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1. Purpose 

The purpose of this technical memorandum (TM) is to identify potential intake sites along the Sacramento 
River and evaluate them for suitability as candidate intake sites for the Delta Conveyance System (Project). 

1.1 Background 

Potential Sacramento River intake sites were previously identified, considered, and evaluated in support 
of the Delta Habitat Conservation and Conveyance Program (DHCCP) and the associated California 
WaterFix Project, which has since been withdrawn from further consideration. The previously identified 
intake sites were established through a multi-year process involving a Fish Facilities Technical Team (FFTT) 
comprising agency, stakeholder, and consultant representatives. The result of the process was a 
recommendation by the five key resource agencies represented on the FFTT to consider five primary 
candidate sites. Later, three of these five sites were recommended for the project being considered as 
part of the DHCCP. Appendix A is a copy of Appendix 3F, Intake Locations Analysis, from the Bay Delta 
Conservation Plan/California WaterFix Final EIR/EIS (DWR, 2016) and includes a detailed history of the 
work of the FFTT and the associated efforts to define the previously considered intake site locations. 

The previously considered intake site locations and related characteristics identified and evaluated in the 
previous studies were reviewed and reconsidered for this analysis. In addition, the reach of the 
Sacramento River between the Town of Freeport and the confluence with Sutter Slough was re-examined 
to determine whether other viable intake sites were available. Using both the historical and new 
examination results, a set of candidate intake sites was identified, and information related to this set of 
sites were reviewed to determine suitability. 

1.2 Summary of Results  

Five candidate sites, C-E-1 through C-E-5, were identified and are shown on Figure 1. These candidate sites 
are essentially the same as the five upstream sites recommended in the 5-Agency Technical 
Recommendations for the Location of Bay Delta Conservation Plan (BDCP) Intakes 1-7 (2011). 
Re-examination of the bathymetry and physical setting of the Sacramento River between the Town of 
Freeport and the confluence with Sutter Slough did not reveal any new or additional candidate sites 
conforming to the siting criteria. 
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Figure 1. Potential Intake Sites for Central and Eastern Corridors 
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The five candidate sites were analyzed and considered relative to each other according to the following 
evaluation categories: 

• Bathymetry and River Encroachment 
• Property Impacts 
• Built Environment Impacts 
• Proximity to Existing Development 
• Geotechnical Concerns 
• Environmental and Habitat Disruption 
• Roads and Traffic Impacts 

The candidate sites were evaluated and ranked against a set of siting criteria. The results are summarized 
as follows: 

• Candidate Site C-E-1: This site has depth and straight bank river conditions that would result in a 
shorter intake structure, but potentially has the most land-side impacts. It is not recommended for 
further consideration due to the relatively dense property distribution in the area and the number of 
properties expected to be directly or indirectly impacted.  

• Candidate Site C-E-2: This site has depth and straight bank river conditions that meet siting criteria; 
however, due to the water depth, this site would have the longest vertical plate intake structure and 
relatively high land-side impacts, mainly related to residential impacts. It is recommended for further 
consideration if three intake sites are required for the Project.  

• Candidate Site C-E-3: This site has depth and straight bank river conditions that would result in a 
shorter intake structure, and has potentially the least land-side impacts, mainly because only one 
residential structure would be expected to fall inside the permanent footprint. This site is considered 
the best choice among the candidate sites and is recommended for further consideration.  

• Candidate Site C-E-4: This site has depth and straight bank river conditions that would result in a 
shorter intake structure. It ranks very poorly with respect to land-side impacts realtive to other sites. 
Also, this site is directly adjacent to the Town of Hood, and access road development and State 
Highway (Hwy) 160 regrading work would be expected to extend into the town. It is not 
recommended for further consideration due to its proximity to Hood, the resulting indirect impact to 
residences and traffic, and the number of properties that could be directly or indirectly impacted.  

• Candidate Site C-E-5: This site has depth and straight bank river conditions that exceed siting criteria, 
resulting in the expectation of a medium-length intake structure. It has relatively fewer land-side 
impacts, mainly because only one or two residential structures are expected to fall inside the 
permanent footprint. The site is adjacent to a historic residential structure, but work near that 
structure is expected to result in only minor direct impacts related to Hwy 160 regrading, plus indirect 
impacts from being adjacent to the work area. This site is considered the second best choice among 
the candidate sites and is recommended for further consideration.  

It is recommended that Candidate Sites C-E-3, C-E-5, and C-E-2 be considered for inclusion in the Project. 
Candidate Sites C-E-3 and C-E-5 are recommended as the primary sites, with Candidate Site C-E-2 held as 
an alternate site if one of the primary sites is later determined to be unacceptable, or if a third intake site 
is needed. 

Since no more than three intake sites appear to be necessary for a single tunnel conveyance system, it is 
recommended that Candidate Sites C-E-1 and C-E-4 be eliminated from further consideration. 
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2. Methodology 

The methodology employed to determine candidate intakes sites for the Project involves the following 
process: 

• Review previous studies and evaluations to verify the adequacy of previously considered intake sites 
against current siting criteria (Section 2.2) and bathymetric data. 

• Review bathymetric information and select candidate intake site locations along the eastern riverbank 
that meet current siting criteria and are suitably deep and straight to site an intake structure. 

• Conduct an evaluation of the candidate sites against the current siting criteria. 

• Rank the remaining candidate sites according to relative suitability. 

2.1 Data and Information Sources 

The reference information shown in Section 6 was reviewed relative to potential intake sites and their 
characteristics, as well as for the development of siting criteria. DWR enterprise geographic information 
system (GIS) information was also used to review property and parcel locations and sensitive 
environmental habitat locations. 

2.2 Siting Criteria 

Siting criteria were developed to guide identification and evaluation of candidate intake sites. These 
criteria were developed from experience with similar intakes, from NOAA guidelines (1997 and 2018), and 
from California Department of Fish and Wildlife (formerly Department of Fish and Game) (CDFG, 2010) 
fish screen criteria, as well as other criteria included in the information referenced.  

These criteria were synthesized into the following key criteria that guide the identification and evaluation 
of intake site locations: 

• Sacramento River: 

– Intake sites should be located where they would be capable of capturing releases from upstream 
California State Water Project and Federal Central Valley Project storage reservoirs. 

– Intake sites are to be compatible with the central and eastern corridors being considered for the 
Project, as follows: 

 Intakes sites should be on the eastern side of the river because access to the western side for 
construction of the intakes and associated connecting tunnels is only available using a few 
small bridges and would require extensive logistical development to facilitate construction. 
Such development would increase impacts without commensurate changes in the intake 
footprint or operations. Therefore, it is not considered feasible to site intakes on the western 
side of the river for the central and eastern corridors. 

– Siting considerations along the river should include: 

 Locations with a water depth to accommodate at least 12-foot-tall vertical flat plate screen 
panels and 8-foot-diameter cylindrical screen units; however, sites that can accommodate 
15-foot-tall screen panels are preferred. 

 Sites along the outside of moderate river bends or along straight reaches of the river are 
preferred to help alleviate sedimentation and debris issues. 
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 DWR assessed alternative intake locations upstream and downstream from the siting limits 
described below as part of development of the upcoming Delta Conveyance Project 
Environmental Impact Report (EIR). The screening exercise found that these alternate 
locations did not meet the project objectives and did not have the potential to lessen 
potential significant environmental effects, which are the screening criteria for whether 
alternatives should move forward for further evaluation in the EIR. 

o Sites downstream of the Town of Freeport are preferred because they will have less 
impact on total flow rate in the river and reverse flows affecting the Sacramento Regional 
Sanitation District’s treated wastewater outfall at Freeport. 

o Sites upstream of the confluence with Sutter Slough are preferred because greater bypass 
(or sweeping) flows are expected to be available in the river to help speed out-migration 
fish passage. 

o Sites further upstream, but below the confluence with the American River, may help 
reduce the impact on Delta smelt. 

o Sites upstream of the projected influence of brackish water in the Delta are essential to 
facilitate long-term operations with suitable water quality. Generally, intake sites along 
the river upstream of its confluence with Georgiana Slough are considered viable. The 
actual upstream limit of brackish water for the life of the Project is currently being 
evaluated and may shift upstream or downstream. This is not expected to change the 
intake siting process because the application of the Sutter Slough limit is likely to control 
the most downstream acceptable location. 

• Compatibility with Intake Structures:  

– To minimize encroachment of the intake structure into the river flow cross section and minimize 
the associated impact on flood flow water surface elevations (WSELs), the bathymetry and 
riverbank configuration must accommodate construction of the intake structure and associated 
training walls without extending the intake structure screen face into the river more than about 
100 feet (preferable) to 125 feet (maximum).  

– The actual impact of this issue will be evaluated in more detail during future engineering analyses. 

• Flood Protection – Sites along the river must be suitable for engineered grading of the levee system 
to provide protection from the 200-year flood and projected sea level rise (SLR). 

• River Profile Depth – Adequate depth is required to minimize the length of the fish screens. Areas 
along the bank of the river with depth equal to or greater than 15 feet are considered suitable because 
they will accommodate a 12-foot vertical panel screen height and are compatible with cylindrical tee 
screens. Shorter screens would result in excessively long structures, which is not considered ideal for 
aquatic species protection. 

• Non-shoaling Areas – Sites along straight sections, or ideally, along the outside of moderate river 
bends are required to prevent excessive shoaling of sediments in front of the structure. Excessive 
shoaling:  

– May result in operational problems caused by sedimentation in front of the screens 
– May impede the screen cleaner operation 
– May increase the quantity of diverted sediment 
– Would require frequent dredging, which has environmental impacts and causes local disruption 
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• Environmental Factors – The selection between alternative suitable sites may also be influenced by 
the following factors:  

– The presence of riparian and terrestrial habitats and species 
– Socio-economic considerations, such as proximity to towns, and other built environment features 

• Other Factors – In some cases, proximity to other Delta Conveyance System features may drive the 
preferred locations for the intakes. For example, screen siting criteria used by the FFTT suggested 
screens should have at least 1 River Mile (RM) of separation. 

2.3 Assumptions 

Basic assumptions that apply to identifying and evaluating intake sites include the following: 

• Intakes would be located along the Sacramento River downstream of the American River to provide 
adequate flows for the North Delta diversions and a minimum quantity of downstream flow to meet 
the needs for water users, recreationists, and environmental conditions.  

• Intakes need to be placed far enough upstream to minimize impacts to Delta smelt habitat and to 
avoid reaches with brackish water in the future as SLR occurs (for example, previous studies have 
indicated that the North Delta diversions should be upstream of the confluence with Georgiana 
Slough). 

• The intakes must comply with the Anadromous Salmonid Passage Design Guidelines (NOAA, 2018).  

• California Department of Fish and Wildlife is assumed to accept the NOAA 2018 guidelines. 

• The U.S. Fish and Wildlife Service (USFWS) will require that intake fish screens be designed to protect 
juvenile Delta fish species, with sizing based on a design approach velocity of 0.2 foot per second (fps). 
Otherwise, the USFWS is assumed to accept the NOAA 2018 guidelines. 

• In accordance with regulatory agency requirements and best practices, the intake fish screens will be 
sized for juvenile Delta fish species protection using a design approach velocity of 0.2 fps. 

• Intakes will use either vertical flat plate or cylindrical tee configuration fish screens and be an on-bank 
configuration with minimal encroachment into the river cross section. 

• Intake structure lengths have been developed by DCA for use in this analysis. The results are 
documented in the TM Intake Screen Sizing – North Delta Intakes (DCA, 2021). 

• The impact of the intake structure(s) on flood flow WSELs will be evaluated as part of the analyses 
supporting the Project environmental documentation. However, it is assumed for this siting analysis 
that intake structures that encroach on the river cross section by less than 125 feet from the top of 
the existing levee will be in compliance with the U.S. Army Corps of Engineers (USACE) goals to limit 
the rise of maximum WSEL to within the original design profile with minimal impacts. Such compliance 
will be evaluated in future engineering analyses in support of the Project environmental documents. 

• Flood control levee relocations will be permitted by the USACE in accordance with their design 
requirements. 

• Flood control levee penetrations, including gravity flow conduits with operable gates that can be 
closed automatically or by flood fighting agencies, will be permitted by the USACE in accordance with 
their design requirements. 

• State Hwy 160 can be relocated nominally further inland at the intake sites to facilitate flood 
protection and intake construction and operation without impacting its scenic highway designation. 
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• Only facilities required for flood protection and operation and maintenance of the Project will be sited 
at the intakes. 

3. Analysis and Evaluation 

3.1 Identification of Candidate Intake Sites 

In accordance with the methodology, the reach of the Sacramento River between the Town of Freeport 
and the confluence with Sutter Slough was evaluated for potential intake site locations. As a result of the 
evaluation, five candidate intake site locations were identified, as shown on Figure 1, which are briefly 
described as follows: 

• Site C-E-1: Approximate RM 43.9; located on the upstream side of Scribner’s Bend. Site selected due 
to suitable depth and length along the eastern (locally, southern) side of the river and conformance 
with siting criteria. The site impacts several relatively small residential and agricultural properties. 
Several homes and one active horse ranch are within the permanent footprint. Scribner’s Bend Winery 
is not within the permanent footprint, but it is relatively close to the work area and may have minor 
property modifications related to regrading Hwy 160 on the river side of the property, depending on 
the final layout. 

• Site C-E-2: Approximate RM 41.1; located downstream of Scribner’s Bend and the Town of Clarksburg, 
near Scribner Road. Site selected due to suitable length along the eastern side of the river, adequate 
depth, and conformance with siting criteria. The site impacts several residential and agricultural 
properties. Several homes are within the permanent footprint. The intersection of Hwy 160 and 
Scribner Road is within the permanent footprint and will need to be reconfigured. The Town of 
Clarksburg is within 1 mile of the site and directly visible. 

• Site C-E-3: Approximate RM 39.4; located on the upstream side of an unnamed river bend across from 
the Clarksburg boat ramp and about 1 mile upstream of the Town or Hood. Site selected due to 
suitable depth and length along the eastern side of the river and conformance with siting criteria. The 
site impacts several residential and agricultural properties. No homes are within the permanent 
footprint. Several homes (including Rosebud House) are adjacent to the work area and will have some 
impacts associated with nearby construction and property modifications due to regrading Hwy 160 
on the river side of the properties. 

• Site C-E-4: Approximate RM 38.0; located on the upstream side of an unnamed river bend 
immediately downstream of the Town or Hood. Site selected due to suitable depth along the eastern 
side of the river and conformance with siting criteria. The site impacts several residential and 
agricultural properties, including one property owned by DWR that will contain most of the 
permanent footprint. One residential home is within the permanent footprint. The Town of Hood is 
immediately adjacent to the work area and will have impacts associated with nearby construction and 
property modifications due to regrading Hwy 160. 

• Site C-E-5: Approximate RM 36.8; located on the upstream side of an unnamed river bend 
immediately upstream of the northeastern end of Randall Island. Site selected due to suitable depth 
and length along the eastern side of the river and conformance with siting criteria. The site impacts 
several residential and agricultural properties. One or two homes (depending on the final 
configuration) are within the permanent footprint. Several homes, including Hemly historical house, 
are adjacent to the work area and will have some impacts associated with nearby construction and 
property modifications due to regrading Hwy 160 on one side of the properties. 
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Note that these sites are essentially the same as the five upstream sites recommended in the 5-Agency 
Technical Recommendations for the Location of BDCP Intakes 1-7 (2011). Re-examination of the 
bathymetry and physical setting of the Sacramento River between the Town of Freeport and the 
confluence with Sutter Slough did not show additional candidate sites conforming to the siting criteria. 
However, minor adjustment of the intake structures at the candidate sites identified may be possible 
during conceptual and preliminary design to help avoid some landside conflicts or impacts. 

3.2 Evaluation of Candidate Intake Site Locations 

Each of the five candidate sites were evaluated in additional detail according to the following evaluation 
categories: 

• Bathymetry and River Encroachment 
• Property Impacts 
• Built Environment Impacts 
• Proximity to Existing Development 
• Geotechnical Concerns 
• Environmental and Habitat Disruption 
• Roads and Traffic Impacts 

The sites are each assigned an overall suitability ranking. Sites with better characteristics are ranked by 
order of preference, with ranking value of 1 being the best, and higher sequential numbers representing 
lower ranking sites. 

3.2.1 Evaluation Category Descriptions 

3.2.1.1 Bathymetry and River Encroachment 

Bathymetric surveys were used to evaluate river depth, riverbank side slope, topographic conditions, and 
general topographic shape of the subaqueous conditions at each candidate intake site. Dry land light 
detection and ranging (Lidar) survey information was supplemented for the above-water riverbank up to 
the top of the levee as part of the bathymetric survey mapping provided for examination. 

Conceptual intake structure footprints were positioned at each candidate site to help verify that an intake 
structure can be positioned at the site with a viable fit relative to existing river conditions in accordance 
with the siting criteria. These conceptual footprints only represent the intake structure at the edge of the 
river and do not reflect the full development of the intake sites with all required facilities. As such, they 
are considered reconnaissance structure locations only at this time and are subject to adjustment at all 
sites retained for further analysis. Such adjustments would be made to optimize the subaqueous position 
of the structures and to minimize land-side impacts associated with full intake site development. Since 
development of the intake site layout and footprint at these sites is a future activity, drawings showing 
the reconnaissance structure location are not provided at this time to avoid premature release of 
site-specific information. 

3.2.1.2 Property Impacts 

The number of parcels impacts by the intake facilities expected at each candidate site is considered. 
Parcels with major impacts due to their location relative to the potential permanent footprint of the intake 
facilities are identified separately from parcels with lesser impacts, mainly related to the Hwy 160 
improvements adjacent to and through the intake facility sites. 
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Qualitative reconnaissance information is also presented relative to the existing uses of the impacted 
parcels.  

3.2.1.3 Built Environment Impacts 

The direct and indirect impacts on existing structures and other non-land features of each candidate site 
are considered. 

3.2.1.4 Proximity to Existing Development 

The proximity of the candidate sites to existing development is considered. The primary focus of this 
category is the proximity to towns near the sites.  

Impacts to residential and agricultural properties are not considered in this category but are considered 
in the Property Impacts and Built Environment categories. 

3.2.1.5 Geotechnical Concerns 

The geotechnical conditions that can be discerned from available information at each site are considered, 
and issues related to each site are described. 

3.2.1.6 Environmental and Habitat Disruption 

The environmental and habitat impacts at each site are considered using the existing information sources 
described. 

3.2.1.7 Roads and Traffic Impacts 

The potential impacts to roads and associated traffic during construction and operation of the intakes are 
considered.  

3.2.2 Evaluation Results 

Table 1 includes a summary of the characteristics of each candidate site relative to each evaluation 
category. Table 2 presents the results of the qualitative environmental and habitat disruption evaluation. 
A relative ranking is presented regarding the relative suitability of each site.
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Table 1. Summary of Alternative Intake Site Characteristics Relative to Evaluation Criteria 

Candidate 
Site 

Evaluation Category Overall 

Bathymetry and River 
Encroachment Property Impacts Built Environment Impacts 

Proximity to Existing 
Development Geotechnical Concerns 

Environmental and 
Habitat Disruption Roads and Traffic Comments 

Rank 
(see 

Notes) 

C-E-1 

• Excellent depth 
(> 20 feet); stable river 
cross section with no 
significant change in 
bathymetric surface. 

• Close to levee top; river 
encroachment of 
structure < 100 feet. 

• Expect minimum 
screen length. 

• Major impacts 
estimated on five 
properties. 

• Five additional 
properties estimated to 
be impacted to a lesser 
degree by Hwy 160 
grade adjustment only, 
including Scribner’s 
Bend Winery 
(commercial vineyard 
and wedding venue). 

• Impacts do not consider 
~5-mile access road. 

• Rural; residential; and 
agricultural use, 
including pasture, truck 
crops, and vineyard. 

• Three permanent 
residential structures 
with associated 
outbuildings within 
permanent footprint. 

• One potentially 
commercial horse ranch 
within permanent 
footprint. 

• Three residential 
structures with 
associated outbuildings 
adjacent to Hwy 160 
regrading with lesser 
impacts. 

• Powerline in footprint. 

• Work area less than 
1 mile from Town of 
Clarksburg.  

• Noise and visual impacts 
to residents, schools, 
church, and businesses 
probable. 

• Based on limited 
subsurface data, it 
appears that this site is 
underlain by about 
90 feet of soft and 
loose, potentially 
liquefiable silty sands 
and sandy silts.  

• Beneath this upper 
layer, explorations 
encountered up to 
40 feet of gravel and 
cobbles. This layer is 
anticipated to be highly 
pervious and would 
present a challenge to 
dewatering and drilled 
or driven foundation 
installation. 

• No apparent 
differentiators for this 
category.  

• Refer to detailed 
summary in Table 2. 

• Relocation and 
associated traffic 
disruption for Hwy 160. 

• No good access to work 
site. Longest new haul 
road. May need to use 
Hwy 160 or construct 
~5 mile dedicated access 
road from Town of Hood 
through agricultural 
area along slough 
boundary. 

• About one-third the 
length of access road 
would be on existing 
farm roads. 

• Bridge required for 
access road. 

• Highest impact site; 
consistently ranks 
poorly relative to other 
sites. 

• Direct and indirect 
impacts to multiple 
agricultural and 
residential properties. 

• Access expected to be 
difficult and costly, with 
agricultural impacts. 

• Worst geotechnical 
conditions.  

• Longest access road and 
connecting tunnel 
which increase overall 
project impacts. 

• River conditions are 
favorable for shorter 
intake structure, but 
little else supports use 
of this site. 

4 
(tie) 

C-E-2 

• Acceptable depth (~15-
17 feet); stable in river 
cross section with no 
significant change in 
bathymetric surface. 

• Close to levee top; river 
encroachment of 
structure < 100 feet. 

• Expect longest screen 
length. 

• Major impacts 
estimated on five 
properties. 

• Three additional 
properties estimated to 
be impacted to a lesser 
degree by Hwy 160 
grade adjustment only. 

• Impacts do not consider 
~3-mile access road. 

• Mostly agricultural land 
use, including pasture 
and orchard. 

• Three permanent 
residential structures 
with associated 
outbuildings within 
permanent footprint. 

• River landing with dock 
within permanent 
footprint. 

• Four residential 
structures with 
associated outbuildings 
adjacent to Hwy 160 
regrading and intake site 
with lesser impacts. 

• Impact to River Road 
and Scribner Road 
intersection. 

• Work area less than 
1 mile from Town of 
Clarksburg.  

• Noise and visual impacts 
to residents, schools, 
church, and businesses 
probable. 

• Based on limited 
subsurface data, it 
appears that this site is 
underlain by about 
70 feet of loose, 
potentially liquefiable 
silty sands.  

• Beneath this upper 
layer, explorations 
encountered alternating 
layers of hard silt and 
clay, and dense sands 
and gravel. 

• Closest to Stone Lakes 
National Wildlife 
Refuge. 

• No additional 
differentiators for this 
category.  

• Refer to detailed 
summary in Table 2. 

• Relocation and 
associated traffic 
disruption for Hwy 160. 

• No good access to work 
site. Long new haul 
road. May need to use 
Hwy 160 or construct 
~3-mile dedicated 
access road from Town 
of Hood through 
agricultural area along 
slough boundary and 
along 3 mile access road 
from Lambert Road. 

• About half the length of 
access road would be on 
existing farm roads. 

• Bridge required for 
access road. 

• Moderate impact site. 

• Direct and indirect 
impacts to multiple 
agricultural and 
residential properties. 

• Acceptable river 
conditions, but 
shallowest so would 
require longest intake 
structure. 

• Access expected to be 
difficult and costly, with 
agricultural impacts. 

• Direct visual impact to 
Town of Clarksburg. 

3 
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Table 1. Summary of Alternative Intake Site Characteristics Relative to Evaluation Criteria 

Candidate 
Site 

Evaluation Category Overall 

Bathymetry and River 
Encroachment Property Impacts Built Environment Impacts 

Proximity to Existing 
Development Geotechnical Concerns 

Environmental and 
Habitat Disruption Roads and Traffic Comments 

Rank 
(see 

Notes) 

C-E-3 

• Excellent depth 
(> 20 feet); stable in 
river cross section with 
no significant change in 
bathymetric surface. 

• Close to levee top; river 
encroachment of 
structure < 100 feet. 

• Expect minimum 
screen length. 

• Major impacts 
estimated on three 
properties. 

• Four additional 
properties estimated to 
be impacted to a lesser 
degree by Hwy 160 
grade adjustment only. 

• Impacts do not consider 
~1.5-mile access road. 

• Agricultural land use, 
vineyard and orchard. 

• One modular residential 
structure within 
permanent footprint.  

• Two farm operations 
outbuildings within 
permanent footprint. 

• Three residential 
structures with 
associated outbuildings 
adjacent to Hwy 160 
regrading and intake site 
with lesser impacts; one 
potentially significant 
(Rosebud House) with 
minor impact. 

• Minor powerline in 
footprint. 

• Work area less than 
1 mile from Town of 
Hood.  

• Noise and visual impacts 
to residents and 
businesses probable. 

• Based on limited 
subsurface data, it 
appears that site is 
underlain by about 
50 feet of loose, 
potentially liquefiable 
silty sands.  

• Beneath this upper 
layer, explorations 
encountered alternating 
layers of hard silt and 
clay, and dense sands 
and gravel. 

• No apparent 
differentiators for this 
category.  

• Refer to detailed 
summary in Table 2. 

• Relocation and 
associated traffic 
disruption for Hwy 160. 

• No good access to work 
site. Moderate new haul 
road length. May need 
to use Hwy 160 or 
construct ~1.5 mile 
dedicated access road 
from Town of Hood 
through agricultural 
area along slough 
boundary and along 3 
mile access road from 
Lambert Road 

• Most of access road 
would be on existing 
farm roads. 

• Lowest impact site; 
consistently ranked 
lowest for impacts 
relative to other sites. 

• Favorable river 
conditions which 
suggest shortest intake 
structure 

• Only one residential 
structure within 
permanent footprint. 

• Access appears to be 
feasible on existing farm 
roads with connection 
to Hood Franklin Road 
along slough boundary. 

1 

C-E-4 

• Excellent depth 
(> 20 feet); stable in 
river cross section with 
no significant change in 
bathymetric surface. 

• Close to levee top; river 
encroachment of 
structure < 100 feet. 

• Expect minimum 
screen length. 

• Major impacts 
estimated on two 
properties; one DWR-
owned. 

• At least four additional 
properties estimated to 
be impacted to a lesser 
degree by Hwy 160 
grade adjustment only. 

• Multiple additional 
properties in Town of 
Hood impacted by 
Hwy 160 grade 
adjustment. 

• Small additional impacts 
expected for access. 

• Agricultural land use, 
including pasture. 

• One residential 
structure with 
associated outbuildings 
within permanent 
footprint; potentially 
significant property. 

• Three residential 
structures with 
associated outbuildings 
adjacent to Hwy 160 
regrading and intake site 
with lesser impacts. 

• Direct and indirect 
impacts to homes and 
businesses within the 
Town of Hood. Not 
possible to assess full 
impact without more 
detailed engineering. 

• Work area about 
100 yards from Town of 
Hood.  

• Noise, dust, traffic, and 
visual impacts to 
residents and businesses 
expected. 

• Based on limited 
subsurface data, it 
appears that site is 
underlain by about 
25 feet of soft, 
potentially liquefiable 
clay.  

• Beneath this upper 
layer, explorations 
encountered alternating 
layers of hard silt and 
clay, and dense sands 
and gravel. 

• No apparent 
differentiators for this 
category.  

• Refer to detailed 
summary in Table 2. 

• Relocation and 
associated traffic 
disruption for Hwy 160. 
Relocation extends into 
the Town of Hood and 
intersection with Hood-
Franklin Road. 

• Good access to work site 
from short, dedicated, 
access road from Town 
of Hood or along 3 mile 
access road from 
Lambert Road. Shortest 
new haul road length. 

• Possible wetlands 
impact for access road 
near Hood. 

• High impact site since 
its adjacent to Town of 
Hood. 

• Favorable river 
conditions which 
suggest shortest intake 
structure 

• Best geotechnical 
conditions 

• Minor wetland impacts 
for access road. 

• Proximity, disruption, 
and related impacts to 
the Town of Hood are 
unavoidable. 

4 

(tie) 
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Table 1. Summary of Alternative Intake Site Characteristics Relative to Evaluation Criteria 

Candidate 
Site 

Evaluation Category Overall 

Bathymetry and River 
Encroachment Property Impacts Built Environment Impacts 

Proximity to Existing 
Development Geotechnical Concerns 

Environmental and 
Habitat Disruption Roads and Traffic Comments 

Rank 
(see 

Notes) 

C-E-5 

• Good depth (~20 feet); 
stable in river cross 
section with no 
significant change in 
bathymetric surface. 

• Close to levee top; river 
encroachment of 
structure ~105 feet. 

• Expect moderate 
screen length. 

• Major impacts 
estimated on four 
properties. 

• Five additional 
properties estimated to 
be impacted to a lesser 
degree by Hwy 160 
grade adjustment only. 

• Impacts do not consider 
~1.5-mile access road. 

• Agricultural land use, 
including orchard and 
truck crops. 

• Two residential 
structures with 
associated outbuildings 
within permanent 
footprint. May be 
possible to avoid one. 

• Two residential 
structures with 
associated outbuildings 
adjacent to Hwy 160 
regrading and intake site 
with lesser impacts; 
including Hemly 
historical house) with 
indirect impacts. 

• Minor powerline in 
footprint. 

• Site furthest from 
towns; over 1 mile to 
the Town of Hood and 
almost 2 miles to Town 
of Courtland.  

• Noise and visual impacts 
to residents and 
businesses possible, but 
limited by distance. 

• Based on limited 
subsurface data, it 
appears that site is 
underlain by about 
70 feet of soft and loose 
potentially liquefiable 
sandy silts and silty 
sands.  

• Beneath this upper 
layer, explorations 
encountered alternating 
layers of hard silt and 
clay, and dense sands 
and gravel.  

• There is a significant 
thickness of hard clay 
that may be suitable for 
seismic lateral 
foundation support. 

• No apparent 
differentiators for this 
category.  

• Refer to detailed 
summary in Table 2. 

• Relocation and 
associated traffic 
disruption for Hwy 160. 

• No good access to work 
site. Among shortest 
new haul road lengths. 
May need to use Hwy 
160 or construct ~3.5 
mile dedicated access 
road from Town of Hood 
through agricultural 
area to Lambert Road 
along slough boundary. 

• Most of access road 
would be on existing 
farm roads.  

• Possible wetlands 
impact for access road 
near Hood. 

• Lower impact site; 
consistently shows 
lower range of impacts 
relative to other sites. 

• Only two residential 
structures within 
permanent footprint; 
one may be possible to 
avoid, but additional 
engineering would be 
required. 

• Good river conditions 
for moderate length 
intake structure. 

• Proximity to potentially 
historic structure, but 
no direct impact except 
those associated with 
construction nearby. 

• Access appears to be 
feasible on existing farm 
roads along slough 
boundary with 
connection between 
Hood Franklin and 
Lambert Roads, 
although small wetlands 
impacts may result at 
Hood. 

2 

Notes:  

A lower-ranking value indicates a better site (that is, Rank 1 is best). 

~ = approximately 

< = less than 

> = greater than 
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Table 2. Intake Siting Qualitative Environmental and Habitat Disruption Evaluation 

Major Terrestrial 
Species that Could 

Occur at Intake 
Sites Habitat Characteristics 

Mitigation from 
Previous Studies Site C-E-1 Site C-E-2 Site C-E-3 Site C-E-4 Site C-E-5 Summary 

Valley Elderberry 
Longhorn Beetle 

Elderberry bushes within 
200 feet of riparian 
corridors. Observed 
plants along Snodgrass 
Slough, Railroad Cut, 
and Elk Slough. 

1) Avoid plants with 
numerous emergent 
holes for the beetle, 
if possible.  

2) Replant bushes in 
a mitigation area. 

Elderberry bushes could 
be along river bank and 
drainages between site 
and Stone Lakes NWR. 

Elderberry bushes could 
be along river bank and 
drainages between site 
and Stone Lakes NWR. 

Elderberry bushes could 
be along river bank and 
drainages between site 
and Stone Lakes NWR. 

Elderberry bushes could be 
along river bank, Snodgrass 
Slough, and drainages 
between site and Hood or 
Stone Lakes NWR. 

Elderberry bushes could be along 
river bank, Railroad Cut, and 
drainages between site and 
Stone Lakes NWR. 

Not a differentiator; 
mitigation measures are 
implementable. 

Swainson's Hawk Riparian forest and 
adjacent non-riparian 
trees. 

1) Start construction 
between September 
15 and March 15 
(outside of breeding 
season). 

2) Replant 
replacement trees 
in a mitigation area. 

Within presumed extent, 
sightings have occurred 
within 0.5 mile (per 
CNDDB). 

Within presumed extent, 
sightings have occurred 
within 0.5 mile (per 
CNDDB). 

Within presumed extent, 
sightings have occurred 
within 0.5 mile (per 
CNDDB). 

Within presumed extent, 
sightings have occurred within 
0.5 mile (per CNDDB). 

Within presumed extent, 
sightings have occurred within 
0.5 mile (per CNDDB). 

Not a differentiator, as the 
species distribution covers all 
sites. 

Greater Sandhill 
Crane and Lesser 
Sandhill Crane 

Forage habitat primarily 
in harvested row crops, 
generally corn and other 
grains, as well as 
irrigated and fallowed 
fields. Roosting in 
shallowly flooded open 
fields and wetlands. 

Avoid starting 
construction and 
activities with loud 
noises during 
wintering season 
between 
September 15 and 
March 15. 

Intake located within low 
use area; however, 
adjacent to Stone Lakes 
NWR with extensive 
foraging and roosting 
habitat (per BDCP, 2010). 

Intake located within low 
use area; however, closest 
site adjacent to Stone 
Lakes NWR with extensive 
foraging and roosting 
habitat (per BDCP, 2010). 

Intake located within low 
use area; however, close 
and adjacent to Stone 
Lakes NWR with extensive 
foraging and roosting 
habitat (per BDCP, 2010). 

Intake located within low use 
area; however, adjacent to 
Stone Lakes NWR with 
extensive foraging and 
roosting habitat (per BDCP, 
2010). 

Intake located within low use 
area; however, adjacent to Stone 
Lakes NWR with extensive 
foraging and roosting habitat (per 
BDCP, 2010). 

Not a differentiator between 
the intakes. Sites C-E-2 and C-
E-3 are closest to Stone Lakes 
NWR, but generally far from 
foraging areas. 

Tricolored Blackbird Tule and cattail marsh 
and riparian scrub, 
including California 
Blackberry bushes. 

Avoid starting 
construction during 
breeding season 
between March 15 
and July 15. 

Within presumed extent 
of breeding and foraging 
habitat (per CDFW). 

Within presumed extent 
of breeding and foraging 
habitat (per CDFW). 

Within presumed extent 
of non-breeding foraging 
habitat (per CDFW). 

Within presumed extent of 
non-breeding foraging habitat 
(per CDFW). 

Within presumed extent of non-
breeding foraging habitat (per 
CDFW) 

Not a differentiator between 
the intakes. 

Western Burrowing 
Owl  

Disturbed grasslands 
with visibility for 
observing prey, 
including ground-
burrowing mammals. 

Avoid if possible, 
and relocate during 
non-breeding 
season. 

Within presumed extent 
of breeding and foraging 
habitat, in grasslands, but 
not necessarily in orchards 
and vineyards (per CDFW). 

Within presumed extent 
of breeding and foraging 
habitat, in grasslands, but 
not necessarily in orchards 
and vineyards (per CDFW). 

Within presumed extent 
of breeding and foraging 
habitat, in grasslands, but 
not necessarily in orchards 
and vineyards (per CDFW). 

Within presumed extent of 
breeding and foraging habitat, 
in grasslands, but not 
necessarily in orchards and 
vineyards (per CDFW). 

Within presumed extent of 
breeding and foraging habitat, in 
grasslands, but not necessarily in 
orchards and vineyards (per 
CDFW). 

Possible presence within open 
fields and grasslands. 
However, burrowing owl can 
be relocated. 

Not a differentiator between 
the intakes. 

California Least Tern  Flat, unvegetated areas 
near aquatic foraging 
habitat, generally tidal 
habitat. Not observed 
near intakes (DWR 
2016). 

Avoid starting 
construction during 
breeding season 
between April 15 
and August 15. 

Probably not present due 
to existing land uses and 
water characteristics. 

Probably not present due 
to existing land uses and 
water characteristics. 

Probably not present due 
to existing land uses and 
water characteristics. 

Probably not present due to 
existing land uses and water 
characteristics. 

Probably not present due to 
existing land uses and water 
characteristics. 

Not a differentiator between 
the intakes. 
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Table 2. Intake Siting Qualitative Environmental and Habitat Disruption Evaluation 

Major Terrestrial 
Species that Could 

Occur at Intake 
Sites Habitat Characteristics 

Mitigation from 
Previous Studies Site C-E-1 Site C-E-2 Site C-E-3 Site C-E-4 Site C-E-5 Summary 

Western Yellow-
Billed Cuckoo 

Riparian corridors with 
willow-dominated 
vegetation and Fremont 
cottonwoods. Most 
habitat along 
Sacramento River 
between Colusa and Red 
Bluff. 

Avoid starting 
construction during 
breeding season 
between February 
and August. 

Habitat along the 
Sacramento River near the 
intakes occurs in small 
patches, and no confirmed 
breeding records in this 
area. 

Habitat along the 
Sacramento River near the 
intakes occurs in small 
patches, and no confirmed 
breeding records in this 
area. 

Habitat along the 
Sacramento River near the 
intakes occurs in small 
patches, and no confirmed 
breeding records in this 
area. 

Habitat along the Sacramento 
River near the intakes occurs 
in small patches, and no 
confirmed breeding records in 
this area. 

Habitat along the Sacramento 
River near the intakes occurs in 
small patches, and no confirmed 
breeding records in this area. 

Not a differentiator between 
the intakes. 

Western Pond 
Turtle 

Impoundments, 
irrigation ditches, and 
other water bodies with 
stagnant or slow-moving 
freshwater habitats, and 
areas within 0.5 mile. 

Avoid breeding 
season; and can 
relocate if habitat 
cannot be avoided. 

Within presumed extent 
of habitat at this intake 
location. 

Within presumed extent 
of habitat at this intake 
location. 

Within presumed extent 
of habitat at this intake 
location. 

Within presumed extent of 
habitat at this intake location. 

Within presumed extent of 
habitat at this intake location. 

Not a differentiator between 
the intakes. 

California Red 
Legged Frog 

Pools in perennial and 
seasonal streams and 
stock ponds. The habitat 
is generally not located 
at the intake sites. 

Avoid starting 
construction during 
breeding season 
between 
November 1 and 
March 31. 

No presumed habitat 
(DWR, 2016). 

No presumed habitat 
(DWR, 2016). 

No presumed habitat 
(DWR, 2016). 

No presumed habitat (DWR, 
2016). 

No presumed habitat (DWR, 
2016). 

Not a differentiator between 
the intakes. 

California Tiger 
Salamander 

Vernal pools for 
breeding; and grasslands 
with burrows for cover, 
foraging, and 
aestivation. The habitat 
is generally not located 
at the intake sites; 
however, this species 
has been observed in 
the vicinity of Stone 
Lakes. 

Avoid adverse 
effects on vernal 
pools. 

Vernal pools do not 
appear to be present at 
this intake location. 

Vernal pools do not 
appear to be present at 
this intake location. 

Vernal pools do not 
appear to be present at 
this intake location. 

Vernal pools do not appear to 
be present at this intake 
location. 

Vernal pools do not appear to be 
present at this intake location. 

Not a differentiator between 
the intakes. 

Giant Garter Snake  Marshes, ponds, 
sloughs, small lakes, 
low-gradient streams, 
Sacramento River, other 
wetlands, and irrigation 
and drainage canals. 

Avoid starting 
construction during 
breeding season 
between May and 
September. 

Within presumed extent 
of habitat at this intake 
location. 

Within presumed extent 
of habitat at this intake 
location. 

Within presumed extent 
of habitat at this intake 
location. 

Within presumed extent of 
habitat at this intake location. 

Within presumed extent of 
habitat at this intake location. 

Not a differentiator between 
the intakes. 
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Table 2. Intake Siting Qualitative Environmental and Habitat Disruption Evaluation 

Major Terrestrial 
Species that Could 

Occur at Intake 
Sites Habitat Characteristics 

Mitigation from 
Previous Studies Site C-E-1 Site C-E-2 Site C-E-3 Site C-E-4 Site C-E-5 Summary 

Aquatic General 
Migration Corridors  

Primary in Sacramento 
River. 

Consider migration 
patterns for 
salmonids, Delta 
smelt, and longfin 
smelt (per DWR 
discussions in 
September 2019). 

Migration activities occur 
during different time 
periods for each species or 
subspecies in the 
Sacramento River 
between the American 
River confluence and San 
Joaquin River confluence. 

Migration activities occur 
during different time 
periods for each species or 
subspecies in the 
Sacramento River 
between American River 
confluence and San 
Joaquin River confluence. 

Migration activities occur 
during different time 
periods for each species or 
subspecies in the 
Sacramento River 
between American River 
confluence and San 
Joaquin River confluence. 

Migration activities occur 
during different time periods 
for each species or subspecies 
in the Sacramento River 
between American River 
confluence and San Joaquin 
River confluence. 

Migration activities occur during 
different time periods for each 
species or subspecies in the 
Sacramento River between 
American River confluence and 
San Joaquin River confluence. 

Not a differentiator between 
the intakes because all intakes 
are located within the same 
reach. 

Notes: 

The various potential intake locations are all located along the Sacramento River near riparian habitat. While several species are present or presumed present at the potential intake locations, most species can be avoided or relocated. Therefore, species or habitat 
presence is not considered a differentiator for intake site selection. 

BDCP, 2010 = 2010 Bay Delta Conservation Plan GIS files 

CNDDB= California Natural Diversity Database GIS files, September 2019 release 

CDFW=California Department of Fish and Wildlife GIS files 

NWR = National Wildlife Refuge  
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4. Conclusions 

4.1 Candidate Sites 

Five candidate sites were identified and are shown on Figure 1. These candidate sites are essentially the 
same as the five upstream sites recommended in the 5-Agency Technical Recommendations for the 
Location of BDCP Intakes 1-7 (2011). Re-examination of the Sacramento River’s bathymetry and physical 
setting between the Town of Freeport and the confluence with Sutter Slough did not reveal new or 
additional candidate sites conforming to the siting criteria. 

4.2 Candidate Site Evaluation 

The candidate sites were evaluated and qualitatively ranked in accordance with the evaluation categories. 
The results are summarized in this section. 

4.2.1 Candidate Site C-E-1 

This site has suitable river conditions for an intake and its depth is expected to result in an intake structure 
of minimum length parallel to the river. However, this site has potentially the highest land-side impacts 
due to the number of residential and agricultural properties affected. It is not recommended for further 
consideration due to the relatively dense property distribution in the area and the number of properties 
expected to be directly or indirectly impacted.  

The site potentially has the worst geotechnical characteristics relative to dewatering during construction, 
driving and drilling foundation piles and piers, and potential liquefaction. 

The intake site and Hwy 160 regrading effort directly impact about 10 properties, not including the 
impacts related to a 5 to 8 miles of access road that may be considered to minimize traffic and wear and 
tear on Hwy 160 and Hood-Franklin Road. The impacts on properties and the built environment associated 
with using this site appear to be substantially greater than all other sites being considered except 
Candidate Site C-E-4. 

4.2.2 Candidate Site C-E-2 

This site has suitable river conditions for an intake and its relatively shallow depth is expected to result in 
an intake structure with the longest length parallel to the river. This site has relatively high land-side 
impacts, mainly related to residential impacts. It is recommended for further consideration if three intake 
sites are required for the Project.  

The intake site and Hwy 160 regrading effort directly impact about eight properties, not including the 
impacts related to a 3 to 6 mile access road that may be considered to minimize traffic and wear and tear 
on Hwy 160 and Hood-Franklin Road. The site is visible from the Town of Clarksburg. The impacts of using 
this site appear to be moderate relative to other sites being considered. 

4.2.3 Candidate Site C-E-3 

This site has suitable river conditions for an intake and its depth is expected to result in an intake structure 
with minimum length parallel to the river. This site is considered to potentially have the least land-side 
impacts, mainly because only one modular residential structure would be expected to fall inside the 
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permanent footprint. This site is considered the best choice among the candidate sites and is 
recommended for further consideration.  

The intake site and Hwy 160 regrading effort directly impact about seven properties, not including the 
impacts related to a 1.5 to 3 mile access road that may be considered to minimize traffic and wear and 
tear on Hwy 160 and Hood-Franklin Road. The impacts of using this site appear to be lower than all other 
sites being considered. 

4.2.4 Candidate Site C-E-4 

This site has suitable river conditions for an intake and its depth is expected to result in an intake structure 
with minimum length parallel to the river. However, this site is considered to have very high land-side 
impacts because it would be directly adjacent to the Town of Hood. Access road development and 
Hwy 160 regrading work would be expected to extend into the town. It is not recommended for further 
consideration due to its proximity to Hood, the resulting indirect impacts to residences and traffic, and 
the number of properties that could be directly or indirectly impacted.  

Not including an unknown number of properties in Hood, the intake site and Hwy 160 regrading effort 
directly impact about five properties. Additional impacts can be expected related to a 3-mile access road 
from the eastern side of Hood that may be considered to minimize traffic and wear and tear through 
Hood, on Hood-Franklin Road, and on Hwy 160. The impacts on Hood as well as properties and the built 
environment associated with using this site appear to be substantially greater than all other sites being 
considered except Candidate Site C-E-1. 

4.2.5 Candidate Site C-E-5 

This site has suitable river conditions for an intake and its depth is expected to result in an intake structure 
with moderate length parallel to the river. This site generally has lower land-side impacts, mainly because 
only one or two residential structures are expected to fall inside the permanent footprint. The site is 
adjacent to a historic residential structure, but work near that structure is expected to result in only minor. 
mostly indirect, impacts related to Hwy 160 regrading and from being adjacent to the work area. This site 
is considered the second best choice among the candidate sites and is recommended for further 
consideration.  

The intake site and Hwy 160 regrading effort directly impact about nine properties, not including the 
impacts related to a 3.5-mile access road that may be considered to minimize traffic and wear and tear 
on Hood Franklin Road and Hwy 160. The impacts of using this site appear to be consistently lower than 
all other sites being considered except Candidate Site C-E-3. 

5. Recommendations and Next Steps 

5.1 Recommendations 

It is recommended that Candidate Sites C-E-3, C-E-5, and C-E-2 be considered for inclusion in the Project. 
Candidate Sites C-E-3 and C-E-5 are recommended as the primary sites, with Candidate Site C-E-2 held as 
an alternate site if one of the primary sites is later determined to be unacceptable, or if a third intake site 
is needed. 

Since no more than three intake sites appear to be necessary for a single tunnel conveyance system, it is 
recommended that Candidate Sites C-E-1 and C-E-4 be eliminated from further consideration. 
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5.2 Next Steps 

The next steps related to further conceptual development of the candidate intake sites in support of the 
Project environmental documents involves the following actions to be completed by DCA, unless 
otherwise indicated: 

• Select intake sites for conceptual development to support environmental document preparation 
(selection to be completed by the DCO). 

• Define overall intake and intake site configuration requirements. 

• Verify intake sizing and subaqueous position along the river. 

• Develop conceptual full facility layouts, including Hwy 160 regrading, to define temporary and 
permanent footprint and associated impacts. 

• Evaluate impacts of proposed intakes on flood flow WSELs. 

• Develop conceptual engineering drawings, quantities, and other related information to support 
environmental document preparation. 
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Source: Figure 3.5, p. 3-18 (DWR 11-30-2010).
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