
Application No. 18985-3  Agenda Item No. 4F 

Meeting of the Central Valley Flood Protection Board 
May 29, 2015 

Staff Report 

California Department of Water Resources 
Little Baja Fish Release Site – Sherman Island 

Sacramento County 
 
 
1.0 – ITEM  
 
Consider approval of Draft Permit No. 18985-3 
(Attachment B). 
 
 
2.0 – APPLICANT  
 
California Department of Water Resources (DWR) 
 
 
3.0 – LOCATION  
 
The project is located along West Sherman Island Road on Sherman Island. 
(Sacramento River, Sacramento County, see Attachment A). 
 
 
4.0 – PROJECT DESCRIPTION  
 
The applicant proposes to construct the Little Baja Fish Release Site that will include a 
fish release system, an automated site access gate, site lighting, downspout for the fish 
release site and a pipe gate perpendicular to the levee road, along the waterside of the 
left (south) bank levee of the Sacramento River. 
 
 
5.0 - AUTHORITY OF THE BOARD 
 
California Water Code § 8534, 8590 – 8610.5, and 8700 - 8710 
 
California Code of Regulations, Title 23 (Title 23) 
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• § 6, Need for a Permit 
 
• § 13, Evidentiary Hearings 
 
• § 112, Streams Regulated and Nonpermissible Work Periods 

 
• § 120, Levees 

 
• § 126, Fences and Gates 

 
 
6.0 – PROJECT ANALYSIS 
 
The California Department of Water Resources proposes to construct the Little Baja and 
Manzo Ranch fish release sites on Sherman Island to comply with the National Marine 
and Fisheries Services’ (NMFS) Biological Opinion (BiOp) on the Long-term Operations 
of the Central Valley Project and State Water Project (2009) and the California 
Department of Fish and Wildlife’s (CDFW) Longfin Smelt Incidental Take Permit (ITP) 
for the California State Water Project Delta Facilities and Operations (2009).  Specific 
requirements are to reduce predation of salvaged fish at the fish release sites and 
increase salvaged fish survival rates. 
 
Construction of the Manzo and Little Baja fish releases site will require widening and 
lengthening of the levee. The expanded levee crown at each fish release site will be 
approximately 50 feet wide and 64 feet long to accommodate the large trucks that will 
be used to release fish. In addition the levee will be raised to account for levee 
settlement and potential sea level rise. The two fish release sites will be located on the 
levee crown about 0.5 miles apart. West Sherman Island Road will transition off the 
levee crown just before each site. The levee crown between the two fish release sites 
will be limited to authorized vehicles only for security reasons and to provide safe 
access to the two fish release sites. Automated gates will control access. 
 
A fish release system will be built at each site. The fish release system will consist of a 
pile-supported grated steel-framed equipment platform, a fish release pipe, a water 
intake pump with a water intake pipe, a retrievable fish screen for the intake pipe, 
supporting in-water steel framing and piles, and an overhead downspout. 
 

Gary W. Lemon P.E.  Page 2 



Application No. 18985-3  Agenda Item No. 4F 

 
 
 
6.1 – Hydraulic Analysis 
 
A hydraulic blockage calculation was done to assess the hydraulic blockage potential of 
the Sacramento River due to the construction of the Little Baja Fish Release Site. 
Calculations indicate that approximately 0.2 percent of the Sacramento River floodway 
will be blocked as a result of the new facility. The Corps of Engineers requires a 
hydraulic analysis if blockage is calculated to be 1 percent or more. In addition to the 
hydraulic blockage calculation a hydraulic analysis was also conducted using the Delta 
Simulation Model 2 for the 100-year event. The model results showed that the addition 
of the new fish release sites caused no noticeable changes in water surface elevation in 
the area. 
 
6.2 – Geotechnical Analysis 
 
DWR’s Division of Engineering Project Geology Section (DOE Project Geology) 
conducted site explorations for the design of the proposed salvaged fish release 
facilities. Geologic exploration related to the proposed fish release sites included land-
based cone penetrometer test (CPT), land-based and over-water soil borings, and 
laboratory testing. 
 
Levee improvements to support the fish release facilities are designed to accommodate 
the weak marsh deposits underlying the levee system. Up to fifteen feet of fill is required 
to construct the fifty foot wide crests necessary for the fish release facilities. To avoid 
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overstressing the underlying marsh deposits, broad landside berms will buttress the 
sites. The levee will be constructed in stages as the foundation materials will gain 
strength as the soil consolidates, allowing subsequent stages of fill to be placed. It is 
estimated that stages of fill up to four (4) feet thick would require a minimum waiting 
period of four (4) months before the next stage. The stage construction method has 
been successfully used for other projects on Sherman Island, however, it is anticipated 
that the levee will deform and settle as is typical of Delta levees. The time rate of 
settlement will vary depending on the inherent variability of the marsh soils, 
permeabilities of soils, and drainage paths. Additional fill may need to be placed to 
maintain the design crest elevation. The levee will be monitored during construction, but 
some risk of extensive movement during fills placement remains. The project has been 
designed with flexible couplings for utilities to account for settlement of structures 
spanning from the levee to the pile supported structures. The piles are not expected to 
settle appreciably. The design also includes providing camber for settlement. 
 
The existing levee at the two fish release sites contains predominately very loose to 
very dense sand with zones of very dense sand above groundwater tables that may be 
prone to liquefaction during an earthquake. Seismic impacts to the fish release sites due 
to earthquakes were considered. The fish release facilities are designed to 
accommodate such ground shaking in accordance with existing codes. No known active 
faults pass through the site and it was concluded that the risk of fault rupture is low. If a 
large earthquake were to occur it is anticipated that liquefaction would occur within the 
upper five feet (or less) of the foundation sand. 
 
 
7.0 – AGENCY COMMENTS AND ENDORSEMENTS  
 
The comments and endorsements associated with this project, from all pertinent 
agencies are shown below: 
 

• The local maintaining agency for the project area is RD-341 and they have 
endorsed the project with conditions.  The conditions have been 
incorporated into the permit. 
 

• The U.S. Army Corps of Engineers 208.10 comment letter has not been 
received for this application.  Staff anticipates receipt of a letter indicating 
that the USACE District Engineer has no objection to the project, subject 
to conditions.  Upon receipt of the letter, staff will review to ensure 
conformity with the permit language and incorporate it into the permit as 
Exhibit A. 
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8.0 – CEQA ANALYSIS  
 
Board staff has prepared the following CEQA findings:  
 
The Board, as a responsible agency under CEQA, has reviewed an Initial 
Study/Mitigated Negative Declaration (IS/MND) (SCH Number: 2014052035, July 2014) 
and Mitigation Monitoring and Reporting Program for the Sherman Island “Little Baja 
and Manzo Ranch” Fish Release Sites Project prepared by the lead agency, the 
Department of Water Resources.  These documents, including project design, may be 
viewed or downloaded from the Central Valley Flood Protection Board website at 
http://www.cvfpb.ca.gov/meetings/2015/05-29-2015.cfm under a link for this agenda 
item.  These documents are also available for review in hard copy at the Board and the 
Department of Water Resources offices. 
 
The Department of Water Resources determined that the project would not have a 
significant effect on the environment on November 10, 2014 and filed a Notice of 
Determination on November 12, 2014 with the State.  Board staff finds that although the 
proposed project could have a potentially significant effect on the environment, there will 
not be a significant effect in this case because revisions in the project have been made 
by or agreed to by the project proponent.  The project proponent has incorporated 
mandatory mitigation measures into the project plans to avoid identified impacts or to 
mitigate such impacts to a point where no significant impacts will occur.  These 
mitigation measures are included in the project proponent’s IS/MND and address 
impacts to air quality, biological resources and hazards and hazardous materials.  The 
description of the mitigation measures are further described in the adopted IS/MND. 
 
 
9.0 – WATER CODE SECTION 8610.5 CONSIDERATIONS 
 
1. Evidence that the Board admits into its record from any party, State or local public 

agency, or nongovernmental organization with expertise in flood or flood plain 
management: 
 
The Board has considered all the evidence presented in this matter, including the 
original and updated applications and supporting documents, this Staff Report and 
attachments, all other evidence presented by any individual or group, and all letters 
and other correspondence received by the Board and in the Board’s files related to 
this matter. 
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2. The best available science that related to the scientific issues presented by the 
executive officer, legal counsel, the Department or other parties that raise credible 
scientific issues. 

 
The accepted industry standards for the earth work proposed and water delivery 
channels under this permit as regulated by Title 23 have been applied to the review 
of this permit. 

 
3. Effects of the decision on facilities of the State Plan of Flood Control, and 

consistency of the proposed project with the Central Valley Flood Protection Plan as 
adopted by Board Resolution 2012-25 on June 29, 2012. 

 
The proposed project will improve the structural stability of the levee; therefore there 
will be no adverse effect on facilities of the State Plan of Flood Control.  In addition 
the project is consistent with the 2012 Central Valley Flood Protection Plan. 
 
The Delta Stewardship Council (DSC), and its authorizing statutes, requires that any 
actions in the Delta be consistent with the Delta Plan.  DWR staff and DSC staff met 
to discuss the entire Sherman Island “Little Baja and Manzo Ranch” Fish Release 
Sites Project (Project) and it was determined that (under Step 3 of the DSC review 
process) the Project was not covered by any of the regulatory policies of the Delta 
Plan since the primary purpose of the Project was for releasing fish. Therefore, 
policies ER P4 (proposed actions that would construct or rehabilitate levees) and RR 
P1 (proposed actions that involve discretionary State investments in Delta flood risk 
management) would not be applicable to this Project. 
 

4. Effects of reasonable projected future events, including, but not limited to, changes 
in hydrology, climate, and development within the applicable watershed: 

 
There will be no effects of reasonable projected future events to the project. Rising 
sea levels due to global warming may result in the need to raise the crown elevation 
of the levee. 
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10.0 – STAFF RECOMMENDATION  
 

Staff recommends that the Board: 

Adopt: 
• the CEQA findings; 

Approve: 
• draft Encroachment Permit No. 18985-3 in substantially the form provided; and 

Direct: 
• the Executive officer to take the necessary actions to execute the permit and file 

a Notice of Determination pursuant to CEQA with the State Clearinghouse. 
 
 
11.0 – LIST OF ATTACHMENTS  
 

A. Location Maps and Photos 
B. Draft Permit No. 18985-3 
C. Project Drawings 
D. Geotechnical Report 

 
 
 
 
Design Review:  Gary W. Lemon P.E. 
Environmental Review:  Andrea Buckley, Senior Environmental Scientist 
Document Review:  Mitra Emami P.E., Branch Chief - Permitting and Enforcement  
  Len Marino P.E., Chief Engineer 
Legal Review:  Nicole Rinke, Counsel 
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Figure 1: Little Baja and Manzo Ranch Fish Release Sites Location Map 
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Figure 12: Little Baja Fish Release Site Plan 
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DRAFT 
STATE OF CALIFORNIA                           

THE RESOURCES AGENCY 

THE CENTRAL VALLEY FLOOD PROTECTION BOARD 
 
 

PERMIT NO. 18985-3 BD 
This Permit is issued to: 

 
 California Department of Water Resources (DWR) 
  1416 9th Street, Room 215-37      
  Sacramento, California 95814 
 
 
 

To construct the Little Baja Fish Release Site that will include a fish release 
system, an automated site access gate, site lighting, downspout for the fish release 
site and a pipe gate perpendicular to the levee road, along the waterside of the left 
(south) bank levee of the Sacramento River.    
 
The project is located along West Sherman Island Road, on Sherman Island.  
(Section 32, T3N, R2E, MDB&M, Reclamation District 341, Sacramento River, 
Sacramento County). 

 
  
   
             NOTE: Special Conditions have been incorporated herein which may place 
  limitations on and/or require modification of your proposed project 
  as described above.  
   
 
 

(SEAL) 
 
 
 

Dated: _________________________  ______________________________________________ 
     Executive Officer 

 
GENERAL CONDITIONS: 
 
ONE:  This permit is issued under the provisions of Sections 8700 – 8723 of the Water Code. 
 
TWO:  Only work described in the subject application is authorized hereby. 
 
THREE:  This permit does not grant a right to use or construct works on land owned by the Sacramento and San Joaquin Drainage District or on any 
other land. 
 
FOUR:  The approved work shall be accomplished under the direction and supervision of the State Department of Water Resources, and the 
permittee shall conform to all requirements of the Department and The Central Valley Flood Protection Board. 
 
FIVE:  Unless the work herein contemplated shall have been commenced within one year after issuance of this permit, the Board reserves the right to 
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change any conditions in this permit as may be consistent with current flood control standards and policies of The Central Valley Flood Protection 
Board. 
 
SIX:  This permit shall remain in effect until revoked.  In the event any conditions in this permit are not complied with, it may be revoked on 15 
days’ notice. 
 
SEVEN:  It is understood and agreed to by the permittee that the start of any work under this permit shall constitute an acceptance of the conditions 
in this permit and an agreement to perform work in accordance therewith. 
 
EIGHT:  This permit does not establish any precedent with respect to any other application received by The Central Valley Flood Protection Board. 
 
NINE:  The permittee shall, when required by law, secure the written order or consent from all other public agencies having jurisdiction. 
 
TEN:  The permittee is responsible for all personal liability and property damage which may arise out of failure on the permittee’s part to perform 
the obligations under this permit.  If any claim of liability is made against the State of California, or any departments thereof, the United States of 
America, a local district or other maintaining agencies and the officers, agents or employees thereof, the permittee shall defend and shall hold each of 
them harmless from each claim. 
 
ELEVEN:  The permittee shall exercise reasonable care to operate and maintain any work authorized herein to preclude injury to or damage to any 
works necessary to any plan of flood control adopted by the Board or the Legislature, or interfere with the successful execution, functioning or 
operation of any plan of flood control adopted by the Board or the Legislature. 
 
TWELVE:  Should any of the work not conform to the conditions of this permit, the permittee, upon order of The Central Valley Flood Protection 
Board, shall in the manner prescribed by the Board be responsible for the cost and expense to remove, alter, relocate, or reconstruct all or any part of 
the work herein approved. 
 
 
SPECIAL CONDITIONS FOR PERMIT NO.  18985-3 BD 
 
 
 
LIABILITY AND INDEMNIFICATION 
 
THIRTEEN: The permittee is responsible for all liability associated with construction, operation, and 
maintenance of the permitted facilities and shall defend, indemnify, and hold the Central Valley Flood 
Protection Board and the State of California; including its agencies, departments, boards, 
commissions, and their respective officers, agents, employees, successors and assigns (collectively, 
the "State"), safe and harmless, of and from all claims and damages arising from the project 
undertaken pursuant to this permit, all to the extent allowed by law.  The State expressly reserves the 
right to supplement or take over its defense, in its sole discretion. 
 
FOURTEEN: The permittee shall defend, indemnify, and hold the Central Valley Flood Protection 
Board and the State of California, including its agencies, departments, boards, commissions, and 
their respective officers, agents, employees, successors and assigns (collectively, the "State"), safe 
and harmless, of and from all claims and damages related to the Central Valley Flood Protection 
Board's approval of this permit, including but not limited to claims filed pursuant to the California 
Environmental Quality Act.  The State expressly reserves the right to supplement or take over its 
defense, in its sole discretion. 
 
FIFTEEN: The Central Valley Flood Protection Board, Department of Water Resources, and 
Reclamation  District No. 341 shall not be held liable for any damages to the permitted 
encroachment(s) resulting from flood fight, operation, maintenance, inspection, or emergency repair. 
 
 
AGENCY CONDITIONS 
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SIXTEEN: All work approved by this permit shall be in accordance with the submitted drawings and 
specifications except as modified by special permit conditions herein.  No further work, other than that 
approved by this permit, shall be done in the area without prior approval of the Central Valley Flood 
Protection Board. 
 
SEVENTEEN: Construction work of any type shall not be done on levees or within the levee section 
during the flood season from November 1st to April 15th. 
 
EIGHTEEN: The permittee shall be responsible for repair of any damages to the project levee and 
other flood control facilities due to construction, operation, or maintenance of the proposed project. 
 
NINETEEN: The permittee shall comply with all conditions set forth in the letter from the Department 
of the Army (U.S. Army Corps of Engineers, Sacramento District) dated __________, which is 
attached to this permit as Exhibit __ and is incorporated by reference. 
 
 
PRE-CONSTRUCTION 
 
TWENTY: Upon receipt of a signed copy of the issued permit the permittee shall contact the Central 
Valley Flood Protection Board by telephone at (916) 574-0609, and submit the enclosed postcard, to 
schedule a preconstruction conference with the inspector that is assigned to your project.  Failure to 
do so at least 10 working days prior to start of work may result in a delay of the project. 
 
 
CONSTRUCTION 
 
TWENTY-ONE: All cleared trees and brush shall be completely burned or removed from the 
floodway, and downed trees or brush shall not remain in the floodway during the flood season from 
November 1st to April 15th. 
 
TWENTY-TWO: Prior to placement of fill for the toe berm and against the levee slope all surface 
vegetation shall be removed to a depth of 6 inches.  Organic soil and roots larger than 1-1/2 inches in 
diameter shall be removed to a depth of 3 feet. 
 
TWENTY-THREE: All fill material shall be imported impervious material with 20 percent or more 
passing the No. 200 sieve, a plasticity index of 8 or more, and a liquid limit of less than 50 and free of 
lumps or stones exceeding 3 inches in greatest dimension, vegetative matter, or other unsatisfactory 
material.  Fill material shall be compacted in 4- to 6-inch layers to a minimum of 90 percent relative 
compaction as measured by ASTM Method D1557-91 or equivalent. 
 
TWENTY-FOUR: Fill on the levee slope shall be keyed into the existing levee section with each lift. 
 
TWENTY-FIVE: The steel piling shells shall be lowered (jacked) into the predrilled hole, as drilling 
progresses, and shall not be driven into the levee section or foundation. 
 
 
VEGETATION / ENVIRONMENTAL MITIGATION 
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TWENTY-SIX: The mitigation measures approved by the CEQA lead agency and the permittee are 
found in its Mitigation and Monitoring Reporting Program (MMRP) adopted by the CEQA lead agency.  
The permittee shall implement all such mitigation measures. 
 
 
POST-CONSTRUCTION 
 
TWENTY-SEVEN: All debris generated by this project shall be disposed of outside the Project Works. 
 
TWENTY-EIGHT: The project area shall be restored to at least the condition that existed prior to 
commencement of work. 
 
TWENTY-NINE: Upon completion of the project, the permittee shall submit as-constructed drawings 
to:  Department of Water Resources, Flood Project Inspection Section, 3310 El Camino Avenue, 
Suite 256, Sacramento, California 95821. 
 
 
OPERATIONS AND MAINTENANCE 
 
THIRTY: Debris that may accumulate on the permitted encroachment(s) and related facilities shall be 
cleared off and disposed of outside the floodway after each period of high water. 
 
THIRTY-ONE: The permittee shall maintain the permitted encroachment(s) and the project works 
within the utilized area in the manner required and as requested by the authorized representative of 
the Central Valley Flood Protection Board, the Department of Water Resources, or any other agency 
responsible for maintenance. 
 
THIRTY-TWO: In the event that levee or bank erosion injurious to the adopted plan of flood control 
occurs at or adjacent to the permitted encroachment(s), the permittee shall repair the eroded area 
and propose measures, to be approved by the Central Valley Flood Protection Board, to prevent 
further erosion. 
 
THIRTY-THREE: The permitted encroachment(s) shall not interfere with operation and maintenance 
of the flood control project.  If the permitted encroachment(s) are determined by any agency 
responsible for operation or maintenance of the flood control project to interfere, the permittee shall 
be required, at permittee's cost and expense, to modify or remove the permitted encroachment(s) 
under direction of the Central Valley Flood Protection Board or Department of Water Resources.  If 
the permittee does not comply, the Central Valley Flood Protection Board may modify or remove the 
encroachment(s) at the permittee's expense. 
 
THIRTY-FOUR: Reclamation District No. 341 and the Department of Water Resources' Flood Project 
Inspection Section shall have 24/7 access to the levee crown between the Little Baja and the Manzo 
Ranch Fish Release Sites. 
 
 
REAL ESTATE 
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THIRTY-FIVE: The permittee shall provide the Central Valley Flood Protection Board with a 
permanent easement granting the Sacramento and San Joaquin Drainage District flood control rights 
upon, over, and across the property to be occupied by the proposed levee modification that will 
accomodate the Little Baja Fish Release Site.  Contact Real Estate at (916) 653-7654. 
 
 
PROJECT ABANDONMENT / CHANGE IN PLAN OF FLOOD CONTROL 
 
THIRTY-SIX: If the project, or any portion thereof, is to be abandoned in the future, the permittee or 
successor shall abandon the project under direction of the Central Valley Flood Protection Board and 
Department of Water Resources, at the permittee's or successor's cost and expense. 
 
THIRTY-SEVEN: The permittee may be required, at permittee's cost and expense, to remove, alter, 
relocate, or reconstruct all or any part of the permitted encroachment(s) if in the discretion of the 
Central Valley Flood Protection Board the removal, alteration, relocation, or reconstruction is 
necessary as part of or in conjunction with any present or future flood control plan or project or if the 
Project is not maintained or is damaged by any cause. If the permittee does not comply, or in the 
event of an emergency, the Central Valley Flood Protection Board may remove the encroachment(s) 
at the permittee's expense. 
 
 
END OF CONDITIONS 
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PROJECT CONTROL
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103
85
93
99

105
92
94

107
100
96
96

100
102
112
116
113
118
114
117
116
109
108
75
84
84
62
60
68
59
58
53
50
-
-
-
-
-
--

-
-
-
-
-

Match Existing Levee
13.8
13.8
13.8
13.8
13.8
13.8
16.0
14.4
13.8
13.8
13.8
13.8
13.8
13.8
13.8
13.8
13.8
13.8
13.8
13.8
13.8
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13.8
13.8
13.8
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13.8
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13.8
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16.3
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13.8
13.8
13.8

Match Existing Levee
-
-
-
-
-
-
-
-
-
--

-
-
-
-
-
-
-
-
-

Match Existing Levee
19.8
28.5
12.0
12.0
12.0
13.0
45.4
13.0
12.0
12.0
13.0
12.0
12.0
12.0
12.0
15.0
12.0
17.0
16.0
12.0
12.0
12.0
16.0
12.0
14.0
12.0
12.0
12.0
12.0
12.0
12.0
19.3
35.6
12.0
12.0
12.0
12.0
32.7
21.4

Match Existing Levee
-
-
-
-
-
-

Station

694+00
695+00
696+00
697+00
698+00
699+00
700+00
701+00
702+00
703+00
704+00
705+00
706+00
707+00
708+00
709+00
710+00
711+00
712+00
713+00
714+00
715+00
716+00
717+00
718+00
719+00
720+00
721+00
722+00
723+00
724+00
725+00
726+00
727+00
728+00
729+00
730+00
731+00
732+00
733+00
734+00
735+00
736+00
737+00
738+00
739+00
740+00
741+00
742+00
743+00
744+00
745+00
746+00
747+00
748+00
749+00

9.0 *

750+00
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TEMPORARY ROAD PLAN STATIONS 687+00 - 700+00
AND PROJECT CONTROL
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Approximate Distance from
Construction Reference Line

to CL of Temporary Road

Temporary Road

-
19
45

23, 71
54, 99

118, 138

198
211
211
212
212
212
209
218
226
236
239
230
208
206
206
207
206
205
204
203
203
204
202

203
210
217
220
220
219
219
222
227
232
228
222
195
195
195
195
195

176, 200
89, 200
31, 158

58
25
-
-
-
-
-
-
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700+00
701+00
702+00
703+00
704+00
705+00
706+00
707+00
708+00
709+00
710+00
711+00
712+00
713+00
714+00
715+00
716+00
717+00
718+00
719+00
720+00
721+00
722+00

723+00
724+00
725+00
726+00
727+00
728+00
729+00
730+00
731+00
732+00
733+00
734+00
735+00
736+00
737+00
738+00
739+00
740+00

699+00
698+00
697+00
696+00
695+00
694+00

741+00
742+00
743+00
744+00
745+00
746+00
747+00
748+00
749+00
750+00

Temporary Road

Station
Approximate Distance from
Construction Reference Line

to CL of Temporary Road
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STATIONS 700+00 - 713+00

Designed
By

Drawn
By

Checked
By

Approved
By

Date

SHEET

SHEETS

OF

REVISIONS

DATEAPVD.REF. DESCRIPTION

Fi
le

N
am

e

R
ev

is
io

n
D

at
e

Pl
ot

D
at

e

o oi RECLAMATION DISTRICT NO. 341

PRELIMINARY 
NOT FOR CONSTRUCTION AND "MANZO RANCH" FISH RELEASE SITES

SHERMAN ISLAND "LITTLE BAJA"

45
No. 52903

Exp.

CIVIL

12/31/14

NOT FOR PUBLIC USE
OR DISTRIBUTION

5

TEMPORARY ROAD PLAN

Attachment C



STATIONS 713+00 - 728+00
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STATIONS 728+00 - 743+00
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STATIONS 743+00 - 758+00
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TEMPORARY ROAD CROSS SECTIONS
STATIONS 696+00 - 700+00
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STATIONS 705+00 - 715+00
TEMPORARY ROAD CROSS SECTIONS
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STATIONS 720+00 - 730+00
TEMPORARY ROAD CROSS SECTIONS
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STATIONS 735+00 - 742+00
TEMPORARY ROAD CROSS SECTIONS
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REVISIONS

STATION 744+00
TEMPORARY ROAD CROSS SECTIONS
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TYPICAL TEMPORARY ROAD SECTIONS
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TYPICAL TEMPORARY ROAD SECTIONS
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PLAN
STATIONS 687+00 - 700+00
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PLAN
STATIONS 700+00 - 713+00
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PROFILES
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CROSS SECTIONS
STATIONS 700+00 - 704+00
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CROSS SECTIONS
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CROSS SECTIONS
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CROSS SECTIONS
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CROSS SECTIONS
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CROSS SECTIONS
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PLAN - LITTLE BAJA ACCESS GATE &
PLAN - LITTLE BAJA FISH RELEASE PAD
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SECTION AT 707+33, LITTLE BAJA
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PLAN - MANZO RANCH ACCESS GATE &
PLAN - MANZO RANCH FISH RELEASE PAD
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SECTION AT 732+86, MANZO RANCH
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PULLBOX DETAILS & CONDUIT TRENCH SECTIONS
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TYPICAL SECTION AND DETAIL
APPROXIMATE STA. 702+00 TO 738+00
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TYPICAL SECTION AND DETAIL
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I. INTRODUCTION 

 

This report presents the results of our geotechnical evaluation for the two New Salvaged 

Fish Release Sites for Reclamation District 341 (District) on Sherman Island in Sacramento 

County, California.  The California Department of Water Resources (DWR) plans to construct 

two salvaged fish release facilities on the northwest side of Sherman Island along the 

Sacramento River: the Little Baja Site (at approximately District Station 707) and the Manzo 

Ranch Site (at approximately District Station 733).  Each salvaged fish release site will require 

widening the existing crest to at least 50 feet and raising the crest.  The levee crest will be 

paved with asphalt concrete and a fish release system will be constructed on the waterside 

slope.  The fish release system will consist of a fish discharge pipe extending down the 

waterside slope into the water, a water intake pipe, and an equipment platform (approximately 

20 feet wide by 12 feet long).  The pipes and platform will be supported by pile foundations 

which will be designed by DWR.  The platform will extend over the waterside slope.  The levee 

between the fish release sites and the county road will be realigned as part of this project.  Our 

evaluation for the levee improvements and the county road realignment between the two fish 

release sites are presented in a separate report.  

 

Sherman Island and the surrounding areas are shown on the Vicinity Map, Plate 1.  The 

two fish release sites and locations of borings and cone penetration test soundings (CPT) are 

shown on the Site Plans, Plates 2 and 3.  The elevations in this report are referenced to the 

North American Vertical Datum of 1988 (NAVD88).  However, some of the published data 

(Geologic map and previous boring and drill logs) were recorded using the National Geographic 

Vertical Datum of 1929 (NGVD29).  A correction of +2.4 feet is used to convert from NGVD29 to 

NAVD88 elevations for this project.  

 

The criteria for this levee reach is outlined in the Operation and Maintenance (O&M) 

Manual for Reclamation District No. 341 dated February 1962.  The O&M Manual indicates that 

the design prism for the reach is a 20 foot wide crest with maximum landside and waterside 

slopes of 2H:1V (horizontal to vertical) and 3H:1V, respectively.  The freeboard requirement is 3 

feet above the adopted design flood level.  The adopted flood level for this reach is Elevation 

11.7 feet North American Vertical Datum of 1988 (NAVD88). 
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Our scope of services was outlined in our proposals dated June 25, 2013 and 

November 18, 2013.  Our scope of services is for design of improvements for the fish release 

sites.  The results of our geotechnical evaluation are presented in this report. 
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II. EXISTING DATA 
 

DWR collected subsurface data in 2013 for the two salvaged fish release sites and 

presented the data in the Project Geology Report 80-10-39 dated January 2014.  DWR 

previously collected data for the Salinity Control Barrier projects in the 1950's. 

 

The approximate boring and CPT locations are presented on the Site Plans, Plates 2 

and 3.  The logs of borings and CPT's from the January 2014 report and also the 1950’s DWR 

drill logs are presented in our report, titled “Geotechnical Evaluation, Sherman Island – Stations 

700 to 850, Sacramento County, California”, dated November 11, 2014.   
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III. SITE CONDITIONS 

 
A. Geology 

The United States Geological Survey (USGS) has published geologic maps for 

the Sacramento-San Joaquin Delta (Atwater 1982).  The Atwater geologic map that includes 

Sherman Island and the geologic descriptions of the map (geology) units are presented on Plate 

4.  The geology map shows that Sherman Island is covered by peat and mud (Qpm), except 

one relatively small area (between approximately Stations 755 and 805) along the Sacramento 

River where hydraulic fill (Qds) blankets the surface. 

 

The present configuration of the Sacramento-San Joaquin River Delta began to 

form after the last ice age, about 10,000 years ago.  During the ice age, sea levels were 200 to 

300 feet below present levels.  Sea levels rose rapidly for several thousand years then the rate 

of sea level rise slowed.  As sea levels rose, the Delta was inundated.  The sea level rise was 

slow enough to allow for the accretion of marsh vegetation and formation of a widespread peat 

marsh (mapped as Qpm). 

 

The peat continued to accumulate as sea levels rose.  The marsh formation was 

halted upon reclamation of land in the late 1800’s and early 1900’s within the Delta. 

 

The reclamation of the Delta allowed the peat materials to dry.  The process of 

drying an organic material such as the peat causes it to oxidize and deplete.  The ground 

surface within Sherman Island has subsided since the island was reclaimed predominately due 

to soil oxidation and disappearance of the peat.  Oxidation continues to occur throughout the 

Delta. 

 
B. Surface Conditions  
 1. Little Baja Site (Station 707) 
  The topographic survey data indicates that the crest centerline varies 

from Elevation 12.9 feet to Elevation 14.9 feet.  The levee crest width ranges from 28 feet to 30 

feet.  The levee crest is covered with aggregate base.  The island interior near the levee varies 

from about Elevation -7 feet to Elevation -10 feet.  The landside slope is inclined at about 3H:1V 

(horizontal to vertical) to 4H:1V.  The landside levee slope and toe are covered by vegetation 

that consists of grass and brush.   
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  The waterside slope is inclined at 3H:1V.  Based on the bathymetric data, 

the mudline near the waterside slope is at approximately Elevation -30 feet.  The upper portion 

of most of the waterside slope is not covered by riprap.   

 

 2. Manzo Ranch Site (Station 733)  
  The topographic survey data indicates that the crest centerline varies 

from Elevation 12.1 feet to Elevation 14.1 feet.  The levee crest width ranges from 16 feet to 20 

feet.  The levee crest is covered with aggregate base.   

 

  The island interior near the levee is at Elevation -10 feet to Elevation -11 

feet.  The landside slope is inclined at 3H:1V to 4H:1V.  The landside levee slope and toe are 

covered by vegetation that consists of grass and brush.    

   

  The waterside slope is inclined at 3H:1V.  The mudline near the waterside 

slope is at approximately Elevation -25 feet.  The upper portion of most of the waterside slope is 

not covered by riprap.  

 
C. Subsurface Conditions  
 The island is below sea level and groundwater levels within the island are 

artificially controlled by evapo-transpiration and pumping.  Conditions are expected to vary 

across the site with time, and depend on several factors including changes in moisture content 

resulting from seasonal precipitation, irrigation practices, and tides. 

 

 The typical daily tidal range at Sherman Island varies from about Elevation 2 feet 

to Elevation 6 feet.  Extreme low tides are near Elevation 1 foot and extreme high tides are near 

Elevation 7 feet.  The 100-year base flood level used by the District and the design team is 

Elevation 9.8 feet. 

 

 1. Little Baja Site 
  The levee consists of fill over marsh deposits.  The crest is covered with 

aggregate base.  Beneath the aggregate base is a heterogeneous mixture of fill consisting 

predominately of silty sand.  The consistency of the silty sand fill ranges from very loose to 

loose.  The fill thickness ranges from 15 to 20 feet at the boring and CPT locations.   
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  The fill is underlain by marsh deposits.  The marsh deposits consist 

predominately of weak and compressible peat and organic silt and clay.  The base of the marsh 

deposits ranges from approximately Elevation -53 feet to Elevation -61 feet.  Our interpretation 

of the elevation of the base of marsh deposits beneath the levee is presented on Plate 5.   

 

  The material beneath the marsh deposits varies with several locations 

underlain by sand to the depths explored and with other locations underlain by variable zones of 

silt and sand.  The consistency of the sand is variable and ranges from loose to dense.  The 

loosest sand is typically located directly below the marsh soils.  The geologic sections at the 

Little Baja Site (from the DWR Project Geology Report) are presented on Plates 6 through 8. 

 

 2. Manzo Ranch Site 
  The levee consists of fill over marsh deposits.  The crest is covered with 

aggregate base.  Beneath the aggregate base is a heterogeneous mixture of fill consisting of 

sand, silt, and clay.  The consistency of the sand fill ranges from very loose to very dense.  The 

consistency of the silt and clay fill ranges from medium stiff to stiff.  The fill thickness ranges 

from 19 to 23 feet at the boring and CPT locations.   

 

  The fill is underlain by marsh deposits.  The marsh deposits consist 

predominately of weak and compressible peat and organic silt and clay.  The base of the marsh 

deposits ranges from approximately Elevation -44 feet to Elevation -47 feet.   

 

  The material beneath the marsh deposits is similar to the Little Baja Site, 

including variable zones of silt and sand.  The consistency of the sand is variable and ranges 

from loose to dense.  The geologic sections at the Manzo Ranch Site (from the DWR Project 

Geology Report) are presented on Plates 9 through 11. 
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IV. DISCUSSION AND CONCLUSIONS 
 

A. General 
 The significant geotechnical considerations for this project are the presence of 

marsh soils below the levee, short term stability of the levee during fill placement, and 

settlement and lateral deformation of the levee.  These issues and other considerations for 

design and construction of the project are discussed below. 
 

This report is limited to the evaluation of levee improvements needed to construct 

the wider crest at the two sites.  Our recommendations for construction of other levee 

improvements and the seepage analysis parameters and results are presented in our report 

titled "Geotechnical Evaluation, Sherman Island - Stations 700 to 850, Sacramento County, 

California", dated November 11, 2014.   
 

The levee on Sherman Island is founded on weak marsh deposits consisting 

predominately of peat and organic soil.  More than 15 feet of fill is required to construct the 50-

foot wide crests.  To avoid overstressing the underlying marsh deposits, we conclude that the 

fish release sites will need broad landside berms to buttress the sites and will need to be 

constructed in stages.  The stage construction method has been used successfully on Sherman 

Island and other Delta projects.  The levee will deform and settle as is typical of Delta levees.  

The levee will need to be monitored and there is still some risk of extensive movement occurring 

during fill placement. 
 

DWR plans to install foundation and utilities within the levee crest.  The 

improvements should not be placed within the theoretical levee section except as approved by 

the Central Valley Flood Protection Board.  

 

 B. Slope Stability  
The fish release sites are part of a larger levee improvement project.  Slope 

stability and seepage analysis for the larger levee project is presented in a separate report.  The 

slope stability analysis in this report is limited to the two fish release sites.  We performed 

analysis for the existing levee and for the reconfigured levee for effective stress conditions with 

the results shown below. 
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A concern for fill on soft ground is overstressing the ground and causing ground 

failure.  The levee is underlain by a thick deposit of marsh soils.  Fills placed too quickly could 

exceed the strength capacity of weak foundation materials (marsh soils) at the site.  We 

checked the factor of safety for placement of the fill in one lift and conclude that the levee 

should not be constructed in one lift without the potential for larger levee movements.  We 

conclude that the levee should be constructed in stages.  The foundation materials will gain 

strength as the soil consolidates allowing subsequent stages of fill to be placed.   

 

We performed an analysis for stages of filling.  Our analysis included placing 

stages of fill up to 4 feet thick with a minimum waiting period between stages of 4 months.  The 

number of stages required will depend on the thickness of fill needed to achieve grade and the 

magnitude of settlement that occurs during and after filling.  The settlement that occurs during 

the stages of filling will increase the thickness of fill needed to construct the project and number 

of stages.  The settlement of the fill must be considered when evaluating the number of lifts 

required and time for construction.  For purposes of this report, we have shown four stages of 

filling.  The typical design configurations, including four stages of fill placement, are presented 

on Plates 12 through 15.   

 

We developed the basis for the stages of filling and time between stages through 

analysis and judgment.  The stage analysis used undrained shear strengths for the marsh soils 

presented on Plate 16 and parameters on Plates 17 through 22 for the remaining soil layers.  

The parameters used for the marsh soils were based mainly on data collected by us over the 

years and are published separately.  We reviewed the lab data from the DWR report and 

concluded that the data is consistent with our typical parameters. 

 

We used Spencer's Method of Analysis and computer program SLOPE/W for the 

analysis of consolidation.  The results of the analysis are presented on Plates 17 through 22 

and in Tables 1 through 4. 

 

The stability analysis and settlement were performed together as an iterative 

process.  The time for complete consolidation and strength gain is too long to meet the 

construction schedule.  The second and subsequent stages for fill need to be placed while 

consolidation continues.  We used the pore pressure dissipation and estimate of effective stress 

from CONSOL to estimate the undrained shear strength for each stage. 
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The analysis was performed for the Manzo Ranch Site with conclusions used by 

us for both sites.  We chose the Manzo Ranch Site because the fill thickness required to 

construct the levee is larger, requiring more stages of fill.  The base of the marsh soils is deeper 

at the Little Baja Site.  In some sites the thicker zone of marsh soils can lead to lower factors of 

safety.  The slope stability results indicate that the critical failure planes do not extend to the 

base of the marsh soil at the Manzo Ranch Site as shown on Plates 17 through 22.  We 

conclude that the factor of safety and stage loading developed from the Manzo Ranch Site can 

be used as the basis for filling at the Little Baja Site.  Given the assumptions on the rate of 

consolidation and strength gain required for a stage analysis, it will be important to monitor 

during construction to allow confirmation of some of our assumptions. 

 

Table 1: Factors of Safety for Landside Slopes – Stage Analysis  

Site 

Existing 
Levee Rehabilitated Levee – End of Construction 

Undrained 
Strength 

Undrained Strength 

Stage 1 Stage 2 Stage 3 Stage 4 
Manzo 
Ranch 1.42 1.46 1.45 1.48 1.39 

 

Table 2: Factors of Safety for Waterside Slopes – Stage Analysis  

Site 

Existing 
Levee Rehabilitated Levee – End of Construction 

Undrained 
Strength 

Undrained Strength 

Stage 1 Stage 2 Stage 3 Stage 4 
Manzo 
Ranch 1.43 1.42 1.42 1.42 1.36 

 

Table 3: Factors of Safety for Slopes – Manzo Ranch 

Site 
Existing Levee Rehabilitated Levee Long Term 

Effective Effective 
Landside 1.47 2.39 
Waterside 1.80 1.71 
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Table 4: Factors of Safety for Slopes – Little Baja 

Site 
Existing Levee Rehabilitated Levee Long Term 

Effective Effective 
Landside 1.40 2.20 
Waterside 1.56 1.53 

 

The factor of safety for the effective stress analysis for the landside and 

waterside slope is above the USACE minimum of 1.4.   

 

The undrained factor of safety for each stage of fill is near 1.4.  The intent of the 

stage filling is to not reduce the existing factor of safety during each stage of fill.  After the fill is 

completed, the marsh soil will consolidate and gain strength leading to higher factors of safety in 

the long term. 

 

C. Settlement  
To estimate the magnitude of ground settlement from placement of new fill on the 

levee we used computer program CONSOL.  The properties used for the settlement analysis 

are presented in Table 5.  Our settlement models assumed double drainage.  The estimates are 

based on raising the levee crest to Elevation 16.7 feet at the fish release sites.   

 

Our estimate of settlement is based on the fill thicknesses shown in Table 6.  We 

estimated settlement at four locations: the waterside top of slope, center of the fish release pad, 

the landside top of slope (hinge), and the catch point between the toe berm and the 4H:1V 

landside slope.   

 

The analysis indicated that the levee crest will settle about 0.6 feet near the 

waterside hinge, about 1.2 feet near the center of the pad, about 3.3 feet near the landside 

slope hinge, and about 3.5 feet at the toe berm.  Some of the settlement will occur while the 

project waits for the stages of fill to be placed and the remainder will occur after the project is 

completed. 

 

The time rate of settlement will vary depending on the inherent variability of the 

marsh soils, permeabilities of soils, and drainage paths.  Under the new fill loading, the levee 
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may settle to design crest elevation earlier than our estimates.  Additional fill may need to be 

placed to maintain the design crest elevation.  

 

The crest will continue to settle for many years after the fill is placed and the 

improvements are completed.  The crest will need to be raised to maintain its elevation.  DWR 

will need to consider the effects of settlement and deformation on the design of the 

improvements.  The pile supported structures will not settle appreciably.  DWR should make 

accommodations for settlement for structures spanning from the levee to the pile supported 

structures and for maintaining the height of the levee to meet permit requirements.  Flexible 

couplings should be included for utilities.  Other maintenance activities may include releveling of 

gates and raising of the levee.   

 

Table 5: Properties of Marsh Soils for Settlement Analysis 

Properties Peat Silt 

Unit Weight (pcf) 70 100 

Initial Void Ratio, e0 5 2 
Compression Index, Cc 3 0.7 

Recompression Index, Cr 0.3 0.07 
Coefficient of Consolidation, Cv (ft2/year) 80 to 150 40 

 

Table 6: Settlement with Engineering Judgments 
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Stage 1 0 0 2.9 0 4 0 4 0 4 

Stage 2 0.33 0.1 2.9 0.1 6.8 0.3 8 0.7 5 

Stage 3 0.67 0.2 2.9 0.4 6.8 0.7 12 1.0 5 

Stage 4 1 0.2 2.9 0.5 6.8 1.0 16 1.2 5 

 2 0.3 2.9 0.6 6.8 1.7 16 1.5 5 

 5 0.4 2.9 1.0 6.8 2.7 16 2.3 5 

 10 0.5 2.9 1.2 6.8 3.3 16 2.8 5 
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D. Seismic Hazards and Performance  
1. Seismic Hazards 

  The predominant seismic hazard for this site is strong groundshaking 

resulting from earthquakes.  The fish release facilities should be designed to accommodate 

such groundshaking in accordance with existing codes.  No known active faults pass through 

the site and we conclude that the risk of fault rupture is low.  A site-specific response analysis 

was performed by DWR to evaluate ground motions and develop spectra for design of the 

facilities.  Methodology and results of the analysis are presented in DWR’s Project Geology 

Report 80-10-39 dated January 2014.   

 
2. Soil Liquefaction 

Soil liquefaction is a phenomenon in which a loose- to medium-dense 

saturated granular soil undergoes reduction of internal strength as a result of increased pore 

water pressure generated by shear strains within the soil mass.  This behavior is most 

commonly induced by strong groundshaking associated with earthquakes.   

 
We analyzed the liquefaction potential using the method described in 

Idriss and Boulanger (2008 and 2010) which includes procedures for liquefaction triggering.  

Our analysis indicates that some of the fill will liquefy and that liquefaction will occur within the 

upper five feet (or less) of the foundation sand.  Table 7 lists the zones most susceptible to 

liquefaction based on the simplified analysis under the design earthquake.   

 

Other Delta studies have concluded that large deformation may occur if 

the levee fill liquefies.   
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Table 7: Liquefaction Zones 

Boring / CPT Fill 
Depth (feet) 

LBS2 – Boring 5 to 15 

MRS2 – Boring 10 to 19 

LBC1 and LBC2 – CPTs 9 to 16 

LBC4 – CPT 20 to 26 

MRC1, MRC2, and MRC4 – CPTs 14 to 20 

 Foundation Sand 
Depth (feet) 

LBC1 and LBC3 – CPTs  74 to 77 

MRC1, MRC3, and MRC4 – CPTs 59 to 64 

(LB = Little Baja / MR – Manzo Ranch) 
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V. RECOMMENDATIONS 

 
A. Levee Configuration  

The levee at the fish release sites should be constructed in accordance with the 

details provided on Plates 12 through 15.  The existing inclinometer should be checked during 

and after episodes of filling.  Additional inclinometers and piezometers should be installed to 

monitor the fill placement.  The levee crest, slope, and toe area should be inspected daily during 

construction to check for signs of deformation and cracking. 

 
B. Earthwork 

1. Site Preparation 

 The footprint of the levee and toe berm fill should be cleared and grubbed 

of surface and subsurface deleterious matter including trees, grasses, other vegetation, and 

debris designated for removal.  The site should be stripped to sufficient depth to remove 

vegetation and soil containing roots.  Tree roots greater than 1-inch in diameter should be 

removed.  Stripped and grubbed materials should be removed from the site and should not be 

used as fill.   

 

2. Compaction 
Surfaces exposed by stripping or excavation should be scarified to a 

depth of at least 8-inches except where peat is exposed.  Scarification is not required where 

peat exists at the ground surface.  The scarified soil should be moisture conditioned to at least 

optimum moisture content and compacted to at least 95 percent relative compaction.  

ASTM D698 should be used to establish the reference values for computing optimum moisture 

content and relative compaction.  

 

Fill should be placed in lifts 8-inches or less in loose thickness and 

moisture conditioned to between one percent below optimum moisture content and 3 percent 

over optimum moisture content.  Moisture conditioning should be performed prior to compaction.  

Each lift should be methodically compacted to at least 95 percent relative compaction.  Material 

that fails to meet the moisture or compaction criteria should be loosened by ripping or scarifying, 

moisture conditioned, and then recompacted.  Fill should be placed on horizontal surfaces.  The 

fill should be benched into the existing landside levee slope to allow recompaction of some of 

the existing soil.  The horizontal bench width into the existing slopes should not exceed 5 feet. 
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In pavement areas subject to vehicle traffic, the upper 6-inches of 

subgrade should be compacted to at least 95 percent relative compaction and rolled to provide 

a smooth, non-yielding surface.  Subgrade soils should be proof-rolled before placing aggregate 

base.  Proof-rolling should be performed with the heaviest available rubber-tired construction 

equipment and should be observed by the geotechnical engineer.  Soft or pumping areas 

should be aerated or excavated and recompacted. 

 

 Aggregate base should be placed in thin lifts no greater than 8-inches in 

loose thickness and in a manner that avoids segregation, moisture conditioned as necessary, 

and compacted to at least 95 percent relative compaction. 

 

3. Slopes 

   Fill slopes should be inclined at 4H:1V or flatter except as noted.  Fill 

slopes should be constructed fat and trimmed back to expose well-compacted fill.  Finished 

slopes and toe berms should be trackwalked perpendicular to the slope face with a bulldozer 

after completion.  The slopes should be hydroseeded to promote vegetation.   

 
   4. Fill 
   We recommend that new fill conform to the typical fill requirements from 

the Central Valley Flood Control Board.  Fill placed at the site should be a soil or soil/rock 

mixture free of deleterious matter and contain no rocks or hard fragments larger than 4-inches in 

maximum dimension with less than 15 percent larger than 1-inch in maximum dimension.  The 

fill should have at least 20 percent passing the No. 200 sieve.  The fill should have a liquid limit 

below 50 and a minimum plasticity index of 8. 
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Sherman Island - Two Fish Release Sites
Reclamation District 341
Sacramento County, California

Hultgren - Tillis Engineers Plate No. 1Project No. 789.04

Vicinity Map
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Sherman Island - Two Fish Release Sites
Reclamation District 341
Sacramento County, California

Hultgren - Tillis Engineers Plate No. 2Project No. 789.04

Site Plan - Manzo Ranch Site
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Sherman Island - Two Fish Release Sites
Reclamation District 341
Sacramento County, California

Hultgren - Tillis Engineers Plate No. 3Project No. 789.04

Site Plan - Little Baja Site

Attachment D



Sherman Island - Two Fish Release Sites
Reclamation District 341

Source: Map by Brian F. Atwater 1982. Not to Scale Sacramento County, California

Hultgren - Tillis Engineers Plate No. 4Project No.  789.04

Geologic Map

Qds: Hydraulic-dredge soils (Holocene; post-1900)
Qpm: Peat and mud of tidal wetlands and waterways (Holocene)
Qm2e: Eolian deposits of upper member of Modesto Formation (Upper Pleistocene)
Qym: Younger alluvium of Montezuma Hills and vicinity (Holocene)
Qya: Youngest alluvium of Antioch and vicinity (Holocene)
Qmz: Montezuma Formation (Pleistocene)

Elevations at base of soft deposits
-11: Basal deposits peat or peaty mud
-16: Basal deposits mud
(-1): Soft deposits missing; firm or stiff deposits at ground surface at indicated elevation
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Sherman Island - Two Fish Release Sites
Reclamation District 341
Sacramento County, California

Hultgren - Tillis Engineers Project No. 789.04 Plate No. 5
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Sherman Island - Two Fish Release Sites
Reclamation District 341
Sacramento County, California

Hultgren - Tillis Engineers Plate No. 6Project No.  789.04

Geologic Sections - Little Baja
Note:  Geologic cross-section from the DWR Project Geology Report  80-10-39.
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Sherman Island - Two Fish Release Sites
Reclamation District 341
Sacramento County, California

Hultgren - Tillis Engineers Plate No. 7Project No.  789.04

Geologic Sections - Little Baja
Note:  Geologic cross-section from the DWR Project Geology Report  80-10-39.
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Sherman Island - Two Fish Release Sites
Reclamation District 341
Sacramento County, California

Hultgren - Tillis Engineers Plate No. 8Project No.  789.04

Geologic Sections - Little Baja
Note:  Geologic cross-section from the DWR Project Geology Report  80-10-39.
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Sherman Island - Two Fish Release Sites
Reclamation District 341
Sacramento County, California

Hultgren - Tillis Engineers Plate No. 9Project No.  789.04

Geologic Sections - Manzo Ranch
Note:  Geologic cross-section from the DWR Project Geology Report  80-10-39.
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Sherman Island - Two Fish Release Sites
Reclamation District 341
Sacramento County, California

Hultgren - Tillis Engineers Plate No. 10Project No.  789.04

Geologic Sections - Manzo Ranch
Note:  Geologic cross-section from the DWR Project Geology Report  80-10-39.
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Sherman Island - Two Fish Release Sites
Reclamation District 341
Sacramento County, California

Hultgren - Tillis Engineers Plate No. 11Project No.  789.04

Geologic Sections - Manzo Ranch
Note:  Geologic cross-section from the DWR Project Geology Report  80-10-39.
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