
Acronyms and Abbreviations 

 
.shp Shapefile 
˚F degrees Fahrenheit 
µg/m3 micrograms per cubic meter 
 
APE Area of Potential Effects 
AQMD Air Quality Management District 
  
BA biological assessment 
BMP Best Management Practice 
BO biological opinion 
 
CalEPA California Environmental Protection Agency 
CalFire California Department of Forestry and Fire Protection 
Caltrans California Department of Transportation 
CCAPCD Colusa County Air Pollution Control District  
CCR California Code of Regulations 
CEQ Council on Environmental Quality 
CEQA  California Environmental Quality Act 
CERCLA Comprehensive Environmental Response, Compensation, and Liability 

Act 
CESA  California Endangered Species Act 
CFR Code of Federal Regulations 
cfs cubic feet per second 
CHRIS California Historical Resources Information System 
CMP Sacramento Coordinated Water Quality Monitoring Program 
CNDDB California Natural Diversity Database 
CNEL Community Noise Equivalent Level 
CNPS California Native Plant Society  
CO carbon monoxide 
CO2 carbon dioxide 
Corps U.S. Army Corps of Engineers 
CRHR California Register of Historical Resources 
CTR California Toxics Rule 
CVFPB Central Valley Flood Protection Board 
CWA Clean Water Act 
 
D50 median bed material size 
dB decibel 
dBA A-weighted decibel 
dbh diameter at breast height 
DD doubling of distance 
DFG California Department of Fish and Game 
DPC Delta Protection Commission 
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DPS distinct population segment 
DTSC Department of Toxic Substances Control, California Environmental 

Protection Agency 
DWR California Department of Water Resources 
 
EA/IS environmental assessment/initial study 
EDR Environmental Data Resources, Inc. 
EFH essential fish habitat 
EFHA essential fish habitat assessment 
EIR environmental impact report 
EIS environmental impact statement 
EPA U.S. Environmental Protection Agency 
EPCRA Emergency Planning and Community Right-to-Know Act 
ESA federal Endangered Species Act 
ESU evolutionarily significant unit 
 
FMP Fisheries Management Plan 
FONSI Finding of No Significant Impact 
FR Federal Register 
FRAQMD Feather River Air Quality Management District 
 
GCC Global Climate Change 
GHG  Greenhouse Gas  
GIS geographical information system 
GPS global positioning system 
 
H:V horizontal to vertical ratio 
HABS Historic American Building Survey 
HAER Historic American Engineering Record 
HEC-RAS Hydrologic Engineering Centers–River Analysis System 
HTRW Hazardous, Toxic, or Radioactive Waste 
 
I-5 Interstate 5 
IWM instream woody material 
 
kg kilograms 
km kilometer 
 
LAR lower American River 
lbs/day pounds per day 
Ldn day-night noise level 
Leq equivalent noise level 
LOS level of service 
 
m3/sec cubic meters per second 
MBTA Migratory Bird Treaty Act 
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MCL maximum contaminant level 
mg/L milligrams per liter 
mm millimeter 
MMP Maintenance and Monitoring Plan 
MMPA Marine Mammal Protection Act 
MMRP Mitigation Monitoring and Reporting Program 
MND mitigated negative declaration 
mph miles per hour 
MSA Magnuson-Stevens Fishery Conservation and Management Act 
MSWL mean summer water level  
MTBE methyl tert-butyl ether 
 
NAGPRA Native American Graves Protection and Repatriation Act 
NAHC Native American Heritage Commission 
NCIC North Central Information Center, Sacramento 
NEIC Northeast Information Center, Chico 
NEPA National Environmental Policy Act 
NHPA National Historic Preservation Act 
NMFS National Marine Fisheries Service 
NOD Notice of Determination 
NOX nitrogen oxides 
NPDES National Pollutant Discharge Elimination System 
NPPA Native Plant Protection Act 
NRHP National Register of Historic Places 
NSR North State Resources, Inc. 
NTU nephelometric turbidity units  
NWIC Northwest Information Center, Sonoma 
 
O3 ozone  
OPR Office of Planning and Research 
OSHA Occupational Safety and Health Administration 
 
PAH polycyclic aromatic hydrocarbons 
Panamerican Panamerican Consultants, Inc. 
PM10 particulate matter less than 10 microns in aerodynamic diameter  
PM2.5 fine particulate matter (particulate matter less than 2.5 microns in aerodynamic 

diameter) 
ppm parts per million 
ppt parts per thousand 
PSM process safety management 
 
RCRA  Resource Conservation and Recovery Act 
REC recognized environmental conditions 
RM river mile 
ROG reactive organic gas 
RQ reportable quantities 
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RWQCB Regional Water Quality Control Board 
 
SAM standard assessment methodology 
SEL single event noise level 
SHPO State Historic Preservation Office 
SMAQMD Sacramento Metropolitan Air Quality Management District 
SMS/RMA2 Surface Water Monitoring System Software  
SR  State Route 
SRA shaded riverine aquatic habitat 
SRBPP Sacramento River Bank Protection Project 
SRWP Sacramento River Watershed Program 
SWCA SWCA Environmental Consultants 
SWPPP Stormwater Pollution Prevention Plan 
SWRCB State Water Resources Control Board 
 
TCAPCD Tehama County Air Pollution Control District 
TMDL Total Maximum Daily Load 
tons/yr tons per year 
TQ threshold quantities 
TSS total suspended solids 
 
USBR U.S. Bureau of Reclamation 
USC United States Code 
USDA U.S. Department of Agriculture 
USFWS U.S. Fish and Wildlife Service 
USGS U.S. Geological Survey 
UST  underground storage tank 
UTM Universal Transverse Mercator 
UVA ultraviolet absorbance 
 
VELB valley elderberry longhorn beetle 
 
WQO water quality objectives 
WY water year 
 
YSAQMD Yolo-Solano Air Quality Management District 
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CHAPTER 1 
Purpose and Need for Action 







Sacramento River Bank Protection Project

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.



Sacramento River Bank Protection Project

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. 

Sacramento River Bank Protection Project  North State Resources, Inc. 
Draft Environmental Assessment/Initial Study 2-14 April 2009 
for Levee Repair of 25 Erosion Sites  31006 



2.  Alternatives 

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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2.  Alternatives 

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 
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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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2.  Alternatives 

 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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2.  Alternatives 

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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