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e. To compensate for delta smelt habitat losses identified by the SAM, the Corps 
and CVFPB shall purchase or develop aquatic habitat with equivalent values 
(within the SAM) to provide 1,014 linear feet and 181,455 square feet (4.2 
acres) of habitat for the affected delta smelt life stages (spawning, incubation, 
and rearing) in summer within Regions 1a and 1b.  Compensation in these 
amounts shall be applied no later than 2011 to ensure habitat recovery within 
the 2-year recovery period recommended by the SAM (USACE 2004).  Off-
site mitigation credits shall be withdrawn from the Cache Slough/Yolo Bypass 
Mitigation Area.  Prior to 2007, the Cache Slough mitigation site offered 
12,000 feet and 138 acres (6,011,280 square feet) of potential habitat 
compensation.  Considering both the current SAM-modeled deficits (1,014 
linear feet and 4.2 acres) and previous compensation of 2,531 linear feet and 
21.9 acres from 29 previously constructed Corps sites (USACE 2008a) and 
816 linear feet and 3.8 acres from 13 planned Corps sites in 2008–2009 
(USACE 2008b) withdrawn from this mitigation site, this would leave a 
balance of 7,639 feet and 108.1 acres (4,708,836 square feet for future delta 
smelt compensation needs. 

Impact BIO14 
Construction activities at erosion sites SAC 
41.9R, FR 1.0L, FR 3.7L, FR 5.5L, LAR 
10.0L, LAR 10.6L, CC 2.8L, CC3.4L, 
SAC 73.5L, SAC 130.L, and SAC 157.7R 
could have impacts on the valley 
elderberry longhorn beetle. 

PS Mitigation Measure BIO6 
a. The locations of elderberry shrubs to be preserved and elderberry shrubs to be 

transplanted shall be clearly identified on construction plans. 
b. Prior to any vegetation clearing, plywood boxes (or other protective measures 

approved by the USFWS) shall be constructed around all elderberry shrubs 
proposed to be preserved within the footprint of the levee repairs.  The 
plywood boxes shall be constructed as far as feasible outside the dripline of the 
elderberry shrubs.  A biological monitor shall be present during construction of 
the plywood boxes to ensure that all elderberry shrubs intended to be preserved 
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are identified and adequately protected prior to vegetation clearing. 
c. Prior to any construction activities, exclusionary fencing (e.g., 4-foot tall 

plastic orange mesh) shall be erected around all elderberry shrubs located 
outside of the footprint of the repairs, but within the construction easement.  
Fencing shall be placed as far as practicable outside of the dripline of the 
elderberry shrubs.  Fencing shall be erected under the supervision of a 
qualified biologist.  No construction disturbance within the fenced areas shall 
be allowed.  Signage shall be placed a minimum of every 50 feet along the 
exclusionary fencing with the following information: “This area is habitat of 
the valley elderberry longhorn beetle, a threatened species, and must not be 
disturbed.  This species is protected by the FESA of 1973, as amended.  
Violators are subject to prosecution, fines, and imprisonment.”  The signs shall 
be clearly readable from a distance of 20 feet.  All fencing and signage shall be 
maintained for the duration of all construction activities. 

d. Prior to the initiation of construction activities on all sites containing 
elderberry shrubs to be preserved, worker environmental awareness training 
shall be conducted by a qualified biologist.  The training shall instruct crews 
about the status of the valley elderberry longhorn beetle, its relationship with 
its host plant, the need to avoid damaging elderberry shrubs, and the possible 
penalties for not complying with these requirements. 

e. Following completion of the levee repairs at all sites containing elderberry 
shrubs, a post-construction evaluation shall be conducted by a qualified 
biologist to determine whether any elderberry shrubs intended to be preserved 
were damaged by construction activities.  If damage is identified, the USFWS 
shall be immediately consulted to determine appropriate compensatory 
measures.  Measures to compensate for unanticipated impacts to elderberry 
shrubs shall (at a minimum) conform to the 1999 USFWS Conservation 
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Guidelines for the Elderberry Longhorn Beetle. 
f. All elderberry shrubs proposed to be removed from the footprint of the levee 

repairs shall be transplanted to an off-site location approved by the USFWS.  
Timing, transplant techniques, and ratios for plantings of additional elderberry 
shrubs and associated native plant species shall be approved by the USFWS.  
A qualified biologist shall monitor the transplanting of all elderberry shrubs to 
ensure that all requirements of the USFWS are fulfilled. 

Impact BIO15 
Construction activities at erosion site SBP 
0.4E could have impacts on the giant garter 
snake. 

PS Mitigation Measure BIO7 
a. Unless otherwise approved by the USFWS, construction activities at erosion 

site SBP 0.4E shall be initiated only during the giant garter snake active period 
(May 1 to October 1), when individuals are active on the surface and able to 
move away from disturbance. 

b. Prior to initiation of construction activities at site SBP 0.4E, workers shall 
participate in USFWS-approved worker environmental awareness training 
provided by a qualified biologist.  The training shall instruct workers on how 
to identify the snake and its habitats, what to do if a snake is encountered 
during construction activities, and how to contact the designated biological 
monitor. 

c. Within 24 hours prior to commencement of construction activities, the site 
shall be inspected by a qualified biologist approved by the USFWS.  The 
biologist shall provide the USFWS with a field report documenting the 
monitoring effort that occurred within 24 hours of commencement of 
construction activities.  The biologist shall be available during construction.  If 
a giant garter snake is encountered, the monitoring biologist and the USFWS 
shall be immediately notified and all construction activities with the potential 
to disturb the snake shall be immediately stopped.  The snake shall be 

LS 
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monitored and allowed to leave the area on its own.  The biologist shall remain 
in the area for the remainder of the workday to ensure that the snake is not 
harmed.  If a snake does not leave on its own within one working day, further 
consultation with the USFWS shall be conducted. 

d. Movement of heavy equipment to and from the construction site shall be 
restricted to established roadways and designated construction areas.  
Stockpiling of construction materials shall be restricted to designated staging 
areas. 

e. Giant garter snake habitat that can be avoided shall be clearly identified on 
construction plans, and these locations shall be clearly identified as avoidance 
areas.  Exclusionary fencing and signage shall be erected to delineate 
avoidance areas.  No construction disturbance shall be allowed with the 
avoided areas. 

f. Erosion control measures (BMPs) that minimize soil or sediment from entering 
the river shall be implemented.  BMPs shall be installed, monitored for 
effectiveness, and maintained throughout construction operations. 

g. Litter, debris, unused materials, equipment, and supplies from areas below the 
ordinary high water line shall be removed daily.  Such materials or waste shall 
be deposited at an appropriate disposal or storage site. 

h. No plastic, monofilament, jute, or similar erosion control matting that could 
entangle snakes shall be placed in the construction area when working within 
200 feet of giant garter snake habitat.  Possible substitutions include coconut 
coir matting, tactified hydroseeding compounds, or other material approved by 
the USFWS. 

i. Upon completion of construction activities, any temporary fill and/or 
construction debris shall be removed from the site.  If the material is located 
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near undisturbed giant garter snake habitat and shall be removed between 
October 1 and April 30, it shall be inspected by a qualified biologist to ensure 
that snakes are not using it as a hibernaculum. 

Impact BIO16 
Construction activities could have impacts 
on western pond turtles. 

PS Mitigation Measure BIO8 
a. Pre-construction surveys for western pond turtles shall be conducted by a 

qualified biologist the morning of initiation of construction activities.  Any 
turtles observed shall be allowed to move out of the construction area before 
construction activities are initiated. 

b. Prior to initiation of construction activities at all erosion sites, workers shall 
participate in a worker environmental awareness training provided by a 
qualified biologist.  The training shall instruct workers regarding how to 
identify the turtle, the habitats used by the turtle, the potential for turtle egg 
clutches (i.e., nest sites) to be discovered during vegetation clearing, what to 
do if a turtle or suspected egg clutch is encountered during construction 
activities, and how to contact the monitoring biologist.  The monitoring 
biologist shall be contacted immediately in the event that a turtle or eggs are 
encountered. 

c. Any dead or injured turtles shall be immediately reported to the DFG.  The 
treatment of any injured or dead turtles shall be coordinated with the DFG. 

LS 

Impact BIO17 
Construction activities at sites SAC 136.9R 
and CC 3.4L could have impacts on bank 
swallows. 

PS Mitigation Measure BIO9 
a. To the extent practicable, construction activities at erosion sites SAC 136.9R 

and CC 3.4L during the bank swallow nesting season shall be avoided.  The 
bank swallow nesting season is early April to mid-July. 

b. If construction activities at sites SAC 136.9R and CC 3.4L are to occur during 
the bank swallow nesting season, a qualified biologist shall conduct a pre-

LS 
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construction survey within the construction easement to determine the 
presence/absence of nesting bank swallows.  At least one survey shall be 
conducted no more than one week prior to the onset of any construction 
activity.  If no active nests are located, no further mitigation is necessary. 

c. If active bank swallow nests (nests containing eggs or young) are present 
within the construction easement, a no-disturbance buffer zone shall be 
established around the nest site.  The width of the buffer zone shall be 
determined by a qualified biologist in coordination with the DFG.  No 
construction activities shall occur within the buffer zone.  The buffer zone shall 
be maintained until the young have fledged (as determined by a qualified 
biologist).  The buffer zone shall be delineated with exclusionary 
fencing/flagging and/or signage as appropriate. 

d. A qualified biologist shall monitor any active nests that are located within the 
construction easement.  The first monitoring event shall coincide with the 
initial implementation of construction activities and monitoring shall continue 
a minimum of once a week until the young have fledged.  If the biologist 
determines that construction activities are disturbing the birds and nest failure 
is possible, the DFG shall be immediately notified.  Measures to avoid nest 
failure shall be implemented in coordination with the DFG and may include 
halting some or all construction activities until the young have fledged.  For 
any nest sites that require biological monitoring, a monitoring report shall be 
submitted to the DFG within 2 weeks of termination of monitoring activities. 

Impact BIO18 
Construction activities at erosion sites SAC 
41.9R, SAC 71.3R, SAC 130.0L, SAC 
136.7R, FR 1.0L, FR 3.7L, FR 5.5L, FR 

PS Mitigation Measure BIO10 
a. To the extent practicable, construction activities at the erosion sites during the 

nesting season for white-tailed kites and other raptor species shall be avoided.  
The nesting season for raptor species is March through August. 

LS 
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7.0L, SBP 0.4E, SAC 73.5L, SAC 78.8L, 
SAC 114.5L, SAC 136.9R, and SAC 
157.7R could have impacts on white-tailed 
kites. 

b. If construction activities are to occur during the nesting season, a qualified 
biologist shall conduct pre-construction surveys of the construction easement 
and accessible areas within a 500-foot radius prior to initiation of construction 
activities.  At least one survey shall be conducted no more than one week prior 
to the initiation of construction activities.  If no active nests are located, no 
further measures to avoid impacts to active raptor nests are warranted. 

c. If an active raptor nest is identified within 500 feet of the construction 
easement, a no-disturbance buffer zone shall be established around the nest 
site.  The width of the buffer zone shall be determined by a qualified biologist 
in coordination with the DFG.  Determination of the required width of the 
buffer zone shall consider the distance of the nest site from construction 
activities, the line of sight from the nest site to construction activities, the 
existing level of disturbance, and other factors established with the DFG on a 
case-by-case basis. 

d. A qualified biologist shall monitor any active nests that are located within 500 
feet of construction activities (assuming DFG approves a buffer width of 
greater than or equal to 500 feet).  The first monitoring event shall coincide 
with the initial implementation of construction activities and monitoring shall 
continue a minimum of once a week until the young have fledged.  If the 
biologist determines that construction activities are disturbing the birds and 
nest failure is possible, the DFG shall be immediately notified.  Measures to 
avoid nest failure shall be implemented in coordination with the DFG and may 
include halting some or all construction activities until the young have fledged.  
For any nest sites that require biological monitoring, a monitoring report shall 
be submitted to the DFG within 2 weeks of termination of monitoring 
activities. 
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Impact BIO19 
Construction activities could have impacts 
on the Swainson’s hawk. 

PS Mitigation Measure BIO11 
a. At all erosion sites (other than SAC 8.0L, SAC 10.8L, and DC 0.9N), 

construction activities during the Swainson’s hawk nesting season shall be 
avoided to the extent practicable.  The Swainson’s hawk nesting season is 
March 1 to August 15. 

b. If construction activities are to occur during the Swainson’s hawk nesting 
season, a qualified biologist shall conduct a pre-construction survey of 
accessible areas within a 0.5-mile radius of the construction easement, The 
required survey radius may be reduced (on a case-by-case basis) if approved in 
advance by the DFG, but in no case shall be less than 500 feet.  At least one 
survey shall be conducted no more than one week prior to the initiation of 
construction activities.  If no active nests are located, no further measures to 
avoid impacts to active Swainson’s hawk nests are necessary. 

c. If an active Swainson’s hawk nest is identified within the required survey 
radius, a no-disturbance buffer zone shall be established around the nest site.  
The width of the buffer zone shall be determined by a qualified biologist in 
coordination with the DFG.  Determination of the required width of the buffer 
zone shall consider the distance of the nest site from construction activities, the 
line of sight from the nest site to construction activities, the existing level of 
disturbance, and other factors established with the DFG on a case-by-case 
basis. 

d. A qualified biologist shall monitor any active nests that are located within 500 
feet of construction activities (assuming DFG approves a buffer width of 
greater than or equal to 500 feet).  The first monitoring event shall coincide 
with the initial implementation of construction activities and monitoring shall 
continue a minimum of once a week until the young have fledged.  If the 
biologist determines that construction activities are disturbing the birds and 

LS 
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nest failure is possible, the DFG shall be immediately notified.  Measures to 
avoid nest failure shall be implemented in coordination with the DFG and may 
include halting some or all construction activities until the young have fledged.  
For any nest sites that require biological monitoring, a monitoring report shall 
be submitted to the DFG within 2 weeks of termination of monitoring 
activities. 

e. If direct impacts to an active Swainson’s hawk nest site cannot be avoided, or 
the required no-disturbance buffer determined in coordination with DFG 
cannot be maintained, a CESA 2081 incidental take permit shall be obtained 
prior to initiation of construction activities.  All conditions of the 2081 permit 
shall be implemented.  Permit conditions may include, but are not limited to, 
implementing restoration/replacement of woody riparian habitat, 
acquisition/preservation of existing habitat, and purchase of credits from an 
authorized mitigation bank or payment of in-lieu fees. 

f. Suitable foraging habitat for Swainson’s hawk occurs at site SAC 87.0L.  This 
habitat shall be avoided to the extent practicable.  Any suitable foraging habitat 
that is temporarily disturbed due to construction activities (e.g., staging or 
ground disturbance) shall be restored to pre-construction conditions or better 
after completion of construction activities.  If construction activities result in a 
permanent loss of suitable foraging habitat, compensation for loss of foraging 
habitat shall be provided in accordance with the Staff report regarding 
mitigation for impacts to Swainson's hawks (Buteo swainsoni) in the Central 
Valley of California (California Department of Fish and Game 1994b) or by 
other measures as approved by the DFG. 
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Impact BIO20 
Construction activities could have impacts 
on the yellow warbler and yellow-breasted 
chat. 

PS Mitigation Measure BIO12 
a. To the extent practicable, construction activities at erosion site DC 0.9N during 

the nesting season for the yellow warbler and yellow-breasted chat shall be 
avoided.  The nesting season for these species is from early April to mid-July.  
If construction activities avoid the nesting season, no further mitigation is 
required. 

b. If construction activities are to occur during the nesting season, pre-
construction surveys of all suitable habitats within 250 feet of proposed 
construction activities shall be conducted by a qualified biologist.  A minimum 
of one survey shall be conducted no more than one week prior to the onset of 
any construction activity.  If no active nests are located, no further mitigation is 
necessary. 

c. If active nests (nests containing eggs or young) are present within the survey 
area, a no-disturbance buffer zone shall be established around the nest site.  
The width of the buffer zone shall be determined by a qualified biologist in 
coordination with the DFG.  No construction activities shall occur within the 
buffer zone.  The buffer zone shall be maintained until the young have fledged 
(as determined by a qualified biologist).  The buffer zone shall be delineated 
with exclusionary fencing/flagging and/or signage as appropriate 

LS 

Impact BIO21 
Construction activities could have impacts 
on the western red bat. 

LS None required. N/A 



North State Resources, Inc.  Sacramento River Bank Protection Project 
April 2009 25 Draft Environmental Assessment/Initial Study 
31006  for Levee Repair of 25 Erosion Sites 

SUMMARY OF IMPACTS AND MITIGATION MEASURES  
Sacramento River Bank Protection Project, Phase II Levee Repair of 25 Erosion Sites 

Environmental Impact 

Level of 
Significance 

Before 
Mitigation Mitigation Measure(s) 

Level of 
Significance 

After 
Mitigation 

Impact BIO22 
Construction activities could have impacts 
on non–special status fish species. 

PS Implement Mitigation Measure WQ1, WQ2, and BIO3 LS 

Impact BIO23 
Construction activities could have impacts 
on nesting raptors and migratory birds. 

PS Mitigation Measure BIO 13 
a. Vegetation removal during the peak nesting season for migratory birds shall be 

avoided.  The peak nesting season is April 1 to July 15. 
b. If vegetation removal is to occur during the peak nesting season, a qualified 

biologist shall conduct a pre-construction survey within the construction 
easement to determine the presence/absence of nesting birds.  At least one 
survey event shall be conducted no more than one week prior to the onset of 
any construction activity.  If no active nests are located, no further mitigation is 
necessary. 

c. If active nests (nests containing eggs or young) are identified within the survey 
area, a no-disturbance buffer zone shall be established around the nest site.  
The width of the buffer zone shall be determined by a qualified biologist in 
coordination with the USFWS.  No construction activities shall occur within 
the buffer zone.  The buffer zone shall be maintained until the young have 
fledged (as determined by a qualified biologist).  The buffer zone shall be 
delineated with exclusionary fencing/flagging and/or signage as appropriate. 

Also, implement Mitigation Measure BIO10 

LS 

Impact BIO24 
Construction activities could have impacts 
on marine mammals. 

PS a. All aquatic habitat within the construction area shall be inspected for the 
presence of marine mammals within 2 hours and 30 minutes prior to the 
initiation of construction and during construction activities. 

b. If a marine mammal is encountered, all construction activities shall cease and 

LS 
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NMFS and the monitoring biologist shall be contacted for further instructions.  
Construction activities shall not be initiated or resumed until the marine 
mammal has completely left the area at its own volition. 

c. If any dead or injured marine mammals are discovered, all construction 
activities shall cease and NMFS and the monitoring biologist shall be 
immediately contacted.  Construction activities shall not resume until 
authorized by NMFS.  The treatment of any injured or dead marine mammals 
shall be coordinated with NMFS. 

Impact BIO25 
Construction activities could have impacts 
on non–special status wildlife species. 

LS None required.  N/A 

Hydrology and Water Quality 

Impact WQ1 
Construction activities could cause a 
temporary increase in turbidity. 

PS Mitigation Measure WQ1 
a. The contractor shall prepare a Storm Water Pollution Prevention Plan 

(SWPPP) and implement the SWPPP during and after construction to 
minimize turbidity-generating activities.  The SWPPP shall include an erosion 
control plan, a water quality monitoring plan, a hazardous materials 
management plan, and BMPs for construction activities, including the use of a 
floating turbidity curtain, as appropriate.  The BMPs shall be maintained until 
terrestrial areas disturbed during construction have been adequately 
revegetated and stabilized. 

b. Water quality monitoring, as detailed in the SWPPP, shall contain specific 
directives for establishing sampling locations and for acceptable levels of 
turbidity and settleable solids.  Sampling shall be conducted at an upstream 

LS 
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location in the vicinity of each construction site once daily to establish 
background levels.  Water samples for determining down-current turbidity and 
settleable solids levels shall be collected 5 feet from the shoreline and 300 feet 
down-current of any floating turbidity curtain. 

c. Benchmark levels for turbidity under the Central Valley RWQCB Basin Plan 
shall not exceed 1 NTU above ambient conditions (where natural turbidity 
levels range from 0–5 NTU); 20% (where natural turbidity levels range from 
5–50 NTU); 10 NTU (where natural turbidity levels range from 50–100 NTU); 
or 10% (where natural turbidity levels are >100 NTU).  In determining 
compliance with these turbidity limits averaging periods may be applied, 
provided that beneficial uses remain fully protected. 

d. Settleable solids shall be determined by the American Public Health 
Association (1998) Method 2540F.  During working hours, the construction 
activity shall not cause the settleable solids down-current from each 
construction site to exceed 0.1 ml/L after one hour settling. 

e. Prior to placement of any material within the ordinary high water mark of the 
waterbody, a Section 401 Water Quality Certification shall be obtained from 
the RWQCB.  All conditions of the Water Quality Certification shall be met. 

f. Project construction contractors shall obtain and comply with the conditions of 
a State General Construction Activity Stormwater Permit adopted by the 
California State Water Resources Control Board. 

Impact WQ2 
Construction activities could release 
hazardous materials into the waterway. 

PS Mitigation Measure WQ2 
a. The contractor shall develop and implement a hazardous materials 

management plan prior to initiation of construction.  The plan shall include 
BMPs that would reduce the potential for spills of toxic chemicals and other 
hazardous materials during construction.  The plan shall include a specific 

LS 



North State Resources, Inc.  Sacramento River Bank Protection Project 
April 2009 28 Draft Environmental Assessment/Initial Study 
31006  for Levee Repair of 25 Erosion Sites 

SUMMARY OF IMPACTS AND MITIGATION MEASURES  
Sacramento River Bank Protection Project, Phase II Levee Repair of 25 Erosion Sites 

Environmental Impact 

Level of 
Significance 

Before 
Mitigation 

Level of 
Significance 

After 
Mitigation Mitigation Measure(s) 

protocol for the proper handling and disposal of materials and contingency 
procedures to follow in the event of a hazardous materials spill.  The plan shall 
also describe the specific protocol for the proper handling and disposal of 
potentially hazardous materials that could be encountered during construction.  
Any spills of hazardous materials to the river shall be cleaned up immediately 
and immediately reported to the Central Valley RWQCB, NMFS, and USFWS. 

Geomorphology 

Impact GEO1 
Implementation of levee repairs would 
arrest bank erosion and change sediment 
recruitment.  

LS None required. N/A 

Impact GEO2 
Implementation of levee repairs could 
reduce instream woody material (IWM) 
recruitment rates. 

LS None required. N/A 

Impact GEO3 
Implementation of levee repairs would 
change local hydraulics and shear stress. 

LS None required. N/A 

Impact GEO4 
Construction activities would accelerate 
erosion and sedimentation. 

PS Implement Mitigation Measure WQ1 LS 
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Air Quality 

Impact AQ1 
Implementation of levee repairs will 
temporarily increase emissions. 

PS Mitigation Measure AQ1 
a. Standard construction practices at the erosion sites would ensure that exhaust 

emissions from all off-road diesel-powered equipment used on the sites do not 
exceed 40 percent opacity for more than 3 minutes in any 1 hour.  Any 
equipment found to exceed 40 percent opacity (or Ringelmann 2.0) shall be 
repaired immediately, and the Corps or CVFPB and the appropriate local air 
quality agency shall be notified within 48 hours of identification of non-
compliant equipment.  A visual survey of all in-operation equipment shall be 
made at least weekly and a monthly summary of the visual survey results shall 
be submitted throughout the duration of construction activities, except that the 
monthly summary will not be required for any 30-day period in which there is 
no construction activity.  The monthly summary shall include the quantity and 
type of vehicles surveyed, as well as the dates of each survey.  The SMAQMD 
and/or other officials shall be authorized to conduct periodic site inspections to 
determine compliance.  None of the mitigation measures presented in this 
section would supersede SMAQMD, YSAQMD, FRAQMD, TCAPCD, 
CCAPCD, or state rules or regulations. 

b. Additional BMPs shall be implemented for ozone and PM10 to help protect 
ambient air quality conditions.  To reduce ozone and PM10 levels, the 
contractor shall perform routine tuning and maintenance of construction 
equipment to ensure that the equipment is in proper running order.  The 
contractor shall also monitor dust conditions along access roads and within the 
construction area to ensure that the generation of fugitive dust is minimized 
below the 50 μg/m3 24-hour threshold.  Water sprays shall be periodically 
applied to disturbed areas and soil stockpiles for dust control, at least three 

LS 
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times per day during hot weather.  Minimum freeboard for all haul vehicles 
shall be 2 feet or greater.  Soil-disturbing activities shall be suspended during 
periods with winds over 25 miles per hour. 

c. For NOx, significant air quality effects have been identified, and the Corps or 
CVFPB shall implement the mitigation measures at the end of this section to 
reduce emissions in years when SMAQMD, YSAQMD, or FRAQMD 
thresholds are exceeded (Tables 3.9-4 and 3.9-5). 

d. The project applicant or representative shall provide a plan for approval by 
SMAQMD (Sites SAC 8.0L, SAC 10.8L, SAC 26.0L, SAC 73.5L, and LAR 
10.0L, and LAR 10.6L), YSAQMD (Sites SAC 35.4L, SAC 41.9R, SAC 
71.3R, CC 2.8L, and CC 3.4L,), FRAQMD (Sites SAC 78.8L, SAC 87.0L, 
SAC 93.7L, SAC 130.0L, FR 1.0L, FR 3.7L, FR 5.5L, FR 7.0L, and SBP 
0.4E), CCAPCD (Sites SAC 114.5R, SAC 136.7R, SAC 136.9R, and SAC 
157.7R), TCAPCD (Site DC 0.9N), and the Corps or CVFPB demonstrating 
that the construction activities shall not exceed 85 pounds per day of NOx 
(Sites SAC 8.0L, SAC 10.8L, SAC 26.0L, SAC 73.5L, LAR 10.0L, and LAR 
10.6L), 82 lbs/day of NOx (Sites SAC 35.4L, SAC 41.9R, SAC 71.3R, CC 
2.8L, and CC 3.4L), and 25 lbs/day of NOx (Sites SAC 78.8L, SAC 87.0L, 
SAC 93.7L, SAC 130.0L, FR 1.0L, FR 3.7L, FR 5.5L, FR 7.0L, DC 0.9N, and 
SBP 0.4E).  The plan shall demonstrate that heavy-duty (>50 horsepower) off-
road vehicles to be used in the construction project, including owned, leased, 
and subcontractor vehicles, will achieve a project-wide fleet-average 20 
percent NOx reduction and 45 percent particulate reduction compared to the 
most recent CARB fleet average at time of construction.  To reduce NOx 
emissions for this project, the applicant may employ one or more of the 
following measures: 

 Require injection timing retard of 2 degrees on all diesel vehicles, where 
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applicable. 
 Install high-pressure injectors on all vehicles, where feasible. 
 Encourage the use of reformulated diesel fuel. 
 Electrify equipment, where feasible. 
 Maintain equipment in tune with manufacturer’s specifications. 
 Install catalytic converters on gasoline-powered equipment. 
 Substitute gasoline-powered for diesel-powered equipment where feasible. 
 Use compressed natural gas or on-site propane mobile equipment instead 

of diesel-powered equipment, where feasible. 
e. The contractor shall submit to the lead agency and all relevant air quality 

management districts a comprehensive inventory of all off-road construction 
equipment equal to or greater than 50 horsepower that will be used an 
aggregate of 40 or more hours during any portion of the construction project.  
The inventory shall include the horsepower rating, engine production year, and 
projected hours of use or fuel throughput for each piece of equipment.  The 
inventory shall be updated and submitted monthly throughout the duration of 
construction activities, except that an inventory shall not be required for any 
30-day period in which no construction activity occurs.  At least 48 hours prior 
to the use of subject heavy-duty off-road equipment, the contractor shall 
provide the relevant air quality management districts with the anticipated 
construction timeline, including start date and the name and phone number of 
the project manager and on-site foreman. 

f. An off-site mitigation fee shall be paid to the appropriate local air quality 
management districts.  The off-site mitigation fee shall be based on the 
incremental significant emissions at a rate of $16,000/ton (or other negotiated 
amount) of NOx.  The mitigation fees shall be paid to the districts prior to 
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construction initiation.  The districts will utilize the payments to fund various 
emission reduction projects in their respective air quality basins.  Payments 
that are due were estimated using the latest version of the SMAQMD 
Mitigation Fee Calculator (revised July 2008, SMAQMD 2008b), which 
assumes 20 percent reduction in NOx due to the proposed mitigation plan.  
Calculations used in the Mitigation Fee Calculator were also applied to district-
specific thresholds to obtain potential fees due to the other air quality or air 
pollution control districts involved.  YSAQMD, TCAPCD, and CCAPCD do 
not require mitigation fees.  The required payment is calculated to be $171,398 
to SMAQMD for exceedance of 10.2 tons during the construction of the 
proposed action, assuming simultaneous construction at SAC 73.5L, LAR 
10.0L, and LAR 10.6L during 2009 and construction at  SAC 8.0L, SAC 
10.8L, SAC 26.0L during 2010; $302,095 to FRAQMD for exceedance of 18.0 
tons during the construction of the proposed action, assuming simultaneous 
construction at SAC 78.8L, SAC 87.0L, SAC 93.7L, FR 5.5L, FR 7.0L, and 
SBP 0.4E during 2009 and simultaneous construction at SAC 130.0L, FR 1.0L, 
and FR 3.7L during 2010.  At this point, it is difficult to verify the fee 
estimates above because the specific number of days that each piece of 
equipment would be used and the specific length of the construction period is 
not yet known.  Final emissions estimates and fees shall be determined by the 
contractor in consultation with the appropriate agency. 

Impact AQ2 
Implementation of levee repairs would 
generate green house gas emissions. 

LS None required. N/A 
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Impact AQ3 
Implementation of levee repairs could 
expose sensitive receptors to pollutants and 
objectionable odors. 

LS None required. N/A 

Traffic 

Impact TR1 
Construction activities during levee repairs 
could have a temporary impact on traffic 
and circulation. 

PS Mitigation Measure TR1 
a. The construction contractor shall prepare and implement a traffic control plan 

(or plans) that addresses conditions at each site.  The plan(s) shall be approved 
by the responsible counties, cities (in cases where city streets would be used), 
and Caltrans, as applicable, prior to the initiation of construction activities.  
The plan(s) shall include measures to (1) reduce, to the extent practicable, the 
number of vehicles (construction-related and other) on the roadways adjacent 
to the sites; (2) reduce, to the extent practicable, the interaction between 
construction equipment and other vehicles; and (3) promote public safety 
through actions aimed at driver and road safety. 

b. Prior to implementation of construction activities, the contractor shall verify 
that all roads, bridges, culverts, and other infrastructure along the access routes 
can support expected vehicle loads. 

c. The plan(s) shall identify all intended haul routes, locations of signage, 
locations of flaggers, approved permits, documentation of coordination with 
local and state agencies, and locations of potential delays to vehicle and 
pedestrian traffic.  Construction vehicles shall follow established truck routes 
to the greatest extent practicable. 

 

LS 
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Mitigation Measure TR2 
a. The contractor shall maintain travel traffic on all roads adjacent to the site and 

on all affected public roads during the construction period.  Measures for the 
protection and diversion of traffic, including the provision of watchmen and 
flagmen, erection of barricades, placing of lights around and in front of 
equipment and the work, and the erection and maintenance of adequate 
warning, danger, and direction signs, shall be as required by state and local 
authorities having jurisdiction. 

b. The traveling public shall be protected from construction and work damage to 
person and property.  The contractor's traffic on roads selected for hauling 
material to and from the site shall interfere as little as possible with public 
traffic. 

c. Traffic controls on major roads and collectors shall include flag-persons 
wearing safety vests and using “stop/slow” paddles to direct drivers. 

d. Through access for emergency vehicles shall be provided at all times. 
e. Access to public transit shall be maintained, and movement of public transit 

vehicles shall not be impeded as a result of construction activities. 
f. Access to driveways and private roads shall be maintained. 
Mitigation Measure TR3 
a. Construction parking shall be restricted to the designated staging areas. 
b. During peak periods, construction-generated traffic shall avoid roadway 

segments or intersections that are at, or approaching, a LOS that exceeds local 
standards. 

c. The speed of all construction vehicles shall be limited to a maximum of 10 
mph on the levee access roads.  The contractor shall provide a minimum of 
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four construction speed limit signs large enough to be visible by the passing 
traffic.  The speed limit signs shall be in English units and posted on the levee 
and on each of the access roads.  Signs shall be posted for both incoming and 
outgoing traffic.  

d. Construction warning signs shall be posted in accordance with the local 
standards or those set forth in the Manual on Uniform Traffic Control Devices 
(FHA 2007) in advance of the construction area and at any intersection that 
provides access to the construction area. 

e. A sign, at least one square yard in size, shall be posted at all active 
construction sites that gives the name and telephone number or email address 
to contact with complaints regarding construction traffic. 

f. Measures shall be implemented as needed to reduce erosion of temporary 
roadbeds by construction traffic, especially during wet weather.  The 
construction contractor shall minimize the amount of mud transported onto 
paved public roads by vehicles or runoff. 

g. Rock, dirt, and/or other fill materials shall be prevented from being accidently 
dropped from trucks traveling on highways to and from the erosion sites. 

h. Any damage to roads caused by construction operations shall be repaired to 
pre-project conditions. 

Noise 

NOI1 
Implementation of levee repairs would 
result in construction generated noise. 

PS Mitigation Measure NOI1 
a. Construction activities (including equipment warm-up) shall be limited to 7:00 

a.m. to 7:00 p.m. (Monday through Saturday) and 9:00 a.m. to 6:00 p.m. 
(Sunday).  Work hours shall not deviate from this schedule unless otherwise 

LS 
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approved by the Corps. 
b. Haul truck routes shall avoid residential areas to the extent practicable. 
c. Where possible, noise-generating activities shall be combined to occur in the 

same time period.  The total noise level produced shall not be significantly 
greater than the level produced if the operations were performed separately. 

d. To the extent practicable, the contractor shall use newer construction 
equipment or retrofit older equipment to make the associated noise as 
unobtrusive as possible (i.e., installing mufflers). 

Hazardous, Toxic, and Radioactive Waste 

Impact HAZ1 
Construction activities will occur on site 
that have or potentially have Recognized 
Environmental Conditions (RECs). 

LS None required. N/A 

Impact HAZ2 
Undocumented hazardous materials could 
be discovered during construction. 

PS Mitigation Measure HAZ1 
a. If previously undocumented HTRW materials or contamination (e.g., stained 

soils) are exposed or otherwise identified during construction activities, all 
work in the vicinity of the discovery shall be stopped and the Corps and/or 
CVFPB, as appropriate, shall be notified immediately.  The potential 
contamination shall be evaluated by a qualified professional and work in the 
vicinity shall not resume until appropriate remediation measures (if determined 
to be necessary) have been implemented.  Appropriate remediation measures 
may include, but are not limited to, testing and evaluating the suspected areas, 
removal or treatment of contaminated soils, or capping the contaminated areas 
with imported material. 

LS 
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Impact HAZ3 
Hazardous materials (petroleum products) 
used during construction could be released 
into the environment. 

PS Mitigation Measure HAZ2 
a. Prior to initiation of construction activities, the construction contractor shall 

submit for approval to the Corps and/or CVFPB, as appropriate, a 
contamination prevention plan.  The plan shall include, but is not limited to: 1) 
a list of all potentially hazardous petroleum products and toxic materials to be 
used during construction; 2) provisions to prevent accidental or intentional 
introduction of such materials into any waterway, the air, or the ground; 3) 
methods for preventing polluted runoff from plant, equipment parking, and 
maintenance areas from entering directly into local water bodies; 4) 
procedures, instructions, and reports for contaminant cleanup; 5) and the name 
of the individual who will report any spills, who will be responsible for 
implementing and supervising containment and cleanup, and who will follow 
up with complete documentation. 

b. All construction personnel shall be trained in the proper use and handling of 
fuels, lubricants, and other potentially hazardous materials. 

c. Storage, fueling and lubrication of equipment and motor vehicles shall be 
conducted in a manner that affords the maximum protection against spill and 
evaporation.  Fuel, lubricants, and oil shall be managed and stored in 
accordance with all federal, state, regional, and local laws and regulations.  
There shall be no storage of fuel on the project site.  Fuel must be brought to 
the project site each day that work is performed. 

d. The Corps and/or CVFPB, as appropriate, shall be notified immediately of any 
spill of petroleum products, organic or earthen materials, or any other 
potentially hazardous materials. 

e. Solid wastes (excluding clearing debris) shall be placed in containers that are 
emptied on a regular schedule.  Handling, storage, and disposal shall be 

LS 
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conducted so as to prevent contamination.  Segregation measures shall be 
employed so that no hazardous or toxic waste will become co-mingled with 
solid waste.  All solid waste shall be transported from the construction site and 
disposed of in compliance with federal, state, and local requirements for solid 
waste disposal. 

f. Construction materials, such as revetment, IWM, and fill soil used during 
construction activities shall be free of HTRW materials.  To alleviate the 
possibility that HTRW are released to the environment through these materials, 
the construction contractor shall have strict specifications for these materials 
and the supplier providing these materials shall provide certificates indicating 
these materials are free of HTRW materials. 

g. Any construction equipment that normally includes a spark arrester shall be 
equipped with an arrester in good working order.  This includes, but is not 
limited to, vehicles, heavy equipment, and chainsaws.  No smoking shall be 
allowed in refueling areas.  The construction contractor shall comply with 
USACE EM 385-1-1, NFPA 241, the APP/IIPP, the AHA, federal and/or state 
OSHA regulations, and other related fire and safety regulations.  The most 
stringent standard shall prevail. 

A Less-than-significant 
B Potentially significant 
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CHAPTER 1 
Purpose and Need for Action 



1. PURPOSE AND NEED FOR ACTION 

1.1. Proposed Action 

The U.S. Army Corps of Engineers, Sacramento District (Corps), and California 
Department of Water Resources (DWR) staff, representing the non-federal sponsor, the Central 
Valley Flood Protection Board (CVFPB), conduct annual field reconnaissance reviews of the 
Sacramento River Flood Control Project to identify, document, and monitor erosion sites.  An 
erosion site is defined as a site that is at risk of erosional failure during flooding and/or normal 
flow conditions. 

As a result of the 2007 review, the Corps and DWR identified 25 priority sites along the 
Sacramento River, Feather River, American River, Cache Creek, Deer Creek, and Sutter Bypass 
where bank protection measures are needed to prevent ongoing streambank erosion.  The lengths 
of the sites range from 250 feet to 2,300 feet; the cumulative length of the 25 sites is 23,897 feet. 

The proposed action evaluated in this Environmental Assessment/Initial Study (EA/IS) 
consists of implementing bank protection measures at up to 15,646 linear feet at some of the 25 
erosion sites during 2009 and 2010.  This work would be completed under the authority of the 
Sacramento River Bank Protection Project (SRBPP), Phase II, which has approximately 15,646 
linear feet remaining of the 405,000 linear feet originally authorized. 

This EA/IS addresses the environmental effects associated with bank protection for all 25 
erosion sites to ensure that the Corps and the CVFPB have the flexibility needed to complete the 
15,646 linear feet of repairs during 2009 and 2010.  This flexibility is needed because if, for 
example, it is not possible to obtain access or easements for some of the sites during this 
timeframe, work can be performed at the sites for which access or easements have been obtained.  
Sites that are not repaired in 2009 and 2010 will be readdressed in future environmental 
documentation under subsequent SRBPP authorization. 

The bank protection measures proposed at the erosion sites vary.  The specific measures 
proposed for each site were designed based on the likely causes of erosion, site conditions that 
could affect construction, and other site-specific considerations, including land ownership, 
access, and existing environmental resources (e.g., vegetation, wildlife).  Work would be 
completed under the authority of the Sacramento River Bank Protection Project (SRBPP), Phase 
II. 

This EA/IS is tiered from the 1987 Environmental Impact Report/Supplemental 
Environmental Impact Statement IV (EIR/SEIS IV) for the Sacramento River Bank Protection 
Project (U.S. Army Corps of Engineers 1987).  The EIR/SEIS IV, hereby incorporated by 
reference, is a programmatic assessment of impacts of the entire SRBPP that evaluates and 
discloses general and common impacts resulting from SRBPP levee repairs projects, including 
cumulative effects of the SRBPP.  Resources not analyzed in this EA/IS were addressed 
programmatically in the EIS/SEIS IV.  The EIR/SEIS IV disclosed that the SRBPP has and may 
continue to have long-term adverse effects on biological and visual resources along the 
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Sacramento River system, including tributaries.  It also described the benefits of modifying 
traditional revetment in ways that promote the regeneration of native habitats, to be pursued 
where feasible. 

1.2. Purpose and Need Statement 

The Sacramento River Flood Control Project (SRFCP) protects low-lying areas of the 
Sacramento Valley and the Sacramento–San Joaquin Delta from damaging floods.  These areas 
contain large urban populations and industrial-commercial developments as well as extensive 
agriculture operations.  A large amount of infrastructure, including highways, railroads, airports, 
water systems, and gas wells, is also present.  Failure of a project levee would threaten these 
populations and developments. 

The purpose of the proposed action is to implement bank protection measures at the 25 
sites to control the identified erosion problems and to integrate the bank protection design with 
the protection and on-site mitigation of resource values.  The presence of riparian woodlands, 
shaded aquatic habitat, and habitat for special-status plant and animal species, especially in 
reaches where they have been diminished to the point of scarcity, are examples of existing 
resource values. 

The need for the proposed action is to maintain the integrity of the Sacramento River 
Flood Control Project.  Each of the 25 erosion sites is at risk of an erosional failure during 
flooding and/or normal flow conditions.  These sites must be repaired before their condition 
becomes so critical as to require emergency repair, or they experience a levee break, resulting in 
losses of life and property. 

1.3. Project Location 

The 25 erosion sites addressed in this document span five counties:  Sacramento, Yolo, 
Sutter, Colusa, and Tehama.  The naming convention for the erosion sites is based on location 
and can be used to locate the sites.  Erosion site nomenclature begins with the name of the water 
body, followed by the approximate distance in river miles (RM) from the mouth of the river 
(sites along Cache Creek, Deer Creek, and Sutter Bypass are designated by levee mile [LM]), 
and either “R” or “L” for right or left bank (as facing downstream) or directional orientation 
(north, south, east, and west).  For example, erosion site Sacramento 8.0L is located 
approximately 8.0 miles upstream from the mouth of the Sacramento River on the left bank as 
one faces downstream. 

The locations of the 25 erosion sites addressed in this Environmental Assessment/Initial 
Study (EA/IS) are shown in Table 1-1.  A location map of the 25 sites is presented as Figure 1-1. 
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Table 1-1 Erosion Site Locations 

Erosion 
Site Water Body RM/LM Bank 

Length of 
Repair 
(feet) County 

1 Sacramento River (SAC) 8.0 L 1,550 Sacramento 

2 Sacramento River (SAC) 10.8 L 550 Sacramento 

3 Sacramento River (SAC) 26.0 L 2,005 Sacramento 

4 Sacramento River (SAC) 35.4 L 1,070 Sacramento 

5 Sacramento River (SAC) 41.9 R 1,515 Yolo 

6 Sacramento River (SAC) 71.3 R 515 Yolo 

7 Sacramento River (SAC) 87.0 L 750 Sutter 

8 Sacramento River (SAC) 130.0 L 470 Sutter 

9 Sacramento River (SAC) 136.7 R 300 Colusa 

10 Feather River (FR) 1.0 L 990 Sutter 

11 Feather River (FR) 3.7 L 2,300 Sutter 

12 Feather River (FR) 5.5 L 832 Sutter 

13 Feather River (FR) 7.0 L 520 Sutter 

14 Lower American River (LAR) 10.0 L 740 Sacramento 

15 Lower American River (LAR) 10.6 L 670 Sacramento 

16 Cache Creek (CC) 2.8 L 1,300 Yolo 

17 Cache Creek (CC) 3.4 L 900 Yolo 

18 Deer Creek (DC) 0.9 N 800 Tehama 

19 Sutter Bypass (SBP) 0.4 E 365 Sutter 

20 Sacramento River (SAC) 73.5 L 1,050 Sacramento 

21 Sacramento River (SAC) 78.8 L 250 Sutter 

22 Sacramento River (SAC) 93.7 L 1,050 Sutter 

23 Sacramento River (SAC) 114.5 R 1,500 Colusa 

24 Sacramento River (SAC) 136.9 R 900 Colusa 

25 Sacramento River (SAC) 157.7 R 1,005 Colusa 
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1.4. Background 

The SRBPP is a continuing construction project authorized by the Flood Control Act of 
1960 to provide protection for the existing levees and flood control facilities of the Sacramento 
River Flood Control Project.  The Sacramento River Flood Control Project consists of 
approximately 1,300 miles of levees and overflow weirs, pumping plants, and bypass channels 
that protect communities and agricultural lands in the Sacramento Valley and Sacramento–San 
Joaquin Delta. 

The SRBPP is a local cooperation project, with a state-federal cost-share arrangement.  
The Corps is the federal participant, and the CVFPB is the state agency designated for non-
federal responsibilities and cost-sharing.  Therefore, project activities under the SRBPP require 
compliance with both the National Environmental Policy Act (NEPA) and the California 
Environmental Quality Act (CEQA). 

Under natural conditions, the floodplain of the Sacramento River varied in width from 
about 2 to 30 miles, extended about 250 miles from the mouth of the river to the vicinity of Red 
Bluff, and covered over 1 million acres (U.S. Army Corps of Engineers 1972).  Beginning in the 
1840s, low, discontinuous levees were built by individual landowners.  Since that time, a variety 
of levee improvement projects have been implemented to regulate and repair the system. 

Wave wash, human disturbance, and flood flows can erode and stress the levees, 
weakening them and sometimes causing them to fail.  To maintain the integrity of the flood 
control system, locations with the potential for failure are identified and remedied under the 
SRBPP.  The SRBPP planning area extends from the lower Sacramento River near Collinsville 
at RM 0 to Chico Landing at RM 194 and includes the lower reaches of the American River (RM 
0-23), Feather River (RM 0-61), Yuba River (RM 0-11), and Bear River (RM 0-17), as well as 
portions of Three Mile, Steamboat, Sutter, Miner, Georgiana, Elk, and Cache sloughs. 

1.5. Project Authority 

The proposed action is a component of the SRBPP, which was authorized by Congress 
under the Flood Control Act of 1960 (Public Law 86-645), in accordance with the 
recommendations of the Chief of Engineers (as recorded in Senate Document Number 103, 86th 
Congress, Second Session, entitled “Sacramento River Flood Control Project, Sacramento” and 
dated May 26, 1960).  Authorization for environmental features associated with the proposed 
action was provided through the Water Resources Development Act of 1990. 

1.6. Purpose of the EA/IS 

The primary purpose of this EA/IS is to determine whether the proposed action would 
have a significant impact on the environment and therefore require the preparation of an 
Environmental Impact Report/Environmental Impact Statement (EIR/EIS).  This document 
describes existing environmental resources, evaluates the significance of the effects of the 
proposed action on those resources, and identifies mitigation measures for any effects found to 
be significant.  If significant impacts are found to be less than significant after adoption of the 
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mitigation measures, it is anticipated that the Corps and the CVFPB will adopt a finding of no 
significant impact (FONSI) and a mitigated negative declaration (MND), respectively. 

This EA/IS will also serve as a Biological Assessment (BA) to be provided to the 
National Marine Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service (USFWS) for 
section 7 consultation under the federal Endangered Species Act (ESA) concerning the effects of 
the proposed action on listed and sensitive species, critical habitat, and essential fish habitat.  A 
programmatic BA has been prepared for the SRBPP, and section 7 consultations were initiated 
with NMFS and USFWS in October 2007.  This EA/IS will be submitted to NMFS and USFWS 
with requests to append project activities for the 25 erosion sites to the programmatic 
consultations. 

1.7. Similarities and Differences between NEPA and CEQA 

This document is designed to comply with both NEPA and CEQA.  NEPA and CEQA 
require that governmental agencies evaluate the environmental impacts of their proposed actions 
before making formal commitments to carry them out and that the public be involved in the 
evaluations.  NEPA is a federal law that applies to federal agencies, whereas CEQA is a 
California law that applies to state and local agencies.  For this project, NEPA requires 
preparation of an EA and CEQA requires preparation of an IS.  By preparing a single document 
that complies with both statutes, the involved agencies have been able to avoid unnecessary 
duplication of effort. 

Although there are similarities between NEPA and CEQA, the two acts are not identical.  
For example, NEPA is a procedural law requiring federal agencies to evaluate a range of 
reasonable alternatives, disclose potential impacts, and identify feasible mitigation.  CEQA, in 
contrast, is partly “substantive” in that it requires an agency to adopt “feasible” mitigation 
measures for any “significant effect on the environment.”  Because of the obligation under 
CEQA to mitigate “significant effects on the environment” when feasible, the characterization of 
impacts as being either “significant” or “less than significant” is very important under CEQA.  
For this reason, this EA/IS has been written in a manner that identifies, for CEQA purposes, 
“significance thresholds” for anticipated impacts. 

CEQA requires that this EA/IS propose mitigation measures for each significant impact 
of the proposed action subject to the approval of an agency governed by California law, even 
when the mitigation measure cannot be adopted by the “lead agency” (i.e., CVFPB), but can only 
be imposed by another responsible agency.  There are no NEPA statutes or regulations that 
explicitly require that all significant project impacts be avoided or mitigated to a less-than-
significant level, or that any adopted mitigation measures developed as part of an EA be 
“monitored” to ensure that they are carried out.  California Public Resources Code section 
21081.6(a), subdivision (a), however, requires lead agencies under CEQA to “adopt a reporting 
and mitigation monitoring program … in order to mitigate or avoid significant effects on the 
environment.”  Throughout this EA/IS, mitigation measures are clearly identified and presented 
in language that will facilitate establishment of a monitoring and reporting program.  Any 
mitigation measures adopted by the CVFPB as conditions of project approval will be included in 
a Mitigation Monitoring and Reporting Program (MMRP) to verify compliance. 
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1.  Purpose and Need for Action 

CEQA and NEPA sometimes use different terms for similar concepts.  For example, 
CEQA uses the term “proposed project” while NEPA uses the term “proposed action.”  For 
readability, this document uses “proposed action”; for the purposes of this document, the two 
terms are synonymous. 

1.8. Required Decisions 

The EA/IS is being circulated to responsible public resource agencies, permitting 
agencies, trustee agencies, the State Clearinghouse, and interested stakeholders.  Written and oral 
comments that are received in response to the EA/IS will be addressed in a final document.  
After the public review period, the Corps’ Sacramento District Engineer must determine if the 
proposed action qualifies for a FONSI under NEPA or if a supplemental EIS must be prepared.  
The CVFPB must determine if the proposed project qualifies for an MND under CEQA or if a 
supplemental EIR must be prepared. 

Based on the analysis set forth in this document, the Corps and the CVFPB presently 
believe that a FONSI/MND will be appropriate and that a supplemental EIS/EIR will not be 
required.  That determination is subject to change, however, after receipt and consideration of 
comments provided during the public comment period.  In other words, the appropriateness of a 
FONSI/MND cannot be definitively determined absent a review of information generated 
through public review.  The NEPA process will be complete with the Corps’ adoption of a 
FONSI, unless, through public review or the receipt of other information not presently available, 
the Corps decides that preparation of a supplemental EIS is required.  The CEQA process will be 
complete with the CVFPB’s adoption of a MND and filing of a Notice of Determination (NOD), 
unless the CVFPB determines that a supplemental EIR is required. 
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2. ALTERNATIVES 

2.1. No-Action Alternative 

Under the no-action alternative, no action would be taken to halt erosion to protect the 
levees at the 25 erosion sites.  Forces of erosion would persist, including wave wash, flood flows, 
and human disturbances.  Continued erosion of the levee system would increase the risk of levee 
failure and possible flooding of surrounding areas. 

Should levee failure result from the no-action alternative, emergency measures would 
likely be of a nature that limits the ability of the Corps to properly implement Best Management 
Practices (BMPs), site-specific mitigation, and other measures that would minimize impacts to 
aquatic and terrestrial communities.  Additionally, a larger disturbance area would be required to 
restore the levees, resulting in greater environmental impacts as well as a greater cost. 

2.2. Alternative 1: Proposed Action 

The proposed action includes a suite of four different designs to address the needed 
repairs at each of the 25 erosion sites.  Selection of the appropriate design for each site required: 
1) consideration of the likely causes of erosion; 2) consideration of site-specific vegetation 
conditions, wildlife resources, existing structures, land ownership, and access; and 3) 
consideration of input provided by resource agencies, including NMFS, USFWS, and the 
California Department of Fish and Game (DFG). 

Three of the proposed designs (Design 1, Design 2, and Design 3) involve repair of the 
existing levee by placing rock revetment (i.e., quarry stone) on the levee slope to provide bank 
protection and prevent continuing erosion.  These designs also incorporate the construction of 
vegetated benches, installation of instream woody material (IWM), maximum retention of 
existing trees, and revegetation of the benches and levee slope.  These elements are customized 
for each erosion site to respond to the specific environmental conditions present (e.g., extent of 
erosion, existing habitat to be preserved).  The fourth design (Design 4) is a setback levee and is 
proposed for sites where repair of the existing levee is not practicable. 

Table 2-1 summarizes the proposed design and design features for each of the 25 erosion 
sites.  The four proposed designs are discussed in additional following the table. 
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2.  Alternatives 

Table 2-1 Proposed Design and Design Elements for the 25 Erosion Sites 

Erosion 
Site Proposed Design Rock Revetment IWM Notes 

SAC 8.0L Design 1 – bank 
fill rock slope 
with IWM above 
and below 
MSWL. 
 

Along upper bank 
only.  No 
revetment at levee 
toe. 

Installed above 
and below the 
MSWL, at 60% of 
bankline cover. 

No bench to be 
constructed.  
Existing wetland 
bench to be 
preserved. 

SAC 
10.8L 

Design 1 – bank 
fill rock slope 
with IWM above 
and below 
MSWL. 

Along upper bank 
only.  No 
revetment at levee 
toe. 

Installed above 
and below the 
MSWL, at 60% of 
bankline cover. 

No bench to be 
constructed.  
Existing wetland 
bench to be 
preserved. 

SAC 
26.0L 

Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From levee toe to 
lower bank.  No 
revetment along 
upper bank. 

Installed above 
and below the 
MSWL, at 60% of 
bankline cover. 

Riparian bench 
with 10:1 slope to 
be constructed. 

SAC 
35.4L 

Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From levee toe to 
lower bank.  No 
revetment along 
upper bank. 

Installed above 
and below the 
MSWL, at 40% of 
bankline cover. 

Riparian bench 
with 10:1 slope to 
be constructed 

SAC 
41.9R 

Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From levee toe to 
upper bank. 

Installed above 
and below the 
MSWL, at 50% of 
bankline cover. 

Riparian bench 
with 10:1 slope to 
be constructed. 

SAC 
71.3R 

Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From levee toe to 
lower bank.  No 
revetment along 
upper bank. 

Installed above 
and below the 
MSWL, at 50% of 
bankline cover. 

Riparian bench 
with 10:1 slope to 
be constructed. 

SAC 
87.0L 

Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From levee toe to 
lower bank.  No 
revetment along 
upper bank. 

Installed above 
and below the 
MSWL, at 50% of 
bankline cover. 

Riparian bench 
with 10:1 slope to 
be constructed. 
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2.  Alternatives 
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Table 2-1 Proposed Design and Design Elements for the 25 Erosion Sites 

Erosion 
Site Proposed Design Rock Revetment IWM Notes 

SAC 
130.0L 

Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From levee toe to 
lower bank.  No 
revetment along 
upper bank. 

Installed above 
and below the 
MSWL, at 50% of 
bankline cover. 

Riparian bench 
with 10:1 slope to 
be constructed. 

SAC 
136.7R 

Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From levee toe to 
lower bank.  No 
revetment along 
upper bank. 

Installed above 
and below the 
MSWL, at 50% of 
bankline cover. 

Riparian bench 
with 10:1 slope to 
be constructed. 

FR 1.0L Design 3 – 
sloping riparian 
bench with IWM 
above and below 
MSWL. 

From levee toe to 
lower bank.  No 
revetment along 
upper bank. 

Installed above 
and below the 
MSWL, at 50% of 
bankline cover. 

Riparian and 
wetland bench 
with 6:1 slope to 
be constructed. 

FR 3.7L Design 3 – 
sloping riparian 
bench with IWM 
above and below 
MSWL. 

From lower slope 
to upper bank. 

Installed above 
and below the 
MSWL, at 50% of 
bankline cover. 

Riparian and 
wetland bench 
with 6:1 slope to 
be constructed. 

FR 5.5L Design 3 – 
sloping riparian 
bench with IWM 
above and below 
MSWL. 

From lower slope 
to upper bank. 

Installed above 
and below the 
MSWL, at 50% of 
bankline cover. 

Riparian and 
wetland bench 
with 6:1 slope to 
be constructed. 

FR 7.0L Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From levee toe to 
lower bank.  No 
revetment along 
upper bank. 

Installed above 
and below the 
MSWL, at 40% of 
bankline cover. 

Riparian bench 
with 10:1 slope to 
be constructed. 

LAR 
10.0L 

Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From levee toe to 
lower bank.  No 
revetment along 
upper bank. 

Installed above 
and below the 
MSWL, at 40% of 
bankline cover. 

Riparian bench 
with 10:1 slope to 
be constructed. 



2.  Alternatives 
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Table 2-1 Proposed Design and Design Elements for the 25 Erosion Sites 

Erosion 
Site Proposed Design Rock Revetment IWM Notes 

LAR 
10.6L 

Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From lower slope 
to upper bank. 

Installed above 
and below the 
MSWL, at 40% of 
bankline cover. 

Riparian bench 
with 10:1 slope to 
be constructed. 

CC 2.8L Design 4 – 
setback levee. 

No revetment will 
be placed on 
existing levee. 

No IWM to be 
installed. 

Setback levee 
with 3:1 slope on 
waterside and 2:1 
slope on landside.  
12-foot-wide 
levee road. 

CC 3.4L Design 4 – 
setback levee. 

No revetment will 
be placed on 
existing levee. 

No IWM to be 
installed. 

Setback levee 
with 3:1 slope on 
waterside and 2:1 
slope on landside.  
12-foot-wide 
levee road. 

DC 0.9N Design 4 – 
setback levee. 

No revetment will 
be placed on 
existing levee.  
Materials from 
levee road will be 
removed to 
construct setback 
levee. 

No IWM to be 
installed. 

Setback levee 
with 3:1 slope.  
12-foot-wide 
levee road.  Area 
of existing levee 
road will be 
revegetated with 
native plants. 

SBP 0.4E Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From levee toe to 
lower bank.  No 
revetment along 
upper bank. 

Installed above 
and below the 
MSWL, at 10% of 
bankline cover. 

15-foot riparian 
bench with 10:1 
slope to be 
constructed. 

SAC 
73.5L 

Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From levee toe to 
upper bank. 

Installed above 
and below the 
MSWL, at 50% of 
bankline cover. 

15-foot riparian 
bench with 10:1 
slope to be 
constructed. 
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Table 2-1 Proposed Design and Design Elements for the 25 Erosion Sites 

Erosion 
Site Proposed Design Rock Revetment IWM Notes 

SAC 
78.8L 

Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From levee toe to 
upper bank. 

Installed above 
and below the 
MSWL, at 50% of 
bankline cover. 

15-foot riparian 
bench with 10:1 
slope to be 
constructed. 

SAC 
93.7L 

Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From levee toe to 
upper bank. 

Installed above 
and below the 
MSWL, at 50% of 
bankline cover. 

15-foot riparian 
bench with 10:1 
slope to be 
constructed. 

SAC 
114.5R 

Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From levee toe to 
upper bank. 

Installed above 
and below the 
MSWL, at 50% of 
bankline cover. 

15-foot riparian 
bench with 10:1 
slope to be 
constructed. 

SAC 
136.9R 

Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From levee toe to 
upper bank. 

Installed above 
and below the 
MSWL, at 50% of 
bankline cover. 

15-foot riparian 
bench with 10:1 
slope to be 
constructed. 

SAC 
157.7R 

Design 2 – low 
riparian bench 
with IWM above 
and below 
MSWL. 

From levee toe to 
upper bank. 

Installed above 
and below the 
MSWL, at 50% of 
bankline cover. 

15-foot riparian 
bench with 10:1 
slope to be 
constructed. 

*MSWL = mean summer water level. 
 

2.2.1. Design 1 – Bank Fill Rock Slope with IWM Above and Below MSWL 

Design 1 includes repair of the upper bank and installation of IWM at the mean summer 
water level (MSWL).  This design offers the bank protection required to address the existing 
erosion, while protecting existing habitat and replacing habitat value lost through construction. 

To the extent practicable, all native trees greater than 4 inches in diameter at breast height 
(dbh) would be preserved during construction.  Soil-filled quarry rock would be placed on the 
levee slope above the MSWL, and the levee slope would be revegetated with native container 
plants and pole cuttings.  IWM would be anchored into the levee slope above and below the 
MSWL, providing year-round, instream aquatic habitat and structure. 



2.  Alternatives 

Two erosion sites would be repaired using Design 1 model:  SAC 8.0L and SAC 10.8L.  
Figure 2-1 is a conceptual illustration of the Design 1 model. 
 

Figure 2-1 Conceptual Cross-Section of Design 1 

 
 

2.2.2. Design 2 – Low Riparian Bench with IWM Above and Below MSWL 

Design 2 includes the incorporation of a low riparian bench and installation of IWM into 
the proposed repair.  This design offers the bank protection required to address the existing 
erosion, while protecting existing habitat and replacing habitat value lost through construction. 

To the extent practicable, all native trees greater than 4 inches dbh would be preserved 
during construction.  Clean quarry rock would be placed below the MSWL, soil-filled quarry 
rock would be placed on the levee slope above the MSWL, a riparian bench subject to inundation 
during the winter/spring flows would be constructed above the MSWL, and the riparian bench 
and levee slope would be revegetated with native container plants and pole cuttings.  IWM 
would be anchored into the riparian bench above and below the MSWL, providing year-round, 
instream aquatic habitat and structure. 

Seventeen erosion sites would be repaired using the Design 2 model:  SAC 26.0L, SAC 
35.4L, SAC 41.9R, SAC 71.3R, SAC 87.0L, SAC 130.0L, SAC 136.7R, FR 7.0L, LAR 10.0L, 
LAR 10.6L, SBP 0.4E, SAC 73.5L, SAC 78.8L, SAC 93.7L, SAC 114.5R, SAC 136.9R, and 
SAC 157.7R.  Modifications to the Design 2 model were incorporated into the specific designs 
for each of these 17 erosion sites to address site-specific conditions.  Figure 2-2 provides a 
conceptual illustration of the Design 2 model. 
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2.  Alternatives 

Figure 2-2 Conceptual Cross-Section of Design 2 

 
 

2.2.3. Design 3 – Sloping Riparian Bench with IWM Above and Below 
MSWL 

Design 3 includes the incorporation of a sloping riparian bench and installation of IWM 
into the proposed repair.  This design offers the bank protection required to address the existing 
erosion, while protecting existing habitat and replacing habitat value lost through construction. 

To the extent practicable, all native trees greater than 4 inches dbh would be preserved 
during construction.  Clean quarry rock would be placed below the MSWL, soil-filled quarry 
rock would be placed on the levee slope above the MSWL, a sloping riparian bench would be 
constructed above the MSWL within the lower portions subject to inundation during the 
winter/spring flows, and the riparian bench and levee slope would be revegetated with native 
container plants and pole cuttings.  The lowest portions of the riparian bench would be covered 
with gravel to minimize the voids in the quarry stone that could serve as habitat for non-native 
predatory fish.  IWM would be anchored into the riparian bench above and below the MSWL, 
providing year-round, instream aquatic habitat and structure. 

Three erosion sites would be repaired using the Design 3 model:  FR 1.0L, FR 3.7L, and 
FR 5.5L.  Modifications to the Design 3 model were incorporated into the specific designs for 
each of these three erosion sites to address site-specific conditions (e.g., sensitive species 
concerns, existing bench to be preserved).  Figure 2-3 provides a conceptual illustration of the 
Design 3 model. 
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2.  Alternatives 

Figure 2-3 Conceptual Cross-Section of Design 3 

 
 

2.2.4. Design 4 – Setback Levee 

Design 4 consists of the construction of a setback levee to address the erosion concerns.  
A setback levee allows ongoing erosion to continue at the existing levee, while protecting the 
surrounding landscape from being flooded.  Setback levees are built on the landward side of 
existing levees.  These levees are usually smaller than levees placed immediately adjacent to the 
river channel and are designed to prevent erosion and/or flooding in a specific reach in the river 
channel. 

Three erosion sites would be addressed by construction of setback levees:  CC 2.8L, CC 
3.4L, and DC 0.9N.  Figure 2-4 provides a conceptual illustration of the Design 4 model. 
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2.  Alternatives 

Figure 2-4 Conceptual Cross-Section of Design 4 

 
 

2.3. Alternative 2: Thin Rock Armor 

Under this alternative, vegetation would be cleared from the levee and a thin layer of rock 
would be placed over the existing levee slope.  This alternative would likely limit or completely 
prevent implementation of beneficial actions, including planting native riparian vegetation, 
installation of IWM, and development of riparian benches.  Placement of a thin layer of rock 
would protect the bank from erosion, but would not address stability issues.  When placed on a 
slope of 2:1 (horizontal to vertical) or greater, the life span of this type of repair is estimated at 
only 25 years.  The erosion repair would leave the sites generally barren of vegetation, and 
mitigation for lost habitat values would be arranged at an offsite location. 

2.4. Overall Project Features under Proposed Action 

Under the proposed action, the project footprint consists of the entire area subject to slope 
protection.  The repairs have been designed to maintain public safety, restore the structural 
stability of the levee sections, maximize slope stability, retain the essential features of the 
channel, and retain existing trees and wildlife habitat values to the extent practicable.  Beneficial 
design features of the proposed action include: 

 Reinforcement of upper banks that, in some cases, would permit the preservation of 
existing riparian vegetation.  Wherever possible, all trees greater than 4 inches dbh 
shall be retained. 

 Creation of waterside, low quarry-stone riparian benches to provide near-bank, 
shallow-water habitat for fish with IWM anchored to the bench surface. 

 Creation of waterside, low quarry-stone riparian and wetland bench combinations 
designed to provide near-bank, shallow-water habitat year-round. 
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2.  Alternatives 

 Construction of setback levee structures where practicable that avoid disturbances to 
existing riparian areas. 

 Exclusive use of clean stone fill or quarry-stone rock beneath the water surface, 
where construction materials would be directly exposed to streamflow. 

 Revegetation of revetted and natural surfaces.  Nursery-grown native species would 
be used for revegetation. 

Setback levees would be constructed at three erosion sites (CC 2.8L, CC 3.4L, and DC 
0.9N).  The setback levees would be built landward of the existing levees and would not result in 
disturbance to the stream channel or riparian areas.  Two of the erosion sites (SAC 8.0L and 
SAC 10.8L) would not include repairs below the MSWL.  For these sites, the planned design is 
to repair the upper bank with soil-filled quarry stone.  The soil-filled quarry stone would be 
placed from the MSWL to the levee crest. 

The remaining 20 erosion sites would be repaired by placing clean quarry stone from the 
toe of the levee slope (i.e., the bottom of the channel) to the MSWL and placing quarry stone and 
soil-filled quarry stone on the levee slope above the MSWL.  The materials would be placed 
from the waterside using equipment mounted on barges or from the landside with equipment 
located on the levees.  The proposed repairs would include initial site preparation, installation of 
a fabric layer between the quarry stone and soil-filled quarry stone, construction of riparian 
benches, placement of IWM along the lower slope, and revegetation of the site with native plant 
species.  These elements of the proposed repairs are discussed below.  Photographs of 
construction activities during previous levee repair projects are presented in Figures 2-5, 2-6, and 
2-7.  Details for specific erosion sites are identified in section 2.5. 

2.4.1. Site Preparation 

Site preparation activities would include the removal or protection of facilities (e.g., 
pumps, piping) and vegetation and the development of onsite construction access.  There are 
limited facilities within the erosion sites, most of which would not need to be removed or 
relocated.  Facilities that are to remain would be protected, and appropriate coordination and 
authorizations would be obtained before any facilities would be relocated or removed. 

Wherever possible, all native trees greater than 4 inches dbh would be preserved and 
protected.  Trees to be preserved would be trimmed as necessary and the trunks of the trees 
wrapped with layers of a protective fabric.  Elderberry shrubs present on the site would be 
protected in place or removed and transplanted to an appropriate location (e.g., USFWS-
authorized mitigation bank).  Invasive pest plants, including black locust, tamarisk, and giant 
reed, would be removed along with all herbaceous and woody vegetation less than 4 inches dbh.  
All vegetation would be removed manually.  No herbicides or chemicals would be used.  
Vegetation would be cleared to the ground surface, and large tree roots would be removed.  The 
surface of the erosion sites would not be subject to grubbing or contouring.  Materials removed 
from the erosion sites would be loaded onto trucks or a barge and transported to an appropriate 
disposal facility. 
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Sacramento River Bank Protection Project

Figure 2-5
Repair of Erosion Sites

  R
:\P

ro
je

ct
s\

31
00

6 
- S

ac
 R

iv
er

 B
an

k 
P

ro
te

ct
io

n 
E

A
_I

S
\G

ra
ph

ic
s\

Ill
us

tra
to

r G
ra

ph
ic

s 
  s

gc
  0

2/
09

Photograph 3.  Invasive non-native trees are also 
removed from the site.  For large non-native trees, 
the stumps and tree roots are also removed.  All 
materials removed from the site are chipped and 
taken to an appropriate disposal facility.

Photograph 4.  Native trees to be preserved are 
trimmed of the lower branches to allow for quarry 
stone to be placed adjacent to the trunks and 
prevent branch breakage or crushing due to the 
movement of large equipment and quarry stone.

Photograph 1.  Site preparation begins with 
installing exclusionary fencing around facilities and 
adjacent areas that are to be protected from 
construction-related disturbance.

Photograph 2.  The next step in site preparation is to 
remove all herbaceous and woody vegetation less 
than 4 inches in dbh.  This process is typically done 
manually with various tools such as gas powered 
hedgers, chain saws, and mowers.  No herbicides or 
chemicals are allowed.
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Figure 2-6
Repair of Erosion Sites
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Photograph 7.  Quarry stone is installed along the 
slopes to provide the required bank stabilization.  
The quarry stone is initially deposited either from a 
barge crane (water side) as depicted in this 
photograph or by a crane located on the levee (land 
side).

Photograph 8.  Quarry stone may be initially placed 
directly where it is needed or placed in a convenient 
location where a backhoe operator can redistribute 
to the necessary location.

Photograph 5.  After the native trees have been 
trimmed of lower branches, layers of protective 
fabric (e.g., burlap) are wrapped around the trunks. 
In some cases, plywood boxes are constructed 
around the trunk(s).  The protective wrapping is 
installed to the height that quarry stone will be 
placed. Photograph 6.  After the protective wrapping is 

installed, quarry stone is placed around the trees.  
The protective wrapping is intended to protect the 
trunks from damage as quarry stone is piled around 
them.
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Figure 2-7
Repair of Erosion Sites
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Photograph 9.  After the quarry stone is installed, a 
geotextile coir fabric layer is placed over the stone 
and covered with soil-filled quarry stone.  Several 
layers of stone and soil are deposited and the soil is 
worked down between the voids of the quarry stone.

Photograph 10.  Soil-filled quarry stone is a 
combination of quarry stone and soil fill material.  
The intent of the soil component is to fill voids in the 
quarry stone and provide a medium for vegetation to 
grow.  After the soil-filled quarry stone is installed, 
the site is ready for planting of replacement 
vegetation.

Photograph 11.  IWM is incorporated into the 
erosion repair designs to replace and/or enhance 
the in-stream cover and habitat lost through 
construction.  IWM consists of hardwood tree 
species that are 10 to 24 inches in diameter with an 
extensive branch and root structure.

Photograph 12.  After completion of erosion repairs, 
the sites are revegetated with native plant species to 
offset the loss of habitat values and stabilize the 
levee repair.  A revegetation monitoring and 
maintenance program is implemented for 3 years 
following the completion of the levee repairs.  After 
this time, the vegetation is typically established and 
self-sustaining.



2.  Alternatives 

Construction access ramps and construction access areas within the erosion sites would 
be positioned to minimize the need for tree removal.  Signs and fencing would be established at 
each site to delineate construction areas and protected areas.  Warning buoys would be placed in 
the river at the up- and down-stream boundaries of each site for the safety of boaters and other 
water users. 

2.4.2. Lower Slope Quarry Stone 

For all sites requiring repair below the MSWL (all sites except SAC 8.0L and SAC 
10.8L), clean quarry stone would be placed from the toe of the levee slope (i.e., the bottom of the 
channel) to the MSWL.  The quarry stone would have a minimum thickness of 2 feet.  The slope 
of the quarry stone below the MSWL would be no steeper than 2H:1V. 

2.4.3. Geotextile Coir Fabric 

A biodegradable, geotextile coir fabric layer would be placed above the quarry stone on 
the lower slope to prevent the migration of soil from the soil-filled quarry stone into the 
underlying quarry stone and to retain soil in the areas to be revegetated.  The fabric would be an 
open weave biodegradable geotextile material with a non-shifting square mesh consisting of 100 
percent coir fiber yarns in both the warp and the weft.  The fabric would have a thickness of 0.30 
inch, a weight of 25 ounces (plus or minus 2 ounces) per square yard, and a tensile strength of 
150 x 100 pounds per inch, dry, and the open area of the fabric would be 40 percent maximum. 

2.4.4. Soil-Filled Quarry Stone 

After the coir fabric is installed, soil-filled quarry stone would be placed on the levee 
bank slope above the MSWL.  Soil-filled quarry stone is a combination of quarry stone and soil 
fill material.  The purpose of the soil component is to fill voids in the quarry stone and provide a 
medium for vegetation to grow.  The top elevation for placement of the soil-filled quarry stone 
was designed on a site-by site-basis based on water velocities and shear stresses along the levee.  
At most sites, the top elevation of the soil-filled quarry stone would be level with the edge of the 
levee’s upper bench. 

2.4.5. Riparian Bench 

The design of most of the erosion repair sites incorporates a riparian bench.  The riparian 
bench is a vegetation-supporting low bench constructed of soil-filled quarry stone that would 
project into the channel along the length of the erosion site.  The vegetation is intended to 
provide overhead cover and near-shore aquatic habitat during the low-flow season.  At some 
sites, the riparian bench may also be used as a construction platform to help avoid impacts to 
existing vegetation during the construction of the upper slope bank fill revetment.  The riparian 
benches would be 10 to 20 feet wide with an average elevation set 2 to 3 feet above the MSWL 
to provide a substantial volume of moist but unsaturated soil as a growing medium. 
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2.4.6. In-Stream Woody Material 

IWM is incorporated into the erosion repair designs to replace and/or enhance the 
instream cover and habitat lost through construction.  IWM would consist of hardwood tree 
species 10 to 24 inches in diameter with an extensive branch and root structure.  Almond and 
walnut trees are typically used for IWM, although pistachio, orange, and lemon trees may also be 
used.  The IWM would be placed on the lower slope near the MSWL and anchored into the 
quarry stone by the root ball and half of the tree length.  The IWM would be angled at 0 to 15º 
from the MSWL, oriented with the tree canopy in a downstream direction, spaced at 5- to 10-foot 
intervals, and placed in groups of alternating numbers of either 3 or 5 trees.  Bundled fascines are 
also incorporated into the site designs to augment the IWM.  The fascines would be placed at a 
15-foot spacing and anchored at the MSWL.  Given that the IWM and fascines would protrude 
from the riparian bench at the MSWL, they would also serve as a visual warning to river users 
that a bench is present.  A typical cross-section of IWM placement is shown in Figure 2-8. 
 

Figure 2-8 Typical Cross-Section of IWM Placement 

 
 

2.4.7. Site Revegetation 

As discussed above, selective clearing of the bank slopes would occur prior to the 
placement of quarry stone, and all trees greater than 4 inches dbh (other than undesirable 
invasive species) would be retained where possible.  After completion of erosion repairs, the 
sites would be revegetated to offset the loss of habitat values and stabilize the levee repair.  The 
upper slope would also be hydroseeded and treated with other erosion control measures to 
minimize bank erosion before plantings have had time to become established. 

Willow cuttings, container plants, and herbaceous vegetation would be installed after 
construction in the fall.  Beaver exclusion fencing would be installed around the planted 
vegetation to prevent damage from beavers.  The fencing typically consists of a welded wire 
fence with 2-inch-square openings that is buried 6 inches into the topsoil and secured every 8 
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feet with rebar or posts.  Vegetation planted at the sites would be in conformance with Corps 
criteria for vegetation in the vicinity of levee structures.  No woody plants or plants that would 
obstruct the view of the levee would be planted within 15 feet from the waterside toe of the levee 
slope (i.e., vegetation-free zone).  As long as the vegetation-free zone is maintained and flood 
protection is not threatened, the replacement vegetation would be allowed to grow naturally in 
response to the varying riverine conditions. 

2.4.8. Monitoring and Maintenance 

Monitoring and maintenance would be necessary to ensure that the replacement 
vegetation is successfully establishing and that the IWM is functioning as intended.  Within 
approximately 90 days from the completion of construction, the Corps would submit a detailed 
maintenance and monitoring plan (MMP) for the resource agencies to review.  The MMP would 
include: (1) success criteria to provide a standard to assess whether mitigation efforts 
successfully replace lost habitat value; (2) a program to monitor the development of shaded 
riverine aquatic (SRA) cover and riparian habitat; (3) a protocol for implementing remedial 
actions should any success criteria not be met; and (4) the required duration of the monitoring 
efforts.  Monitoring reports that evaluate the progress of each erosion site in meeting the success 
criteria would be submitted to the resource agencies by December 31 of each monitoring year. 

It is estimated that limited maintenance of replacement vegetation would be required for 
approximately 3 years following the completion of the levee repairs.  After this time, it is 
anticipated that the vegetation will be established and self-sustaining.  Anticipated activities 
during the 3-year establishment period include removal of problematic invasive species, 
irrigation and pruning of vegetation to promote optimal growth, replacement of any dead and/or 
declining vegetation, and maintenance of beaver exclusion fencing. 

Maintenance activities may also include monitoring the vegetation and IWM to ensure 
that hazards to navigation are not present, assessing the status of the rock revetment and soil fill 
during high flow events, and monitoring the sites for vandalism.  Yearly maintenance at each site 
should require the placement of no more than 600 cubic yards of material.  Should a greater 
volume be required, the necessary permits/authorizations would be obtained from the appropriate 
regulatory agencies.  Any in-water maintenance work would be conducted in coordination with 
the applicable federal and state resource agencies to avoid adverse effects to sensitive fish 
species. 

2.5. Work at Each Erosion Site 

Construction activities would occur in 2009 and 2010.  It is anticipated that construction 
would take place between April 1 and November 30, with in-water construction activities to be 
conducted between August 1 and November 30.  No construction would be permitted during the 
winter months (i.e., December through March).  The anticipated construction season may need to 
be modified to respond to high water levels in the river, the presence of special-status species, or 
other constraints. 

For waterside construction, work would be conducted from cranes mounted on barges, 
with the crane (boom) systems mechanically placing the rock along the shore and beneath the 

Sacramento River Bank Protection Project  North State Resources, Inc. 
Draft Environmental Assessment/Initial Study 2-16 April 2009 
for Levee Repair of 25 Erosion Sites  31006 



2.  Alternatives 

water line.  Waterside construction would result in less noise, fewer traffic disturbances, and 
smaller effects on existing vegetation than landside construction.  The contractor may choose to 
use excavators, loaders, and other construction equipment once the revetment has reached the 
MSWL. 

Landside construction would take place at sites that are not accessible from the waterside.  
A crane located on the levee would be used to mechanically place the rock along the shore and 
beneath the water line.  The contractor may choose to use excavators, loaders, and other 
construction equipment along the benches on sites that are inappropriate for a crane and/or once 
the revetment has reached the MSWL.  Protective fencing would be installed to prevent 
construction crews from getting too close to the waterside edge of the existing bank materials 
and sensitive resources such as elderberry shrubs. 

The Corps would be responsible for implementing the levee repairs at 19 of the erosion 
sites, and DWR would be responsible for implementing the levee repairs at six of the erosion 
sites.  The Corps would issue a total of five construction contracts, and DWR would issue a total 
of two construction contracts.  The erosion sites that would be repaired under these contracts are 
identified below. 

2.5.1. Corps Contract 1 

Corps contract 1 would include four sites (SAC 73.5L, SAC 78.8L, SAC 87.0L, and FR 
5.5L).  If these sites are included among those that will be repaired under the current 
authorization, construction would occur during summer/fall 2009.  All work is anticipated to be 
accessed from the landside. 

2.5.1.1. SAC 73.5L 

The observed levee erosion at SAC 73.5L is likely caused by high flows, high wind, and 
boat wake wave action.  Tidal drawdown failures of the very erodible silty sand riverbank 
materials may also be contributing to the observed erosion.  Field observations conducted in 
2008 confirmed the severity of the existing erosion and the potential for further deterioration of 
the waterside levee.  Rock revetments at the levee toe and along the upper bench are 
recommended because of the significant erosion observed along these areas, such as animal 
burrows, significant gullies, and scarps. 

Appendix A-1 provides a conceptual design cross-section of the proposed repairs at SAC 
73.5L, and Table 2-2 identifies the general site characteristics.  Details of the proposed levee 
repairs at this site include: 

 Provide construction access to the site from land. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct a 15-foot-wide riparian bench with a slope of 10H:1V.  Vegetation will be 
planted on the riparian bench for bank stabilization and riparian habitat.  IWM will be 
anchored to the riparian bench above and below the MSWL. 

 Set the riverside edge of the bench approximately 2 feet above the MSWL. 
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 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 

 Locate staging areas at either end of the site. 

Table 2-2 SAC 73.5L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 1,100 
Site area (acres), including construction easement 6.33 
Quarry stone volume (cubic yards) 15,196 
Soil-filled quarry stone volume (cubic yards) 12,824 
Soil cover (cubic yards) 1,261 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within bench (H:V) 10:1 
IWM to be removed (linear feet along bankline) 331 
IWM to be anchored at MSWL (linear feet) 550 

 
2.5.1.2. SAC 78.8L 

The observed levee erosion at SAC 78.8L is likely due to high-velocity flood flows and 
boat wake wave impacts.  Tidal drawdown failures of the very erodible silty sand riverbank 
materials may also be contributing to the observed erosion.  Animal burrowing may also be 
contributing to the erosion.  Field observations conducted in 2008 confirmed the severity of the 
existing erosion and the potential for further deterioration of the waterside levee.  Rock 
revetments at the levee toe and along the upper bench are recommended because of the 
significant erosion observed along these areas, such as animal burrows, significant gullies and 
scarps. 

Appendix A-2 provides a conceptual design cross-section of the proposed repairs at SAC 
78.8L, and Table 2-3 identifies the general site characteristics.  Details of the proposed levee 
repairs at this site include: 

 Provide construction access to the site from land. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct a 15-foot-wide riparian bench with a slope of 10H:1V.  Vegetation will be 
planted on the riparian bench for bank stabilization and riparian habitat.  IWM will be 
anchored to the riparian bench above and below the MSWL. 

 Set the riverside edge of the bench approximately 2 feet above the MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 

 Locate staging areas at either end of the site. 
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Table 2-3 SAC 78.8L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 260 
Site area (acres), including construction easement 1.66 
Quarry stone volume (cubic yards) 6,680 
Soil-filled quarry stone volume (cubic yards) 3,676 
Soil cover volume (cubic yards) 347 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within bench (H:V) 10:1 
IWM to be removed (linear feet along bankline) 99 
IWM to be anchored at MSWL (linear feet) 130 

 
2.5.1.3. SAC 87.0L 

The levee erosion at site SAC 87.0L is likely due to high-velocity flood flows directed at 
the broad outside meander, boat wake wave impacts, and erodible natural river terrace materials.  
The narrowing of the river also increases the velocities at this site.  Field observations conducted 
in 2008 confirmed the severity of the existing erosion and the potential for further deterioration 
of the waterside levee.  A rock revetment at the levee toe is required at SAC 87.0L because of 
scarps up to 20 feet high, evidence of slumping, undermined/rotated trees, undercut slopes, and 
other indications of erosion.  Rock revetments are not required on the upper bank because it did 
not show significant erosion. 

Appendix A-3 provides a conceptual design cross-section of the proposed repairs at SAC 
87.0L, and Table 2-4 identifies the general site characteristics.  Details of the proposed levee 
repairs at this site include: 

 Provide construction access to the site from land. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct a 15-foot-wide riparian bench with a slope of 10H:1V.  Vegetation will be 
planted on the riparian bench for bank stabilization and riparian habitat.  IWM will be 
anchored to the riparian bench above and below the MSWL. 

 Set the bottom of the riparian bench 2 feet above the summer MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 

 Locate staging areas at either end of the site. 
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Table 2-4 SAC 87.0L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 750 
Site area (acres), including construction easement 8.20 
Quarry stone volume (cubic yards) 12,054 
Soil-filled quarry stone volume (cubic yards) 11,750 
Soil cover volume (cubic yards) 838 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within riparian bench (H:V) 10:1 
IWM to be removed (linear feet along bankline) 15 
IWM to be anchored at MSWL (linear feet) 375 

 
2.5.1.4. FR 5.5L 

The levee erosion at site FR 5.5L is likely due to high flood flows, boat wake wave 
impacts, and erodible levee materials.  Large, undermined trees along the toe of the levee slope 
exacerbate the erosion by creating eddies around the root balls.  A rock revetment on the upper 
bank is proposed because of the significant slopes and obvious erosion (slumping, scarps up to 4 
feet high).  A rock revetment at the levee toe is not proposed in order to minimize the potential 
for adverse effects to valuable fish habitat provided by shade, the shallow nature of the shoreline, 
and the fine natural substrate in place over much of the site. 

Appendix A-4 provides a conceptual design cross section of the proposed repairs at FR 
5.5L, and Table 2-5 identifies the general site characteristics.  Details of the proposed levee 
repairs at this site include: 

 Provide construction access to the site from land. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct riparian and wetland bench with a slope of 6H:1V.  Vegetation will be 
planted on the bench for bank stabilization and riparian habitat.  IWM will be 
anchored to the riparian/wetland bench. 

 Set the middle of the bench to the summer MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone with sand infill 
below the MSWL. 

 Locate staging areas at either end of the site. 

Table 2-5 FR 5.5L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 832 
Site area (acres) 6.22 
Quarry stone volume (cubic yards) 7,687 
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Table 2-5 FR 5.5L General Site Characteristics 
Repair Site Characteristics 

Soil-filled quarry stone volume (cubic yards) 6,922 
Soil cover volume (cubic yards) 1,128 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within riparian bench (H:V) 6:1 
IWM to be removed (linear feet along bankline) 235 
IWM to be anchored at MSWL (linear feet) 416 

 
2.5.2. Corps Contract 2 

Corps contract 2 would include five sites (SAC 93.7L, SAC 114.5R, SAC 136.9R, SAC 
136.7R, and SBP 0.4E).  If these sites are included among those that will be repaired under the 
current authorization, construction would occur during summer/fall 2009.  Work is expected to 
be entirely from the landside. 

2.5.2.1. SAC 93.7L 

The observed levee erosion at SAC 93.7L is likely due to high-velocity flood flows 
directed toward the outside of the bend, wind and boat wake wave action, and the erodible sandy 
silt levee materials.  Field observations conducted in 2008 confirmed the severity of the existing 
erosion and the potential for further deterioration of the waterside levee.  Rock revetments at the 
levee toe and along the upper bench are recommended because of the significant erosion 
observed along these areas, such as animal burrows, significant gullies, and scarps. 

Appendix A-5 provides a conceptual design cross-section of the proposed repairs at SAC 
93.7L, and Table 2-6 identifies the general site characteristics.  Details of the proposed levee 
repairs at this site include: 

 Provide construction access to the site from land. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct a 15-foot-wide riparian bench with a slope of 10H:1V.  Vegetation will be 
planted on the riparian bench for bank stabilization and riparian habitat.  IWM will be 
anchored to the riparian bench above and below the MSWL. 

 Set the riverside edge of the bench approximately 2 feet above the MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 

 Tie in the repairs to the riprap located upstream and downstream of the site. 

 Locate staging areas at either end of the site. 
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Table 2-6 SAC 93.7L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 1,050 
Site area (acres) 6.41 
Quarry stone volume (cubic yards) 18,829 
Soil-filled quarry stone volume (cubic yards) 9,399 
Soil cover (cubic yards) 1,162 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within bench (H:V) 10:1 
IWM to be removed (linear feet along bankline) 0 
IWM to be anchored at MSWL (linear feet) 525 

 
2.5.2.2. SAC 114.5R 

The observed levee erosion is likely due to high flood flows, high wind, boat wake wave 
action, large animal burrows in the toe of the riverbank, and drawdown failures of the very 
erodible silty sand levee materials.  Field observations conducted in 2008 confirmed the severity 
of the existing erosion and the potential for further deterioration of the waterside levee.  Rock 
revetments at the levee toe and along the upper bench are recommended because of the 
significant erosion observed along these areas, such as animal burrows, significant gullies, and 
scarps. 

Appendix A-6 provides a conceptual design cross-section of the proposed repairs at SAC 
114.5R, and Table 2-7 identifies the general site characteristic.  Details of the proposed levee 
repairs at this site include: 

 Provide construction access to the site from land. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct a 15-foot-wide riparian bench with a slope of 10H:1V.  Vegetation will be 
planted on the riparian bench for bank stabilization and riparian habitat.  IWM will be 
anchored to the riparian bench above and below the MSWL. 

 Set the riverside edge of the bench approximately 2 feet above the MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 

 Locate staging areas at either end of the site. 

Table 2-7 SAC 114.5R General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 1,500 
Site area (acres), including construction easement 8.40 
Quarry stone volume (cubic yards) 26,374 
Soil-filled quarry stone volume (cubic yards) 12,596 
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Table 2-7 SAC 114.5R General Site Characteristics 
Repair Site Characteristics 

Soil cover (cubic yards) 1,548 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within bench (H:V) 10:1 
IWM to be removed (linear feet along bankline) 457 
IWM to be anchored at MSWL (linear feet) 750 

 
2.5.2.3. SAC 136.9R 

The observed levee erosion is likely due to high-velocity flood flows, boat wake wave 
impacts, and erodible sandy silt materials overlying a more resistant mud platform along the 
shoreline.  Animal burrowing is contributing to the degradation of the waterside levee slope and 
to erosion of the riverbank.  Field observations conducted in 2008 confirmed the severity of the 
existing erosion and the potential for further deterioration of the waterside levee.  Rock 
revetments at the levee toe and along the upper bench are recommended because of the 
significant erosion observed along these areas, such as animal burrows, significant gullies, and 
scarps. 

Appendix A-7 provides a conceptual design cross section of the proposed repairs at SAC 
136.9R, and Table 2-8 identifies the general site characteristics.  Details of the proposed levee 
repairs at this site include: 

 Provide construction access to the site from land. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct a 15-foot-wide riparian bench with a slope of 10H:1V.  Vegetation will be 
planted on the riparian bench for bank stabilization and riparian habitat.  IWM will be 
anchored to the riparian bench above and below the MSWL. 

 Set the riverside edge of the bench approximately 2 feet above the MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 

 Locate staging areas will be located at either end of the site. 

Table 2-8 SAC 136.9L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 900 
Site area (acres), including construction easement 5.19 
Quarry stone volume (cubic yards) 9,370 
Soil-filled quarry stone volume (cubic yards) 6,698 
Soil cover (cubic yards) 1,047 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within bench (H:V) 10:1 
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Table 2-8 SAC 136.9L General Site Characteristics 
Repair Site Characteristics 

IWM to be removed (linear feet along bankline) 38 
IWM to be anchored at MSWL (linear feet) 450 

 
2.5.2.4. SAC 136.7R 

The levee erosion at site SAC 136.7R is likely due to high-velocity flood flows, boat 
wake wave impacts, and erodible levee materials.  Field observations conducted in 2008 
confirmed the severity of the existing erosion and the potential for further deterioration of the 
waterside levee.  A rock revetment at the levee toe is recommended because of scarps up to 20 
feet high, evidence of slumping, undermined/rotated trees, undercut slopes, and other indications 
of erosion.  Because the upper bank lacked erosion features, a rock revetment is not 
recommended. 

Appendix A-8 provides a conceptual design cross-section of the proposed repairs at SAC 
136.7R, and Table 2-9 identifies the general site characteristics.  Details of the proposed levee 
repairs at this site include: 

 Provide construction access to the site from land. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct a 15-foot-wide riparian bench with a slope of 10H:1V.  Vegetation will be 
planted on the riparian bench for bank stabilization and riparian habitat.  IWM will be 
anchored to the riparian bench above and below the MSWL. 

 Set the bottom of the riparian bench 2 feet above the MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 

 Tie in the repairs to the riprap located north of the site. 

 Locate staging areas at either end of the site. 

Table 2-9 SAC 136.7R General Site Characteristics  
Repair Site Characteristics 

Length of repair (feet) 300 
Site area (acres), including construction easement 2.82 
Quarry stone volume (cubic yards) 3,139 
Soil-filled quarry stone volume (cubic yards) 1,312 
Soil cover (cubic yards) 545 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within bench (H:V) 10:1 
IWM to be removed (linear feet along bankline) 2 
IWM to be anchored at MSWL (linear feet) 150 
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2.5.2.5. SBP 0.4E 

The levee erosion at SBP 0.4E is likely due to high flood flows and erodible levee 
materials.  The presence of large, undermined trees along the toe of the levee slope exacerbates 
the erosion by creating eddies around the root balls.  Field observations conducted in 2008 
confirmed the severity of the existing erosion and the potential for further deterioration of the 
waterside levee.  A rock revetment at the levee toe is recommended because of creep and slump-
type landsliding observed on the highly eroding riverbank as well as ground cracks along the 
edge of the dirt road, suggesting incipient cracking.  Rock revetments would not be required on 
the upper bank because it did not show significant erosion. 

Appendix A-9 provides a conceptual design cross-section of the proposed repairs at the 
site, and Table 2-10 identifies the general site characteristics.  Details of the proposed levee 
repairs at this site include: 

 Provide construction access to the site from land. 

 Repair the lower bank with a rock slope of 2H:1V. 

 Construct a 15-foot-wide bench with a slope of 10H:1V.  Vegetation will be planted 
on the bench for bank stabilization and giant garter snake habitat. 

 Set the bottom of the bench approximately 2 feet above the MSWL. 

 Place IWM at the site above and below the MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 

 Locate staging areas at either end of the site. 

Table 2-10 SBP 0.4E General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 365 
Site area (acres) 2.53 
Quarry stone volume (cubic yards) 1,489 
Soil-filled quarry stone volume (cubic yards) 530 
Soil cover (cubic yards) 160 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within bench (H:V) 10:1 
IWM to be removed (linear feet along bankline) 28 
IWM to be anchored at MSWL (linear feet) 36.5 

 
2.5.3. Corps Contract 3 

Corps contract 3 would include four sites (SAC 8.0L, SAC 10.8L, SAC 26.0L, SAC 
41.9R).  If these sites are included among those that will be repaired under the current 
authorization, construction would occur during summer/fall 2010.  Work is anticipated to be 
conducted from the waterside. 
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2.5.3.1. SAC 8.0L 

The levee erosion at SAC 8.0L is likely due to high flood flows directed at the broad 
outside meander, high wind wave action (particularly at high tide), possibly cyclic (tidal) 
drawdown failure of the unprotected slopes, and very erodible levee materials.  Erosion of the 
older riprap-mantled slopes in the northern portion of the site may also be due to undersized 
riprap and erosion of the underlying sandy silt levee materials.  A rock revetment of the upper 
bank is proposed because of the significant steep slopes, soft friable levee material, and obvious 
erosion (slumping, scarps 10 to 15 feet high).  In addition, Highway 160 is located on the levee 
crest; the highway has a narrow shoulder, which has the potential to continue to erode and 
possibly affect highway stability.  A rock revetment will not be placed at the levee toe in order to 
preserve the existing wetlands, which provide valuable fish habitat and suitable habitat for 
Mason’s lilaeopsis (Lilaeopsis masonii), a species listed as rare under the California Native Plant 
Protection Act. 

Appendix A-10 provides a conceptual design cross-section of the proposed repairs at 
SAC 8.0L, and Table 2-11 identifies the general site characteristics.  Details of the proposed 
levee repairs at this site include: 

 Provide construction access to the site from water. 

 Repair the upper bench with rock at a varied slope.  Vegetation will be planted on the 
upper bank for bank stabilization and riparian habitat. 

 Place IWM above and below the MSWL. 

 Place soil-filled quarry stone from the levee crest to the MSWL. 

 Place repairs at the site over the existing riprap. 

 Locate staging areas at either end of the site. 

Table 2-11 SAC 8.0L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 1550 
Site area (acres), including construction easement 16.43 
Soil-filled quarry stone volume (cubic yards) 6,788 
Soil cover volume (cubic yards) 1,136 
Final bank slope outside of planted bench areas (H:V) Varies 
Final bank slope within bench (H:V) n/a 
IWM to be removed (linear feet along bankline) 761 
IWM to be anchored at MSWL (linear feet) 930 

 
2.5.3.2. SAC 10.8L 

The levee erosion at SAC 10.8L is likely due to high flood flows directed at the very 
broad outside meander, high wind wave action (particularly at high tide), possibly cyclic (tidal) 
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drawdown failure of the unprotected slopes, and very erodible levee materials.  Erosion of any 
older riprap-mantled slopes may also be due to undersized riprap and erosion of the underlying 
sandy silt levee materials.  A rock revetment is recommended for the upper bank because of the 
significantly steep slopes, soft friable levee material, and obvious erosion (slumping, scarps 3 to 
5 feet high).  However, in the central portion of the site, where the existing riprap is performing 
well, no action will be taken.  A rock revetment will not be placed at the levee toe in order to 
preserve the existing fish habitat provided by the site vegetation and the wave barrier. 

Appendix A-11 provides a conceptual design cross section of the proposed repairs at 
SAC 10.8L, and Table 2-12 identifies the general site characteristics.  Details of the proposed 
levee repairs at this site include: 

 Provide construction access to the site from water. 

 Repair the upper bench with rock at a varied slope.  Vegetation will be planted on the 
upper bank for bank stabilization and riparian habitat. 

 Place IWM above and below the MSWL. 

 Place soil-filled quarry stone from the levee crest out to the MSWL. 

 Tie in repairs at the site to the existing riprap on the site. 

 Locate staging areas at either end of the site. 

Table 2-12 SAC 10.8L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 550 
Site area (acres), including construction easement 17.67 
Soil-filled quarry stone volume (cubic yards) 1,754 
Soil cover volume (cubic yards) 460 
Final bank slope outside of planted bench areas (H:V) Varies 
Final bank slope within bench (H:V) n/a 
IWM to be removed (linear feet along bankline) 400 
IWM to be anchored at MSWL (linear feet) 330 

 
2.5.3.3. SAC 26.0L 

The levee erosion at site SAC 26.0L is likely due to high velocity flood flows, boat wake 
wave impacts, and erodible levee materials.  The slumping and raveling of the riprap present at 
the site may be due to settlement and/or erosion of weak, sandy silt foundation materials.  The 
presence of large, undermined trees along the toe of the levee slope exacerbates the erosion by 
creating eddies around the root balls.  Some of the riprap appears to be loosely placed (i.e., is not 
interlocking) and may have settled since placement.  Field observations conducted in 2008 
confirmed the severity of the existing erosion and the potential for further deterioration of the 
waterside levee.  A rock revetment at the levee toe is recommended because of the significantly 
steep slopes, soft friable levee material, and obvious erosion (slumping, scalloping up to 15 feet) 
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along the lower bank and levee toe.  The upper bank did not show significant erosion and thus 
will not require rock revetments. 

Appendix A-12 provides a conceptual design cross-section of the proposed repairs at 
SAC 26.0L, and table 2-13 identifies the general site characteristics.  Details of the proposed 
levee repairs at this site include: 

 Provide construction access from water. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct a 15-foot-wide riparian bench with a slope of 10H:1V.  Vegetation will be 
planted on the riparian bench for bank stabilization and riparian habitat. 

 Place IWM above and below the MSWL. 

 Set the bottom of the bench 2 feet above the MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 

 Either tie in the repairs to the riprap existing on the site or cover the existing riprap. 

 Locate staging areas at either end of the site. 

Table 2-13 SAC 26.0L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 2,005 
Site area (acres), including construction easement 10.24 
Quarry stone volume (cubic yards) 13,854 
Soil-filled quarry stone volume (cubic yards) 6,823 
Soil cover volume (cubic yards) 1,446 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within bench (H:V) 10:1 
IWM to be removed (linear feet along bankline) 863 
IWM to be anchored at MSWL (linear feet) 1,203 

 
2.5.3.4. SAC 41.9R 

The levee erosion at site SAC 41.9R is likely due to high-velocity flood flows, boat wake 
wave impacts, and erodible levee materials.  The presence of large, undermined trees along the 
toe of the levee slope exacerbates the erosion by creating eddies around the root balls.  Field 
observations conducted in 2008 confirmed the severity of the existing erosion and the potential 
for further deterioration of the waterside levee.  Rock revetments at the levee toe and along the 
upper bench are recommended because of significant erosion observed along these areas, such as 
animal burrows, significant gullies, scarps up to 10 feet high, and other indications of erosion. 
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Appendix A-13 provides a conceptual design cross-section of the proposed repairs at 
SAC 26.0L, and Table 2-14 identifies the general site characteristics.  Details of the proposed 
levee repairs at this site include: 

 Provide construction access from water. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct a 15-foot-wide riparian bench with a slope of 10H:1V.  Vegetation will be 
planted on the riparian bench for bank stabilization and riparian habitat.  IWM will be 
anchored to the riparian bench above and below the MSWL. 

 Set the bottom of the riparian bench 2 feet above the MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 

 Tie in the repairs to the riprap existing downstream of the site. 

 Locate staging areas at either end of the site. 

Table 2-14 SAC 41.9R General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 1515 
Site area (acres), including construction easement 11.96 
Quarry stone volume (cubic yards) 11,930 
Soil-filled quarry stone volume (cubic yards) 11,280 
Soil cover volume (cubic yards) 2,355 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within bench (H:V) 10:1 
IWM to be removed (linear feet along bankline) 966 
IWM to be anchored at MSWL (linear feet) 757.5 

 
2.5.4. Corps Contract 4 

Corps contract 4 would include five sites (SAC 71.3R, SAC 130.0L, SAC 157.7R, FR 
1.0L, and FR 3.7L).  If these sites are included among those that will be repaired under the 
current authorization, construction would occur during summer/fall 2010.  Work is expected to 
be entirely from the landside. 

2.5.4.1. SAC 71.3R 

The levee erosion at site SAC 71.3R is likely due to high-velocity flood flows, boat wake 
wave impacts, and erodible levee materials.  The presence of large, undermined trees along the 
toe of the levee slope exacerbates the erosion by creating eddies around the root balls.  Field 
observations conducted in 2008 confirmed the severity of the existing erosion and the potential 
for further deterioration of the waterside levee.  A rock revetment at the levee toe is required at 
SAC 71.3R because of slumping and steep undercutting observed on the highly eroding 
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riverbank, as seen during field investigations.  Rock revetment is not required on the upper bank 
because it did not show significant erosion. 

Appendix A-14 provides a conceptual design cross section of the proposed repairs at 
SAC 71.3R, and Table 2-15 identifies the general site characteristics.  Details of the proposed 
levee repairs at this site include: 

 Provide construction access from land. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct a riparian bench with a slope of 10H:1V.  Vegetation will be planted on the 
riparian bench for bank stabilization and riparian habitat.  IWM will be anchored to 
the riparian bench. 

 Set the riverside edge of the bench to the summer MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 

 Tie in the repairs to the riprap located adjacent to the site. 

 Locate staging areas at either end of the site. 

Table 2-15 SAC 71.3R General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 515 
Site area (acres) 4.48 
Quarry stone volume (cubic yards) 6,675  
Soil-filled quarry stone volume (cubic yards) 4,452  
Soil cover volume (cubic yards) 727 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within riparian bench (H:V) 10:1 
IWM to be removed (linear feet along bankline) 123 
IWM to be anchored at MSWL (linear feet) 257.5 

 
2.5.4.2. SAC 130.0L 

The levee erosion at site SAC 130.0L is likely due to high-velocity flood flows directed 
at the broad outside meander, boat wake wave impacts, and erodible levee materials.  Field 
observations conducted in 2008 confirmed the severity of the existing erosion and the potential 
for further deterioration of the waterside levee.  A rock revetment at the levee toe is 
recommended because of slumping and steep undercutting observed on the highly eroding 
riverbank.  A rock revetment is not recommended for the upper bank because it lacked erosion 
features. 

Appendix A-15 provides a conceptual design cross-section of the proposed repairs at 
SAC 130.0L, and Table 2-16 identifies the general site characteristics.  Details of the proposed 
levee repairs at this site include: 
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 Provide construction access to the site from land. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct riparian bench with a slope of 10H:1V.  Vegetation will be planted on the 
riparian bench for bank stabilization and riparian habitat.  IWM will be anchored to 
the riparian bench above and below the MSWL. 

 Set the riverside edge of the bench to MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 

 Tie in the repairs to the riprap located adjacent to the site. 

 Locate staging areas at either end of the site. 

Table 2-16 SAC 130.0L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 345 
Site area (acres), including construction easement 3.49 
Quarry stone volume (cubic yards) 4,477 
Soil-filled quarry stone volume (cubic yards) 1,838 
Soil cover volume (cubic yards) 394 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within bench (H:V) 10:1 
IWM to be removed (linear feet along bankline) 15 
IWM to be anchored at MSWL (linear feet) 172.5 

 
2.5.4.3. SAC 157.7R 

The levee erosion at site SAC 157.7R is likely due to high flood flows, high wind and 
boat wake wave action, the erodible sandy to clayey silt materials, animal burrowing, and 
possibly shallow slumping.  Overall, erosion at the site is due to the narrowing of the river 
opposite a gravel bar that increases flow velocity, and the progressive downstream migration of 
the river bends.  Field observations conducted in 2008 confirmed the severity of the existing 
erosion and the potential for further deterioration of the waterside levee.  Rock revetments at the 
levee toe and along the upper bench are recommended because of the significant erosion 
observed along these areas, such as animal burrows, significant gullies, and scarps. 

Appendix A-16 provides a conceptual design cross-section of the proposed repairs at 
SAC 157.7R, and Table 2-17 identifies the general site characteristics.  Details of the proposed 
levee repairs at this site include: 

 Provide construction access to the site from land. 

 Repair the upper bench with a rock slope of 2.5H:1V. 
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 Construct a 15-foot-wide riparian bench with a slope of 10H:1V.  Vegetation will be 
planted on the riparian bench for bank stabilization and riparian habitat.  IWM will be 
anchored to the riparian bench above and below the MSWL. 

 Set the riverside edge of the bench approximately 2 feet above the MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 

 Locate staging areas at either end of the site. 

Table 2-17 SAC 157.7R General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 1,000 
Site area (acres), including construction easement 5.94 
Quarry stone volume (cubic yards) 16,785 
Soil-filled quarry stone volume (cubic yards) 5,726 
Soil cover (cubic yards) 615 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within bench (H:V) 10:1 
IWM to be removed (linear feet along bankline) 278 
IWM to be anchored at MSWL (linear feet) 500 

 
2.5.4.4. FR 1.0L 

The levee erosion at site FR 1.0L is likely due to high flood flows, boat wake wave 
impacts, and erodible levee materials.  The presence of large, undermined trees along the toe of 
the levee slope exacerbates the erosion by creating eddies around the root balls.  Field 
observations conducted in 2008 confirmed the severity of the existing erosion and the potential 
for further deterioration of the waterside levee.  A rock revetment at the levee toe is 
recommended because of the steep slopes and obvious erosion (gullying, slumping, and scarps 
up to 4 feet high) observed during field investigations.  The upper bank lacked erosion features 
and will not require rock revetments. 

Appendix A-17 provides a conceptual design cross-section of the proposed repairs at FR 
1.0L, and Table 2-18 identifies the general site characteristics.  Details of the proposed levee 
repairs at this site include:  

 Provide construction access to the site from land. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct riparian and wetland bench with a slope of 6H:1V.  Vegetation will be 
planted on the bench for bank stabilization and riparian habitat.  IWM will be 
anchored to the riparian/wetland bench above and below the MSWL. 

 Set the middle of the bench to the MSWL. 
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 Place soil-filled quarry stone above the MSWL and quarry stone with sand infill 
below the MSWL. 

 Tie in the repairs to the riprap located north of the site. 

 Locate staging areas at either end of the site. 

Table 2-18 FR 1.0L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 980 
Site area (acres), including construction easement 8.36 
Quarry stone volume (cubic yards) 5,399 
Soil-filled quarry stone volume (cubic yards) 8,269 
Soil cover volume (cubic yards) 1,436 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within bench (H:V) 6:1 
IWM to be removed (linear feet along bankline) 132 
IWM to be anchored at MSWL (linear feet) 490 

 
2.5.4.5. FR 3.7L 

The levee erosion at site FR 3.7L is likely due to high flood flows, high wind and boat 
wake wave action, drawdown failures of the very erodible silty sand levee materials, vehicular 
traffic, animal burrowing, and possibly shallow slumping of the sandy soils.  Field observations 
conducted in 2008 confirmed the severity of the existing erosion and the potential for further 
deterioration of the waterside levee.  Rock revetment at the levee toe would be avoided in order 
to preserve existing fish habitat.  However, rock revetment at the upper bank is required due to 
the significantly steep slopes and obvious erosion (e.g., undercutting, slumping, scarps up to 4 
feet high). 

Appendix A-18 provides a conceptual design cross-section of the proposed repairs at FR 
3.7L, and Table 2-19 identifies the general site characteristics.  Details of the proposed levee 
repairs at this site include: 

 Provide construction access to the site from land. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct sloping riparian bench with a slope of 6H:1V.  Vegetation will be planted 
on the bench for bank stabilization and riparian habitat.  IWM will be anchored to the 
riparian bench above and below the MSWL. 

 Set the middle of the bench to the MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone with sand infill 
below the MSWL. 

 Locate staging areas at either end of the site. 
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Table 2-19 FR 3.7L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 2,300 
Site area (acres), including construction easement 17.31 
Quarry stone volume (cubic yards) 47,889 
Soil-filled quarry stone volume (cubic yards) 27,267 
Soil cover volume (cubic yards) 2847 
Sand infill volume (cubic yards) 6,723 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within bench (H:V) 6:1 
IWM to be removed (linear feet along bankline) 743 
IWM to be anchored at MSWL (linear feet) 1,150 

 
2.5.5. Corps Contract 5 

Corps contract 5 would include one site, DC 0.9N.  If this site is included among those 
that will be repaired under the current authorization, construction would occur during 
summer/fall 2010.  Work is expected to be entirely from the landside. 

2.5.5.1. DC 0.9N 

The levee erosion at site DC 0.9N is likely due to animal burrowing and the site’s 
location on the outside river meander.  The exposed soils erode easily near the animal burrow 
area.  The underlying bedrock protects the lower bank.  However, during high water flow, 
exposed soils in the upper bank erode easily.  Field observations conducted in 2008 confirmed 
the severity of the existing erosion and the potential for further deterioration of the waterside 
levee.  A setback levee is recommended because construction on the riverbank would disturb the 
high-quality fish habitat on the site. 

Appendix A-19 provides a conceptual design cross-section of the proposed repairs at DC 
0.9N, and Table 2-20 identifies the general site characteristics.  Details of the proposed levee 
repairs at this site include: 

 Provide construction access to the site from land. 

 Build a setback levee with a landslide slope of 3H:1V, with a 50H:1V slope for the 
land beyond the slope, and a waterside slope of 3H:1V with a 25-foot-wide bench 
about 7.5 feet above the summer MSWL. 

 Construct the setback levee approximately 150 feet back from Deer Creek. 

 Place the levee approximately 8 feet above the MSWL.  The levee road is planned to 
be 12 feet wide. 

 Locate staging and repair areas on the landside of the levee. 
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Table 2-20 DC 0.9N General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 800 
Site area (acres), including construction easement 3.90 
Embankment (cubic yards) 231 
Soil cover volume (cubic yards) 659 
Landside bank slope (H:V) 3:1 
Waterside bank slope within bench (H:V) 3:1 
IWM to be removed (linear feet along bankline) 0 
IWM to be anchored at MSWL (linear feet) 0 

 
2.5.6. DWR Contract 1 

DWR contract 1 would include four sites (SAC 35.4L, FR 7.0L, LAR 10.0L, and LAR 
10.6L).  If these sites are included among those that will be repaired under the current 
authorization, construction would occur during summer/fall 2009.  Work for site SAC 35.4L 
would be conducted from the waterside or landside.  Work at the remaining sites would be 
conducted from the landside. 

2.5.6.1. SAC 35.4L 

SAC 35.4L is located on the left bank of the Sacramento River.  Besides one large tree on 
the bench of levee that will need to be protected during construction, there is minimal vegetation 
along this reach.  The existing materials of the upper bank consist of fine silty sands, while the 
lower riverbank materials are estimated to be fine silts with some sand present.  The primary 
causes for the erosion at SAC 35.4L are assumed to be river flow velocities and wind- and boat-
generated wave action during periods of low flow.  The recommended repair for this site is a 
riparian bench and bank fill revetment to repair the eroded bank and reduce the need for a 
stability-type remediation. 

Appendix A-20 provides a conceptual design cross-section of the proposed repairs at 
SAC 35.4L, and Table 2-21 identifies the general site characteristics.  Details of the proposed 
levee repairs at this site include: 

 Provide construction access to the site from the waterside or landside. 

 Repair the upper bench with a rock slope of 3H:1V. 

 Construct a 15-foot-wide riparian bench with a slope of 10H:1V.  Vegetation will be 
planted on the riparian bench for bank stabilization and riparian habitat.  IWM will be 
anchored to the riparian bench above and below the MSWL. 

 Set the riverside edge of the bench approximately 2 feet above the MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 
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 Locate staging areas along the access road shoulder upstream and downstream of the 
site. 

Table 2-21 SAC 35.4L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 1,070 
Site area (acres), including construction easement 8.25 
Quarry stone volume (cubic yards) 24,146 
Soil-filled quarry stone volume (cubic yards) 2,196 
Soil cover volume (cubic yards) 1,591 
Final bank slope outside of planted bench areas (H:V) 3:1 
Final bank slope within bench (H:V) 10:1 
IWM to be removed (linear feet along bankline) 0 
IWM to be anchored at MSWL (linear feet) 428 

 
2.5.6.2. FR 7.0L 

FR 7.0L is located on the left bank of the Feather River, just west of Garden Highway 
and Lee Road in Sacramento.  This site is in a reach of the river with a slight bend.  There are 
numerous large trees in the area near the levee face, and the landside of the levee abuts River 
Oaks Golf Course.  The site is characterized by a steep waterside slope with evidence of erosion 
along the toe and a larger mass failure on the riverbank and levee slope.  Soils within the levee 
are assumed to be silty sands and sandy silts.  The recommended repair for this site is a stability 
berm along the lower slope to provide stability and erosion protection with a riparian bench for 
environmental mitigation.  A soil rock mix will extend to the base of the upper bank and will be 
planted with native riparian vegetation. 

Appendix A-21 provides a conceptual design cross-section of the proposed repairs at FR 
7.0L, and Table 2-22 identifies the general site characteristics.  Details of the proposed levee 
repairs at this site include: 

 Provide construction access to the site from land. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct a 10-foot-wide riparian bench with a slope of 10H:1V.  Vegetation will be 
planted on the riparian bench for bank stabilization and riparian habitat.  IWM will be 
anchored to the riparian bench above and below the MSWL. 

 Set the riverside edge of the bench approximately 2 feet above the MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 

 Locate staging areas near the levee crest within the construction easement. 
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Table 2-22 FR 7.0L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 520 
Site area (acres), including construction easement 3.69 
Quarry stone volume (cubic yards) 7,500 
Soil-filled quarry stone volume (cubic yards) 2,996 
Soil cover volume (cubic yards) 5,400 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within bench (H:V) 10:1 
IWM to be removed (linear feet along bankline) 8 
IWM to be anchored at MSWL (linear feet) 208 

 
2.5.6.3. LAR 10.0L 

LAR 10.0L is located on the left bank of the American River just upstream of Watt 
Avenue.  The site is directly upstream from a previously repaired erosion site, which will be used 
as a transition point.  LAR 10.0L is located in a relatively straight reach of the river, with a 
mature riparian corridor.  This site is characterized by a steep waterside slope with large fluvial 
scours at the toe of the lower embankment bench.  Soils within the levee are dense to loose 
sands.  The primary cause of the lower bench erosion at LAR 10.0L is river flows and wave 
action.  The erosion of the lower bench steepens the slope, causing upper bank slumping and 
associated stability problems.  The recommended repair for this site is a stability berm along the 
lower slope to provide stability and erosion protection with a riparian bench for environmental 
mitigation.  A soil/rock mix will extend to the base of the upper bank slope and will be planted 
with native riparian vegetation. 

Appendix A-22 provides a conceptual design cross-section of the proposed repairs at 
LAR 10.0L, and Table 2-23 identifies the general site characteristics.  Details of the proposed 
levee repairs at LAR 10.0L include: 

 Provide construction access to the site from land. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct a 10-foot-wide riparian bench with a slope of 10H:1V.  Vegetation will be 
planted on the riparian bench for bank stabilization and riparian habitat.  IWM will be 
anchored to the riparian bench above and below the MSWL. 

 Set the riverside edge of the bench approximately 2 feet above the MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 

 Locate staging areas near levee crest within construction easement. 
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Table 2-23 LAR 10.0L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 740 
Site area (acres), including construction easement 3.91 
Quarry stone volume (cubic yards) 4,857 
Soil-filled quarry stone volume (cubic yards) 4,974 
Soil cover volume (cubic yards) 2,094 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within bench (H:V) 10:1 
IWM to be removed (linear feet along bankline) 70 
IWM to be anchored at MSWL (linear feet) 296 

 
2.5.6.4. LAR 10.6L 

LAR 10.6L is located on the left bank of the American River, upstream of LAR 10.0L.  
The site is in a relatively straight reach of the river, across from an in-channel island that splits 
flows through this stretch of the river.  The site has numerous large trees; ground vegetation and 
IWM are also present.  LAR 10.6L is characterized by a steep waterside slope with large fluvial 
scours at the toe of the lower embankment.  Soils within the embankment are dense to loose 
sands.  The recommended repair for this site is a stability berm along the lower slope to provide 
stability and erosion protection with a riparian bench for environmental mitigation.  A soil/rock 
mix will extend to the base of the upper bank slope and will be planted with native riparian 
vegetation. 

Appendix A-23 provides a conceptual design cross-section of the proposed repairs at 
LAR 10.6L, and Table 2-24 identifies the general site characteristics.  Details of the proposed 
levee repairs at this site include: 

 Provide construction access to the site from land. 

 Repair the upper bench with a rock slope of 2.5H:1V. 

 Construct a 10-foot-wide riparian bench with a slope of 10H:1V.  Vegetation will be 
planted on the riparian bench for bank stabilization and riparian habitat.  IWM will be 
anchored to the riparian bench above and below the MSWL. 

 Set the riverside edge of the bench approximately 2 feet above the MSWL. 

 Place soil-filled quarry stone above the MSWL and quarry stone below the MSWL. 

 Locate staging areas near levee crest within construction easement. 

Table 2-24 LAR 10.6L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 670 
Site area (acres), including construction easement 3.38 
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Table 2-24 LAR 10.6L General Site Characteristics 
Repair Site Characteristics 

Quarry stone volume (cubic yards) 4,044 
Soil-filled quarry stone volume (cubic yards) 4,895 
Soil cover volume (cubic yards) 1,758 
Final bank slope outside of planted bench areas (H:V) 2.5:1 
Final bank slope within bench (H:V) 10:1 
IWM to be removed (linear feet along bankline) 187.5 
IWM to be anchored at MSWL (linear feet) 268 

 
2.5.7. DWR Contract 2 

DWR contract 2 would include two sites (CC 2.8L and CC 3.4L).  If these sites are 
included among those that will be repaired under the current authorization, construction would 
occur during summer/fall 2010.  Work would be conducted from the landside. 

2.5.7.1. CC 2.8L 

CC 2.8L is located on the left bank of Cache Creek, just east of the southern end of 
County Road 98A.  The sides of the river channel are sheared due to excessive erosion.  Soils 
within the levee are assumed to be homogeneous embankment fill composed of clayey silt, while 
the riverbanks consist of silty sand to sandy silt, with layers of lean clay.  In some areas, the bank 
has eroded to within a few feet of the waterside levee toe.  The narrow channel width and 
relatively low level of flood protection contribute to frequent high-flow events with high river 
velocities that continuously erode the riverbanks.  There are very steep slopes and the bench has 
been intensely eroded, compromising the stability of the levee.  This site is in a relatively straight 
reach of the river.  There are private properties and a power pole on the landside of the levee, 
along with overhead lines crossing Cache Creek. 

The alignment of the levee-protected river channel is restricted to conform to property 
boundaries, as opposed to the natural unrestricted alignment.  The existing levees provide 
approximately 10-year flood protection.  The opposite bank (right bank) is experiencing similar 
levels of erosion; however the bench width leading up to the right levee is wide enough to 
provide adequate protection for the levee.  The recommended repair for this site is a setback 
levee, placed at an offset distance that will accommodate 50 years of erosion from the existing 
site.  Construction of a setback levee will provide flood protection without hydraulically 
affecting the channel. 

Appendix A-24 provides a conceptual design cross-section of the proposed repairs at CC 
2.8L, and Table 2-25 identifies the general site characteristics.  Details of the proposed levee 
repairs at this site include: 

 Provide construction access to the site from land. 

 Build a setback levee with a waterside slope of 3H:1V and a landside slope of 3H:1V. 



2.  Alternatives 

 Construct the setback levee approximately 125 feet back from the existing levee. 

 Notch existing levee crowns down to the floodplain elevation in several locations 
along their lengths in order to allow inundation of the reconnected floodplain area 
during high winter and spring flows. 

 The elevation of the setback levee will vary along the alignment.  At transition points, 
the elevation will match the existing levee. 

 The road constructed on the setback levee will be a minimum of 12 feet wide. 

 Staging and repair will be performed landside. 

Table 2-25 CC 2.8L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 1,300 
Site area (acres), including construction easement 9.68 
Excavation and backfill (cubic yards) 4,470 
Imported compacted embankment (cubic yards) 10,997 
Aggregate base (cubic yards) 218 
Landside bank slope (H:V) 2:1 
Waterside bank slope within bench (H:V) 3:1 
IWM to be removed (linear feet along bankline) 0 
IWM to be anchored at MSWL (linear feet) 0 

 
2.5.7.2. CC 3.4L 

CC 3.4L is located on the left bank of Cache Creek, just east of the northern end of 
County Road 99A.  The sides of the levee are sheared due to excessive erosion.  There are very 
steep slopes and the bench has been intensely eroded, compromising the stability of the levee.  
This site is in a relatively straight reach of the river just downstream of a large bend.  There are 
numerous large trees and existing vegetation.  There are private properties and a power pole on 
the landside of the levee.  In addition, there are pump facilities that draw water from the creek 
just upstream of the repair site.  This stretch of the river is characterized by narrow channel 
widths with steeply eroded banks.  The existing levees provide approximately 10-year flood 
protection.  Soils within the levee are assumed to be homogeneous embankment fill composed of 
clayey silt, while the riverbanks consist of silty sand to sandy silt with layers of lean clay.  The 
sheared sides of the levee have caused the bench to be intensely eroded, compromising the 
stability of the levee.  The narrow channel width and relatively low level of flood protection 
contribute to frequent high-flow events, with high river velocities that continuously erode the 
riverbanks. 

The recommended repair for this site is a setback levee, placed at an offset distance that 
will accommodate 50 years of erosion from the existing site.  Construction of a setback levee 
will provide flood protection without hydraulically affecting the channel. 
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Appendix A-25 provides a conceptual design cross-section of the proposed repairs at CC 
3.4L, and Table 2-26 identifies the general site characteristics.  Details of the proposed levee 
repairs at CC 3.4L include: 

 Provide construction access to the site from land. 

 Build a setback levee with a waterside slope of 3H:1V and a landside slope of 3H:1V. 

 Construct the setback levee approximately 125 feet back from the existing levee. 

 Notch the existing levee crowns down to the floodplain elevation in several locations 
along their lengths in order to allow inundation of the reconnected floodplain area 
during high winter and spring flows. 

 The elevation of setback levee will vary along the alignment.  At transition points, the 
elevation will match the existing levee. 

 The road constructed on the setback levee will be a minimum of 12 feet wide. 

 Staging and repair will be performed landside. 

Table 2-26 CC 3.4L General Site Characteristics 
Repair Site Characteristics 

Length of repair (feet) 900 
Site area (acres), including construction easement 4.67 
Excavation and backfill (cubic yards) 3,460 
Imported compacted embankment (cubic yards) 7,400 
Aggregate base (cubic yards) 170 
Landside bank slope (H:V) 2:1 
Waterside bank slope within bench (H:V) 3:1 
IWM to be removed (linear feet along bankline) 0 
IWM to be anchored at MSWL (linear feet) 0 

 
2.6. Habitat Disturbance 

Construction would be conducted in a manner that minimizes disturbance to existing 
vegetation.  No excavation or movement of in situ soils or slope protection would occur.  Unless 
removal is required for safety reasons, all native trees greater than 4 inches dbh would be 
preserved and protected.  Herbaceous and woody vegetation, other than preserved trees, would 
be manually cleared to the ground surface.  Clearing of vegetation would be limited to the extent 
required to place bank protection material or provide construction access.  Necessary pruning 
and trimming of preserved trees, as determined at the time of construction, may be conducted 
prior to the placement of rock slope protection.  All construction activities, including pruning and 
trimming of vegetation, would be supervised by a qualified biologist to ensure a minimal effect 
on natural resources.  Disturbed areas, including staging areas, would be seeded and covered 
with mulch to prevent erosion following project build-out. 
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2.7. Construction Staging Areas 

Staging areas have been identified for each erosion site.  These areas will be the sole 
locations used for staging of vehicles, materials, and other associated construction equipment.  
The staging areas have been subject to the same environmental review as the project footprint to 
ensure that any potential resources will not be adversely affected.  Established staging areas for 
each erosion site are shown in Table 2-27.  

Table 2-27 Construction Staging Areas 

Site Name Staging Area 

SAC 8.0L Parking/staging only at south side of highway turn-out, 
adjacent to call box 

SAC 10.8L Parking/staging only at south side of highway turn-out, 
adjacent to call box 

SAC 26.0L Parking/staging only within construction easement 

SAC 35.4L Shoulder of access road at upstream and downstream ends of 
site 

SAC 41.9R Parking/staging only at parking lot at upstream end of site 

SAC 71.3R Within construction easement 

SAC 87.0L Within construction easement 

SAC 130.0L Shoulder of access road at downstream end of site 

SAC 136.7R Within construction easement 

FR 1.0L Within construction easement 

FR 3.7L Within construction easement 

FR 5.5L Within construction easement 

FR 7.0L Staging area will be located near levee crest within 
construction easement 

LAR 10.0L Staging area will be located near levee crest within 
construction easement 

LAR 10.6L Staging area will be located near levee crest within 
construction easement 

CC 2.8L Within construction easement 

CC 3.4L Along access road to the north of the site 

DC 0.9N Within construction easement 

SBP 0.4E On top of levee adjacent to Highway 20 
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Table 2-27 Construction Staging Areas 

Site Name Staging Area 

SAC 73.5L Within construction easement 

SAC 78.8L Within construction easement 

SAC 93.7L Within construction easement 

SAC 114.5R Within construction easement 

SAC 136.9R Within construction easement 

SAC 157.7R Within construction easement 
 

2.8. Haul Routes, Borrow Areas, and Traffic 

Depending on the site location, materials would be brought to the sites by either barge 
(waterside) or via surface roads (landside).  Table 2-28 identifies the most likely construction 
access (i.e., landside or waterside).  Hauling routes to those sites requiring landside access would 
be via interstate and U.S. highways, state highways, county and city roads, and levee access 
roads.  Construction materials, including quarry stone, would be hauled from a commercial or 
previously permitted quarry or borrow site located within 100 miles of the site.  Temporary lane 
closures may be required.  Construction signs would be posted along the haul routes and flaggers 
would be used, as necessary, to minimize traffic problems and ensure public safety near the 
construction sites.  

Table 2-28 Construction Access 
Erosion Site Construction Access 

Corps Contract 1 
SAC 73.5L Landside 
SAC 78.8L Landside 
SAC 87.0L Landside 
FR 5.5L Landside 
Corps Contract 2 
SAC 93.7L Landside 
SAC 114.5R Landside 
SAC 136.9R Landside 
SAC 136.7R Landside 
SBP 0.4E Landside 
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Table 2-28 Construction Access 
Erosion Site Construction Access 

Corps Contract 3 
SAC 8.0L Waterside 
SAC 10.8L Waterside 
SAC 26.0L Waterside 
SAC 41.9R Waterside 
Corps Contract 4 
SAC 71.3R Landside 
SAC 130.0L Landside 
SAC 157.7R Landside 
FR 1.0L Landside 
FR 3.7L Landside 
Corps Contract 5 
DC 0.9N Landside 
DWR Contract 1 
SAC 34.5L Waterside or Landside 
FR 7.0L Landside 
LAR 10.0L Landside 
LAR 10.6L Landside 
DWR Contract 2 
CC 2.8L Landside 
CC 3.4L Landside 
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