon fault, the East Pit fault, and Fault A. The East Pit Fault crosses
through the East Pit, which is the proposed site for the Lower Reservoir of the Project. The
Bald Eagle Canyon fault and Fault A extend through the broad area separating the proposed
Upper (Central Pit) and Lower Reservoirs. Reports by GeoSyntec (1996) and their
consultants indicated that surface displacement has not occurred on these faults for at least



40,000 years and probably more than 100,000 years. Some of the faults were crossed by
unbroken dikes estimated to be at least 100 million years old.

GeoSyntec (1996) indicates that other northwest trending fault segments exist in the
proposed landfill area, but activity on these was indeterminable due to lack of dateable
features. However, they argue that the en echelon structure of the northwest trending faults
indicates a common age and tectonic stress regime during their formation. Therefore, they
conclude that the other northwest trending fault segments have the same general age as the
Bald Canyon fault, the East Pit fault, and Fault A.

Detailed mapping of the Upper Reservoir (Central Pit) was not performed during the landfill
studies. Previous mapping, provided in the landfill documentation, indicates that northwest
trending fault segments, similar to those in the area of the proposed landfill, extend across the
Upper Reservoir. Based on the GeoSyntec (1996) investigations for the landfill site, it could
be concluded that the northwest trending fault segments crossing the Upper Reservoir have
also not experienced displacement within the past 40,000 years or more. All faults in the
general Eagle Mountain mining area, whether northwest trending or oriented in other
directions (e.g. the Substation and Victory Pass faults), are indicated as not displaying
Quaternary (last 1.6 million years) movement on the State fault map (Jennings, 1994).

The California Division of Safety of Dams (DSOD) criterion for active faults (Fraser, 2001) is
displacement within the last 35,000 years. Using this criterion, the on-site faults should be
designated as inactive.

The mining pits selected to contain the Upper and Lower Reservoirs were formed by the
excavation of vast quantities of overburden and ore rock. The depth of excavation in the pit
areas is estimated to range up to about 290 feet in the Upper Reservoir and up to about
480 feet in the Lower Reservoir. When the reservoirs are filled to maximum operation level,
the deepest column of water will be about 255 feet in the Upper Reservoir and 377 feet in the
Lower Reservoir. Considering that the weight of water is about 2 (overburden) to 2.5 (ore
rock) times less than that of the excavated material, the loads applied by the reservoirs at
high-water will be substantially less than that originally imposed on the pit surfaces prior to
mining. As such, the reservoir load may tend to restore some of the equilibrium lost through
the site excavations rather than imposing potentially destabilizing stresses that could lead to
earthquakes.

Because of the deepness of the pit excavations, the south embankment (URD-1) will need to
be a height of 120-foot to contain the maximum water depth of about 377 feet at the Upper
Reservoir. (The west embankment (URD-2) will be 60 feet in height). With 5 feet of freeboard,
this indicates that the maximum water thickness added to the pre-excavation level of the land
surface by the impoundment of the reservoir will be about 115 feet. Water storage (active and
inactive) for both reservoirs combined is estimated at about 24,200 acre-feet.

A statistical examination of 234 reservoirs (with and without RTS) was performed by Baecher
and Keeney (1982) to better understand site characteristics that correlate with RTS and to
develop a model for predicting RTS from these characteristics. In their analysis, five attributes
of reservoirs appear to correlate with RTS: depth, volume, stress state, presence of active
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faulting, and rock type. These attributes were chosen based solely on the ready availability of
data (either site specific or regional) with the recognition that other attributes such as water
level fluctuation and pore pressure changes may also be important in RTS. The model criteria
define the attributes of shallow and small as less than 302 feet in depth and less than 40 x
354 cubic feet in volume, respectively. Using this model, the proposed Upper and Lower
reservoirs would be designated as shallow (assumes only the maximum depth of water
above the original ground surface) and small in volume. In their study, Baecher and Keeney
(1982) indicate that shallow, small reservoirs were not pursued further in their analyses since
they would have a probability of RTS that is “very near zero.”

Macro-seismicity within 12 miles of the proposed reservoirs is rare with only one M4.0 to
M4.99 event recorded about 3 miles south of the proposed reservoirs, possibly on the east-
west trending Substation Fault. In consideration of the size of the proposed reservoirs
coupled with the apparent lack of active faults in and near the areas of impoundment and the
rarity of local seismicity, the potential of RST at the site appears remote and should not prove
a hindrance to site development. Responding to the question of whether certain geologic
settings are more prone to RTS than others, USCOLD (1997) states: “Studies that have
examined the geologic setting of RTS have not been able to provide any clear guidance that
would justify abandonment of any reservoir site because of concerns about the seismic safety
of the dam.”

The ICOLD (International Commission on Large Dams, 2008) recommends that an
earthquake monitoring program be initiated at reservoir sites prior, during and after
impoundment. This long-term monitoring is important as it provides the only conclusive
evidence as to whether or not storage impoundment triggers earthquakes. Accordingly, a
seismic monitoring program will be initiated at the site prior to filling the reservoirs.

Water Quality Issues in the Reservoir Associated with Ore-Body
Contact

The FERC (2009) requested ECE to provide available lab reports and supporting
documentation for leachate analysis, including descriptions of the sample locations, methods
and quality assurance/quality control procedures.

To determine the possible impacts to the reservoir water quality and subsequent infiltration
water quality due to contact with the ore body, laboratory analytical testing was performed on
five samples of the ore body material in 1993. The samples were acquired from the sample
storage facilities at the Kaiser Eagle Mountain Mine, and consisted of five drill hole cores.
Efforts were made to obtain a variety of rock types representative of the geologic formations
present in the pits. Cores were delivered to an analytical laboratory where the samples were
air dried, broken up and ground with a hammer-mill type of apparatus until approximately
95 percent passed a 10 mesh (2 mm) sieve. Sample locations are noted as East Pit on the
analytical reports. No drill hole identification or footage notes are recorded. No geological
descriptions of the samples or unit names are noted on the records.

Standard soil analyses procedures from the USDA Handbook 60 and the ASA Monograph
No. 9 were used to prepare samples. ASTM methods for sulfur analyses were employed.
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Analytical procedures were performed in water soluble leachate from saturated paste extracts
and analyzed with Inductively-Coupled Plasma.

In discussions with ACZ Laboratories, the laboratory that performed the analyses in 1993, it
was confirmed that no analytical records and results from the 1993 time period remain in
existence. Data from the period prior to 2000 were deleted or impacted in such a manner as
to render them “indefensible” by a Y2K computer problem. In addition, current laboratory
policy for data retention, as recommended by the National Environmental Laboratory
Accreditation Conference (NELAC), the industry accreditation body, is to retain data for
5 years. No original data reports, including quality assurance/quality control records exists.
While one could reasonably speculate as to the analytical method used, in the 16 years since
these samples were run, methods have been modified or supplanted by improved methods,
and so we cannot report on the methods used.

If the total sulfur and neutralization potential values from the 1993 ACZ Laboratory results are
used to calculate acid production potential (APP) and net neutralization potential (NNP), for
the minimum and maximum total sulfur values of less than 0.01 percent (use 0.01 percent)
and 0.09 percent, NNP ranges from -0.23 to 36.9 kg CaCo3/ton. Tests reported by Lapakko
(1993) indicate that NNP of less than -20 kg caCO3/ton are likely to produce acid, NNP of -20
to 20 kg CaCO3/ton are ambiguous and NNP greater than 20 kg CaCOg3/ton and unlikely to
generate acid.

The sample with the value of 36.9 is not likely to form acid (greater than the 20 cut-off) and
the other four samples are in the ambiguous category, and they would be in the upper 50th
percentile (the category ranges from -20 to 20). There are no samples in the ‘likely to
produce’ category. More importantly, since the sulfur (pyritic) content of 4 of the 5 samples is
below the detection of less than 0.01, effectively the acid production potential of these
samples could be considered 0. The fact that 4 of the samples are in the “ambiguous”
category, is really due to the fact that there is little carbonate to form a neutralizing or
buffering reaction. However, since there is essentially no acid production potential, this is a
moot point.

Additionally, this calculation does not take into account other non-reactive sulfur minerals, the
use of a strong acid in the test may dissolve minerals that would not otherwise react in a
natural environment, and the neutralization potential may be underestimated by contribution
from metal hydroxides that precipitate in the sodium hydroxide titration step of the test. The
acid-base accounting test is a tool to estimate acid generation potential and neutralization
potential, but it does not simulate natural conditions. More important consideration should be
given to actual field observations of rock type, mineralogy, relative volumes and distribution of
sulfide minerals and actual water quality measurements taken over decades at similar iron
ore mines.

Therefore, based on the samples collected and tested from the Eagle Mountain cores, it is
unlikely that the host rock has much, if any, acid generation capability. ECE’s consultants
expect that this preliminary conclusion will be confirmed by the testing program outlined later
in this memorandum.



In their Additional Information Request (AIR), FERC (2009) also requested the following:

In order to quantitatively address acid production of the former mining
pits if they are exposed to frequent wetting/drying cycles, please
calculate and provide the following parameters:

¢ The maximum acid production potential (APP)
e The maximum neutralization potential (NP)

e The net neutralization potential (NNP)

These parameters should be calculated separately for the upper and
Lower Reservoirs and should reflect the mineral content of reservoir
materials that would be in contact with project waters (from the bottom
of the Upper Reservoir to EL 2,845 and from the bottom of the Lower
Reservoir up to EL 1,092).

After access is obtained, samples will be collected from each of the mine pits. Samples will
then be analyzed for sulfur to calculate acid production potential, neutralization potential will
be determined by acid dissolution and back titration, and net neutralization potential will be
calculated (as defined in U.S. Environmental Protection Agency (EPA) 530-R-94-036).

The Phase | site investigation will include the following field and analytical program:

1. Obtain samples from the Central Pit and East Pit across the stratigraphic section
(porphyritic quartz monzonite, upper quartzite, middle quartzite, schistose meta
arkose, vitreous quartzite and the ore zones). The thickness of each unit as exposed
in the pit will be measured or estimated to calculate the percentage contribution of
each unit to potential acid production. Each unit will be tested separately and the final
results weighted by the percentage contribution of the unit. Alternatively, the units
could be crushed and composited according to their percentage contribution to
produce a single, composite result. Given the variability in mineral content within a
unit, and the feasibility of obtaining a sulfur analysis representative of the unit, either
sampling scenario is judged to be adequate.

2. Perform analysis for total, pyrite, and sulfate sulfur (ASTM Method 1915-97(2000) for
total sulfur, and ASTM 1915-99 method E (2000) for sulfide sulfur

3. Calculate acid production potential (APP) by the method of Sobek et al. (1978) which
uses total sulfur

APP (tons acidity/tons rock) = 31.25 (sulfur percent)
Calculate acid production

Determine the neutralization potential (NP) by the method of Sobek et al. (1978)
which consists of hydrochloric acid dissolution under boiling conditions until the
reaction stops and then back titrating with sodium hydroxide to pH 7 to determine the
amount of acid consumed in sample dissolution. This method may overestimate the
NP since an overly strong acid may react with minerals, which would not happen in
the natural environment, and the use of boiling acid could react with iron and
manganese carbonates.
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7. Calculate the net neutralizing potential (NNP): NNP = NP — APP expressed as kg
calcium carbonate/ton.

Current Groundwater Levels

During Phase |, groundwater levels will be measured to the nearest 0.01 feet at each of the
monitoring wells shown on Figure 2.

Phase Il Site Investigations

Coupled with previous work on the site conducted for other purposes, the Phase | program
described above will provide the information needed to finalize the location of the Project
features and basic facility design concepts and to plan investigations during the Phase I
program to support final design of the Project. In addition to investigations to support design
of pumped storage facilities, the Phase Il program will also include field investigations and
modeling to support detailed evaluation of potential seepage from the Project features
(reservoirs and water conveyance tunnels). Seepage evaluations will include groundwater
modeling to refine plans for seepage control, seepage recovery, and monitoring as required
to avoid potential adverse impacts on the local groundwater regime and water quality, the
CRA, and the proposed landfill. The Phase Il program will be implemented in a number of
progressive steps with subsequent field work planned based on what is learned from the
preceding field work.

Investigations for Pumped Storage Facilities

Phase Il field geotechnical investigations for the pumped storage facilities will be similar to
those described for Phase I; however, they will be more extensive in scope and extent and
will be performed at the confirmed locations of the dam and tunnel alignments, powerhouse
and shafts, and the inlet/outlet locations in the reservoirs. These investigations will include
additional geologic site reconnaissance and mapping; core drilling, logging, sampling and
testing; test pit excavations, sampling and testing; construction materials sampling and
testing; and preparation of geotechnical investigation and baseline reports. Seismicity studies
for Project feature design will also be advanced. Further investigation of issues related to
RTS will be undertaken if determined to be necessary based upon the Phase | work.

Investigations Related to Compatibility with Existing and Proposed Land
Uses in the Project Area

Following the site reconnaissance and field investigations and geotechnical evaluations
completed in Phase I, it will be possible to develop a focused program to obtain the
information required to complete more detailed evaluation of seepage issues and to prepare
final designs for seepage control and recovery, and for water quality monitoring. Phase 11 will
include additional borings, logging, sampling, and testing for refinements of seepage and
groundwater modeling. In addition, the additional data and refined modeling will be used to
design seepage control measures, including grouting, lining, and seepage collection wells.
The additional field investigations will be used to determine final engineering designs required
to avoid potential conflicts with the landfill. To the extent feasible, Phase Il borings will be
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located so that they can be used for both baseline data collection and long-term monitoring
purposes.

The following investigations also will be completed in Phase II:

e Subsurface investigations at the bottom of the Upper Reservoir and Lower
Reservoir will be completed to assess sub-grade permeability and to support design
of seepage mitigation measures. These investigations will be integrated with
pumping tests and the use of observation wells to study the complex fractured
bedrock “aquifer” in the area of the existing mine.

e Using the existing subsurface information supplemented with the Phase | and Phase
Il field investigations, the existing groundwater model for seepage recovery of water
from the Lower Reservoir will be updated to support the final design of monitoring
and seepage recovery wells.

e Although not required until final dam design and construction are completed, a
preliminary dam failure analysis for the Upper Reservoir will be performed based
upon FERC and DSOD dam safety requirements to facilitate landfill compatibility
evaluations.

o During Phase I, the currently planned seepage control measures (grouting, fine
tailings blanket, and use of other lining methods) will be evaluated. The feasibility of
synthetic liners will be evaluated in the Phase Il investigations. Horizontal seepage
detection wells will be included in this assessment.

e Reservoir slope stability will be evaluated under normal operating conditions
(frequent water level fluctuations) and seismic loadings. The potential for reservoir
the slope failures that could increase seepage from the reservoirs will be evaluated.

The Phase | field program will include borings that are part of the seepage and groundwater
evaluations and these will become part of a 4-year groundwater monitoring and field testing
program that will continue during Phase Il. To the extent feasible, it is expected that most of
the borings and wells completed for design and construction of the Project will become part of
the long-term water quality and groundwater level monitoring plans required for the Project.

Baseline Groundwater Level and Quality Monitoring

Groundwater levels and water guality need to be monitored to establish baseline conditions
with which to assess any changes that are created by the Project. At least four calendar
guarters of measurements are needed to allow development of statistical-based methods to
assess whether the changes are Project related. Quarterly monitoring of groundwater levels
and water quality sampling will commence during Phase Il investigations.

Groundwater levels will be measured to the nearest 0.01 feet at each of the monitoring wells
shown on Figure 2. In some cases transducers may be installed in key wells to develop a
more detailed record of groundwater level changes.

Groundwater quality samples will also be collected from each of the monitoring wells shown
on Figure 2. Each well will be purged using either a disposable bailer or portable purge pump
prior to collection of the samples. A minimum of three well volumes (including water
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contained within the filter pack) will be removed from the well prior to collection of the
samples. The samples will be analyzed in the field for pH, temperature, dissolved oxygen,
electrical conductivity and alkalinity. The samples will be placed directly into laboratory-
prepared sample bottles that will be placed into a cooled (2 to 6 degrees centigrade) ice chest
and transported under chain-of-custody to the laboratory for analyses. The samples will be
analyzed for general mineral, general physical, drinking water metals, selenium, fluoride,
arsenic, and boron using U.S. Environmental Protection Agency approved methods (40 CFR
136.3).

Reservoir Seepage Recovery

Detailed mapping of rock types, faults, fractures and jointing in the two reservoirs, coupled
with data obtained and interpretations made from the core drilling described above, will allow
clearer definition of the seepage potentials from the Project facilities. Data relative to primary
and secondary permeabilities of the local bedrock will be collected during the Phase |
program described above and a total estimate of seepage from each reservoir will be made.
This portion of the site investigation focuses on obtaining actual permeability values to then
update the seepage recovery model for the Lower Reservoir and to determine whether the
joints and fractures are interconnected beneath the Upper Reservaoir.

As part of engineering design for the Lower Reservoir seepage monitoring system, one
boring will be drilled using the sonic drilling method (which produces continuous cores), to a
depth of 420 feet below ground surface (bgs), into the alluvial deposits between the Lower
Reservoir and the CRA, at the MW-5R monitoring well location. Figure 2, shows the location
of the monitoring well. The cores will be logged by a geologist in accordance with the United
Soil Classification System. During drilling of the boring, permeability tests will be performed
using the USBR E-18 permeability test method. The boring will then be converted into a
monitoring well. The well will be surrounded with a lockable security vault. The well will be
developed by bailing and airlifting the water. The samples and testing from the boring will be
correlated with the findings from existing monitoring well MW-1 to develop a north-south
geologic profile of the sediments in which the seepage recovery wells will be located.

Using the geologic profile seepage recovery well, SRW-09 will be constructed. Figure 2
shows the location of the well. An 18-inch diameter borehole will be drilled to a depth of 500
feet bgs using the mud rotary drilling method. Upon completion of the boring the electric and
gamma ray geophysical logs will be run. The cores will be logged by a geologist in
accordance with the United Soil Classification System. The well will be developed by bailing,
swabbing, and air-lift methods. A temporary pump will then be installed.

Upon completion of the monitoring and seepage recovery wells MW-5R and SRW-09 an
8-hour step-drawdown test and a 72-hour constant rate aquifer test will be performed.
Observation wells MW-1, MW-2, MW-5, MW-5R, MW-4, P-1 and the Kaiser MW will be used
to monitor the pumping effects. Prior to the testing, background water level measurements
will be obtained. Both drawdown and recovery data will be acquired. The results of the testing
will then be used to re-calibrate the groundwater model to assess the spacing between
seepage recovery wells needed to recover an equal volume of water as is predicted to seep
from the Lower Reservoir. Typical seepage recovery well designs will be prepared. Additional
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wells or modifications of the well locations may be proposed as needed depending on the
results of the testing program.

The interconnectedness of the joints and fractures beneath the Upper Reservoir will be
assessed by drilling a 700-foot-deep seepage recovery well at SRW-06 using the air-rotary
drilling method. Figure 2 shows the well location. The location may be adjusted based on field
surveys so that saturated joint and fracture patterns are encountered within the boring. Upon
completion of the borehole an oriented video survey will be performed to assess the
orientation of the major joint and fracture patterns and to determine where open joint and
fracture patterns are present. The well will be developed using airlift methods followed by
placement of a temporary pump.

Following completion of the seepage recovery well SRW-06 an 8-hour step-drawdown test
and a 72-hour constant rate aquifer test will be performed. Observation wells MW-7, MW-11,
and MW-10, will be used to monitor the pumping effects. Prior to the testing, background
water level measurements will be obtained. Both drawdown and recovery data will be
acquired. Drawdown and recovery measurements will be plotted to evaluate whether the joint
and fracture patterns are interconnected.

The results of the drilling, testing, modeling and recommendations will be documented in a
technical memorandum which will be submitted to the SWRCB and FERC.

Hydrocompaction and Subsidence Potentials

As documented in the EIR, groundwater levels due to Project pumping are not expected to
be lowered below historic water levels near Desert Center, and therefore no
hydrocompaction or subsidence is expected. Subsidence related to groundwater extraction
is typically caused by dewatering of thick clays by pumping of confined aquifers. These are
not the geologic conditions beneath the CRA or in the upper Chuckwalla Valley. Because
groundwater levels have been lowered over multiple years, inelastic subsidence, to the extent
it would occur, should have already occurred. The assessment of potential cumulative effects
suggests that groundwater levels in the upper Chuckwalla Basin within the alluvial sediments
east of the proposed reservoirs, at the eastern edge of the Orocopia groundwater basin, and
the mouth of the Pinto Basin, will be lowered slightly, 1 to 7 feet below historic water levels.
The potential for subsidence will also be assessed during logging of the water supply wells to
confirm that there are no thick clay layers near the wells. Aquifer testing of the supply wells
will also be performed once the wells are constructed to confirm that aquifers are unconfined.
However, prior to construction and use of the protect water supply wells, two extensometers
will be constructed and monitored. Their locations are shown on Figures 2 and 3.

There is a low potential for hydrocompaction of the soils because the debris flows/fan
deposits were deposited with water. However, to fully evaluate this potential, soil samples
collected during the site investigation of the water storage reservoirs, Lower Reservoir
conditions will be analyzed for hydrocompaction potential using the laboratory
consolidometer, ASTM D2435 / D2435M - 11 (Standard Test Methods for One-Dimensional
Consolidation Properties of Soils Using Incremental Loading), or another approved method.
Up to 6 soil samples, at approximately 50-foot intervals will be analyzed.
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Eagle Creek Channel Surveys

Surveys of the Eagle Creek channel will be performed during the Phase 2 site investigations
to assess hydraulic performance relative to dam outlet works releases or spills from the
Upper Reservoir. Flood and drainage studies completed for the FLA and EIR will be updated
based on the field surveys of the Eagle Creek channel to confirm that Project operations and
Upper Reservoir releases will not impact the proposed landfill under the design flood event
governing landfill design.

Brine Pond Basis of Design

Borings at the brine ponds will be at selected locations to evaluate the soil properties that will
be used in the engineering design of the ponds. The results of the testing of samples taken
from the borings will be documented in a technical memorandum. The number and location
of the borings will be determined based on a geotechnical reconnaissance of the site;
however, we expect that at 5 to10 relatively shallow borings may be required for preliminary
design of the ponds, with additional borings to support final design based on results of the
initial field investigations at the brine pond location.
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1.0 Project Description

The Eagle Crest Energy Company proposes to develop the 1,300 MW Eagle Mountain
Pumped Storage Project near the Town of Eagle Mountain in Riverside County, California.
The proposed project is a hydroelectric pumped storage project that will provide peak
generation capacity and transmission system regulating benefits to the southern California
electricity grid. The Project will use off-peak energy to pump water from the lower reservoir
to the upper reservoir during night and weekend hours and generate valuable peak energy by
passing the water from the upper to the lower reservoir through the generating units during
periods of high electrical demand. Power will be supplied to and delivered from the Project
by a double circuit 500kV transmission line. The line will extend approximately 13.5 miles
from the Project switchyard to a new interconnection switchyard proposed near Desert
Center, California. The reservoirs will be constructed in two out-of-use mining pits. Tunnels
will be constructed to carry water between the pits, and an underground powerhouse,
equipped with reversible pump turbines will be used to generate electricity. Water to initially
fill the reservoirs and provide annual make-up water will be pumped from three groundwater
wells within the Chuckwalla Valley. The water supply pipeline will extend approximately 15
miles from the wells to the lower reservoir.

The construction project vicinity map (Figure 1) and erosion control plan (Figures 2 and 3)
show the project location, project boundaries, geographic features, erosion control measures,
Colorado River Aqueduct, construction site perimeter, major roadways, the town of Eagle
Mountain, and the Eagle Mountain Railroad.

Significant components of the Eagle Mountain Pumped Storage Project are summarized in
Table 1. These features include the upper dams and reservoir, lower reservoir, inlet/outlet
structures, water conveyance tunnels, vertical shaft, surge control facilities, underground
powerhouse, access and cable tunnels, switchyard, spillways, discharge channels, water
supply pipeline, power transmission lines, water treatment facility and brine disposal ponds,
a groundwater monitoring system, groundwater recovery well system, and water supply
facilities.

GEI Consultants, Inc. January 2012
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Table 1. Significant Project Components for Eagle Mountain Pumped-Storage Project

Project Feature

Feature Data

Hydroelectric Plant

Total Rated Capacity 1,300 MW
Number of Units 4 (Reversible)
Unit Rated Capacity 325 MW
Maximum Plant Discharge 11,600 cfs
Pump/Turbine and Motor/Generator Unit Data
Rated Head 1410 ft
Rated Turbine Output 319 MW
Maximum Turbine Flow 2,900 cfs
Operating Speed 333.3rpm
Generator Rating 347 MVA
Low Pressure Upper Tunnel
Diameter 29 ft
Length 4,000 ft
Shaft
Diameter 29 ft
Length 1,390 ft
High Pressure Lower Tunnel
Diameter 29 ft
Length 1560 ft
Tailrace Tunnel
Diameter 331t
Length 6,835 ft
Powerhouse Cavern
Height 130 ft
Length 360 ft
Width 72 ft
Upper Reservoir
Dam Type Roller-compacted
Volumes
Total Reservoir Capacity 20,000 ac-ft
Inactive Storage 2,300 ac-ft
Active Storage 17,700 ac-ft
Operating Levels
Minimum Operating Level El. 2343
Maximum Operating Level El. 2485
Water Surface Areas
Water Surface Area at El. 2,343 feet 48 acres
Water Surface Area at El. 2,485 feet 191 acres
Dimensions of Dams (West and South Saddle Dams)
GEI Consultants, Inc. January 2012
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Structural Heights

60 ft and 120 ft

Top Widths

20 ft (both dams)

Crest Lengths

1100 to 1300 ft

Crest Elevation El. 2490
Spillway, ogee crest elevation El. 2486
Spillway Width 100 ft
Spillway Channel Length 4,230 ft
Spillway Channel Elevations El. 2380 - 2200
Lower Reservoir
Dam Type None
Volumes
Total Reservoir Capacity 21,900 ac-ft
Inactive Storage 4,200 ac-ft
Active Storage 17,700 ac-ft
Operating Levels
Minimum Operating Level El. 925
Maximum Operating Level El. 1092
Water Surface Areas
Water Surface Area at El. 925 feet 63 acres
Water Surface Area at El. 1,092 feet 163 acres
Spillway Ogee Crest elevation El. 1094
Spillway width 15 ft

Water Treatment Facilities

Treatment Type

Reverse osmosis

Volume treated 2055 gpm
Target water quality (Total dissolved solids) ~660 ppm
Brine ponds 56 acres
Brine quantity (annual) 270 ac-ft
Frequency of salt removal from ponds for disposal Every 10 years
Water Supply Wells 3
2,000 gpm
Pumps 1,ooog|-r|)P
Monitoring Wells 15
Seepage Recovery Wells 13
Extensiometers 2
Roads (new, all within project site) 4
To West Saddle Dam, from existing access road 0.32 mi.
Elevator access road 0.36 mi
On north side of lower reservoir, to lower reservoir inlet 0.96 mi
To South Saddle Dam, from existing access road 0.78 mi

GEI Consultants, Inc.

January 2012
Eagle Mountain Erosion and Sedimentation Control Plan




2.0 Existing Site Conditions

The primary project site (reservoirs, reverse osmosis water treatment plant, switchyard, and
underlying tunnels and powerhouse) is located in the northeast portion of the Eagle
Mountains. The site was formerly used for open pit mining (Photo 1), and extensive fine and
coarse mine tailings are deposited near and around the project site.

The only surface water occurring at the site is that associated with storm events. The main
surface drainage feature at the project site is Eagle Creek, which is an ephemeral stream that
is generally dry throughout the year, except during large storm events, which occur
infrequently in this area of California. Eagle Creek is located on the southern edge of the
pumped storage project site, within the proposed Project boundary (Photo 2). Currently Eagle
Creek is diverted in two locations by embankments in the main channel that direct flood
flows into the existing East Pit of the mine (Lower Reservoir). These embankments are
engineering works that were completed many years ago during active mining operations to
provide flood protection at the Eagle Mountain town site. In addition, the mining pits
(proposed reservoir sites) receive incidental runoff and sheet flow from surrounding slopes in
a limited watershed area within the historically mined lands. Both the upper and lower
reservoirs are located in closed basins, with minimal drainage areas.

Bald Eagle Canyon is a dry canyon which drains the mountains to the northwest of the East
Pit. There are numerous dry desert washes south of the primary project site, which cross the
water supply pipeline and transmission pipeline routes. When construction activities are
present in the ephemeral stream channels and dry desert wash areas, erosion control methods
will be used as outlined in Section 5.0.

GEI Consultants, Inc. January 2012
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Photo 1. Eagle Mountain Pumped Storage Project area, showing proposed location of the
upper reservoir, looking towards the northeast. The lower reservoir site is shown in the far
right of the photo.

)

Photo 2. View towards the south, Eagle Mountain Pumped Storage Project area. Eagle Creek

channel is visible in upper right of photo.
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3.0 Overview

This plan conceptually describes the erosion control practices and sediment control practices
planned for implementation during construction of the Eagle Mountain Pumped Storage
Project. Site erosion and sedimentation control measures are intended to minimize the
erosion of soils in construction areas and prevent the transport of sediment into storm water
discharges away from the construction site.
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4.0 Erosion Control Areas

The key features of the Eagle Mountain Project are shown in Attachment A, including:
Figure 3 — Erosion and Sedimentation Control Plan — Pumped Storage Facilities

Figure 4 — Erosion and Sedimentation Control Plan — Transmission Line and Water Supply
Pipeline

Figure 5 — Erosion and Sedimentation Control Plan — Cross Section.

The limits of the areas to be cleared for project construction are illustrated on Figures 2 and
3. Based on this clearing plan, the following three main types of areas have been defined for
erosion and sedimentation control measures, based on their similar characteristics and
implementation of anticipated impacts:

Area Type 1 — Area Type 1 represents the area of greatest potential impact. This will
include cleared and graded areas for minor cuts and fills (permanent roads, power cable
conduit trench, interconnection switchyard at Desert Center, and transmission tower pads)
and will have permanent structures, including roads, dams, piping, and tunnels remaining on
site after construction activities are finished.

Area Type 2 - Area Type 2 represents medium potential impacts. This will include cleared
and graded areas containing temporary soil stockpiles, equipment staging/laydown areas,
temporary access roads, water supply pipeline route, and construction trailer/field office
areas; and

Area Type 3 — Area Type 3 represents the lowest potential impacts. This will include areas
near the upper and lower reservoir used for temporary stockpiling and general low impact use
activities.

These area types are described in more detail in Sections 4.1 through 4.3. Recommended
erosion and sediment control measures for each area type are listed in Section 5, and more
detailed descriptions are included in Attachment B, Examples of Best Management Practices
for the Eagle Mountain Pumped Storage Project. Erosion control requirements will be
specified in the Water Quality Certification, which will be prepared by the State Water
Resources Control Board when the Project has completed CEQA and is determined to
comply with all pertinent State and Federal regulations.

GEI Consultants, Inc. January 2012
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4.1 AreaTypel

This area type encompasses construction where project facilities, such as offices, permanent
access roads and above ground structures will remain after construction has finished. Most
of these areas were impacted during previous mining activities on the site. Area Type 1
locations include:

e The staging, storage and administrative area, where a permanent office
will remain after construction activities have finished.

e The work around permanent access roads;
e The area near the project site switchyard and east along the access road,;
e Road cuts and embankments;

e Transmission tower pads along the power transmission line extending
aboveground from the project site switchyard approximately 13.5 miles
south to the interconnection switchyard at Desert Center;

e Water treatment (R/O) plant and brine pond area;
e Lower reservoir inlet structure area;

e Upper reservoir intake structure; and

e West and south saddle dams on upper reservoir.

e Upper and lower reservoir spillways and discharge channels.
e Eagle Creek channel improvements.

Material from the tunnel excavation will be used during construction of the proposed Project
to the extent feasible. Tunnel material can be used for backfill, road base, rough grading,
flood berms, and possibly for roller compacted concrete in the dams. Any material in excess
of what is used in construction will be placed in the reservoirs or spoiled in areas from which
fine tailings were removed. The upper reservoir will have 2,300 AF of inactive storage, the
lower reservoir will have 4,300 AF of inactive storage. The estimated quantity of material to
be excavated is estimated in Table 2), with.

Table 2. Material to be excavated during construction of the Eagle Mountain Pumped Storage Project.

Feature Quantity of material (in-place volume)
Tunnel excavations 735,800 CY
Underground caverns 132,100 CY
Excavations and benching for intakes 673,000 CY
Total (including additional 15% volume for air 1,772,000 CY (approximately 1,100 AF)
voids)
Total if compacted 1,541,000 CY (approximately 955 AF).
GEI Consultants, Inc. 8 January 2012
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4.2 Area Type 2

Area Type 2 includes areas that will be cleared and graded (minor cuts and fills) to
accommodate construction operations and access. These temporary use areas would be
initially cleared of vegetation and would be re-vegetated after construction. Erosion control
measures to protect washes will be used as outlined in Section 5.0. The following areas have
been identified as Area Type 2:

e The area around the surge tank and shaft and above the powerhouse;

e The area where the transmission line daylights from the tunnel portal and
along the overhead transmission line alignment to the switchyard;

e Water supply pipeline extending from wells in the Chuckwalla Valley
approximately 15 miles northwest to the lower reservoir;

e The area around the R/O supply pipeline from the upper reservoir to the
R/O system site and staging area;

e The area around the R/O concentrate pipeline to the desalination area;

e Any areas that contain washes, dry streams, or channels that intersect with
proposed alignments and construction activities;

e The areas adjacent to access and construction roads.

4.3 Area Type 3

Area Type 3 includes locations for the upper and lower reservoir used for temporary
stockpiling of construction materials. The following areas have been identified as Area Type
3:

e A portion of the upper reservoir area as indicated on Figure 3 in
Attachment A.

e A portion of the lower reservoir area as indicated on Figure 3 in
Attachment A.

e Construction areas for monitoring and seepage recovery wells

Construction practices, and the proposed schedule for construction are displayed below.
Construction practices for permanent features of the project are Type 1, construction in
temporary use areas are Type 2.

GEI Consultants, Inc. January 2012
Eagle Mountain Erosion and Sedimentation Control Plan



ESTIMATED CONSTRUCTION SCHEDULE
EAGLE MOUNTAIN
Duration Months
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5.0 Erosion and Sediment Control Measures

Best management practices (BMPs) will be used to stabilize soil and prevent erosion or to
retain sediment before it can travel into surface drainages. Table 2 presents examples of
BMPs that would be used for the various erosion control areas, and the intended purpose of
each BMP.

Soil stabilization — also referred to as erosion control — consists of source control measures
that are designed to prevent soil particles from detaching and becoming suspended in storm
water runoff. Soil stabilization BMPs protect the surface by covering/or binding soil
particles. Construction operations for the Eagle Mountain Project will follow stringent dust
control guidelines. The guidelines are contributory to soil stabilization for erosion control
and will be defined in the protection, mitigation, and enhancement measures developed for
air quality in the Applicant Prepared Environmental Impact Statement. Project construction
will utilize and implement the following principles for effective temporary and final soil
stabilization during construction:

e Preserving existing vegetation where required and when feasible to prevent or
minimize erosion. Once existing vegetation is cleared, construction will follow
immediately behind to reduce unnecessary exposure of scarified soil to wind and
water.

¢ Sloping roadways and excavations away from washes will prevent or minimize
erosion into washes. Where haul roads cross surface washes, the ground will be
cleared of loose soil and pre-existing sediments, as necessary.

e The installation of riprap at the washes which will prevent or minimize erosion.

e Small earthen embankments will be built within washes in order to slow or divert
surface water to reduce erosion.

e Silt fences will be installed when working around a wash Silt fences will prevent
sediment from entering into a wash during a rain storm. They will be constructed as
described in Attachment B, including being buried to a depth of at least 12”.

e The construction contractor will be required to preserve and protect existing
vegetation not required, or otherwise authorized, to be removed. Vegetation will be
protected from damage or injury caused by construction operations, personnel, or
equipment by the use of temporary fencing, protective barriers, or other similar
methods.

GEI Consultants, Inc. 1 January 2012
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e Water will be applied to disturbed soil areas of the project site to control wind
erosion and dust. Water applications will be monitored to prevent excessive runoff.

Sediment controls are structural measures that are intended to complement and enhance the
soil stabilization (erosion control) measures. Sediment controls are designed to intercept and
filter out soil particles that have been detached and transported by the force of water.

Temporary sediment control BMPs are implemented to prevent a net increase of sediment in
storm water discharge relative to pre-construction levels. Permanent erosion control
measures are intended to prevent an net increase in sediment as a result of the existence of
the project. The following temporary and permanent sediment control BMPs may be used on

this project:

Table 2: Erosion and Sediment Control Measures (BMPs)

Stabilization/Paving

transportation.

Area BMP Intended Purpose Specific Measures*
Silt Fence and Straw Sediment control in active EC-6, SE-1, SE-9,
Bale Barriers construction areas.
Fiber Rolls Across Temporary slope EC-7, SE-5
Disturbed Slopes stabilization/sediment control.
Temporary slope stabilization (soil | EC-3
. stockpiles) — use certified weed-
Mulch and Tackifier free straw or approved
alternatives.

Hydroseeding (with or Temporary and permanent EC-4
without mulch and stabilization (re-vegetated slopes
tackifier) and flat areas).
Maximum slope SE-9, SE-5
inclinations on soll Temporary slope stabilization
stockpiles (3 horizontal porary siop '
to 1 vertical)
Stabilized Construction | Reduce tracking of sediment off- TC-1
Entrance site from staging areas.

Aregszl Construction Road Stabilize graded areas used for TC-2, WE-1

an

Temporary Drainage
Control (Run-off
control, Culverts, and
Swales)

Intercept storm water runoff and
divert it to a stable outlet or
sediment trapping device before
leaving the construction site.
Divert runoff around disturbed
areas.

SE-2, SE-3, EC-9

Control of Excavated
Tailings

Temporary slope
stabilization/sediment control,
sediment trapping

EC-7, SE-5, SE-2, SE-
3

. Recycle into seepage control, WM-3
Tunnel cuttings and )
- . dam construction, road berms, or
drilling fluids ;
other construction features
EC-9

Stormwater Drainage
Control

Route stormwater into reservoir.
See Project Drainage Plan
Section 12.9.

GEI Consultants, Inc.
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Area

BMP

Intended Purpose

Specific Measures*

Area 3

Silt Fence and Straw
Bale Barriers

Sediment control in active
construction areas.

EC-6, SE-1, SE-9,

Fiber Rolls Across Temporary slope stabilization/ EC-7, SE-5
Disturbed Slopes sediment control.

Soil Stabilization EC-7, SE-5
Blanket (Erosion Temporary slope stabilization.

Control Matting)

Hydroseeding (with or EC-4

without mulch and
tackifier)

Temporary and permanent
stabilization (re-vegetated slopes).

Temporary Drainage
Control (Run-off
control, Culverts, and
Swales)

Intercept storm water runoff and
divert it to a stable outlet or
sediment trapping device before
leaving the construction site.
Prevent runoff from entering a
disturbed area.

SE-2, SE-3, EC-9

Restoration of
vegetation

Preserving existing vegetation,
restore disturbed vegetation

EC-2

*Best Management Practices including, but not limited to, these specific measures which
are detailed in Attachment B

Permanent erosion control measures will be maintained for the life of the project.

GEI Consultants, Inc.
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6.0 Storm Water Pollution Prevention Plan

Prior to construction, a Storm Water Pollution Prevention Plan (SWPPP) will be prepared
detailing the BMPs that will be implemented at the site. The Technical Memoradum in
Section 12.9 describes the planned construction of Project drainage facilities. A monitoring
plan will be incorporated into the SWPPP to insure that stormwater is managed to control
erosion. During construction, the BMPs would be updated and the SWPPP amended as
dictated by changes in construction and construction schedule. The SWPPP and a Mitigation,
Monitoring and Reporting Program will be required as part of the Water Quality
Certification.

GEI Consultants, Inc. 14 January 2012

Eagle Mountain Erosion and Sedimentation Control Plan



7.0 Monitoring and Reporting

A Monitoring Plan will be prepared as part of the SWPPP detailing the inspection,
documentation, and corrective action procedures for the BMPs during the dry and rainy
season. Inspections will be conducted and inspection reports prepared on a routine basis and
after significant storm events in conformance with the SWPPP. The reports will include
information on performance of the erosion control measures, damage to or deficiencies with
installed BMPs, needed maintenance or repair activities, monitoring information, and the
degree of vegetation establishment (in conjunction with re-vegetation monitoring plan).
Reporting documents will be kept on file with the SWPPP and construction records.

GEI Consultants, Inc. 15 January 2012
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8.0 Non-Storm Water Control

Non-stormwater management BMPs are source control BMPs that prevent pollution by
limiting or reducing potential pollutants at their source or eliminating off-site discharge.
These practices involve day-to-day operations at the construction site and are usually under
the control of the contractor. In addition, relevant BMPs will be implemented throughout the
operation of the project. Implementation of BMPs during operation will be the responsibility
of the licensee. Non-stormwater management BMPs also include procedures and practices
designed to minimize or eliminate the discharge of pollutants from vehicle and equipment
cleaning, fueling, and maintenance operations to stormwater drainage systems or to
watercourses. The following list indicates the BMPs that normally are implemented to
control construction site wastes and materials.

e Procedures will be defined for the safe delivery, storage, and use of various
construction materials, oils, fuels, and chemicals.

e Spill prevention control measures will be implemented to contain and clean up spills
and prevent material discharges outside the construction and operation area.

e Solid waste management and hazardous waste management will be implemented to
minimize storm water contact with waste materials and prevent waste discharges.
Solid wastes will be stored in dumpsters throughout the project site. Dumpster
locations will change according to where construction activities are occurring. One
dumpster will always be located next to the contractor’s office trailers and yard.
Hazardous wastes will be stored in the covered containment area as discussed above
for materials storage. Hazardous wastes will be stored in appropriate and clearly
marked containers. Hazardous materials will be segregated from other non-waste
materials.

e Concrete waste management will be implemented to reduce or eliminate stormwater
contamination during construction activities. Concrete and rubble will be stockpiled
at least 20 feet from washes and channels and disposed off-site when necessary.
Concrete (RCC) will be hauled in open trucks and unloaded into the paving machine.
These trucks will not require regular washouts. When necessary, discharges will
consist of rinse water and residual concrete (Portland cement, aggregates, admixtures,
and water). Concrete trucks will not washout within 20 feet of any watercourses. All
excess concrete will be broken up and used as fill material.

e Sanitary and septic waste management will be implemented throughout the project
area. Portable toilets will be located and maintained throughout the project site and
maintained for the duration of the project. The location of the toilets will follow the
construction activity throughout the site. The toilets will always be positioned away
from concentrated flow paths and heavy traffic flow to prevent possible spills.

GEI Consultants, Inc. 16 January 2012
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Attachment B

Examples of Best Management Practices (BMPs) for the Eagle Mountain
Pumped Storage Project



Attachment A

Figure 1 — Vicinity Map
Figure 2 — Project Boundary (2 sheets)

Figure 3 — Erosion Control and Sedimentation Plan —-Pumped Storage
Facilities

Figure 4 — Erosion Control and Sedimentation Plan — Transmission Line and
Water Supply Line, and Wells

Figure 5 — Erosion Control and Sedimentation Plan — Cross Section
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Attachment B

Examples of Best Management Practices (BMPs) for the Eagle Mountain
Pumped Storage Project



Preservation Of Existing Vegetation EC-2

Objectives

EC  Erosion Control o4}
SE  Sediment Control

TR Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control

Waste Management and
Materials Pollution Confrol

Legend:
M primary Objective
Secondary Objective

WM

Targeted Constituents

Description and Purpose ettt =
Carefully planned preservation of existing vegetation minimizes Nabiients

the potential of removing or injuring existing trees, vines, Trash

shrubs, and grasses that protect soil from erosion. Matals

Suitable Applications Bacleria

Preservation of existing vegetation is suitable for use on most Oil and Grease

projects. Large project sites often provide the greatest Organics

opportunity for use of this BMP. Suitable applications include

the following:

Potential Alternatives

m  Areas within the site where no construction activity oceurs, None
or occurs at a later date. This BMP is especially suitable to
multi year projects where grading can be phased.

m Areas where natural vegetation exists and is designated for
preservation. Such areas often include steep slopes,
watercourse, and building sites in wooded areas.

m  Areas where local, state, and federal government require
preservation, such as vernal pools, wetlands, marshes,
certain oak trees, etc. These areas are usually designated on
the plans, or in the specifications, permits, or
environmental documents.

w  Where vegetation designated for ultimate removal can be
temporarily preserved and be utilized for erosion control and
sediment control.

CALIFORMNIA STORMWATER

== LSS e ———————— e =]
January 2003 California Stormwater BMP Handbook 1of 4
Construction

www.cabmphandbooks.com



EC-2 Preservation Of Existing Vegetation

Limitations
= Requires forward planning by the owner/developer, contractor, and design staff.

m Limited opportunities for use when project plans do not incorporate existing vegetation into
the site design.

m  For sites with diverse topography, it is often difficult and expensive to save existing trees
while grading the site satisfactory for the planned development.

Implementation

The best way to prevent erosion is to not disturb the land. In order to reduce the impacts of new
development and redevelopment, projects may be designed to avoid disturbing land in sensitive
areas of the site (e.g., natural watercourses, steep slopes), and to incorporate unique or desirable
existing vegetation into the site’s landscaping plan. Clearly marking and leaving a buffer area
around these unique areas during construction will help to preserve these areas as well as take
advantage of natural erosion prevention and sediment trapping.

Existing vegetation to be preserved on the site must be protected from mechanical and other
injury while the land is being developed. The purpose of protecting existing vegetation is to
ensure the survival of desirable vegetation for shade, beautification, and erosion control.
Mature vegetation has extensive root systems that help to hold soil in place, thus reducing
erosion. In addition, vegetation helps keep soil from drying rapidly and becoming susceptible to
erosion. To effectively save existing vegetation, no disturbances of any kind should be allowed
within a defined area around the vegetation. For trees, no construction activity should occur
within the drip line of the tree.

Timing
= Provide for preservation of existing vegetation prior to the commencement of clearing and

grubbing operations or other soil disturbing activities in areas where no construction activity
is planned or will occur at a later date.

Design and Layout

w  Mark areas to be preserved with temporary fencing. Include sufficient setback to protect
roots.

~  Orange colored plastic mesh fencing works well.

— Use appropriate fence posts and adequate post spacing and depth to completely support
the fence in an upright position.

m Locate temporary roadways, stockpiles, and layout areas to avoid stands of trees, shrubs,
and grass.

= Consider the impact of grade changes to existing vegetation and the root zone.
= Maintain existing irrigation systems where feasible. Temporary irrigation may be required.

= Instruct employees and subcontractors to honor protective devices. Prohibit heavy
equipment, vehicular traffic, or storage of construction materials within the protected area.
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Preservation Of Existing Vegetation EC-2

Costs

There is little cost associated with preserving existing vegetation if properly planned during the
project design, and these costs may be offset by aesthetic benefits that enhance property values.
During construction, the cost for preserving existing vegetation will likely be less than the cost of
applying erosion and sediment controls to the disturbed area. Replacing vegetation
inadvertently destroyed during construction can be extremely expensive, sometimes in excess of
$10,000 per tree.

Inspection and Maintenance

During construction, the limits of disturbance should remain clearly marked at all times.
Irrigation or maintenance of existing vegetation should be described in the landscaping plan. If
damage to protected trees still occurs, maintenance guidelines described below should be
followed:

w Verify that protective measures remain in place. Restore damaged protection measures
immediately.

m Serious tree injuries shall be attended to by an arborist.
= Damage to the crown, trunk, or root system of a retained tree shall be repaired immediately.

m  Trench as far from tree trunks as possible, usually outside of the tree drip line or canopy.
Curve trenches around trees to avoid large roots or root concentrations. If roots are
encountered, consider tunneling under them. When trenching or tunneling near or under
trees to be retained, place tunnels at least 18 in. below the ground surface, and not below the
tree center to minimize impact on the roots.

m Do not leave tree roots exposed to air. Cover exposed roots with soil as soon as possible. If
soil covering is not practical, protect exposed roots with wet burlap or peat moss until the
tunnel or trench is ready for backfill.

w Cleanly remove the ends of damaged roots with a smooth cut.

w Fill trenches and tunnels as soon as possible. Careful filling and tamping will eliminate air
spaces in the soil, which can damage roots.

m  If bark damage occurs, cut back all loosened bark into the undamaged area, with the cut
tapered at the top and bottom and drainage provided at the base of the wood. Limit cutting
the undamaged area as much as possible.

m Aerate soil that has been compacted over a trees root zone by punching holes 12 in. deep
with an iron bar, and moving the bar back and forth until the soil is loosened. Place holes 18
in. apart throughout the area of compacted soil under the tree crown.

m Fertilization
— Fertilize stressed or damaged broadleaf trees to aid recovery.

— Fertilize trees in the late fall or early spring.
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EC-2 Preservation Of Existing Vegetation

- Apply fertilizer to the soil over the feeder roots and in accordance with label instructions,
but never closer than 3 ft to the trunk. Increase the fertilized area by one-fourth of the
crown area for conifers that have extended root systems.

m Retain protective measures until all other construction activity is complete to avoid damage
during site cleanup and stabilization.

References
County of Sacramento Tree Preservation Ordinance, September 1981.

Stormwater Quality Handbooks Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), November 2000.

Stormwater Management of the Puget Sound Basin, Technical Manual, Publication #91-75,
Washington State Department of Ecology, February 1992.

Water Quality Management Plan for The Lake Tahoe Region, Volume II, Handbook of
Management Practices, Tahoe Regional Planning Agency, November 1988.
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Hydraulic Mulich

EC-3

Description and Purpose

Hydraulic mulch consists of applying a mixture of shredded
wood fiber or a hydraulic matrix, and a stabilizing emulsion or
tackifier with hydro-mulching equipment, which temporarily
protects exposed soil from erosion by raindrop impact or wind.

Suitable Applications

Hydraulic mulch is suitable for soil disturbed areas requiring
temporary protection until permanent stabilization is
established, and disturbed areas that will be re-disturbed
following an extended period of inactivity.

Limitations

Wood fiber hydraulic mulches are generally short lived and
need 24 hours to dry before rainfall occurs to be effective. May
require a second application in order to remain effective for an
entire rainy season.

Implementation

m  Prior to application, roughen embankment and fill areas by
rolling with a crimping or punching type roller or by track
walking. Track walking shall only be used where other
methods are impractical.

m To be effective, hydraulic matrices require 24 hours to dry
before rainfall occurs.

m Avoid mulch over spray onto roads, sidewalks, drainage
channels, existing vegetation, etc.

California Stormwater BMP Handhook
Construction
www.cabmphandbooks.com
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EC-3 Hydraulic Mulch

m Paper based hydraulic mulches alone shall not be used for erosion control.

Hydraulic Mulches

Wood fiber mulch can be applied alone or as a component of hydraulic matrices. Wood fiber
applied alone is typically applied at the rate of 2,000 to 4,000 Ib/acre. Wood fiber mulch is
manufactured from wood or wood waste from lumber mills or from urban sources.

Hydraulic Matrices

Hydraulic matrices include a mixture of wood fiber and acrylic polymer or other tackifier as
binder. Apply as a liquid slurry using a hydraulic application machine (i.e., hydro seeder) at the
following minimum rates, or as specified by the manufacturer to achieve complete coverage of
the target area: 2,000 to 4,000 Ib/acre wood fiber mulch, and 5 to 10% (by weight) of tackifier
(acrylic copolymer, guar, psyllium, etc.)

Bonded Fiber Matrix

Bonded fiber matrix (BFM) is a hydraulically applied system of fibers and adhesives that upon
drying forms an erosion resistant blanket that promotes vegetation, and prevents soil erosion.
BFMs are typically applied at rates from 3,000 Ib/acre to 4,000 Ib/acre based on the
manufacturer’s recommendation. A biodegradable BFM is composed of materials that are 100%
biodegradable. The binder in the BFM should also be biodegradable and should not dissolve or
disperse upon re-wetting. Typically, biodegradable BFMs should not be applied immediately
before, during or immediately after rainfall if the soil is saturated. Depending on the product,
BFMs typically require 12 to 24 hours to dry and become effective.

Costs
Average cost for installation of wood fiber mulch is $900/acre. Average cost for installation of
BFM is $5,500/acre.

Inspection and Maintenance
» Inspect BMPs prior to forecast rain, daily during extended rain events, after rain events,
weekly during the rainy season, and at two-week intervals during the non-rainy season.

w Areas where erosion is evident shall be repaired and BMPs re-applied as soon as possible.
Care should be exercised to minimize the damage to protected areas while making repairs, as
any area damaged will require re-application of BMPs.

m Maintain an unbroken, temporary mulched ground cover throughout the period of
construction when the soils are not being reworked.

References

Controlling Erosion of Construction Sites Agricultural Information #347, U.S. Department of
Agriculture (USDA), Natural Resources Conservation Service (NRCS) (formerly Soil
Conservation Service — SCS).

Guides for Erosion and Sediment Control in California, USDA Soils Conservation Service,
January 1991.

Manual of Standards of Erosion and Sediment Control Measures, Association of Bay Area
Governments, May 1995.
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Eydraulic Mulch EC-3

Sedimentation and Erosion Control, An Inventory of Current Practices Draft, US EPA, April
1990.

Soil Erosion by Water, Agriculture Information Bulletin #513, U.S. Department of Agriculture,
Soil Conservation Service.

Stormwater Quality Handbooks Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), November 2000.

Guidance Document: Soil Stabilization for Temporary Slopes, State of California Department of
Transportation (Caltrans), November 1999

Stormwater Management of the Puget Sound Basin, Technical Manual, Publication #91-75,
Washington State Department of Ecology, February 1992.

Water Quality Management Plan for the Lake Tahoe Region, Volume II, Handbook of
Management Practices, Tahoe Regional Planning Agency, November 1988.
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Hydroseeding EC-4

W Objectives

EC  Erosion Control %]
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Legend:
%] Primary Objective
® secondary Objective

o Targeted Constituents
Description and Purpose — 5

Hydroseeding typically consists of applying a mixture of wood Nutrients
fiber, seed, fertilizer, and stabilizing emulsion with hydro-

mulch equipment, to temporarily protect exposed soils from Lok
erosion by water and wind. Melals
Bacteria
Suitable Applications Oil and Grease
Hydroseeding is suitable for soil disturbed areas requiring Organics

temporary protection until permanent stabilization is
established, and disturbed areas that will be re-disturbed
following an extended period of inactivity.

Potential Alternatives

EC-3 Hydraulic Mulch
EC-5 Soil Binders

Limitations
= Hydroseeding may be used alone only when there is

sufficient time in the season to ensure adequate vegetation EC-6 Straw Mulch
establishment and coverage to provide adequate erosion EC-7 Geotextiles and Mats
control. Otherwise, hydroseeding must be used in EG-8 Wood Mulching

conjunction with mulching (i.e., straw mulch).
= Steep slopes are difficult to protect with temporary seeding.

wm Temporary seeding may not be appropriate in dry periods
without supplemental irrigation.

= Temporary vegetation may have to be removed before

permanent vegetation is applied.

= Temporary vegetation is not appropriate for short term inactivity.

CALIFDRNIA STORMWATER
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EC-4 Hydroseeding

Implementation

In order to select appropriate hydroseeding mixtures, an evaluation of site conditions shall be
performed with respect to:

- Soil conditions - Maintenance requirements

- Site topography Sensitive adjacent areas

- Season and climate Water availability

- Vegetation types - Plans for permanent vegetation

The local office of the U.S.D.A. Natural Resources Conservation Service (NRCS) is an excellent
source of information on appropriate seed mixes.

The following steps shall be followed for implementation:

Avoid use of hydroseeding in areas where the BMP would be incompatible with future
earthwork activities and would have to be removed.

Hydroseeding can be accomplished using a multiple step or one step process. The multiple
step process ensures maximum direct contact of the seeds to soil. When the one step
process is used to apply the mixture of fiber, seed, etc., the seed rate shall be increased to
compensate for all seeds not having direct contact with the soil.

Prior to application, roughen the area to be seeded with the furrows trending along the
contours.

Apply a straw mulch to keep seeds in place and to moderate soil moisture and temperature
until the seeds germinate and grow.

All seeds shall be in conformance with the California State Seed Law of the Department of
Agriculture. Each seed bag shall be delivered to the site sealed and clearly marked as to
species, purity, percent germination, dealer's guarantee, and dates of test. The container
shall be labeled to clearly reflect the amount of Pure Live Seed (PLS) contained. Alllegume
seed shall be pellet inoculated. Inoculant sources shall be species specific and shall be
applied at a rate of 2 Ib of inoculant per 100 Ib seed.

Commercial fertilizer shall conform to the requirements of the California Food and
Agricultural Code. Fertilizer shall be pelleted or granular form.

Follow up applications shall be made as needed to cover weak spots and to maintain
adequate soil protection.

Avoid over spray onto roads, sidewalks, drainage channels, existing vegetation, etc.

Costs
Average cost for installation and maintenance may vary from as low as $300 per acre for flat
slopes and stable soils, to $1600 per acre for moderate to steep slopes and/or erosive soils.
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yd roseeding

EC-4

= Installed
Hydroseeding Cost per Acre

Ornamentals $400 - $1600

High Density Turf Species $350
Bunch Grasses $300 - $1300
Fast Growiing Annual $350 - $650
Perennial $300 - $800

Nati - 316

NohCariietieg ative . $300 - $1600
Non-Native $400 - $500

Sterile Cereal Grain $500

Source: Caltrans Guidance for Soil Stabilization for Temporary Slopes, Nov. 1999

Inspection and Maintenance

Inspect BMPs prior to forecast rain, daily during extended rain events, after rain events,
weekly during the rainy season, and at two-week intervals during the non-rainy season.

Areas where erosion is evident shall be repaired and BMPs re-applied as soon as possible.
Care should be exercised to minimize the damage to protected areas while making repairs, as
any area damaged will require re-application of BMPs.

Where seeds fail to germinate, or they germinate and die, the area must be re-seeded,
fertilized, and mulched within the planting season, using not less than half the original
application rates.

Irrigation systems, if applicable, should be inspected daily while in use to identify system
malfunctions and line breaks. When line breaks are detected, the system must be shut down
immediately and breaks repaired before the system is put back into operation.

Irrigation systems shall be inspected for complete coverage and adjusted as needed to
maintain complete coverage.

References

Stormwater Quality Handbooks Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), November 2000.

Guidance Document: Soil Stabilization for Temporary Slopes, State of California Department of
Transportation (Caltrans), November 1999.

January 2003

California Stormwater BMP Handbook 3of 3

Construction
www.cabmphandbooks.com



Straw Mulch

EC-6

Description and Purpose

Straw mulch consists of placing a uniform layer of straw and
incorporating it into the soil with a studded roller or anchoring
it with a tackifier stabilizing emulsion. Straw mulch protects
the soil surface from the impact of rain drops, preventing soil
particles from becoming dislodged.

Suitable Applications

Straw mulch is suitable for soil disturbed areas requiring
temporary protection until permanent stabilization is
established. Straw mulch is typically used for erosion control
on disturbed areas until soils can be prepared for permanent
vegetation. Straw mulch is also used in combination with
temporary and/or permanent seeding strategies to enhance
plant establishment.

Limitations

w Availability of straw and straw blowing equipment may be
limited just prior to the rainy season and prior to storms
due to high demand.

u There is a potential for introduction of weed seed and
unwanted plant material.

= When straw blowers are used to apply straw mulch, the
treatment areas must be within 150 ft of a road or surface
capable of supporting trucks.

m Straw mulch applied by hand is more time intensive and
potentially costly.

Objectives

EC  FErosion Control
SE  Sediment Control
TR Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control

Waste Management and

WM Materiais Pollution Control

Legend:
M Pprimary Objective
Secondary Objective

Targeted Constituents

Sediment [}
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Trash

Metals

Bacleria

Oil and Grease

Organics

Potential Alternatives

EC-3 Hydraulic Mulch
EC-4 Hydroseeding

EC-5 Soil Binders

EC-7 Geotexliles and Mals
EC-8 Wood Mulching
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EC-6 Straw Muﬂ

w  Wind may limit application of straw and blow straw into undesired locations.
w May have to be removed prior to permanent seeding or prior to further earthwork.
= “Punching” of straw does not work in sandy soils, necessitating the use of tackifiers.

Implementation

m  Straw shall be derived from wheat, rice, or barley. Where required by the plans,
specifications, permits, or environmental documents, native grass straw shall be used.

w A tackifier is the preferred method for anchoring straw mulch to the soil on slopes.

m Crimping, punch roller-type rollers, or track walking may also be used to incorporate straw
mulch into the soil on slopes. Track walking shall only be used where other methods are
impractical.

= Avoid placing straw onto roads, sidewalks, drainage channels, sound walls, existing
vegetation, etc.

w  Straw mulch with tackifier shall not be applied during or immediately before rainfall.

= In San Diego, use of straw near wood framed home construction has been frowned on by the
Fire Marshall.

Application Procedures
w Apply straw at a minimum rate of 4,000 1b/acre, either by machine or by hand distribution.

= Roughen embankments and fill rills before placing the straw mulch by rolling with a
crimping or punching type roller or by track walking.

w Evenly distribute straw mulch on the soil surface.

w Anchor straw mulch to the soil surface by "punching” it into the soil mechanically
(incorporating). Alternatively, use a tackifier to adhere straw fibers.

= Methods for holding the straw mulch in place depend upon the slope steepness, accessibility,
soil conditions, and longevity.

- On small areas, a spade or shovel can be used to punch in straw mulch.

- On slopes with soils that are stable enough and of sufficient gradient to safely support
construction equipment without contributing to compaction and instability problems,
straw can be "punched" into the ground using a knife blade roller or a straight bladed
coulter, known commercially as a "crimper”.

- On small areas and/or steep slopes, straw can also be held in place using plastic netting
or jute. The netting shall be held in place using 11 gauge wire staples, geotextile pins or
wooden stakes as described in EC-7, Geotextiles and Mats.

- Atackifier acts to glue the straw fibers together and to the soil surface. The tackifier
shall be selected based on longevity and ability to hold the fibers in place. A tackifier is
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Straw Mulch EC-6

typically applied at a rate of 125 Ib/acre. In windy conditions, the rates are typically 180
Ib/acre.

Costs

Average annual cost for installation and maintenance (3-4 months useful life) is $2,500 per
acre. Application by hand is more time intensive and potentially costly.

Inspection and Maintenance

m Inspect BMPs prior to forecast rain, daily during extended rain events, after rain events,
weekly during the rainy season, and at two-week intervals during the non-rainy season.

m Areas where erosion is evident should be repaired and BMPs re-applied as soon as possible.
Care should be exercised to minimize the damage to protected areas while making repairs, as
any area damaged will require re-application of BMPs.

m The key consideration in inspection and maintenance is that the straw needs to last long
enough to achieve erosion control objectives.

= Maintain an unbroken, temporary mulched ground cover while disturbed soil areas are
inactive. Repair any damaged ground cover and re-mulch exposed areas.

m Reapplication of straw mulch and tackifier may be required to maintain effective soil
stabilization over disturbed areas and slopes.

References

Controlling Erosion of Construction Sites, Agricultural Information Bulletin #347, U.S.
Department of Agriculture (USDA), Natural Resources Conservation Service (NRCS) (formerly

Soil Conservation Service — SCS).

Guides for Erosion and Sediment Control in California, USDA Soils Conservation Service,
January 1991.

Manual of Standards of Erosion and Sediment Control Measures, Association of Bay Area
Governments, May 1995.

Soil Erosion by Water, Agricultural Information Bulletin #513, U.S. Department of Agriculture,
Soil Conservation Service.

Stormwater Quality Handbooks Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), November 2000.

Stormwater Management of the Puget Sound Basin, Technical Manual, Publication #91-75,
Washington State Department of Ecology, February 1992.

Water Quality Management Plan for the Lake Tahoe Region, Volume II, Handbook of
Management Practices, Tahoe Regional Planning Agency, November 1988.
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Geotextiles and Mats

EC-7
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Legend:
Primary Objective
¥ secondary Objective

Description and Purpose

Mattings of natural materials are used to cover the soil surface
to reduce erosion from rainfall impact, hold soil in place, and
absorb and hold moisture near the soil surface. Additionally,
matting may be used to stabilize soils until vegetation is
established.

Suitable Applications

Mattings are commonly applied on short, steep slopes where
erosion hazard is high and vegetation will be slow to establish.
Mattings are also used on stream banks where moving water at
velocities between 3 ft/s and 6 ft/s are likely to wash out new
vegetation, and in areas where the soil surface is disturbed and
where existing vegetation has been removed. Matting may also
be used when seeding cannot occur (e.g., late season
construction and/or the arrival of an early rain season).
Erosion control matting should be considered when the soils
are fine grained and potentially erosive. These measures
should be considered in the following situations.

m  Steep slopes, generally steeper than 3:1 (H:V)

m Slopes where the erosion potential is high

m Slopes and disturbed soils where mulch must be anchored
m Disturbed areas where plants are slow to develop

m Channels with flows exceeding 3.3 ft/s

Targeted Constituents

Sediment
Nutrients

Trash

Metals

Bacteria

Qil and Grease

Organics

Potential Alternatives

EC-3 Hydraulic Mulch
EC-4 Hydroseeding
EC-5 Soil Binders
EC-6 Straw Mulch
EC-8 Wood Mulching
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EC-7 Geotextiles and Mats

= Channels to be vegetated
m Stockpiles
w Slopes adjacent to water bodies of Environmentally Sensitive Areas (ESAs)

Limitations

m Properly installed mattings provide excellent erosion control but do so at relatively high cost.
This high cost typically limits the use of mattings to areas of concentrated channel flow and
steep slopes.

m  Mattings are more costly than other BMP practices, limiting their use to areas where other
BMPs are ineffective (e.g. channels, steep slopes).

» Installation is critical and requires experienced contractors. The contractor should install
the matting material in such a manner that continuous contact between the material and the
soil occurs.

m  Geotextiles and Mats may delay seed germination, due to reduction in soil temperature.

= Blankets and mats are generally not suitable for excessively rocky sites or areas where the
final vegetation will be mowed (since staples and netting can catch in mowers).

s Blankets and mats must be removed and disposed of prior to application of permanent soil
stabilization measures.

m  Plastic sheeting is easily vandalized, easily torn, photodegradable, and must be disposed of
at a landfill.

m Plastic results in 100% runoff, which may cause serious erosion problems in the areas
receiving the increased flow.

m  The use of plastic should be limited to covering stockpiles or very small graded areas for
short periods of time (such as through one imminent storm event) until alternative
measures, such as seeding and mulching, may be installed.

w Geotextiles, mats, plastic covers, and erosion control covers have maximum flow rate
limitations; consult the manufacturer for proper selection.

= Not suitable for areas that have heavy foot traffic (tripping hazard) — e.g., pad areas around
buildings under construction.

Implementation

Material Selection

Organic matting materials have been found to be effective where re-vegetation will be provided
by re-seeding. The choice of matting should be based on the size of area, side slopes, surface
conditions such as hardness, moisture, weed growth, and availability of materials.

2of 11 California Stormwater BMP Handhook January 2003
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Geotextiles and Mats EC-7

The following natural and synthetic mattings are commonly used:

Geotextiles

Material should be a woven polypropylene fabric with minimum thickness of 0.06 in.,
minimum width of 12 ft and should have minimum tensile strength of 150 Ibs (warp), 80 Ibs
(fill) in conformance with the requirements in ASTM Designation: D 4632. The permittivity
of the fabric should be approximately 0.07 sec-* in conformance with the requirements in
ASTM Designation: D4491. The fabric should have an ultraviolet (UV) stability of 70
percent in conformance with the requirements in ASTM designation: D4355. Geotextile
blankets must be secured in place with wire staples or sandbags and by keying into tops of
slopes to prevent infiltration of surface waters under geotextile. Staples should be made of
minimum 11 gauge steel wire and should be U-shaped with 8 in. legs and 2 in. crown.

Geotextiles may be reused if they are suitable for the use intended.

Plastic Covers

Plastic sheeting should have a minimum thickness of 6 mils, and must be keyed in at the top
of slope and firmly held in place with sandbags or other weights placed no more than 10 ft
apart. Seams are typically taped or weighted down their entire length, and there should be
at least a 12 in. to 24 in. overlap of all seams. Edges should be embedded a minimum of 6 in.
in soil.

All sheeting must be inspected periodically after installation and after significant rainstorms
to check for erosion, undermining, and anchorage failure. Any failures must be repaired
immediately. If washout or breakages occur, the material should be re-installed after
repairing the damage to the slope.

Erosion Control Blankets/Mats

Biodegradable rolled erosion control products (RECPs) are typically composed of jute fibers,
curled wood fibers, straw, coconut fiber, or a combination of these materials. In order for an
RECP to be considered 100% biodegradable, the netting, sewing or adhesive system that
holds the biodegradable mulch fibers together must also be biodegradable.

- Jute is a natural fiber that is made into a yarn that is loosely woven into a biodegradable
mesh. Itis designed to be used in conjunction with vegetation and has longevity of
approximately one year. The material is supplied in rolled strips, which should be
secured to the soil with U-shaped staples or stakes in accordance with manufacturers’
recommendations.

- Excelsior (curled wood fiber) blanket material should consist of machine produced
mats of curled wood excelsior with 80 percent of the fiber 6 in. or longer. The excelsior
blanket should be of consistent thickness. The wood fiber must be evenly distributed
over the entire area of the blanket. The top surface of the blanket should be covered with
a photodegradable extruded plastic mesh. The blanket should be smolder resistant
without the use of chemical additives and should be non-toxic and non-injurious to plant
and animal life. Excelsior blankets should be furnished in rolled strips, a minimum of 48
in. wide, and should have an average weight of 0.8 1b/ydz?, £10 percent, at the time of
manufacture. Excelsior blankets must be secured in place with wire staples. Staples
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5-7 Geotextiles and Mats

should be made of minimum 11 gauge steel wire and should be U-shaped with 8 in. legs
and 2 in. crown.

- Straw blanket should be machine produced mats of straw with a lightweight
biodegradable netting top layer. The straw should be attached to the netting with
biodegradable thread or glue strips. The straw blanket should be of consistent thickness.
The straw should be evenly distributed over the entire area of the blanket. Straw blanket
should be furnished in rolled strips a minimum of 6.5 ft wide, a minimum of 8o ft long
and a minimum of 0.5 1b/ydz=. Straw blankets must be secured in place with wire staples.
Staples should be made of minimum 11 gauge steel wire and should be U-shaped with 8
in. legs and 2 in. crown.

- Wood fiber blanket is composed of biodegradable fiber mulch with extruded plastic
netting held together with adhesives. The material is designed to enhance re-vegetation.
The material is furnished in rolled strips, which must be secured to the ground with U-
shaped staples or stakes in accordance with manufacturers’ recommendations.

- Coconut fiber blanket should be a machine produced mat of 100 percent coconut
fiber with biodegradable netting on the top and bottom. The coconut fiber should be
attached to the netting with biodegradable thread or glue strips. The coconut fiber
blanket should be of consistent thickness. The coconut fiber should be evenly distributed
over the entire area of the blanket. Coconut fiber blanket should be furnished in rolled
strips with a minimum of 6.5 ft wide, a minimum of 80 ft. long and a minimum of 0.5
Ib/ydz. Coconut fiber blankets must be secured in place with wire staples. Staples
should be made of minimum 11 gauge steel wire and should be U-shaped with 8 in. legs
and 2 in. crown.

- Coconut fiber mesh is a thin permeable membrane made from coconut or corn fiber
that is spun into a yarn and woven into a biodegradable mat. It is designed to be used in
conjunction with vegetation and typically has longevity of several years. The material is
supplied in rolled strips, which must be secured to the soil with U-shaped staples or
stakes in accordance with manufacturers’ recommendations.

- Straw coconut fiber blanket should be machine produced mats of 70 percent straw
and 30 percent coconut fiber with a biodegradable netting top layer and a biodegradable
bottom net. The straw and coconut fiber should be attached to the netting with
biodegradable thread or glue strips. The straw coconut fiber blanket should be of
consistent thickness. The straw and coconut fiber should be evenly distributed over the
entire area of the blanket. Straw coconut fiber blanket should be furnished in rolled
strips a minimum of 6.5 ft wide, a minimum of 80 ft long and a minimum of 0.5 Ib/yd=.
Straw coconut fiber blankets must be secured in place with wire staples. Staples should
be made of minimum 11 gauge steel wire and should be U-shaped with 8 in. legs and 2 in.
Crown.

= Non-biodegradable RECPs are typically composed of polypropylene, polyethylene, nylon or
other synthetic fibers. In some cases, a combination of biodegradable and synthetic fibers is
used to construct the RECP. Netting used to hold these fibers together is typically non-
biodegradable as well.

4 of 11 Callfornia Stormwater BMP Handbook January 2003

Construction
www.cabmphandbooks.com
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Plastic netting is a lightweight biaxially oriented netting designed for securing loose
mulches like straw or paper to soil surfaces to establish vegetation. The netting is
photodegradable. The netting is supplied in rolled strips, which must be secured with U-
shaped staples or stakes in accordance with manufacturers’ recommendations.

Plastic mesh is an open weave geotextile that is composed of an extruded synthetic
fiber woven into a mesh with an opening size of less than % in. It is used with re-
vegetation or may be used to secure loose fiber such as straw to the ground. The material
is supplied in rolled strips, which must be secured to the soil with U-shaped staples or
stakes in accordance with manufacturers’ recommendations.

Synthetic fiber with netting is a mat that is composed of durable synthetic fibers
treated to resist chemicals and ultraviolet light. The mat is a dense, three dimensional
mesh of synthetic (typically polyolefin) fibers stitched between two polypropylene nets.
The mats are designed to be re-vegetated and provide a permanent composite system of
soil, roots, and geomatrix. The material is furnished in rolled strips, which must be
secured with U-shaped staples or stakes in accordance with manufacturers’
recommendations.

Bonded synthetic fibers consist of a three dimensional geomatrix nylon (or other
synthetic) matting. Typically it has more than 9o percent open area, which facilitates
root growth. It's tough root reinforcing system anchors vegetation and protects against
hydraulic lift and shear forces created by high volume discharges. It can be installed
over prepared soil, followed by seeding into the mat. Once vegetated, it becomes an
invisible composite system of soil, roots, and geomatrix. The material is furnished in
rolled strips that must be secured with U-shaped staples or stakes in accordance with
manufacturers’ recommendations.

Combination synthetic and biodegradable RECPs consist of biodegradable fibers,
such as wood fiber or coconut fiber, with a heavy polypropylene net stitched to the top
and a high strength continuous filament geomatrix or net stitched to the bottom. The
material is designed to enhance re-vegetation. The material is furnished in rolled strips,
which must be secured with U-shaped staples or stakes in accordance with
manufacturers’ recommendations.

Site Preparation

Proper site preparation is essential to ensure complete contact of the blanket or matting with
the soil.

Grade and shape the area of installation.

Remove all rocks, clods, vegetation or other obstructions so that the installed blankets or
mats will have complete, direct contact with the soil.

Prepare seedbed by loosening 2 to 3 in. of topsoil.

Seeding

Seed the area before blanket installation for erosion control and revegetation. Seeding after mat
installation is often specified for turf reinforcement application. When seeding prior to blanket
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EC-7 Geotextiles and Mats

installation, all check slots and other areas disturbed during installation must be re-seeded.
Where soil filling is specified, seed the matting and the entire disturbed area after installation
and prior to filling the mat with soil.

Fertilize and seed in accordance with seeding specifications or other types of landscaping plans.
When using jute matting on a seeded area, apply approximately half the seed before laying the
mat and the remainder after laying the mat. The protective matting can be laid over areas where
grass has been planted and the seedlings have emerged. Where vines or other ground covers are
to be planted, lay the protective matting first and then plant through matting according to
design of planting.

Check Slots

Check slots are made of glass fiber strips, excelsior matting strips or tight folded jute matting
blanket or strips for use on steep, highly erodible watercourses. The check slots are placed in
narrow trenches 6 to 12 in. deep across the channel and left flush with the soil surface. They are
to cover the full cross section of designed flow.

Laying and Securing Matting

= Before laying the matting, all check slots should be installed and the friable seedbed made
free from clods, rocks, and roots. The surface should be compacted and finished according
to the requirements of the manufacturer’s recommendations.

m Mechanical or manual lay down equipment should be capable of handling full rolls of fabric
and laying the fabric smoothly without wrinkles or folds. The equipment should meet the
fabric manufacturer’s recommendations or equivalent standards.

Anchoring
m U-shaped wire staples, metal geotextile stake pins, or triangular wooden stakes can be used
to anchor mats and blankets to the ground surface.

m  Wire staples should be made of minimum 11 gauge steel wire and should be U-shaped with 8
in. legs and 2 in. crown.

m Metal stake pins should be 0.188 in. diameter steel with a 1.5 in. steel washer at the head of
the pin, and 8 in. in length.

m  Wire staples and metal stakes should be driven flush to the soil surface.

Installation on Slopes
Installation should be in accordance with the manufacturer's recommendations. In general,
these will be as follows:

= Begin at the top of the slope and anchor the blanket in a 6 in. deep by 6 in. wide trench.
Backfill trench and tamp earth firmly.

w Unroll blanket down slope in the direction of water flow.

w Overlap the edges of adjacent parallel rolls 2 to 3 in. and staple every 3 ft.
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= When blankets must be spliced, place blankets end over end (shingle style) with 6 in.
overlap. Staple through overlapped area, approximately 12 in. apart.

= Lay blankets loosely and maintain direct contact with the soil. Do not stretch.

m Staple blankets sufficiently to anchor blanket and maintain contact with the soil. Staples
should be placed down the center and staggered with the staples placed along the edges.
Steep slopes, 1:1 (H:V) to 2:1 (H:V), require a minimum of 2 staples/yd2. Moderate slopes,
2:1 (H:V) to 3:1 (H:V), require a minimum of 1 %2 staples/yd2.

Installation in Channels
Installation should be in accordance with the manufacturer's recommendations. In general,
these will be as follows:

= Dig initial anchor trench 12 in. deep and 6 in. wide across the channel at the lower end of the
project area.

w Excavate intermittent check slots, 6 in. deep and 6 in. wide across the channel at 25 to 30 ft
intervals along the channels.

m Cut longitudinal channel anchor trenches 4 in. deep and 4 in. wide along each side of the
installation to bury edges of matting, whenever possible extend matting 2 to 3 in. above the
crest of the channel side slopes.

» Beginning at the downstream end and in the center of the channel, place the initial end of
the first roll in the anchor trench and secure with fastening devices at 12 in. intervals. Note:
matting will initially be upside down in anchor trench.

m In the same manner, position adjacent rolls in anchor trench, overlapping the preceding roll
a minimum of g in.

m Secure these initial ends of mats with anchors at 12 in. intervals, backfill and compact soil.

= Unroll center strip of matting upstream. Stop at next check slot or terminal anchor trench.
Unroll adjacent mats upstream in similar fashion, maintaining a 3 in. overlap.

m Fold and secure all rolls of matting snugly into all transverse check slots. Lay mat in the
bottom of the slot then fold back against itself. Anchor through both layers of mat at 12 in.
intervals, then backfill and compact soil. Continue rolling all mat widths upstream to the
next check slot or terminal anchor trench.

= Alternate method for non-critical installations: Place two rows of anchors on 6 in. centers at
25 to 30 ft. intervals in lieu of excavated check slots.

= Staple shingled lap spliced ends a minimum of 12 in. apart on 12 in. intervals.

= Place edges of outside mats in previously excavated longitudinal slots; anchor using
prescribed staple pattern, backfill, and compact soil.

m Anchor, fill, and compact upstream end of mat in a 12 in. by 6 in. terminal trench.
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m Secure mat to ground surface using U-shaped wire staples, geotextile pins, or wooden stakes.
m  Seed and fill turf reinforcement matting with soil, if specified.

Soil Filling (if specified for turfreinforcement)
m  Always consult the manufacturer's recommendations for installation.

= Do not drive tracked or heavy equipment over mat.

= Avoid any traffic over matting if loose or wet soil conditions exist.
m  Use shovels, rakes, or brooms for fine grading and touch up.

= Smooth out soil filling just exposing top netting of mat.

Temporary Soil Stabilization Removal
m Temporary soil stabilization removed from the site of the work must be disposed of if
necessary.

Costs

Relatively high compared to other BMPs. Biodegradable materials: $0.50 - $0.57/yd=.
Permanent materials: $3.00 - $4.50/yd=. Staples: $0.04 - $0.05/staple. Approximate costs for
installed materials are shown below:

Rolled Erosion Conirol Products Cola:tlslztr::'] f&:lsre

Jute Mesh $6,500

Curled Wood Fiber $10,500

Straw $8,900

Biodegradable Wood Fiber $8,900
Coconut Fiber $13,000

Coconut Fiber Mesh $31,200

Straw Coconut Fiber $10,900

Plastic Netting $2,000

Plastic Mesh $3,200
Non-Biodegradable | Synthetic Fiber with Netting $34,800
Bonded Synthetic Fibers $50,000
Combination with Biodegradable $32,000

Source: Caltrans Guidance for Soil Stabilization for Temporary Slopes, Nov. 1000

Inspection and Maintenance

= Inspect BMPs prior to forecast rain, daily during extended rain events, after rain events,
weekly during the rainy season, and at two-week intervals during the non-rainy season, and
at two-week intervals during the non-rainy season.

= Inspect BMPs subject to non-stormwater discharges daily while non-stormwater discharges
oceur.
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m Areas where erosion is evident shall be repaired and BMPs reapplied as soon as possible.
Care should be exercised to minimize the damage to protected areas while making repairs, as
any area damaged will require reapplication of BMPs.

m If washout or breakage occurs, re-install the material after repairing the damage to the slope
or channel.

w Make sure matting is uniformly in contact with the soil.
m  Check that all the lap joints are secure.

m  Check that staples are flush with the ground.

m  Check that disturbed areas are seeded.

References
Guides for Erosion and Sediment Controls in California, USDA Soils Conservation Service,
January 1991.

National Management Measures to Control Nonpoint Source Pollution from Urban Areas,
United States Environmental Protection Agency, 2002,

Stormwater Quality Handbooks Construction Site Best Management Practices (BMPs) Manual,
State of California Departinent of Transportation (Caltrans), November 2000.

Guidance Document: Soil Stabilization for Temporary Slopes, State of California Department of
Transportation (Caltrans), November 1999

Stormwater Management of the Puget Sound Basin, Technical Manual, Publication #91-75,
Washington State Department of Ecology, February 1992.

Water Quality Management Plan for The Lake Tahoe Region, Volume II, Handbook of
Management Practices, Tahoe Regional Planning Agency, November 1988.
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Earth Dikes and Drainage Swales

EC-9

Description and Purpose

An earth dike is a temporary berm or ridge of compacted soil
used to divert runoff or channel water to a desired location. A
drainage swale is a shaped and sloped depression in the soil
surface used to convey runoff to a desired location. Earth dikes
and drainage swales are used to divert off site runoff around the
construction site, divert runoff from stabilized areas and
disturbed areas, and direct runoff into sediment basins or traps.

Suitable Applications

Earth dikes and drainage swales are suitable for use,
individually or together, where runoff needs to be diverted from
one area and conveyed to another.

m  Earth dikes and drainage swales may be used:
- To convey surface runoff down sloping land

- To intercept and divert runoff to avoid sheet flow over
sloped surfaces

- To divert and direct runoff towards a stabilized
watercourse, drainage pipe or channel

- To intercept runoff from paved surfaces

- Below steep grades where runoff begins to concentrate

- Along roadways and facility improvements subject to flood

drainage

Objectives
EC  Erosion Control |
SE  Sediment Control
TR  Tracking Control
WE  Wind Erosion Control
NS Non-Stormwater
Management Control
W Wasle Management and
Materials Pollution Control
Legend:

M primary Objective
3] Secondary Objective

Targeted Constituents

Sediment ]
Nutrients

Trash

Metals

Bacteria

Oil and Grease

Organics

Potential Alternatives

None
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EC-9 Earth Dikes and Drainage Swalei

- Atthe top of slopes to divert runon from adjacent or undisturbed slopes
- At bottom and mid slope locations to intercept sheet flow and convey concentrated flows
- Divert sediment laden runoff into sediment basins or traps

Limitations

Dikes should not be used for drainage areas greater than 10 acres or along slopes greater than 10
percent. For larger areas more permanent drainage structures should be built. All drainage
structures should be built in compliance with local municipal requirements.

s Earth dikes may create more disturbed area on site and become barriers to construction
equipment.

w Earth dikes must be stabilized immediately, which adds cost and maintenance concerns.
m Diverted stormwater may cause downstream flood damage.

w Dikes should not be constructed of soils that may be easily eroded.

u  Regrading the site to remove the dike may add additional cost.

w Temporary drains and swales or any other diversion of runoff should not adversely impact
upstream or downstream properties.

»  Temporary drains and swales must conform to local floodplain management requirements.
» Earth dikes/drainage swales are not suitable as sediment trapping devices.

= It may be necessary to use other soil stabilization and sediment controls such as check dams,
plastics, and blankets, to prevent scour and erosion in newly graded dikes, swales, and
ditches.

Implementation

The temporary earth dike is a berm or ridge of compacted soil, located in such a manner as to
divert stormwater to a sediment trapping device or a stabilized outlet, thereby reducing the
potential for erosion and offsite sedimentation. Earth dikes can also be used to divert runoff
from off site and from undisturbed areas away from disturbed areas and to divert sheet flows
away from unprotected slopes.

An earth dike does not itself control erosion or remove sediment from runoff. A dike prevents
erosion by directing runoff to an erosion control device such as a sediment trap or directing
runoff away from an erodible area. Temporary diversion dikes should not adversely impact
adjacent properties and must conform to local floodplain management regulations, and should
not be used in areas with slopes steeper than 10%.

Slopes that are formed during cut and fill operations should be protected from erosion by runoff.
A combination of a temporary drainage swale and an earth dike at the top of a slope can divert
runoff to a location where it can be brought to the bottom of the slope (see EC-11, Slope Drains).
A combination dike and swale is easily constructed by a single pass of a bulldozer or grader and
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Earth Dikes and Drainage Swales EC-9

compacted by a second pass of the tracks or wheels over the ridge. Diversion structures should
be installed when the site is initially graded and remain in place until post construction BMPs
are installed and the slopes are stabilized.

Diversion practices concentrate surface runoff, increasing its velocity and erosive force. Thus,
the flow out of the drain or swale must be directed onto a stabilized area or into a grade
stabilization structure. If significant erosion will occur, a swale should be stabilized using
vegetation, chemical treatment, rock rip-rap, matting, or other physical means of stabilization.
Any drain or swale that conveys sediment laden runoff must be diverted into a sediment basin
or trap before it is discharged from the site.

General
w Care must be applied to correctly size and locate earth dikes, drainage swales. Excessively
steep, unlined dikes, and swales are subject to erosion and gully formation.

w Conveyances should be stabilized.
m Use a lined ditch for high flow velocities.

m  Select flow velocity based on careful evaluation of the risks due to erosion of the measure,
soil types, overtopping, flow backups, washout, and drainage flow patterns for each project
site.

= Compact any fills to prevent unequal settlement.

s Do not divert runoff onto other property without securing written authorization from the
property owner.

m  When possible, install and utilize permanent dikes, swales, and ditches early in the
construction process.

m Provide stabilized outlets.

Earth Dikes
Temporary earth dikes are a practical, inexpensive BMP used to divert stormwater runoff.
Temporary diversion dikes should be installed in the following manner:

m  All dikes should be compacted by earth moving equipment.
m  All dikes should have positive drainage to an outlet.

m  All dikes should have 2:1 or flatter side slopes, 18 in. minimum height, and a minimum top
width of 24 in. Wide top widths and flat slopes are usually needed at crossings for
construction traffic.

w The outlet from the earth dike must function with a minimum of erosion. Runoff should be
conveyed to a sediment trapping device such as a Sediment Trap (SE-3) or Sediment Basin
(SE-2) when either the dike channel or the drainage area above the dike are not adequately
stabilized.
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EC-9 Earth Dikes and Drainage Swales

Temporary stabilization may be achieved using seed and mulching for slopes less than 5%
and either rip-rap or sod for slopes in excess of 5%. In either case, stabilization of the earth
dike should be completed immediately after construction or prior to the first rain.

If riprap is used to stabilize the channel formed along the toe of the dike, the following
typical specifications apply:

Channel Grade Riprap Stabilization

0.5-1.0% 4 in. Rock

1.1-2.0% 6in. Rock

2.1-4.0% 8in. Rock

4.1-5.0% 8in. -12 in. Riprap

The stone riprap, recycled concrete, etc. used for stabilization should be pressed into the soil
with construction equipment.

Filter cloth may be used to cover dikes in use for long periods.

Construction activity on the earth dike should be kept to a minimum.

Drainage Swales

Drainage swales are only effective if they are properly installed. Swales are more effective than
dikes because they tend to be more stable. The combination of a swale with a dike on the
downhill side is the most cost effective diversion.

Standard engineering design criteria for small open channel and closed conveyance systems
should be used (see the local drainage design manual). Unless local drainage design criteria
state otherwise, drainage swales should be designed as follows:

m No more than 5 acres may drain to a temporary drainage swale.

m Place drainage swales above or below, not on, a cut or fill slope.

s Swale bottom width should be at least 2 ft

m  Depth of the swale should be at least 18 in.

= Side slopes should be 2:1 or flatter.

= Drainage or swales should be laid at a grade of at least 1 percent, but not more than 15
percent.

m The swale must not be overtopped by the peak discharge from a 10-year storm, irrespective
of the design criteria stated above.

m  Remove all trees, stumps, obstructions, and other objectionable material from the swale
when it is built.

m Compact any fill material along the path of the swale.
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Earth Dikes and Drainage Swales EC-9

Stabilize all swales immediately. Seed and mulch swales at a slope of less than 5 percent,
and use rip-rap or sod for swales with a slope between 5 and 15 percent. For temporary
swales, geotextiles and mats (EC-7) may provide immediate stabilization.

Irrigation may be required to establish sufficient vegetation to prevent erosion.
Do not operate construction vehicles across a swale unless a stabilized crossing is provided.

Permanent drainage facilities must be designed by a professional engineer (see the local
drainage design criteria for proper design).

At a minimum, the drainage swale should conform to predevelopment drainage patterns and
capacities.

Construct the drainage swale with a positive grade to a stabilized outlet.

Provide erosion protection or energy dissipation measures if the flow out of the drainage
swale can reach an erosive velocity.

Costs

Cost ranges from $15 to $55 per ft for both earthwork and stabilization and depends on
availability of material, site location, and access.

Small dikes: $2.50 - $6.50/linear ft; Large dikes: $2.50/yds3.

The cost of a drainage swale increases with drainage area and slope. Typical swales for
controlling internal erosion are inexpensive, as they are quickly formed during routine
earthwork.

Inspection and Maintenance

Inspect BMPs prior to forecast rain, daily during extended rain events, after rain events,
weekly during the rainy season, and at two-week intervals during the non-rainy season.

Inspect BMPs subject to non-stormwater discharges daily while non-stormwater discharges
oceur.

Inspect ditches and berms for washouts. Replace lost riprap, damaged linings or soil
stabilizers as needed.

Inspect channel linings, embankments, and beds of ditches and berms for erosion and
accumulation of debris and sediment. Remove debris and sediment and repair linings and
embankments as needed.

Temporary conveyances should be completely removed as soon as the surrounding drainage
area has been stabilized or at the completion of construction

References
Erosion and Sediment Control Handbook, S.J. Goldman, K. Jackson, T.A. Bursetynsky, P.E.,
McGraw Hill Book Company, 1986.
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Manual of Standards of Erosion and Sediment Control Measures, Association of Bay Area
Governments, May 1995.

National Association of Home Builders (NAHB). Stormwater Runoff & Nonpoint Source
Pollution Control Guide for Builders and Developers. National Association of Home Builders,
Washington, D.C., 1995

National Management Measures to Control Nonpoint Source Pollution from Urban Areas,
United States Environmental Protection Agency, 2002.

Southeastern Wisconsin Regional Planning Commission (SWRPC). Costs of Urban Nonpoint
Source Water Pollution Control Measures. Technical Report No. 31. Southeastern Wisconsin
Regional Planning Commission, Waukesha, WI. 1991

Stormwater Quality Handbooks Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), November 2000.

Stormwater Management of the Puget Sound Basin, Technical Manual, Publication #91-75,
Washington State Department of Ecology, February 1992.

Water Quality Management Plan for the Lake Tahoe Region, Volume II, Handbook of
Management Practices, Tahoe Regional Planning Agency, November 1988.
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Silt Fence

SE-1

Description and Purpose

A silt fence is made of a filter fabric that has been entrenched,
attached to supporting poles, and sometimes backed by a
plastic or wire mesh for support. The silt fence detains
sediment-laden water, promoting sedimentation behind the
fence.

Suitable Applications

Silt fences are suitable for perimeter control, placed below
areas where sheet flows discharge from the site. They should
also be used as interior controls below disturbed areas where
runoff may occur in the form of sheet and rill erosion. Silt
fences are generally ineffective in locations where the flow is
concentrated and are only applicable for sheet or overland
flows. Silt fences are most effective when used in combination
with erosion controls. Suitable applications include:

m  Along the perimeter of a project.

m  Below the toe or down slope of exposed and erodible slopes.
m Along streams and channels.

m  Around temporary spoil areas and stockpiles.

m Below other small cleared areas.

Limitations

m Do not use in streams, channels, drain inlets, or anywhere flow

is concentrated.

Objectives

EC  Erosion Control

SE  Sediment Control %]
TR Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control

Waste Management and

WM Materials Pollution Control

Legend:
%] Primary Objective
[x] Secondary Objective

Targeted Constituents

Sediment |
Nutrients

Trash

Metals

Bacteria

Qil and Grease

Organics

Potential Alternatives

SE-5 Fiber Rolls

SE-6 Gravel Bag Berm
SE-8 Sandbag Barrier
SE-9 Straw Bale Barrier
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SE-1 Silt Fence

m Do not use in locations where ponded water may cause flooding.

m Do not place fence on a slope, or across any contour line. If not installed at the same
elevation throughout, silt fences will create erosion.

m  Filter fences will create a temporary sedimentation pond on the upstream side of the fence
and may cause temporary flooding. Fences not constructed on a level contour will be
overtopped by concentrated flow resulting in failure of the filter fence.

= Improperly installed fences are subject to failure from undercutting, overlapping, or
collapsing.

- Not effective unless trenched and keyed in.
- Not intended for use as mid-slope protection on slopes greater than 4:1 (H:V).
- Do not allow water depth to exceed 1.5 ft at any point.

Implementation

General

A silt fence is a temporary sediment barrier consisting of filter fabric stretched across and
attached to supporting posts, entrenched, and, depending upon the strength of fabric used,
supported with plastic or wire mesh fence. Silt fences trap sediment by intercepting and
detaining small amounts of sediment-laden runoff from disturbed areas in order to promote
sedimentation behind the fence.

Silt fences are preferable to straw bale barriers in many cases. Laboratory work at the Virginia
Highway and Transportation Research Council has shown that silt fences can trap a much
higher percentage of suspended sediments than can straw bales. While the failure rate of silt
fences is lower than that of straw bale barriers, there are many instances where silt fences have
been improperly installed. The following layout and installation guidance can improve
performance and should be followed:

m  Use principally in areas where sheet flow occurs.

m  Don't use in streams, channels, or anywhere flow is concentrated. Don’t use silt fences to
divert flow.

= Don't use below slopes subject to creep, slumping, or landslides.

m  Select filter fabric that retains 85% of soil by weight, based on sieve analysis, but that is not
finer than an equivalent opening size of 70.

m Install along a level contour, so water does not pond more than 1.5 ft at any point along the
silt fence.

m  The maximum length of slope draining to any point along the silt fence should be 200 ft or
less.

m  The maximum slope perpendicular to the fence line should be 1:1.
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m  Provide sufficient room for runoff to pond behind the fence and to allow sediment removal
equipment to pass between the silt fence and toes of slopes or other obstructions. About
1200 ft2 of ponding area should be provided for every acre draining to the fence.

m  Turn the ends of the filter fence uphill to prevent stormwater from flowing around the fence.

m Leave an undisturbed or stabilized area immediately down slope from the fence where
feasible.

m  Silt fences should remain in place until the disturbed area is permanently stabilized.

Design and Layout

Selection of a filter fabric is based on soil conditions at the construction site (which affect the
equivalent opening size (EOS) fabric specification) and characteristics of the support fence
(which affect the choice of tensile strength). The designer should specify a filter fabric that
retains the soil found on the construction site yet that it has openings large enough to permit
drainage and prevent clogging. The following criteria is recommended for selection of the
equivalent opening size:

1. If 50 percent or less of the soil, by weight, will pass the U.S. Standard Sieve No. 200,
select the EOS to retain 85 % of the soil. The EOS should not be finer than EOS 7o0.

2, For all other soil types, the EOS should be no larger than the openings in the U.S.
Standard Sieve No. 70 except where direct discharge to a stream, lake, or wetland
will occur, then the EOS should be no larger than Standard Sieve No. 100.

To reduce the chance of clogging, it is preferable to specify a fabric with openings as large as
allowed by the criteria. No fabric should be specified with an EOS smaller than U.S. Standard
Sieve No. 100. If 85% or more of a soil, by weight, passes through the openings in a No. 200
sieve, filter fabric should not be used. Most of the particles in such a soil would not be retained
if the EOS was too large and they would clog the fabric quickly if the EOS were small enough to
capture the soil.

The fence should be supported by a plastic or wire mesh if the fabric selected does not have
sufficient strength and bursting strength characteristics for the planned application (as
recommended by the fabric manufacturer). Filter fabric material should contain ultraviolet
inhibitors and stabilizers to provide a minimum of six months of expected usable construction
life at a temperature range of o °F to 120 °F.

m  Layout in accordance with attached figures.

m  For slopes steeper than 2:1 (H:V) and that contain a high number of rocks or large dirt clods
that tend to dislodge, it may be necessary to install additional protection immediately
adjacent to the bottom of the slope, prior to installing silt fence. Additional protection may
be a chain link fence or a cable fence.

m For slopes adjacent to sensitive receiving waters or Environmentally Sensitive Areas (ESAs),
silt fence should be used in conjunction with erosion control BMPs.
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Materials

Silt fence fabric should be woven polypropylene with a minimum width of 36 in. and a
minimum tensile strength of 100 Ib force. The fabric should conform to the requirements in
ASTM designation D4632 and should have an integral reinforcement layer. The
reinforcement layer should be a polypropylene, or equivalent, net provided by the
manufacturer. The permittivity of the fabric should be between 0.1 sec* and 0.15 sec in
conformance with the requirements in ASTM designation D4491.

Wood stakes should be commercial quality lumber of the size and shape shown on the plans.
Each stake should be free from decay, splits or cracks longer than the thickness of the stake
or other defects that would weaken the stakes and cause the stakes to be structurally
unsuitable.

Staples used to fasten the fence fabric to the stakes should be not less than 1.75 in. long and
should be fabricated from 15 gauge or heavier wire. The wire used to fasten the tops of the
stakes together when joining two sections of fence should be 9 gauge or heavier wire.
Galvanizing of the fastening wire will not be required.

There are new products that may use prefabricated plastic holders for the silt fence and use
bar reinforcement instead of wood stakes. If bar reinforcement is used in lieu of wood
stakes, use number four or greater bar. Provide end protection for any exposed bar
reinforcement,

Installation Guidelines

Silt fences are to be constructed on a level contour. Sufficient area should exist behind the fence
for ponding to occur without flooding or overtopping the fence.

A trench should be excavated approximately 6 in. wide and 6 in. deep along the line the
proposed silt fence.

Bottom of the silt fence should be keyed-in a minimum of 12 in.

Posts should be spaced a maximum of 6 ft apart and driven securely into the ground a
minimum of 18 in. or 12 in. below the bottom of the trench.

When standard strength filter fabric is used, a plastic or wire mesh support fence should be
fastened securely to the upslope side of posts using heavy—duty wire staples at least 1 in.
long. The mesh should extend into the trench. When extra-strength filter fabric and closer
post spacing are used, the mesh support fence may be eliminated. Filter fabric should be
purchased in a long roll, and then cut to the length of the barrier. When joints are necessary,
filter cloth should be spliced together only at a support post, with a minimum 6 in. overlap
and both ends securely fastened to the post.

The trench should be backfilled with compacted native material.

Construct silt fences with a setback of at least 3 ft from the toe of a slope. Where a silt fence
is determined to be not practicable due to specific site conditions, the silt fence may be
constructed at the toe of the slope, but should be constructed as far from the toe of the slope
as practicable. Silt fences close to the t