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Meeting of the Central Valley Flood Protection Board 
March 22, 2013 

 

Staff Report 
Resolution 2013 - 05 

 
Approval of Letter to USACE requesting 
Section 905(b) / Reconnaissance Study 

for 
Cache Creek Settling Basin, 

Yolo County, Woodland Area, California 
_____________________________________________________________________ 
 
1.0 ITEM  
 
Consider approval of a letter from the Central Valley Flood Protection Board (Board) to 
the United States Corps of Engineers (USACE) requesting the initiation of a Section 
905(b) Reconnaissance Study related to future planned improvements to the Cache 
Creek Settling Basin (CCSB), including raising the outlet weir. 
 
2.0 SPONSORS 
 
State:  The Central Valley Flood Protection Board (Board) 
 
3.0 LOCATION 
 
The CCSB is located at the terminus of Cache Creek in Yolo County where it enters the 
Yolo Bypass and eventually flows into the Sacramento River.  Cache Creek originates 
at Clear Lake in Lake County and flows generally southeasterly through the Capay 
Valley and into the CCSB before entering the Yolo Bypass.  The outfall of the CCSB is 
located approximately 15 miles northwest of Sacramento.     
 
 
4.0 PROJECT DESCRIPTION: 
 
It is the intent of this requested action item that the Board authorize a letter addressed 
to USACE, Sacramento District, requesting that USACE conduct a Reconnaissance 
Study (also known as Reconnaissance Report / Section 905(b) Analysis) for the CCSB. 
 
A Reconnaissance Study is the first step in the USACE process to begin a project that 
potentially includes federal assistance.  Upon completion of a Reconnaissance Study, 
and if it is determined that there is sufficient federal interest, the project would progress 
to a Feasibility Study phase where flood risk reduction alternatives are analyzed and a 
project is recommended.  Ultimately, a Chief’s Report is presented to Congress for 
authorization for the project design and construction phase. 
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5.0 PROJECT BACKGROUND 
 
The CCSB is an existing State Plan of Flood Control facility constructed in 1937 
by USACE to preserve the flood-way capacity of the Yolo Bypass.  Located at 
the terminus of Cache Creek, its fundamental purpose is to preserve the flood-
way capacity of the Yolo Bypass by entrapping the heavy sediment load carried 
by Cache Creek before its waters release into the Yolo Bypass.  The facility was 
re-authorized in 1987 and improved in 1992/1993 to enlarge the basin to its 
current sediment management capacity with a new, relocated western levee and 
the construction of the current weir at a release elevation of 32.5 feet (NGVD 29).  
Additionally, the authorized plan of improvement described in the 1987 Final 
General Design Memorandum (GDM) included raising the weir by 6 feet to an 
elevation of 38.5 feet at year 25 of the project life based on the anticipated rate of 
sedimentation within the basin.  Although raising the weir by 6 feet is identified as 
a part of the authorized CCSB modification described in the GDM, the weir raise 
and any improvements to improve or increase basin efficiency, would require 
review and validation through further study and updated environmental 
evaluations.  In order to complete these studies with federal support, a USACE 
reconnaissance study is necessary to establish if there is federal interest in 
performing a feasibility study. 
 
 
5.1 PREVIOUS BOARD ACTIONS 
 
Date:    Action: 
     
Related Project:   
February 25, 2011 The Board Approved a Feasibility Cost Sharing Agreement 

and a new Local Feasibility Cost Sharing Agreement 
(LCCFS) for the Lower Cache Creek Feasibility Study.  The 
purpose of this Feasibility Study is to investigate the 
feasibility of increasing the level of flood protection for the 
City of Woodland, Town of Yolo and adjacent communities.  

 
While the study will investigate whether or not the basin is 
contributing to flood risk in the City of Woodland, the intent of 
the LCCFS is to be independent of specific issues related to 
the CCSB.   

 
 
5.2 PROJECT BENEFITS 
 
Several benefits of approving this letter request to USACE include: 
 

● The letter officially notifies USACE of the State’s interest in reviewing the 
current status of the CCSB and determining necessary improvements to 
maintain proper function. 
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● The letter fulfills the requirement for USACE to initiate a Reconnaissance 
Study for further work previously authorized.  The 1987 GDM specified a 
25 year target date for a 6-foot increase to the height of the weir.  Based 
on the completion date of the previous improvements in 1993, 2018 was 
the anticipated target date for the 25 year “trigger’ to begin the next phase 
of improvements to the basin. 

● The letter will initiate a USACE Reconnaissance Study which will be 100% 
federally funded up to $100,000 and typically completed within 1-year. 

 
 
5.3 STAFF ANALYSIS 
 

It is appropriate that the Board, as the lead agency representing the State 
of California, take this opportunity to request the assistance of USACE 
under Section 905(b) of the Water Resources Development Act of 1986.   
 
The 1987 GDM, prepared by USACE, indicated that additional work would 
likely be required after 25 years of operation, or after the sediment trap 
efficiency dropped below 30%.  That phase of construction was completed 
in 1993 and the current configuration of the Basin has now been operating 
for approximately 20 years.  Based on the amount of time it takes to 
initiate and complete a feasibility study and obtain federal authorization 
and allocation, it would not be premature to begin the Reconnaissance 
Study now. 
 
It is assumed the Reconnaissance Study will address the composition of 
the trapped sediments within the CCSB.  While the 1987 GDM did not 
authorize the CCSB to manage mercury, it is widely believed that the 
basin’s current configuration significantly reduces the total mercury load to 
the Yolo Bypass, Delta and San Francisco Bay.    
 
Significant issues likely to be considered during this study and/or 
subsequent studies include: 
 

1. Possibility of greater extent and depth of flooding of land within and 
adjacent to the City of Woodland due to changes in CCSB 
topography  

2. Requirements to re-accredit previously de-accredited urban levees 
forming the CCSB 

3. Improving sediment trapping efficiency of the CCSB 
4. Managing mercury and methylmercury within the CCSB to reduce 

mercury loads entering the Yolo Bypass 
5. Other possible environmental considerations 
6. Sustainable solutions 
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Reconnaissance Studies - Authorized under Section 905(b) of the Water Resources
Development Act of 1986, Reconnaissance Studies are intended to define water
resource problems and identify solutions to decide if there is Federal interest in 
implementing solutions to flooding, ecosystem and other related water resource
problems. Studies are typically completed within 12 months from initial obligation 
of funds to signing of the Feasibility Cost Sharing Agreement (FCSA). During the 
initial period of the study, the Section 905(b) Analysis Report is prepared, then in
the following months, a Project Management Plan and FCSA are negotiated with
the Non-federal sponsors and the FCSA is prepared for approval by USACE 
Headquarters and the sponsors.  Reconnaissance Studies are 100% Federal 
cost, up to $100,000.  

Goals of a Reconnaissance Study -  
 Define the Federal interest consistent with USACE policy, costs, benefits, and 

environmental impacts;  
 Complete a 905(b) Preliminary Analysis Report;  
 Determine if the water resource problem warrants Federal participation in a

feasibility study; 
 Prepare a Project Study Plan;  
 Assess the level of interest and support from Non-federal entities in cost-sharing

a feasibility study and project construction. Obtain a letter of intent from the local
sponsor;  

 Negotiate and execute a Feasibility Cost Sharing Agreement.  

The Section 905(b) Analysis Report - This report is used as a basis for making a 
decision to proceed or not to proceed into the feasibility phase. The report will be 
submitted to USACE Headquarters for review and approval as early as possible
in the recon phase.   The report typically includes: 

 Study Authority  
 Study Purpose  
 Location of Project  
 Discussion of prior studies, reports, and existing water projects  
 Plan Formulation  

- Identified problems  
- Alternative plans  
Evaluation of alternatives  

 Determination of Federal Interest  
 Preliminary Financial Analysis  
 Summary of Feasibility Study Assumptions  
 Feasibility Study milestones  
 Feasibility Study Cost Estimate  
 Recommendations  
 Issues  
 Views of other Resource Agencies  
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 Project Area Map  

Plan formulation, evaluation of alternatives, and preliminary financial analysis use 
existing information and are not detailed analysis, the detailed analysis is performed in 
the feasibility phase. 

Project Management Plan (PMP) - The Reconnaissance Study will result in a PMP
which will guide the development and preparation of the feasibility study and is 
utilized in cost shared feasibility study negotiations.  This plan is collaboration
between the Sponsor and the Corps. The PMP will include a detailed description
of the project, a breakdown of feasibility study work activities and responsibilities,
draft schedules and cost estimates, coordination procedures and a quality control
plan.  

 
 
6.0 AUTHORIZATIONS 
 
Federal: The project for flood control, Cache Creek Basin, California was 

authorized for construction by the Water Resources Development Act 
(WRDA) of 1986; Public Law 99-662, November 17, 1986.  The project 
was authorized substantially in conformance with the plans and subject to 
the conditions recommended in “Cache Creek Basin, California: Report of 
the Chief of Engineers, dated April 27, 1981” 

  
Flood Control Act of 1962, Section 209   (Public Law 87-874) 

  
 
State:   California Water Code Section 8361(m), 8615 and 12616. 
 
 
7.0 STAFF RECOMMENDATION 
 
Staff recommends approval of Resolution 2013-05 authorizing the subject letter to 
USACE to initiate the Section 905(b) / Reconnaissance Study process for 
improvements to the CCSB. 
 
 
8.0 LIST OF ATTACHMENTS 
 
A. Resolution 2013-05 
B. Letter addressed to Colonel Leady, USACE 
C. Location Map – Basin Location 
D. PowerPoint Presentation 
E. Reference Document - Cache Creek Basin, California; Final General Design 

Memorandum, USACE, January, 1987 
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STATE OF CALIFORNIA 

CALIFORNIA NATURAL RESOURCES AGENCY 

THE CENTRAL VALLEY FLOOD PROTECTION BOARD 

 

RESOLUTION 2013-05 

 

APPROVAL OF LETTER ADDRESSED TO THE  

UNITED STATES ARMY CORPS OF ENGINEERS 

REQUESTING INITIATION OF A SECTION 905(b) / RECONNAISSANCE STUDY 

FOR THE  

CACHE CREEK SETTLING BASIN, YOLO COUNTY, CALIFORNIA 

 

WHEREAS, as a part of the Sacramento River Flood Control Project, 
authorized by the Flood Control Act of 1917, and as modified by the Acts of 1928, 
1937 and 1941, the United States Army Corps of Engineers (USACE) completed 
construction of the Cache Creek Settling Basin (Basin) in 1937; and   

 
WHEREAS, the Basin’s fundamental purpose is to preserve the flood-way 

capacity of the Yolo Bypass by entrapping the heavy sediment load carried by 
Cache Creek; and 

 
WHEREAS, Congress authorized the USACE to conduct a study of flood 

control pursuant to Section 209 of the Federal Flood Control Act of 1962 (Public 
Law 87-874); and 
 

WHEREAS, Congress authorized the USACE pursuant to Water Resources 
Development Act of 1986 (Public Law 99-662), House Document No.98-134 to 
construct improvements to Cache Creek Settling Basin, Yolo County, California 
subject to the conditions recommended in “Cache Creek Basin, California: Report 
of the Chief of Engineers”, dated April 27, 1981; and 

 
WHEREAS, Central Valley Flood Protection Board (Board) participation in 

the Study is authorized by Water Code section 8615; and 
 

WHEREAS, the “Cache Creek Basin, California: Final Design 
Memorandum”, dated January 1987 authorized future improvements to the Cache 
Creek Settling Basin, including raising the outlet weir by 6’ at year 25 of the project 
life or when a measured trap efficiency of less than 30% is realized, and “Year 25” 
would be 2018; and 
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WHEREAS, a letter from the Non-federal Sponsor to USACE is required to 
formally request a Reconnaissance Study be initiated under Section 905(b) of the 
Water Resources Development Act of 1986. 

 
 
 

NOW, THEREFORE, BE IT RESOLVED that the Board: 

 

1. Approves the Letter addressed to the United States Army Corps of 

Engineers requesting the initiation of a Section 905(b) / Reconnaissance 

Study for improvements to the Cache Creek Settling Basin; and  

 

2. Delegates to the Central Valley Flood Protection Board Executive Officer 

the authority to sign the letter in substantially the form attached hereto. 

 

 

PASSED AND ADOPTED by vote of the Board on ________________, 2013. 
 
 
 
BY: _________________________ Date: _________________ 

William H. Edgar 
President 

 
 
BY: ______________________________ Date: _________________ 

Jane Dolan 
Board Secretary 

 
 
 
Approved as to Legal Form and Sufficiency 
 
_______________________________ 
Jeremy Goldberg, Staff Counsel 
 



STATE OF CALIFORNIA – CALIFORNIA NATURAL RESOURCES AGENCY          EDMUND G. BROWN JR., GOVERNOR 

CENTRAL VALLEY FLOOD PROTECTION BOARD 
3310 El Camino Ave., Rm. 151       
SACRAMENTO, CA 95821 
(916) 574-0609 FAX: (916) 574-0682 
PERMITS: (916) 574-2380 FAX: (916) 574-0682 
 

 
March 22, 2013 
 
 
 
Colonel William J. Leady 
District Engineer 
U. S. Army Corps of Engineers  
Sacramento District 
1325 J Street, Room 1008 
Sacramento, California  95814-2922 
 
Request for Section 905(b) Reconnaissance Study; 
Cache Creek Settling Basin, Yolo County, California  
 
Dear Colonel Leady, 
 
The Central Valley Flood Protection Board (Board), representing the State of California, 
would like to take this opportunity to request the assistance of the U.S. Army Corps of 
Engineers (USACE) under Section 905(b) of the Water Resources Development Act of 
1986.  Specifically, the State requests a Reconnaissance Study for necessary 
improvements to the Cache Creek Settling Basin (CCSB) in Yolo County, California. 
 
The settling basin is an existing State Plan of Flood Control facility, initially constructed 
in 1938 by USACE.  It is located at the terminus of Cache Creek and provides a means 
for suspended sediments to settle out from Cache Creek before it releases into the Yolo 
Bypass and eventually into the Sacramento River.  The facility was re-authorized in 
1987 and improved in 1992 to enlarge the basin to its current sediment management 
capacity of 30,000 cubic feet per second with a new, relocated western levee and the 
construction of the current weir at a release elevation of 32.5 feet (NGVD 29).  
Additionally, the 1987 Final General Design Memorandum (GDM) proposed and 
authorized raising the weir by 6 feet to an elevation of 38.5 feet by 2017 based on the 
anticipated rate of sedimentation within the basin.  Although raising the weir by 6 feet is 
identified as a part of the authorized CCSB modification described in the GDM, USACE 
indicated the weir cannot be raised without first performing an environmental analysis. 
 
While the 1987 GDM did not authorize the CCSB with the intention of managing 
mercury, it is widely believed that the basin’s current configuration significantly reduces 
the total mercury load to the Yolo Bypass, Delta and San Francisco Bay.    
 
It will be important to address certain issues of significance in this study before 
commencing any new design or construction work.  Issues likely to be considered and 
studied further in the requested Reconnaissance Study and subsequent studies include: 
 



Colonel William J. Leady 
March 22, 2013  

 Page 2 
 
 
 

1. Possibility of greater extent and depth of flooding of land within and adjacent to 
the City of Woodland due to changes in CCSB topography.  

2. Requirements to re-accredit previously de-accredited urban levees forming the 
CCSB. 

3. Improving sediment trapping efficiency of the CCSB 
4. Managing mercury and methylmercury within the CCSB to reduce loads entering 

the Yolo Bypass. 
5. Other environmental considerations. 

 
The Board looks forward to the decision by USACE to commence the requested 
Reconnaissance Study and will offer its support as necessary. 

 
If you have questions, please contact me or Michael Sabbaghian at (916) 574-1404 or 
Mahyar.Sabbaghian@water.ca.gov. 
 
Sincerely, 
 
 
 
 
Jay S. Punia, Executive Officer 
Central Valley Flood Protection Board 
 
cc: (See attached list.) 

  



 
cc:   
    

Alicia Kirchner, Chief 
Planning Division 
Sacramento District 
U. S. Army Corps of Engineers  
1325 J Street 
Sacramento, California  95814 
 
Linda Finley 
Deputy FPM 
Chief Programs & Project Support Branch 
PPMD 
Sacramento District 
U. S. Army Corps of Engineers  
1325 J Street 
Sacramento, California  95814 
  

Department of Water Resources 
Division of Flood Management 
Flood Projects Office 
3464 El Camino Avenue, Suite 200 
Sacramento, California  95821 
 
Robert E. Scarborough, P.E., Chief 
CVFPB/USACE Studies Section 
 
Paul R. Larson, P.E. 
Project Manager 
CVFPB/USACE Studies Section 
  
 

 Fran Borcalli, P.E.  
Program Manager 
FloodSAFE Yolo 
 34274 State Highway 16 
Woodland, California  95695-9371 
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Requested Board Action

1. Approve the Letter addressed to the United States Army Corps 
of Engineers requesting the initiation of a Section 905(b) /of Engineers requesting the initiation of a Section 905(b) / 
Reconnaissance Study for improvements to the Cache Creek 
Settling Basin; and 

2. Delegate to the Central Valley Flood Protection Board 
Executive Officer the authority to sign the letter in substantially 
the form attached hereto.

2
2
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Basin LocationBasin Location

4



History of theHistory of the 
Cache Creek Settling Basin

• The Settling Basin was initially constructed in 1937

• Current basin configuration was completed in 1993 by USACE to• Current basin configuration was completed in 1993 by USACE to 
add 50 additional years of sediment storage capacity

• Basin area is 3600 acres

• Current weir is 1,740 feet long, 12 feet high – spills directly into the 
Yolo Bypass

• Design Flow Rate of 30 000 cfs (15 25 year return interval)• Design Flow Rate of 30,000 cfs (15-25 year return interval)

• USACE 1987 Final General Design Memorandum recognized that 
raising weir by 6’ should be considered at year 25 (2018) OR when 

d di t t i ffi i f l th 30%a measured sediment trapping efficiency of less than 30% was 
realized



Reconnaissance Studies:
A th i d d S ti 905(b) f th W t• Are authorized under Section 905(b) of the Water 
Resources Development Act of 1986 (WRDA)

• Are requested by a local agency (Non-federal sponsor)Are requested by a local agency (Non federal sponsor)

• Are typically performed and financed 100% by USACE

• Result in a determination of federal interest to advance 
the issue into a feasibility study phase.

• Negotiate with Non-federal sponsors for a Feasibility 
Cost Share Agreement (FCSA)Cost-Share Agreement (FCSA)

• Result in a Project Management Plan (PMP) for a 
Feasibility Study, including Budget, Schedule and Work 
Plan

6



St ff R d tiStaff Recommendation

Staff recommends approval of Resolution 2013-05 to:

1. Approve the Letter addressed to the United States Army Corps of 
Engineers requesting the initiation of a Section 905(b) / 
Reconnaissance Study for improvements to the Cache Creek 
Settling Basin; and 

2. Delegate to the Central Valley Flood Protection Board Executive 
Officer the authority to sign the letter in substantially the form 
attached heretoattached hereto.

2
7



QuestionsQuestions

CVFPB: Paul Larson, PE
Project Manager
(916) 574 1050(916) 574-1050
Paul.Larson@water.ca.gov 

DWR: Fred Gius
Senior Engineering Geologist
Flood Maintenance OfficeFlood Maintenance Office
Frederick.Gius@water.ca.gov

8
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000910
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US Army Corps
of Engineers
Sacramento District
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I Ij JANUARY 1987
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DEPARTMENT OF THE ARMY
SACRAMENTO DISTRICT. CORPS OF E:NGINEERS

650 CAPITOL MALL
SACRAMENTO. CALIFORNIA 95814

REPLY TO

ATTENTION OF

SPKED-D 29 January 1987

SUBJECT: Cache Creek Basin, California - General Design Memorandum No.1;
Cache Creek Settling Basin

Commander, South Pacific Division

1. Reference SPKED-D 13 ·June 1986 letter, sub ject: "Cache Creek, Cal i fornia
Cache Creek Settling Basin; Draft General Design Memorandum No. I," forwarding
draft General Design Memorandum for review, and SPDED-PC 29 August 1986 1st
End. thereto, providing comments on the draft document.

2. Submitted for review and approv~l are 20 copies of the subject design
memorandum in accordance wit~-ER 1110-2-1150. The GDM is the basis of design
for the Cache Creek Settling Basin element of the Cache Creek Basin project.
A separate and independent GDM covering the basis of design for the Clear Lake
Outlet Channel element of the project is being prepared and will be submitted
for approval at a later date.

3. The GDM has been revised in accordance with SPD comments provided in the
referenced correspondence. A summary of SPK actions in response to SPD
comments is provided in Enclosure 2.

4. A draft Local Cooperation Agreement will be coordinated with the local
project sponso~ and forwarded for approval at a later date.

2 Encls
1. GDM (20 cys)
2. Responses
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CHAPTEI~ 1 -- INTRODUCTION

'I

r-I'.,

J .

. ((-,
. I

Y

1--01. Authorization. - The project fOI~ flood control, Cache Creek Basin,
Ca1Horn:Li....liJas-·aljTflo..ri z(~d for cons1:nlction by the Water ResoLi rces Deve10pmEmt
Act of 1986~ PiJblic: Law 99-··662,17 November'·1986. 'rhe project was authorized
substanhally in accor'dance with the plans and subj ect to 'I:he cond it ions
recommended in "Cache,) Creek Basin, CalJ.fonlia: Repo'rt of the Chief of
Engine(~rs, dated Apri 1 27, 1981" (House Document No. 98-134) I except that in
lieu of constructing the recommended bypass channel, the ·Secretary shall
accomplish the purposes of the project by removing the rock formation at the
outlet channel 'and widenirig and df::~epening the channel in a<-;cordance with
Alternative 8 as described in the Feasibility Study of U')l~ Disl:ri.ct Engineer 
dated August 1979. The Secretal~y shall act i.n coord ination with the State of
California to assure that such project poses no danger to any component of
its State park system. . -

1-02. PURPOSE AND SCOPE. - The pur'pose of this I~epor·t is to present the
results of engT'ne-erTiig'-S-tud ies and invl~stig-ations prior to pn~padng plans
and specifications for construction. This GDM proiJ:ides the basis for local
interest and cost sharing agnH~mt~nts; pn~par'ation of plans and spedfications;
acquisition of lands,easements~nd rights-of-way; accomplishment of.
relocations; and operation and maintenance, The basis of design for the
project is outlined, cost and benefit data are presented, and requirements of
local cooper~tion are explained, Thi.s GDM pertains exclus ively to thel._ol,Jer
Basin element (Cache Creek Settling Basin) of the proposed project. A
separate and indepl~ndent GDM on the Upper Bas in e h~m(~nt (Clear Lake Ou1:let
Channel) is being prepared and will be published' at a later date.

" "

1..-03. _Q.~?~~JP.IIQN_.....9.f._--'~~I?IINi~_J~.R.QIf:(~I· --

, I
i

a. As part of theSacn;\me~nto Riv(~r Flood Control Pmject, authorizedO'by
the Flood Control Act of 1917, as modi.fi(~d by the Acts of 1928,1937, and
1941,' the Cor~s of Engineers completed ~onstructioh of the Cache Creek
Se-ttling Basin in 1937. The set'-tling ba.si.n, locatt~d in Yolo County about
2 milE~s east of Woodlarid, is bounded by leVees on all sides and covers
approximately 3,600 acres. The basin's fundamental pur'pose is to preser've'
the flood-.. way capacity of the-, Yolo Bypass by entrapping the heavy sed j.mEHlt
load carriud by Cache Crel~k. Throughout the life of the proj ect, in'l:ernal
"training" levees have been manipulated to partly control sediment deposition'
and make best use of· basin storage. See Plate I f6r'anoverview of th~
existing system. Following is a brief history of developmei'l't:ofthe basir1.

b. As previous ly m(~ntionl~d, the init..i.al proj ect levee construction l,Jas
accomplished in 1937 when training levees, which also constituted the levees
along the northern edge of the basin~ ~ere const~ucted. The southern levee
along the Sacraml~n-to Norther'n Railroad tl~ack was constructed in 1940, and the'
"'Cobble Weir" was constructed in 1944, A lt~\lee l,Jas not built on the Western
boundary of the basin because rights-of-way were acquired only to the 32-foot
contour, USGS Datum. This was considered to be the westerly limit to. which
waters would spread.
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c. In 1940. the west training levee originally constructed in 1937~ was
moved 400 'feet to th~1 west. and in 1950 the training levees existing at
present were construcb~d. In 1943 levees ,,Jere constructed along Cache Creek
from the nrouth of the,settling basin to Yolo,. providir~ for a capacit~ of
20,OOOcfs. In 1961, thl~se leve~~s were extended appr'oximately 3 miles.. . . .
upstream of the town of Yolo, and the entire sE:1ttling basin levee system was
stnmgthened to conv(~y a design flow' of 30,000 cfs .. This work wasauthorizl~d

in "Design Memorandum No. 10 for the Sacramento River Flood Control Project.
CalifoF·nia. Cache Creek Yolo Bypass to High Ground Levee Construction" dah~d

1 November 1958. In tj'le early 1970's, the Stateof California constructed a
levee in two phases, to the west of the eKistingsettling basin. Levee
constructed in Phase I extended from the west end. of the existing south
'perimeter levee to County Road 20, approximately 2,800 feet west of the
existing west training levee. Construction during Phase II extended the levee
completed in Phase I northl,Jard. tenllinating approx imately 1,000 feet south :of
the existlng settling basin pl~oject levee. maintaining the parallel
alignment. In 1973, the Cobble Weil~ IAJaS F'ai sed 2 feet by the State of
California to provide additional sediment storage capacity. Operation and
maintenanc~ responsipility. for the settling basin, which is essentially filll~d

with iediment, rests with the State of California.

1-04. DESCRIPTION OF AUTHORIZED PLAN OF IMPROVEMENT. -: The authorized plan
of i mp ro'\i-e'iile-rl:-t--:-fo'r'-:Eh~;"'I=;;w'e'r--Ba-i"Trl-eYeme n-:C-O'f"-t-iliS'--pro j ect consis t s of
enlarging and raising the existing perimeb~r h~ve(~s of the Cache Creek
Settling Basin an avel~age of 12 feet to pY'ovide 50 years of sediment storc:~ge

capacity and enlarging existing levees of the settling basin upstream to
County Road 102. The Cobble Weir would also be reconstructed and enlarged.
The existing training leve(~s would be degY'aded and rebuilt adji31cent to the
~estern perimeter levee. Also, the ~ntire 3,600 acres within the basin would
be purchased in fee. and a National Wi ld I He R~~fuge IAJould be establ ished.

1~05. DESCRIPTION OF RECOMMENDED PLAN OF IMPROVEMENT. - In his 8 November
1983 .1et ter-Trans-mrttTng··-·~CI;e·-·2.-i·-·A·p·rTr"i98T-"Re·p(;"i;:~t-'-of -::the Ch i l~ f of Eng i neers on
Cache Creek Basin. California to Congress. the Assistant Secretary of the Army
(Civil Works) (ASA(CW» did not concur with the Chief of Engineer's
recommendation that establishment of a National Wildlife Refuge within the
Cache Creek Settling Bas in be implemented by the Corps of Engineers. ASA(CW)
stated that it would be appropriate for the U.S. Fish and Wildlife Service
(USFWS) to cons ider implementation of the refuge under th(~iy' authorities and,
programs. By letter dated 21 May 1986. the USFWS recomm~nded that the Corps
should pursue refuge implementation with lhe non-Federal sponsor. See .
Exhibit 1. The non--Federal sporlsor has not expressed interest in implementing'
this feature. The plan recommended in this Design Memorandum does not include
a wildlife refuge.

1-·06. b.9J;;..AL.. CO..QPER.f.:\11..oN.. - The authorized local cooperation requirements foY'

the Cache Cn~ek. Settlirig Basin (~lement of· the project are as follows:.
. .

.1) pay ~j percent of the cost of the project assigned toflooe!
cOhtrol during· construction of the project;
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2) provide all lands, easem<:mts, rights-of-way, and dredged mc"lterial
disposal areas required only for flood control and perForm all related
necessary relocations;

3) operatE~ imd maintain flood control facilit:i.~~s after completion in
accordance with regulations prescribed by the Secretary of the Army, and
conduct sediment control operations in a manner compatible with wildlife
enhanct~Jnl~I,.t;

4) hol~ and save the United states free from damages due to the
-construction and later maintenance of the flood control f~~i~tures of the
project, not including damages due to the fault or negligE:mce of the United
States or its contractors;

~» _publ:i.c::i.ze floodplain informi;\t:i.on in th~~ an~a concerm~d and
provide this infonnation -to 20ning and other regulatory agencies- for their
guidance and leadership in preventing unwise future development in the
floodplain and in adopting such regulations as may be n(~cessary to ensure
compatibility between future de~elopm~nt and protection levels provided by the
project;

6) at lr~ast annually inform affected interests re~larding the
limitations of the prot(~ction afforded by the project; and

7) adjust all claims r'egal~ding Wi:'lter rights that might be affected
by the sediment control improvements;

In addition to the requirements outlined above, the non-Federal sponsor'
\",i 11 be required to conduct period ic Slln/l~YS within the sl~ttling bas in for
sediment monitoring pur~)ses and remove a portion of the training levee as
described in paragmph 3·-05.d.2 to enSlJre an optimiz(~d operation of the, basin.

1--07. COOrWINATION. _.. The plan presented in thi s report has been coord inated
with the-":i:olTowTi1g"-agencil~s; U.S. Fish and Wildlife Sar'\lice, National Marine
Fisher'ies Sendee, Cal ifol~n:i.a state RE:~clamcrtion Board, Cal Hornia Department
of Water Resources, California Department of Fish and Game, Yolo County, Yolo
County Flood Control and Water Conservation Distdct, and the City of Woodland.
Coordination with local, sta-te, and Feder-al agencies I",i 11 conlinue throughout
the design and consttuction phases of the project. Correspondence received in
response to coordiriation of the June 1986 dr'af·t GDM is at-tached as Exhibit 2.
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CHAPTER 2 - HYDROLOGY

2-01. P.K~J!IOll~JNVESTIG.B.J.]J?N~., - Adetailed hydrologic analysis was performed
for the approved Cache Creek Basin, California, Feasibility Report dated

I february 1979. This analysis used precipitation and runoff data for major
floods in Cache Creek Basin of December 1964, January 1965, ariel January 1970.
An additional source of data was the Cache Creek Basin Standard Project Flood.
Office Report pr~pared by the Sacramento Di strict Corps of Eng ineers and
approved by the Division Engineer, South Pacific Division, on 1 July 1974.

2-02. METHODOLOGY. - All methodology used in the prior hydrologic analysis
was detailed in Sections C and E, Appendix l. of the approved Cache Creek Basin,
California, Feasibility Report dated February 1979. Discussion included
development of standard project storms(SPS), unit hydrographs, loss rates,
base flow, and computation of standard project floods(SPF).

2-03. NEW STUDIES. - In March 1985, the Sacramento District Corps of
Engineers conducted a review of the hydrology contained in Sections C and E,
Appendix 1 of the above referenced Feasibility Report. Since approval of the
Feasibility Report, a rain storm of major proportions occurred in January 1983
which was centered over the ungaged area between Clear Lake Dam and Rumsey .
The high magnitude of the resulting runoff from this storm made it apparent
that a SPS centered over the same area should be investigated. Therefore, the
review included the following: an update of historical streamflow data and
lake stage records, an evaluation of the January 1983 storm and flood, checking
prev ious ly adopted storm centerings, and an assessment of a standard project
centering based' on the January 1983 storm. Updated peak flow and volume data
for gaging stations listed on Table 2~1 are shown on Table 2-2.

2-·04, STUDY RESULTS. - Changes and add i tions were made to the following
topics discussed in Section C, Appendix 1 of the referenced feasibility report
to assess impacts of the January 1983 storm and flood on the lower Cache Creek
Basin. They are:

a. General. - In, add ition to those major floods mentioned in the
referenced reports, rainfall and stream flow data of the January 1983 storm
and flood were evaluated by reconstitution of this event to verify loss and
routing parameters of the updated computer basin model for Cache Creek below
the Grigsby Riffles. The January 1983 flood reconstitution hydrograph for
Cache Creek at Yolo is shown on Figure 2-1.

b. storm Analysis. - Basin mean precipitation for the January 1983 storm ..
was estimated by using observed rainfall, and by assigning 'weights to total
rainfall amounts of pertinent precipitation gages .. This method is different
from that used in referenced reports because a reliable isohyetal map could
not be drawn due to insufficient rainfall data. Time distributions for the
January 1983 storm amounts are based on precipitation gages at Clearlake
Highlands, North Fork near Lower Lake, Hough Springs, PGE-Geysers 13/18, and
Williams. Some stations listed on Table C-3 of the feasibility report were

2-1
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inop~:r'ative during this max imum storm H\fl:!nt. Data for all stations listed on
the u~~ated Table C-3 (in the 1979 Feasibility Report) were used in various
historical storm analyses for the Cache Creek Basin. See Table 2-3.

c. ,Hasenow. -- The baseflo\AJ irifonnation presented in the 1979 Feasibility
Ixeport r:e'nliiTI1s-'The same.

d . ~n..Lt,,_H,y_q.rQ9.t.~,pl), ...-, The unit hyclrogl~aphdata used in the updated
computer ba,sin model are identical to those used in the referenced reports.

e. bQ?...~_Ane..lyJ?J_~_. - Uniform los s n:\tes for th(~ January 1983 flood ranged
from 0.04 inches for the North Fork Cache Creek to 0.20 inches in the lowe~

portions of the Cache Creek Basin. These constant loss \falues approximate
those in the feasibility report. Therefore, there is no change to this data.

f. R.Q!:LtiI!~LE.21r:i?lmet~L~~. - The routing method used in the updated computer
bas in model (",as chang(:!d from Ta'tum to the Muskingum method. Muskingum
coefficients used for Cache Creek below Grigsby Riffles are based on known
channel characteristics and velocities observl:!ddul"ing the Jai1uary 1983 flood.
These velocities ranging between 10 and 16 feet per second are much higher
than prl:!V ious ly observed. Adopted Mus k ingum parallll~ters are r'l~pr'esentative of
present channel cond Hions and are used in the updated COmplJter bas in model,
A routing diagram and a tabulation of adopted Muskingum coefficien'ts are shown
on Figure 2-2. Insufficient channel data are available to develop routing

,data for the mod ifl.t:!d puIs m(~thod or more dl:!tailed routing methods,

g. E:J9_Q,9_ F.r..:.~q!:'-9.!L~Y..· -- Peak and volume frequency CUt-V(~S shown on Plates
C·-16, C-17, and C--18 in the FI~asibility Report were updated with the lab~st

available histol"ical flow data for the Cacht~ Creel<. at Yolo stream gage
location. Additional peak and volume data used for this analysis did not
change the frequency curves between the exceedence frequency per hundred years
of !jO and 0.1. However, low flow data for the drought pl:!riod during the 1970' s
made '\:;h(~ frequency, fOI~ more frequent events I steeper between the exceedence
fn~qlJency per hundred years of ~jO and 99. Updated frl:!quency curves for strec'im
gage locations mentioned above are shown on Figure 2-3.

h. Ll90q.?...g.f..--'~.!?..f9.r..9. - Stage and f low data n~ lated to' ·the large January
1983 flood were added to the Feasibility Report, Table C-5. See Table 2-4.

Changes and additions were made to the folloltJing par'agraphs of Section
E , Appendix 1 of the referenced feasibility report, to present reasons for
analyzing a thir'd Standard Project Stann (SPS) center'ing in addition to those
pn:~sented in referenced r'eports. The impact of resulting flood flows on l.ower
Cache Creek is discussed also.

a . $,t~.D.g.f~J:.:.~.~_..J~.r..9..i~~.~:.:!:" ....~~:~.9..r..!.!). - Pnw i 01.1 sly establi shed pl~oced LIresand
criteria ltJere used to compui:e thl:! sp«:Kific SPS c.'.I11l0unt and the concurrent sps
amounts for all other subareas, which were added to SPS data shown on the
Feasibility Rl~port, Table [·-1. See Table 2--5., Standard pr'oject precipitation
isohyetal patb::1rns for all stonn centedngs are shown on Figure 2--4.
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b. ~~J.~.D..Q.~I.~t...e.r..QJQ..~~!:.J::'.J.Q.Q.9 ..~.·- Standard Project Flood s (SPF) were
computed for stonn centerings with the updated computer basin model. Storm
amQunts, unit hydmgr'aphs, base flow, i:1nd loss rates discussed in precE.~ding

paragraphs and in n:~ferenCl:~d r'E.~ports l"'l:.'!re used for the flood computations.
Pre·.. proj ect flood hydrographs for thc"' Cond Hion 3 storm cE!ntering shown on
Figure 2-4 for Cache Creek at Y610 is shown on Figure 2-5. A comparison of
peak flow and 8-·day volume data from the referenced I~eport and those computed
with the updated computer basin model is shown on Table 2-6. Apparent .
differr~nces in peak l'~nd volume between data of referenced repol~t and those
computed I",Hh the updated computer J:)clsin model resulh~d from increases in
cht-..trll'lcd, velocity in lowel" Cache-) Cn~ek, M:i.ning operations in the afea below
Capay apparently made ·the Cache Cn:.'!l:.'!k channel hydraul ically more efficil:.'!nt,
as evidenced by thc~ Jamlal~y 1983 flood. The amount of flood flows onto the
overbank an~as i:lnd the infi ltration of flow into' th~~ groundwater table

. rem91ins t1')l~ same. It should be noted that in compadson with pl~evious stol~m

cenb~dngs, the s·tonn cl~nb:.'!n~d OVI?r the ungaged at-ea gem~rally produces
higher pc-)ak flows and smalll?r volumes at the Grigsby IHffles and on Cache
Creek proper.

2-05. STUDY CONCLUSIONS. - The review of all hydrologic data in the
refen~nced"···Fe~~sTbTIT.EY-'T~·e·portshol"'s the follol",ing:

a. Hydrologic data shown in Section C of the Feasibility Report
continued to be us(~d in this Gl~nl?ral DI~S ign Ml~morandum (GDM). If frequI:.'!ncy
data between thc~ exceeclence frequenci.l)s per hundred year of ~)O to 99 was
needed for use in any studies, then the flow-frequency curves presented .in
this revir:~w werr:~ usr0d.

b. Of the thl"ee standan:1 I:woject floods addressed in this review, the
severest SPF p~~ak flOl'" cond ition in Cache Crei~k is from a storm centered over

. the ungaged arr:1a below the CtecH' L.ake Dam (Condition 3, Figure 2-·A). This
SPF has beE.m used in the GDM, and I",ill be l.ISt}d for the operational stud ies.

2·..06. ]:N'T'ERIOr~ Dr~AINAGE. _. A detaU.ecl field survey of the area ad jacent to
the ~>r'opo·sed""-hew·"l~e;·:t-e·r:n-·-i;er:imeterlevee ind icates that th is alignment wi 11
not increase drainage flow to thr:~ City of Woodland Pumping Plant. However,
the plant will require m6dification due to an increase in pumping head of
about 12 feet. .

2-·07. WIN..Q.....:8~.II.Q.rL ..Q.~.0.L.Y..~I~~.·· Computations of wave nmup and wind setup
require the determination of wind velocities and durations for major wind
d :i.reci:ions, and an evaluation of average fetches for the sed iment settling
basin. Wind records l"'l:.'!re not available at the sl:.'!ttling basi.n sHe;
thc"lrI?fore, wind velocity, duration i:1ncl din}ction information were based on a
study of I",ind nKon'Js a·t the Sacnunen!;o EXI:.'!cu'Cive Airport located about 13
mi.J.E~s to thC:1 south-east of the bas in. AV(~nlge fetches wr:~re developed for
major wind directions for the orientation and configuration of the settling
basin. The maximum n:~corded wind veloc:itir:!s of 70 miles per houl~ (l minute
duration) and 38 miles per hour (60 minute duration) were from the
south-east. The results of the computational procedure showed that a minimum
freeboard allol",ance for wind action of 4.0 feet, which includes wind setup of
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0.5 feet and l",ave nmup of 3.5 feet, is nK4lJ i red for exterior levees. See
Figun·) 2··6, and Table 2··7 .. For a discussion of freeboard criteria, see
paragr'aph 3·-03. d. Frel:lboard allowances for l",ave runup and wind setup l",ere
computed in accordance l",i th following refel~ences:

1. Ell.. 1110-2·-305, datt:ld 17 F(~bruary 1984 for wave height;
2. ElL. lllO-·2···221, elated 29 November 1976, for waVe runup and wind

Sl~tup;

3. "SHORE PRO'TECTION MANUALII
, US Army Coastal Engineering Research

Center, 1977,for wave runup.

2-·-4
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C~APTER 3 - HYDRAULIC DESIGN

3-01. INTRODUCTION. - The objl~ctive of this project is to provige .?ystem
features--W"flr<Ji-"wouICi add 50 years of s(~d iment storage capacity to the existing·
Cache Creek Settling Bas in. The basin l",ould· collect an average of 340acre-fee·c
of sediment per year which would .represent a 50% trap efficiency. Periodic,
topographic surv~ys were taken from 1933 to 1971. The average annualdeposi
tion rate from 1937 to 1971 Wi:'lS 340 acre····feet. The current trap efficiency is
between 5 and 10%.

a. The current version of the two-dimensional finite element models;
RMA·-2Vand SED4 were used to selec'!:, configure, i.~nd size the project features.
These features would incl~de the increase in levee heights, expansion·of the
basin boundaries, enlargemen1: of the main outlet weir, and reconstruction of
the low flow channel system. The project would also include the implementation
ofa· sediment management plan. The sediment manag(~m(~nt plan would include the
time dependent incrementation of the weir and the construction of a training
channel and levee. A newly constructed low flOI'" channel system would bl~ pro
vided incorporating the existing channel where possible.

b. Project features which would meet the design objectives are proposed.
The first feature would be to raise thl~ existing east and south ·leve(~s an
average of 12 f~1et, j-'aise the (~xisting nor1:h levee an average ·of 6 feet, and
relocate the west levee 2800 feet to the west. A training channel and levee
would be constructed along the new west levee. A new low flow outlet str~c

ture would be constructed near the location of the existing low flow struc
ture. The main overflow weir would be lengthened and raised. incrementally with
time, to an ultimate elevation of 38.5 feet. A sediment management plan would
be provided as described in paragragh 3--05. d. See Plates II and VI for the
proposed system features and paragraphs 3-05, 5-·01, 5-02, and 5-03 for a
description of each project component.

c. Due to· the unique appl ication of RMA--2V and SED4 for design of the
project features, advice and guidance was obtained from both the U.S. Army
Engineer Hydrologic Engineering Center, Da\lis, Califomia ancl frbm the U.S.
Ar'my Engineer Wa'l:en",ays Experiment Station, Vicksburg, Mississippi.

3-··02, p..r.:..9jgct...J)l~?-.!.g!L..f.IQ.~.~.-· The project features, including increase in
levee heights, training channel and levee and main outlet weir, wete designed
to safely contain and pass a design flow of 30,000 cfs. This flow. has an
estimated rate Df return from 15 to 25 years. This flow· represents the cur
rent desi~n capacity of the existing sedimerrt basin and the channel/leveesys
tem upstream of the projects limits. The 30,000 cfs discharge was chosen for
design so as not to exceed the capacity of the upstream channel system. T~~
low flow outlet structure was designed to pass 400 cfS as described in par~

agraph3-0~).b.

3-03. QQ?-is.n C..Q.r.L~i5t~!:~Ugn~ ..J~DfL.9.r ..i:~.~~i~., - Th€~ design of project features
combined conventional hydra~lic and sediment transport computational proce~

dures with newly developed hydrodynamic and sediment transport modeling tech--

3-1



niques 0' The des ign effort focused on an accurate descrip-t:ion of hydraulic and
sed inient transport parameter's in both the longitud inal and transverse d irec
tions. Expan,s ion and contl~action at the bas in inlet and outlet, flow cil"cula
tion through the basin and arouncLlislands" (topogr'aphic high c1.reas during low
flows), 'and implementation of· flow control features (training channels and
levees) required thatcond i"bions in both long/itud inal and transverse d irec
tions be determined. A discussi6n'of the detailed design criteria follows:
(references are listed in Paragraph 3-08)

, .
a .~,ydr<~9.Y.Dal!!i~ Cq.IJ~.tl~iorl~. - One....d imens ional hYc'kal.llic analysis of open

channels entails the progressive computation of flow conditions from one sec
tion of channel to the next. These computations are best iJ.J.ustratedby the
Standard Step Method of l..rater surface computations 0, 2). This method entai Is
the trial--and-er:-rorsolution of the basic energy and headloss equations. The
head loss ,equation describes friction and fonn losses developed from one section
to the 'next. The flow cond i hons' al~e as sumed steady, gradually varied and one,...
dimensiohal. One-dimensional flow is assumed because the velocity is presumed
to exist in the d ir'ection of flow only. This assumption is based on the
premis'ethat the total energy head is constant for all points across a cross
section. Therefore, a level water surfac~ is assumed a~ a cross-section and
parallel velocity vectors are directed p('.!rpendicIJlar to this channel section
(See 'Fig~re 3~01 fora one-dimensional flow representation of the Cache Creek
Bas in) . For watercourses where the widthto-Iength ratio is small and where
velocities are basically parallel at a section, a one-dimensional analysis may
be appropriate. However, if the study area is such that the velocity vectors
are not parallel, a twodilllel'lsional analysis should be considered 0 Two-dimen-·
sional condHions that may occ~r are flow around islands, flow in contrac"l:ing.
and expanding reaches, flow at junctions, and circulating flow patterns in wide
rivers and reservoirs (See Figure 3-02 for a tt",o·-dimensional flow representa·
tion of the Cache Creek Basin). With a two-·dimensional analysis one computes
conditions point by point rather'than section by section. The hydrodynamic
conditions are described by equations for the conservation of fluid mass and
momentum, written in a form that is applicable to turbulent flow. These equa
tions are cast into forms which are then solved by a finite element technique.
Just as water surface 'profiles are determined for one-dimensional analysis, so
can water surface contours be determim·)d as a result of a two-..dimensional
analysis. Water surface.tontours, as with water surface profiles, can be used
to establish the limiti and configurations of project features such as levee
heights, training channels and ouUet faci litil~s.

1) R..M~.:-2jL Descrjl?:!:.i..OIJ.. - The two--dimensional hydrodynamic modeling
for thisproj ect was conducted us ing the curTI'.!nt vel~s ion of RMA-2V. RMA·-2V,
originally de~~loped by principals of Resource Management Associates (RMA) in
1973 '(King et al., 1973) while associated wHh Water Resourcl'.!s Engineers.
Turbulen't fluid motion is described in tE!rmS of conservation equations for
mass and linear momentum, including appropri<.\lte friction ter'ms (boHom and
wind). RMA-·2V solves these two-dimensional depth-integr'ated eqlJations and
gives the solution in ter'ms of vertically averaged velod ties at each point.
The program combines the Reynolds and continuity equations for turbulent flow
wHh techniques from ntJmerical <:~nal'ysis and finHe element solution methods 0

Much of the model descriptions which follow for both hydrodynamics and sedi
ment transport have been excerpted :from Thomas and McAnally (1985). These
equations ar~ as follows:
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NOTES:

I. SECTION 3 IS APPROXIMATELY 3000 FEET WIDE
YET WATER SURFACE IS ASSUMED LEVEL FOR·
1-0 ANALYSIS.

2. NOTE ASSUMED DIRECTION OF FLOW AT
SECTIONS 9 AND 9 APPROACHING SECTION 10.
NO CONVERGENCE IS SIMULATED.

3, LOCATION OF SECTIONS MAY PREDETERMINE
FLOW DI.RECTIONS AND FLOW CONDITIONS.

4. FLOW VELOCITlES ARE ASSUMED CONSTANT
ACROSS THE CROSS -SECTION EOUAL TO THE
DISCHARGE DIVIDED BY THE TOTAL AREA.

FIGURE 3-01

ONE DIMENSIONAL
FLOW

REPRESENTATION IN
CACHE CREEK

SETTLING BASIN
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NOTES:

I. FLOW CONDITIONS SUCH AS VELOCITY, DEPTH
AND HEAD ARE COMPUTED AT PREDETERMINED
POINTS.

2. FLOWS ARE NOT NECESSARILY PERPENDICULAR
TO SECTION LINES.

3 • FLOW CONTRACTION AND EXPA,NSION ARE
SIMULATED, AS SEEN AT SECTIONS 3 AND 9.

4. VELOCITIES AND DEPTHS VARY FROM POINT
TO POINT RESULTING IN VARYING WATER
SURFACE ACROSS A SECTION.

FIGURE 3-02

TWO [>!.MENSIONAL
FLCIW

REPRESENTATION
IN CACHE CREEK
SET T LIN G BASIN
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IJ U,\I - velocities in the Cartesian directions,

x,y,t ..- Car'l:esian coordinates and time,

n
'J

p

g

= density,

= acce leration of ~F'i:\\1ity ,

- ~le\lation of bottom,

h = depth,

The equationsar'e ~)I"esenl:ed in a for'm which is applicable to the solution
of both steady and ·unsh~ady flow cond iUons. HOI",ever, transitions from subc'ri~

tical to supertritical flows cannot be modeled.
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- turbulent E:1xchan~~e coefficient in the x-dirli-Ktion in the
x-plf.me,

- turbulent exchange coefficient in the y-directionin the
x-"plane.

- tangential turbulent exchange coefficient in the y-direction
in th~~ y·.. plane,

- nonlli,:l1 turbulent exchi::lnge coeffici.c:1nt i.n the x-d irection in
'. the y-plane,

.- angle behJel~n liJind dil"ec-l:ion and x--axis,

wind \lelocity,

- Chezy roughness coefficient, ~nd

= co(~Hici.ent nd.ating IMind speed to stress exerti~d on the fluid
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friction is calculated using Manning's equation. The Chezy roughness fonnula-
tion of the original computer code was modified in the input portion so that
Manning's 1'1 roughness coefficients may be specified in the input. Manning's
n-values caM be specified for pr~jetermined subareas or elements over the
study area. See paragraph 3-03.a.l.c for a description of the elements used
to model the study area. This feature eliminates thE:~ need fOI~ computation of
composite roughness values, as in one-dimensional models. For the Cache Creek
Basin modeling, n-·values I:woved to be a minor hydraulic parameter', as the
velocities are very low. Manning's n-values were set at 0.30 for all elements.
SUrfaCE:1 wind fr{ct:i.on on the watel~ slJrfacl:'! is modeled by using thE~ equation:

"Cw :=: J,;V2cos~
a

'(w _. shE-)al~ stn~ss due to wind friction

The c6efficient ~ relates the local wind speed to stress exerted on the
fluid. Wind ~~ffects can besupE~dmposed on Hw resuHs of a no ..-\",ind condition.

b) Il.:!r:Ql.:!..len.f~_.~~_fJ.lan9!:!_...~S:LEi:C:f:.tf..L~.nts. - The turbulencl~ exchange
coefficit~nts wI?re intr'odlJced in·to the I<eynolds eql.lations to make them more
ma·themf:l.tically tl~actable. The turbulent exchculge coefficient :i.s di.mensionally
the same as the coefficient of viscosity. This allows one to combine the
Re~nolds stress terms in the Reynolds equations with the viscous siresses (King
etal., 1973). Since the. turbulent exchange coefficient is large compared to
the coefficient of viscosity, the entire stress term is essentially the same
as the turbulent stress term. Physically~ turbulence is a significant factor
in the momentum exchange clue to veloc:i.ty ~wadil",nts. The Reynolds stresses are
represent~d by multiplying a suitable turbulent exchange coefficient by the
second c1erJ.llc1tille of the pl~opel~ velocity compoi'lr~)I'lt with l~espect to the x or
y-direction. .

The exchange coeffici.ents Cf:l.r1 lIary ovel~ the study area on an element by
el~~ment basis. They are gt~nendly dependent on the veloci:ty and the area oller
which they apply. The model is sensitive to the values of the exchange coeffi~

cients ,and some trlal ..-and-error testing is gE~ner'ally required before final
lIalues an~ used to obtain reasonable rE:~suHs. When the elements' sides are
approximately the sam~~ size all four turbulence exchange coefficients are the
same. Long and nan:owelements will I~equin~ sIll1:1ll(~r \falues alon~l the narrow
s ide than along the long side. Several te?sts of tr-ial coefficien·ts were
needed to set values for the CachE~ Cn~ek Settling Bas in. Regions of compan:l.bly
sized elements, such as ·the fnlt~t, th~~·tl"i:linil'lg chanl'll?l, and the ouHet, wen~
modeled with turtrulence coefficients of 250 Ib sec/ft. The turbulence coeffi
cients for the remaining basin elements were set at 500 Ib sec/ft. These
values for th(-) coefficierrts n~sLllted in computed hydrodynamic conditions
comparable to cond itions measl.lrJ:ldnear Hlt~ ROf."d 102 bridge and to cond iUons
which appear'ed reasonable in the basin.
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c ) fjDj..1g..-1l~.m!~!J.L.~Q.L~~U.Q.r.l.....r~.~JJD..t9..l.:!.~. - The RMA - 2V compu te roo
model uses the Finite Element Method (FEM) to solve the two-dimensional
Reynolds arnj continuity equations. The FEM replaces a set of simultaneous
pal'-tial diffenmt:i.al equations with ordincH'.Y differential equations which are
considen~cI an approxima'l:e repn~sentation of the pl"oblem.· The "exact" solution
of these equations is computed by applying the Galerkin variation of the
method of weighted resid~als where the ernJr terms are forced to a minimum
(Zienldewicz, 1971), The Finite ElemE:'nt rnodE:~l is constl"ucted by pn~paring a
m~sh of thn}e and/or four·· .. sidt::~d elt:;lml~nts. The corner and midside points of .
each element fOl"m the "nodal" point connections for adjacent elements, The
sides of the Hlement I s boundaril:~s are placed so that they coincide l.oJith ·thl~

study boundc)\ry. See Figure 3..··03 for the basic finite element grid for the
Cachl~ Creek S(~ttl ing Bas in. Boundary cond itions are inb~grab~d and applied at
the appropriate nodes. Then by using a Newton-Raphson solution scheme, the
set of resUlting equations is solvl?od and thi~n conditions at (?oach node can be
cletenllined.

d) ~_El.~Ji.r.l~L~m:.LJ)r..y.i.IJ.9.. _. The current vel"s ion of rmA..··2V is cap..··
able of modifying the initial ml~sh configur'ation by adding or dell~ting ell~

ments as they becon~ wet or dry, If the depth at anyone node crosse~ a
predesignah}d w~}'l:ting 01" drying tolel"i'1I1CI~ depth, the 1~1,.I:ire (~ll~ment is add(~d

or deleted, It is apparent that two problems can arise if nodes are added or
removed. An irregular boundary {.oJil:h shal"p cOI"ners may n~suJ.t as ·the mesh is
mod Hied, and computationc1J. instabi U.U.es Illay OCCUI" each time an element is
added or deleted, These problems can be minimized by defining small enough
elew:mts cHldby the car-eful plau:llllent of elenll':lnts in regions Where wetting and
drying may occur.' .

2) f3q.~n~I~!.:::lLS~gn~;Lli.t9.D..~...... The boundary conditions fal" the finite
element modl?l can be specified for both l?xl:eriornodal points and nodes wHhin
~he system, Generally, nodes located on the boundaries are divided into flow,
~lip and stagnation boundary categories. At i~terior nodes one either pre~

scribes til. w["tel"..·lellel boundary condition or no conditions are specified.

a) Exterior nodal boundary conditions are those that define the
study extent and how the eXh~rior wadd interacts with the system. All ext(.;l ..··
rior boundar-y nodl?s l.oJhich are not subjl~ct to specified flow conditions SIJch as
inflow, outflow, or depth, are called system boundary nodes, RMA-2V assumes
that fluid can only move parallel to a system boundary, thus the name slip
boundary, Exteriol" boundad.es which define flow cond it :i.ons al"0 analogous to a
starting water surface· elevation imposed on a one-dimensional Standard Step
water sur'face computation, Th(~sf::l exterior bounclal"y conclH:ions an:~ gillel') in
the fonn of specified flow across a predetennined section, specified head at
indillidual nodr::!s 01" aCI"oss a sechon, or a!; a stage dischal"ge relationship
acr6ss a section.

b) Interior nodal points are genetally left as unspecified, thus
allowing ·the model to compu·te the concl iUons at that location. The modl~l l.oJill
sollie fa 1'- the finite element equations in n'=Jsponseto th(-) gillen extedol" boun..··
clary cond itions, It is poss ible to specify water sLlI"fac(~ 1?levaUons at inte
rior nodal points, howevel",. the continuity pdnciple may be violated nl?ar that
point. The solution scheme accepts those conditi6ns and solves for the remain-
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ing hydraulic parametHrs accordingly. Stagnation velocity conditions can also
be specified for both extC:~rior and interior' nodal points.

b) The Bed Shear Stress - Ther~ are several methods
available for computing--the"'-sTl'ea'r--st're~s"5-'usingthe basic expression:

a ac a aci}x (Dx ax) + ay (Dy ay) + S
ac ac ac
irE -{- U i}x + v ay

S - bed source term (See paragraph 3-03.b.l.c for description of
term) .

c - concentration of suspended sediment,

Dx = effective diffusion coefficient in x-direction,

Dy .. effective diffusion coefficient in y-·d i rect ion,

where

a) Advection-Diffusion - Most sediment is transported in suspen-
s ion. The sed imenr-rs"'(H's'pers-eci"-'aI1d-'''m i xed in suspens ion and can be described
by the basic advection diffusion equation in the form:

This transient equation i.s tht') mastel~ transport equation which brings
'cogether the ind ividual process(~s of eros ion, entrainment and depos ition and
allows them to interact. These processes are further described below.

1) SEQ,:LQescc1:J2~iQ!J.. - SED4 is a two-·dimensional, finite element
sediment transport model. It uses the hydrodynamic parameters (velocities and
depths) computed by RMA·.. 2V to simulate the sediment processes. SED4 is a
depth-averag(~d model {""hich allOl""s for the wetting alid drying to occur anywhere
in the domain. SED4 was dE~signed to simulate the transport of either cohesive
or noncoh~)sive sediment. A computational model of each of the four sediment
processes is briefly described below. More detailed discussion on the model

·and sediment proceSSt~S can be found in References 5, 7, and 8.

b. .~~_<!.i.!!!Q.[l_t...Ir~n.?l?g.r.:~ .....~Xlg.; ...'pg.l:?..Q,lLiti.g.r}. - A major' goal of ,the analys is is to
predict the sediment distribution and deposition within the basin as a function
of time. The bas in configur'ation and the proposed sed iinent management strategy'
will be based on the ability to determine the deposition behavior. The current
version of the two-dimensional s(?diment transport model, SEDIMENT4 (SI:04), can
be used to simul~te the basic sediment transport processes: erosion, entrain-

. l11eH't, transportation, and deposition.
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1:b :::: shear stn~ss crl: the bed,

p - water density, and

u* :::: shear velocity.

the o~tions for com~utihg u* are given below.

1. Smooth-wall logarithmic velocity profile:

u - vertically averaged mean flui& velocity,

l",here:

T1
U·)f

. u*D- 5.75 loge 3.32 -~- )

CME - coeffic:i(~nt of 1· for Metdc unfts and ·1.486 for English
units.

3. A Jonnsson-type equation for surface shear stress (plane beds)
caused by waves and currents.

o
n
D
r-..J
I.

U

LJ

D

n(: .
I . ..~.' '~

~"-'.: .'~;/

U

D. - water depth, and

a kinematic viscosity of water.

2. The Manning shear stress equation:

u.)(. _ .Cgl:!t.~urL ...._
(CME)1/2Dl/6

whl~re :

g ... atcelen~tion of gl~avHy,

n Manning's roughness value, and

1 'f u + f u . u:::: C..W....QlD•• - .....C._ ....__ )(tf + ...QlD )
i uom + U 2
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where: II
l ;

where:

S =o:.lC +0:.2

f c - shear stress coefficient for currents.

[J

D
U
n
UI
[

C·
[

[

[;

'0
s

uom= maxim~m orbital velocity of waves, and

f w = shear stress coefficient fo~ waves,

u.)(. __ ( ~F t/ + !fwu~m ) lI2
2 c .4

4. A Bijker type equation for total shear str~ss c~used by waves~~d
currents in the form:

c) The Bed Source - The bed source term, S, in the
advection-··d iffus ion eZi'ua'fTcJncfes-c'rH>Bs the source of supply or the withdrawal
mechanism for ·the matedal which is making up the suspended sed iment load.
The bed source term can be written as:

cr.1 -source term coefficient, and
cr.1 = equilibrium concentration coefficient in the source term.

S has the same form for deposition and erosion of both sands and
clays. The values of the alpha coefficil~nts are governed by the type of
material, sand or clay, and process, eros ion or depositi.on. The expressions
for S are given below for sand and clay transport.

where:

s

Ceq

C

- sand source term,

= equilibrium concen·tration (tt~ansport potential),

_ sediment concentration in the water column, and

characteristic time for effecting the transition from the
sediment coricentration to the equilibrium concentration.
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The Ack<~rs--White formula was used to compute the· transport potential Ceq.
The characteristic time. t c • is the amount of time required for' the
concentration in the flow field to change from C t.·oceq . ~or deposition.
t c is related to the fall vl~locity and is ·the larger of:

D·
CcI··-v~·-·~

t c --or:
DT

where:

~d coefficient of deposition.

D - flow depth.

Vs - fall velocity of a sediment particle.

DT = computation time interval.

For scour. t c is the larger of:

, D
L':l····V-

t c .... 01"

Dr
l",here:

Ce :: coeffici.<-mt for entrainment. and

v = depth averaged flo\,\) velocity at the point of computation.

2, .(';l.~__Ir.:.~D.~.R.Q.r.:~~. - For depos it ion rates of clay bed s
the equations of I<rone (1962) are used in the forms:

(' 3~~ CO
'f.

) for C < Cc~,
_. - _. ----

D 'Cd
and.

2V 5/3 '(
S .... . _. ._:_.. l~ C (1 ..., _...... ) for C > CcD 'Cd

..:."
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where: ;

f

I

- I

l~

~ - bed shear stress,

~d :::: critical shear stress for' depos i tion, and

Cc -- critical concentration.

Erosion rates are computed by a simplification of Partheniades (1962)

results for particle-by-particle erosion. The sourte term is computed by

P ~
S :::: - ( .. _. - 1)

D 're
where :.

P :::: erosion rate ~onstant, and

~e:= critical shear stress for particle erosion.

[1

r
D

3-10

d) Bed Model. _. The sour-r:e·.. s ink term in the general
advection-d iffus ion equ'aTIon"-becomes the source-s ink term for the bed model.
The bed model keeps track of the elevation of the bed as well as the
c6~p6~ition and character of the bed.

Deposits are calculated as incremental layers. For clay materials,
these laYers consolidate as they are covered with increasing amounts of
overburden. When bed sheal~ strc~ss is high enough to cause mass fai lure of a
bed layer, the erosion source term is:

T :::: thickness of the failed layer,

PL :::: (~ens i ty of ·the fai l(~d layer,

L\t :::: time interval ovel~ which failure OCCUI~S , and

~s :::: bulk shear strength of the layer.

l:
l
[,

[:

l
C

.... L'

L
~

T_LeL for ~ > ~sDL\tS

where:

1. In this model sand beds are considered to consist of
a sediment reservoir of finite thickness, below which is a non-erodable
surface. Sediment is added to, or removed from; the bed at a rate determined
by the. value of the sink-iource term at the previous and present time steps.
The mass rate of exchange wHh the bed is converted to a volumetric rate of
change with the aid of a bed porosity parameter.
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2. Clay or mixed si:1nd and clay bHds are treated as a
sequence of layers. Each layer has a set of its own characteristics such as
thickness, density, age, .bulk shQar strength; and type. Each layer is also
described by a second set of pamml~b~rs I",hicl') an~ the critical shear stress
for erosion, the erosion I~ate constant, t.he initial and one····yeal~ densities,
the initial. and one-year bulk shear strengths, and the consolidation coeffi-

. c:iEmt, and whether the metter.ial is clf"Y or sand. New clay deposits form layers
that acquire their Ol",n char·actt~ristics. In the progn.~iil l?ach lay(~r is allowed
to grow to f'\ prespec'ified max imum thickness; if further gl~owth occurs, the
formation of a new layer will be initiated. The density and strength increase
over time as the overburden and/ol~ age incl~ease. .

2) .~.9IJm!~.r.:y._G.QDQ ..t:U..qn~."" Sl?diml~nt inflow characteristics such as
'concentration arid gradation, are used as the sediment model boundary condi
tions. Sediment concentrations are supplied to SED4 at each time step, if
th~~y change with time. Sed iment gradations can only be described in terms of
a single repr'esentativl~ gn3.in size. This parameter is entered into the pro
gram as a cOI'Tesponding par't;icle settling velocity. See Figl.lI~e 3-·04 for a
plot of settling velocity versus particle size. The boundary conditions are
specified at the water inflow boundaries. For boundaries at which there is
always fluid and sediment flow out of the model, such as the downstream
section of a non-tidal river, boundary concentrations need not be specified,
and the model will calculate the outflow concentrations.

1) Project fe~tures were designed to preclude the necessity
for extensive stone protection .. However, stone protecbon is to be provided
at som~ locations to protect against erosive forces caused by wind generated
waves and localized accelerated flows in the channel features of the project
near structures such as bridges, bends, and outlet works.

2) StOI'H:) riprap protection was des igned in accordance with EM
1110..-02-1601, "Hydraulic Design of Flood Control Channels", ETl 1110-2 -120,
"Add i tional Guidance' for Riprap Protection", and WES Miscellcmeous Paper
H-78-7, "Practical Riprap Dl?:!s ign. S·tone s lope protection for the low flow
outlet structure Wi::\S s il.ecl to accomoclate the dl?:!s ign discharge of 400 cfs at
flow conditions n~slJlting in a discharge l/elocHy of 10 ftlsec. Using the
Froude number method eWES, 1978) of sizing,

D CF"3y
~50

where

F = Froude numbel"

y = flow depth

C - coefficient with a factor of safety of 1.5 = 0.30

and a specific gravity of rotk riprap of 165 Ibs/ft3, a layer thickness of·
18 inches was required.
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3) Stone slope protection for the outlet weir abutments was placed
to protect the levees from flows approaching the weir inlet. The la~er thick
ness was based on the minimum requirement of 12 inches increa~ed to 18 inches
for potential wind wave action.

d. Freeboard Criteda. _. Freeboard constitutes the vertical distance
from the desIg'n"wat~~'r-""sIJrfac~eto the. top of an excavab?d channel, a channel
wall, top of levee or the soffit (lowest point) of a bridge or culvert. It
assures that the'desired degree of protection is not compromised by erratic ~

hydrologic phenomena, future development of urban areas, unforeseen embankment
settlement, or accumulation of silt, trash, and floating debris. The minimum
required freeboard is 3.0 feet for leveed channels and other waters impounded
by embankments. In add Hion, frel?boani may be I?stabli shed by the effects of
wave action such as wind setup and wave I~unup. Wind setup is the vertical
displacement of the lIJater surface by ·the force of the lIJind. Thi s may be
thought of as the "tiltil of the water surfacE~ due to thE~ wind. The wind force
also produces another effect on the waterside bank known as wave runup. Wave
runup is the vertical distance the water encroaches on the embankment or
bank. 80th wind setup and wave runup are combinl?d to produce an add i tional
criteria for the establishment of frel?boal~d. The grE~atel~ of the two freeboard
criteria, wind allowance or standard allowances, wi 11 l?stabli sh the dl~s ign
project freeboard. The IJJind action freeboard of 4.0 feet was chosen for the
projed design freeboard. For a discussion of the lIJind action analysis, see
pal~agni.ph 2-··07. FI"eeboal~d fOI" the trainin~l levee was set at 2.0 feet, 2.0
feet below the design projlKt frel?board. rhe -l:;r'aining levl?e freeboard was
established to insure overtopping of the training levee before the basin levee
height is exceeded in the event of ari extreme storm discharge.

e. Q.~.U~.t--hl.~J.r... -- 'rhs strclight drop outlet weir was configurE~d in
accor'dance with the crib?ria set forth in "Hydraulic Des ign Cd teria for a crT
- Type fkop Structure. The weir layout and structUl"al dl':!tcdls are shown on
Plate X. The weir length was set at 1740 feet, as presented in Reference II,
to minimize lellsehdghts rH~lil" the outlet lIJeil~ and. so as not to increase the
existing water surface at County Road 102. The weir was dl?signed to pass
30,000 cfs at a d-esi~4n hec;"\d of 3.]5 feet. ME~xilllum taHwater conditions in the
Yolo Bypass lIJi11 not r'estdct flolIJ ov~~r the lJJeir at the initial or final wdr
elevc::l.tion. The no-·t;ailwatE~r condition wa£, used to establish basin sizing.
Basin length and end sill height determined from Plate 43 of EM 1110-2-1601,
wel~e mod Hied to account for sed imentbuiJclup and low taHwater cond itions. A
discharge rating fOI~ the OUtll':!t wl':!ir is sholIJn on Figure 3-05.

1) The low flow outlet structure was sized using the methods
given in EM 1110-2·-1602 and related Enginel:lring Manuals. The conduits were
assumed to flow full with high head conditions downstream compared to full
channel flow upstream. Selection of culvert size was based on the difference
in upstret~l1l/downstl"eamhead versus thE~ des ign discharge (See paragraph 3-·05. b
for design flow detennination and paragraph 5-02.b.1 for description of the
low flow outlet structure).

3-·12



L_· ,---".. ~-j

,~;<.:~;-},

LJ' I_J {~ L_::j L~ "_0 \~ ~_t ~~]
'~---I, i

~,- j ('~)--'
,

:-"""-:--_..-1

.."-CO
c...
CD

~
I
o
en

I- :5
(/)

Ul
Q:.
0

Q: 4
Ul

DESIGN HEAD~

Ul
3 Ul

> (!)

0 Q:

m oct
oct 2 :I:

0
;..... (/)

I- 0
LL z

ol/
(!)

0

I~oct
WEIR CREST ELEV."w

J: I
., I ,

0 10 20 30 40 50

DISCHARGE (CFS)
X 1,000

* FIRST STAGE - ELEVATION 33.5 I NGVD
ULTIMATE ELEVATION 38.5 I NGVD

FIGURE 3-05

DISCHARGE

RATING FOR

OUTLET WEIR



'1
l(~:-::J:

,-".'.."

. J

-j

IL..
. --------
-I

. .J

2) 'rhr:1 total hE~adloss ,th,"ough thE~ outlet works included loss
at the outlet, inciudihg flap gate, friction loss in the conduits upstream and
downstream of the control gate. loss through the control gate and loss at the
entrance. The rating for the outlet works was computed using the following
equation;

where

I'll - 1'14 - The difference in headwater and tailwater •

(~- DischargE~ •

D

A

Equivalent Diameter -

Area.

(EM 1110-2-1602. Page 2-9).

'-',
I

' .. J

-
]

P .... Wetted PE:1rirnetel".

Ko - Loss cOI?ff i c ient of OUtll:?t .- 1.0.

I<CG = Loss cOErff :i. c i Emt of control gate _. 0.1

I<e _. Loss coeffici(?nt of Bntl"i.mce = 0.2. and

f - Coeff:i.cient of friction.

,Q. Length of conduit.

(Fully open),

'1

--~

J

: )
, ,
'.:..-..-1

~.
:1
.. J

The 'discharge r'ating fa,,, a single 4 foot by ~) foot box wHh control gate and
flap gate is shown on Figure 3-06.

3-·04. Q~!~ ..i9il..._0.D!?!.J.~.? i..!? ~.D..Q. ......$J.!:!.~~.~L...J:r..9.S_Q.~I.Yr.~... _. The desi.~4n procedure used to
develop project features is comprised of three phases. Phase I of the
pr'ocedure icientifiE:1s design objectives and design criteria. Phase n
developes gen~}ral PI"OjE~ct fl?aturt?s and tent:ativ(~ly pr'oposes the form of
certain control features. A preliminary evaluation of these configur~tions is
conducted to deter'mine which combina'cionof fl~ature l~ould best meet the dl~sign

objectives. Phase III of the design p,"ocedure refines the system developed in
Phase II to ensure that all sed imen-t management objectives can be achieved. A
sediment management plan is also developed in Phase III. This plan.would
include:,~ sediment monitoring schedule would allow for the adjiJstment of
project features if needed.

a .

1) Major design criteria such as design discharge capacity. basin
sed iment storage capacity. dl~S ign life and bas in trap l~ffic:iency have bl:.'!~~n

3-·13
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developed in previous studies. These parameters were presented in Reference 9
and are listed below;

1. Design Discharge - 30,000 cfs,
2, Design Life - 50 years,
3. Basin Trap Efficiency - 50% (avel~age), and
4. Sediment Capture Rate - 340 acre-feet/year.

2) Bas ic system requirements were determined from these parameters.
Total basin volume for storage of 50 years of sedimenl accumulation was com

puted to be 17,000 acre-feet. The levBe heights and the ultimate weir crest
elevation were designed to accomodate the design discharge and to provide the
required sediment. storage capacity. 1983 surveys were used to develop eleva
tion contours for existing basin topography, The contour map was then used to
develop the stage-capacity curve as shown in Figure 3-07 (this assumes a uni
form, "flat" deposition pattern over the entire basin area) and also to deter-'
mine the elevation the design stor'age capacity would achieve, A design range
of basin trap (~fficiency l.,as set at 30% to 70%, Proj(~ct features were allowed
to function within this range resulting in ah average trap efficiency of 50%.
Trap efficiencies above 70% and below 30% would '\:;rap too much. sed iment and too
little sediment respectively. A rebuilding or modification of some project
features will be required when the trap efficiency falls out of the allOl.,able
range.

3) The project design objectives or criteria resulted from an
analys is of the sed iml~nt inflol.,load and associated sed imen'\:; characb~ri stics.
This information was obtained from the U.S,G,S, monitoring gage locate~ at
Yolo, whith is approximately 5 miles upstream of the basih inlet, The
information was gathered from 1943 to 1971. Of the total sediment inflow
load, the USGS n~ports that approximately 93% is suspended load and 7% is bed

.load. The suspended load particle size ranges approXimately from 0,001 mm
(clays) to 0.2 mm (fine sands) (See Figure 3-08), This load was designated as
the "target" IOc-Ad to be used for primary feature design. The bed load
particle size ranges approximately from 0.2 mm to 20 mm (coarse gravels) and
was considered oniy after the major featun='!s had been designed. This approach
was taken since the bl~d load was only 7% of the total load, As the suspended
sediment passes into.the basin, nearly 50% continues into the Yolo Bypass. A
large portion of that mater'ial then passes into the Sacramento River and
eventual ly into the San Fl~ancisco Bay. This range of particle sizes, often
defined as the l.,ash load, l.,aS not cons idered to be a s igni ficant factor l.,hich
could affect the flow capacity of the Yolo Bypas~ or to be a significant
factor in the design of the sediment basin. A portion of the material does
deposit in the bypass, in particular near the outlet weir. The upper limit of
the .particle sizes that pass through the basin and outlet weir can be
determined by examining those materials which have deposited near the basin
outlet in the Yolo Bypass, Th(~se are the materials which cannot be carri(~d by
the transport capabiliU.es of the by"pass flows. This particle size then
became the lower limit of the "target" r'ange for which ·the bas in features were
designed, Once the "target" range of sediment sizes was determined, Phase
II-General Feature Development and 'Evaluation of Features, was conducted.
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basic objective of the design was to trap and distribute the "target"
s~diments evenly over the basin. The objective 6f this phase of design
process was to evaluate the effectivel'H~ss of various control features such as
training channels, tr'ainilig ll~vees or d istribuUon vanes. It was apparent at
the outset 'that many combinations of feature configurations were poss ible,
Considering the established "target" r'ange of sediment sizes and the sediment
distribution obje~tives, an evaluation of control features was performed.

1) .Erg.Ul1!i.D.~.ry.....t!.Y..rt.r.Q9...YDE.!!l..t.~!v.l.9...<!.~iD.9. - Preliminary hydrodynamic
computer runs using RMA·.. 2V provided information about the expected velocities
and flow patterns associated with various internal features. Single and
multiple levees were placed both pal~allel and perpendicular to flow. Efforts
were made to din~ct flows into disUnct "paths" of higher veloci ties which
would carry sediments into the greater basin are~. Because of the basin size,
it became apparent that the interior levees had little effect on the general
flow velocities over the basin. After dischi:lrges entered the greater' basin,
velocities no larger than 0.5 to 1.5 ft/sec were quickly established.
regard less of the extent of control features within the bas in. Higher
velocitil~s were realized in the basin when tl'K~ control levees were tied into
the inlet channel banks and extended down into the basin. ihis confined the
flow and caused higher velocities until the levees ended. At that point
veloci ties again dropped into thf~ 0.5' ft/sec range. Cons idering the "target"
sediment sizes and the ineffectiveness of the interior control features, it
became apparent that distribution levees or channels would not be ·effective.
See Figures 3-09. 10. and 11 for 'cest leve(~ configur'ations. The relatively
uniform velocity distdbution over the basin. with.out levees, appears to be
the most des irable cons j.(h~ring the small sizes of the sed iment. The s i Its and
cli-JYs which make up a lal"ge fr'action of the "target" sediments. require large
dis·cances. slow velocities. or both in order to settle. These conditions can
best be achieved without interior training levees and are the conditions
needed to meet the design objectives.

To add support to .the proposed design concE:~pt, an evaluation of the existing
features was performed. Ex~ept for the single interior training levee. no
other features were provided within .the basin. Sediments seemed to be well
distributed over the.basin area available for deposition. During high flows
and complete basin inundation. sedim(::!nts SE:~em to be well distributed except
for ~he area immediately downstream of the levee. The sa~ds and small .
gravels are deposited at the end of the levee where velocities d~op from 3.5
ft/sec to 0.5 ft/sec. Using the information as described above. the following
design concept was developed.

. 2) r:r.eJj.!!!.irl!~.!.::.y. ....I-?@.§.j.:.9.!l. - The primary des ign effol~t targeted the
sediment sizes which range from 0.001 mm to 0.2 mm. TI,ese particles make up
93% of the total load. Thel~efore, the pdmary des ign focus was on the capture
of these materials. Since interior fea·tur'es (levees and channels) l,Jer'e
eliminated as the method for control, the primary means for effective capture

. was the manipulation of the outlet weir. Tempor'al incrementation of the weir
would establish the hydrodynamic conditions needed for the desired trap
effi~iency. The secondary design effort dealt with the less abundant larger
particle sizes. The emphasis here was to cre~te conditions which would carry

. the sediments into the basin away from the inlet where clogging might occur.
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A tmining levee was provided to achieve these conditions. The downs'l::n~am

extent of the levee will be adjusted as needed to allow for effective
distribution. Thi's may be done by lengthening or shortening the levee as time
goes by (Refer to' Figur'e 3-12). Two altenlatives of levee length adjustment
were considered. The first alternative was to begin with a short training
levee which would be lengthened ovel~ the life of the ~woject. The second,
al'\:ernative was to begin with a long training levee l",hieh would be shortened
over the life of the project. The second alternative was chosen for several
reasons. First,' considering an l~veil distribution of the sediment was a design
objective, filling of the basin beginning with the lower elevations is
desired. Beginning with a short levee w6uld only result in mounding on the
already high contour elevations. Second, with a long levee it may appear that
the upper bas inwou Id not be uti lized . However, as Uma pas ses and the lower
contours'continue to,fill, the levee would be cut back, thus bringing mare and
more of the basin into direct use~ A short initial l.evee length would in fact
allow more of th(~ basin to be in immediate contact with sediment, laden
discharge. This would certainly result in too high of a trap efficiency.
Lastly, a major concern of the projec'\: features is the resulting water surface
conditions at Road 102. It is impor'\:ant to keep sediment deposits from
creating increase flood stages at Road 102. This would be achieved if the
deposits due to the larger-sized sediments are transported further into the
basin. Effects of the project features, including the shortening of the
training levee, can be monitol~ed over '\:he life of the project. The re~ults of
the Phase II - General Evaluation are listed below:

Primary Des ign Effol~t,- Obtain d(~s ign cond itions by weir
incrementation based on primary target sed iment s iZli:1S .

Secondary Deslg~- Direct larger sized (low volume) materials by
internal levee manipulation.

In~lementation of the Phase II design resulted in the basic feature
configuration. Phase III - System Refinement ,,,,as used to determine the actual
sediment distribubon for a gh/en waiT sl~tting and training levee location.
Temporal manipula'l:ion of these tI",o featuri~s ,,,,as determined using thl~ 30-70%
trap efficiency as the general criteria.

c . fhas~....JII,_~=- ..~'y~,tQ.!!!.J~~f.i.!1e!!),I~n.t. .'.. In ,th i s phase the Phase II design
is completely evaluated by modeling th~~ actual sys'\:em and carefully predicting
the e)(pected sed illient d istribution and~ 'crap I~fficiency. By deter'mining these
pal"ametel~s, the time-dependEmt ad j ustrnent or operation of the features can be
determined. Figure 3-13 provides an overview of the final design process for
the Cache Creek Settling Basin. This flow chart presents the sequence of
steps that were used to develop the basin model and complete the evaluation of
the' system trap efficiency. The progression advances from Stage 1 to Stage 4
and is described bl~low. Figqre 3-14 shows the Phase II configuration that was
used in the evaluation of the sediment basin trap efficiency.

1) g~9.,~,.,..,L..:..J1Q9..~J.,.,!2Q.ns...:tn~~,ttQD. - Model constr'uction en'caUs the
assemblage of the sysb0m features into finHe element fom in preparation for
RMA-l. RMA-1 is used to generate the two,-dimensional finite (~lement grid to
be used by RMA-2V. The basic model, as developed in Phase I, was modified in
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REFINED BASIN
CONFIGURATION

NOTES:

I , THE BASiN ELEMENTS WERE REFINED
TO INCLUDE A LOW FLOW CHANNEL
ALONG THE TRAINING LEVEE.

THE ELEMENTS NEAR THE WEIR
WERE ALSO REFINED.

NOTE DETAILED F.E. DEFINITION
OF TRAINING CHANNEL AND
OUTLET WEI R.
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minor ways to includE~ the low flow channE~] and irrl::E!rior training levE~e. Data
for ·the existing topography l,Jas dl?\H~l(lPI~d from SI.tr'V(~ys conducted i.n 1984.
Contoul~ 1ines and devat:i.uns few the pn~determined nOdi:1.l points "'Jere gerierab~cl

using the cun'ent v(~rsion (Vel~sion !),1~) of thl~ MOSS surfacl~ modeling progn:.l1n.
MOSS is a proprietary contouring package from Control Data Corpor~tion. The
stage], data fiJ.t~ pn~par'ation was I~epl:~atr~d for l~ach sysh~m modification,
including the periodic raising of weir crest.

2) ~J:-:.~.9Q L.::..Jty..~:ir..Q.g..Y.JJ.9J!!.i~~.?- DI~tr:mninati.on of the hydrodYrli~mic
condit :i.ons pl"()\tided th(~ vehicJ.(~ fOI~ sed iment trans pur't, d i stdbut :i.on, and
dE~position. To model a "real water year" (continually rneasun:.'!d discharge of

. the. enhl~e flow y(~al~)would be impn:1.ctical. 'T'his is due to t;h(~ excessive
amount of computer time required to m(~el an entire year with the small time
steps that are required. An abbreviated method of analysis was developed
when~by a representativl~ flow yl"!ar l,Jas model(~d l,Jith a smal 1 set of
pr(~determined hydrographs,

a) tly..~~.r.gl9.Sti.£.J~.Q.!lgj.J;j.QJ:~~....... By examining a numbel~ of water
years, it was apparent that the colle~tive hydrograph could be divided into a
I~elatil/ely small rll.lI11ber of specific hydrogn:lphs. These hydro~)I~aphs could be
gr'ouped into cat:egories and r'anked acc'ordinq to voluml~, peak discharge,
duration and/or frequency (See Figure 3-15), In each. category, a represen
ta'l:ive hydrogr'aph and cOI'Tespond ing number of OCClJrT(~nCI~S pl~r YI~i.'lr could be
developed. Using this procedure, a finite number (4 to 8) of hydrographs could
be used to model a typical yei.'lr of discharges into the basin. Owing to the
limited amoUnt of measured da~a that could be used to generate these hydro
graphs, a different but simi lar approach l.Ii'\S uSI~d. From 69 years of instan·
taneous flow meaSI.II~ernentsI a plot of pt;1ak discharge IIN'SUS fl~equency of
OCClJr'ence Wi.'lS dl;wl~]()pl:'!d (1~I~f, 11) as shol,Jn in Figt.lr<~ 3-16. The frequency
cun/e was d,ividE:1d into ~) I"im~Jes, The Ill:idpnint ol~dl.nate of each range was used

.'1::0 represent each I~ange. Figun~ 3·-16 5 hOI"", thl? bn~i.~l<dol,Jn of the curve into
ranges and thf:~ cor'n~sponding d i. SCI'kH'gf' for each ran~Je. The SPF hydrograph as
prelliously del/elopl~d for the Cache Cn:'ek Basin Office I~eport, May 1974, was
used to represent a general hydrograph shape. The SPF hydrograph was scaled
by I:: he ratio of midpoint ordinate to the SPF peal<. rhl~ rr~sultinq hydrograph
~as used to represent the storms occurring in that speciFic percentage
in'l::ervaL Se(-) Figun~ 3·-17 for ·the SPF and indillidual s'corm hydroqr'aphs.
Beci.'luse these runoff hydrographs wer~ used to transport and distribute the
sediments through the basin,it was important that the I/olume of water
delivered to the basin by each storm be I/olumetrically correct.

Because the general hydrograph shape was derived from the SPF
hydrograph, the dUI~ation fOI" all hydrograplls are th(-) same. Volumes for a
given hydrograph are skewed depending on the interval it represehts. The
SUmnii:1.t:i.on of all inflow hyclro~Jn~phs should equal the total expected inflow
volume. This total volume was deterrnined from the aVeraqe annual flow
mE:1aSUI~ecl for the pedoc! between 190'1· and 1983. Higher frequency hydrogn:.'tphs
wOIJld occur more ofb:H1 than would a lO\,Jer' Fn;'quency hydrograph. To deb~nlline

the number of storm occurrences, called the Hydrograph Volume Factor (HVF),
the total flow I/olume was multiplied by the appropriate percentage interval of
occurrence and then divided by the volume of that particular hydrograph. This
computation giv8s the number of storms PN' y(~ar for that hydrograph. Th(~

hydrograph is named by the midpoint value.

3..-17
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NOTES:

j
I. ALTHOUGH RMA-2 V IS CAPABLE OF

~~
HISTORIC FLOW HYDROGRAPH ACCEPTING SOCH DATA, IT WOULD BE

. FOR YEAR X IMPRACTICAL· TO INPUT DISCHARGE

'" VAlUES FOR AN ENTIRE WATER YEAR.u
en

f\ ,\ 1 2. EACH FLOOD HYDROGRAPH Hr CAN BEor - - -.
RANKED INTO CLASSES ACCORDING TO
PEAK, VOLUME, DURATION ORCOMBINA-
TIONS OF EACH.ALL FLOOD HYDRO-
GRAPHS FOR A TYPICAL WATER YEAR... > u z m a: a: >- z .J' '" 0. CAN BE DESCRIBED BY THESE CLASSES.u 0 w c( w c( 0. of ::J ::J ::J W

0 Z 0 ., 11. .:1 c( 2 ., ., c( en
3. THE FLOOD HYDROGRAPH CLASSES OR

REPRESENTATIVE FLOODS CAN BE
DEVELOPED FROM SYNTHETIC HYDRO-
GRAPHS. THE SPF HYDROGRAPH WAS
USED FOR THE CACHE CREEK STUDY.

It
SYNTHETIC' FLOW HYDROGRAPH

1
4. FIVE CLASSES OF FLOODS WERE

FOR YEAR X CHOSEN FOR THE CACHE CREEK STUDY
AS DESCRIBED IN PARAGRAPH 5.4.3.(01

(\
AND DEPICTED ON FIGURE 14

1\ 5. NUMBER OF STORMS OCCURRING IN EACH
CLASS IN A GIVEN YEAR IS. BASED ON
TOTAL VOLUME FOR A TYPICAL WATER
YEAR.

I I

> u z m a: a:
~

z .J '"
0....

of 0. ::J ::J WU 0 W or:( W ::J.
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FIGURE 3;;.15
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NOTES:

I. RAINFALL FREQUENCY OF CACHE CREEK AT YOLO,INDEX POINT 10•.

2. DRAINAGE AREA IS 1139 SQUARE MILES-tWITH INDIAN VALLEY RESERVOIR)

3. PERIOD IS 1902 -1971
4. SOURCE:OFFICEREPORT,STANDARD PROJECT FLOOD ,CACHE CREEK BASIN, CA •

DISCHARGE .
FREQUENCY CURVE
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NOTES:

I. THE PEAK OF EACH HYDROGRAPH
REPRESENTS THE MIDPOINT OF EACH
DISCHARGE-FREQUENCY RANGE AS
SHOWN ON FIGURE 14

2. THE 1.2 YEAR FLOOD WAS MODIFIED TO
ACCOUNT FOR RMA-2V ,LIMITATIONS.
FLOWS BELOW 2000CFS WERE
ELIMINATED. THE APPROPRIATE
VOLUME WAS ADDEO ON THE MODIFIED
HYDROGRAPH BY SHORTENING THE
DURATION AND SETTING EACH FLOW TO
2000 CFS.

FIGURE 3-17

DESIGN AND SPF
HYDROGRAPHS



,-------------------- --_._--~~_._-~--------,~-----------_._-------_._-~---------------_.,.~--------_._------------_.

A2 _.
EO ::

EL.F.~V -
C --

f]

L1

.:]

[_1

u
U
\-1

n
l(J".":- ";'J

,~.:.,.,J

il
LJ

b) QQ.~.n~.tre~!!!.J~o.!.:!.m~ary_.J;;.Q.!Js.H.:t!Q!J~.- The en'eire bas in sysb~m,
including inlet channel, flows within the subcritical regime. Because of this
flow behavior, boundary conditions (stage and discharge) must be specified at
the downstn~am end of the flow domain. Irlitial ly, downstream boundary
cOi1ditions t~ere set at the water surface elevation that is observl~d in the
Yolo Bypass. Howe\lel~, records show that maximum water surface elevations in
the bypass are not sufficiently high to act as a control at the outlet weir.
Downstream boundary cond:i.tiorls were then set using the stage···discharge option
of RMA-2V. This 'option allol,Js the boundary conditions 'co be described by the
equation:

Q :: Al + A2( EtEV .- EO )C

where:
Al - a base flow condition. This was set to zero for the weir

cond ition,
(weir length)·*(discht.-\rge co€~ffid.ent),

weir crest elev~tion,

computed water surface ele\lation, and
1. 5.

This boundary condition is used in the solution of the flow equations
dev~loped in RMA-2V.

c) ~.y'.gr..9_9..Y.llaJn.L~._~.9..!!H.~.~..Ll~J~.iQ!.~.. - Each of the fi\H~ desjgn
hydrographs t,Jere supplied as input data to the RMA··2V model, which l,Jas then
used to compute the hydraulic conditions in the basin. These conditions were
~ubsequently used as input for the SED4 model which determined the sediment
transport behavior caused by these flows. In addition, a s·teady state flow of
30,000 cfs was supplied to determine the l,Jater surface elevations (contours)
ne6ded to set the proposed le\lee heights. These same inflow conditions were
used to set inter'ior training-Ievl~e ht~ights and overflow weir cresteleva·tion.
After the hydrodynamic conditions that at~e associated with each of the inflow
hyclrodynmics were determined, the distribution and deposition of sediments
could be comp~ted-u~ing SE04 in Stage 3 of the final design.

!

3) .~.:t~9Q_.:..~.._..:::....2~_gjDl~n.:t.I.r~n.§.p-o r.:.:t~""illQ. ....P-~_12.9.~.tt i aJJ. - Using the
results of Stage 2, transport and deposition of sediment over the basin with
the aid of SED4.

a) ~9_!.~1~D.!:.::JlL!?.f!.)ar:.gQ_S~\:!.r..~L~.... InstantaneOl.lS sampling of
suspt)nded sed iment was tak(~n from 1943 to 1.971. The highest sed iment loads
during a storm normally occur on the ds inq limb of the hydrograph. An equi-·
valent discharge on ·the fall ing limb nor-mally would not cal~ry -the same load.
How~ver, when sediment samples were collected,there was no distinction between
the relative hydrograph locai:ion. Therefore, ·the resultant sediment-discharge
curve represents an "aver'age" load between iln uppel~ and lower limit. The cunle
repr~sents a least squares fit of the data plotted on log-log grid (See Figure
3-18). .

3-18
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b) Ir.1.f..1.Q.~.S;gn~_@.[ltratiQ.D.. - SED4 I~equires the inflow cOl'lcen--
tration of sed iment as input data al each time step. The 1:ime steps and con
centrations are chosen to corr'espond to the discharge input data which was

. supplied to RMA-2V. By usil'lg the sediml~nt-discharge curve (SI~e Figure 3-18)
and each of the five hydrog~a~hs, five sediment concentration versus time
curves Wl~re developed as input data for SED4. Each s(~d imlmt inflol") hydrograph
wOI.l1d thc"m be associated with the cort'esponding hydl~odynamic condition at any
given time step. "

c) ~~JjJ2rat.iol.!. - Calibration of the inflow concentrations
was presumed to be needed to insure the target inflow volume was correct. The
target SC,1IJ iment volume was 675 acre-feet pel~ year as pl~esented in Refel~ence
9. The 675 acre-feet represents the total expected sediment yield which will
enter the upstream limit (Road 102) of the Cache Creek Basin. Therefore, it
is the target volume that the fivl~ hydrographs must collectiv(~ly deliver to
the basin. The collective volume of inflow was computed using the sediment
discharge curve and the corresponding dischal~ge for each of the five hydro
graphs, including the respective Hydrograph Volume Factors. The resultant
volume was ch(Kkl~d against "the target and found to be lAlithin 1%. At this
point. both discharge and sediment data have been adjusted or calibrated to
represent historical or measured data. .

cl) T.r.~n~orL"!:l1"!~L.Q.~"2Q"~""g.i.Q!.LtQ.!ll.P..!:!_t.~JiQl1.·· For each of the
five hydrographs, tr'arlspol~t and d~~position conditions l,Jere computed by SED4.
These conditions were computed at each nodal point. For each point, both
change in b~~d elevation and final ehwation l.,)(~re compub?d. The resuHs are
then processed in Stage 4 for determining the total sediment change over a one
year period.

4) ~_~_gQ....1.__.:.::. .$ed i!!!.~D.:!.::._ AdJ.!Js tm@'F.lt ED9.__.Ac..f.umu1atio IJ. . - In th i s
stage of the final design the adjustment and collection of the computed
results for each of th~~ five inflow hyclrogn31phs is performecl. Each sediment
hydrograph reSIJlt is muUiplil?d by the respl~ctive. Hydrograph VollJme Factor
(HVF). See paragraph 3-04.c.2.a ·for ~ description of the HVF. The five

" sedimen"t dl~posib6n patterns are HJ(~n summl?d to obtain the yl?arly sl~diment

deposition accumulation. This summation is completed at each node for each
sediment hydrograph." The ye~rly deposits are then multiplied by a period of
years and the topography is adjusted. The periocl is defined as WF, the
"weighting--factor.", DI?pending on the magnitude of deposition for "the period
chosen, two design decisions are made. These two decisions deal with the weir
height incrementation. First, the amount of the weir height adjustment must
be chosen; the time to increase the height must also be selected. The
following flow chart, shown in Figure 3-19, d(?scribes -the proc(~dure which \,Jas
fo.l.lowed in maki.ng both design decisions. As previously stated, an aV8l'-age
trap I?fficiency of 50% l.,)as used for des ign. The operating trap efficiencY was
allowed to range from 70% to 30%. It is up to the designer to decide how
close to these limHs one must be before an action is taken. For the Cache
Creek BasIn study, a tolerance of 21.. was chosen as a "target \Jariance" to make
a decision in the design procedure. This is indicated on Figure 3-19 in the
decision elements of the flow chal~t. Trap l?fficiency was computed by dividing
volume deposited by average inflow load of 680 acre-feet per year.

3·--19
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a. Proj ect featurf0 improvements on Cache Creek Settling Bas in would
extend from Station O+OOLFMR the downstream limit (See Plate II for Basin
Feature Plan and Plate VI for Low Flow System Feature Plan, as well as index
for list of abbreviations for definition and delineation of levee and low flow
system stationing scheme), upstream to Station 151+00LFMR, the upstream study
limit. The project basin would be bounded by the existing levees on the
rio~th, east, and ~outh, and by a new levee on the west. The new west levee
WoUld be constructed approximately 2800 feet to the w~st of the existing west
training levee (See Plate I). The project featul~es would include raising of
the existing north, south, and east levees and relocating the west levee,
replacing the "Cobble Weir", reconstructing the low flow channel system and
outlet l",orks, and impl(~ml~nting a sed iment managl~m(~nt plan.

The project features were designed to accommodate an additional 50 years of
sedim(~nt deposition (at an average deposition rate of 340 acre--feet per
year). In addition, basin levees and outlet structures were designed to
contain, within fl~eeboard 1imi ·ts, a dl:~s ign flow of 30,000 cfs. The proposed
project improVements for the Cache Creek Settling Basin are described in
paragraphs 5-01, 5-02 and 5-03. See Figure 3-20 for the water surface
contou~s produced by the design discharge. Water surface contours were
generated assuming the ultimate weir height of 38.5 feet.

b. 1) The low flow structlJI~e was sizl~d using a design flow of 400
cfs. The design flow was derived using five low flow scenarios and the flow
conditions associated with each. First, an existing outlet dischal~ge of 2~)0

cfs was estimab~d. The proposed structure l",as des ignl:!d to pas s at least the
discharge of the existin~~ structure. Second, the capc~city of the existing low
flow channel system was estimated to bl~ approx imab:! ly 7!SO cfs. Third, the
flow at which insignificant sediw~nt is transported w~s determined. Flows
equal 'to or less thana discharge of 1000 cfs could be allowed to pas.s through
the bas in without impoundment.· FOI.lrth, the max imum discharge of 900 cfs that
could be expected from the Woodland Pumping Facility. And finally, the summer
irrigi.i\tion retunl -flows wel~e estimated at 200 crs, and considered as a basis

. for outlet sizing. Each of .these low flow scenarios were cons idert~d separately
and, where appli.cabl~, concurr'ently. From this analysis the design flow of
400 cfs was developed .. For a description of th~ low flow structure, see
paragraph 5--02. b. 1 .

2) An estimat~~ of the average anl'HJaI c1lll"ation of water impoundment
under project conditions after passage of a ·typical flood event was made.
This information is required for the evaluation of the stability and design of
the project levees. The controlling,l",ol~S(:.'! case condition l",as assumed to be
the 'impoundment of water by the outlet weir at its initial crest elevation of
32.5 feet (N.G.V.D.), 5 feet above the exi:ting crest elevation. ' At
impoundment stages above the weil~ crest I outflow from the bas in (and thus
duration of impoundment) is controlled principally by the outlet l",eir j and to
a much lesser extent the discharge capacity of the low flow outlet structure.
However, at impoundment stages below th(~ w(~ir crest, outflow fr'om the basin is
controlled by the discharge capacHy of the low flow outlet only. Uti lizing

3-20
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the low flow outlet structur'e and weir outlet discharge ratings (shown in
Figures 3-06 and 3-05, respectively) and the stage-capacity curve of ihe basin
(shown in Figure 3·-07), an estimate was made of the time required to drawdowh
the basin storage to el~vation 26.0 feet, the low flow outlet invert elevation.

Assuming no inflow from Cache Creek, the dn~wdown -time would be approximately
6 days. Assuming an average inflow of 100 cfs fl~om Cache Creek, the drawdown
ti~e would be approximately 10 days. Both estimates assume no tailwater in
the low flow outlet channel (i.e. Yolo Bypass), and would be longer if tail
water' were present. During the period of dr'awdown, the bas in would most
likely dewater from the upstream to the downstream ends (depending on basin
contours). Thus, not all project levees would be impounding water for the
full duration of the drawdown peY'iod.

c. The low' flow channel system would have four basic. functions. First,
direct the low flows from the training channel to the low flow outlet
stl~L!cture during periods of low sediment transport. Second, transport flows
from the Woodland Pumping Facility to the low flow structure. Third, collect
ponded water in the greater basin area 'and tri:~nsport those flows to the outlet
structure. And finally, drain ponded l,Jater which has collectr:Jd behind the
outlet weir. For a description of the low flow system, see paragraph 5-02.b.

d. ~,~.9 imen,:,tl1E.n.~9gment_fJ..§ln. - The sl:Jd iment managem1mt plan waLl ld
consist of the incrementation of the outlet weir, the construction of a
training channel and tl~ainirig levee, and scheduling partial removal of the
training levee. For a description of training levee removaL see paragraph
3-05.d.2.

1) Outlet Weir Construction. - The outlet weir would be initially
constr'ucted to a-c-rest elevatT()j1-'oT-:iZ--:-s feet as developed us ing the procedure
described in paragl~aph 3-04. b. At year 25 of the project life, Ol~ when a
measured trap efficiency of less than 30% is realized, (Refer to paragraph
3-05.d. 3, Monitoring Plan) the weir ..would be raised to a crest elevation of
38,5 ~eet, the final weir height. Determinatio~ of the measured trap
efficiency and departures from this weir incrementation plan shall result fro~

a joint effort between the non·-Federal sponsers and the Corps of Engineers.
The timing of weir incrementahon is based on the computed trap efficiency
versus time plot as shown in Figufe 3~21. This plot was based on incrementing
the weir at year 25. Although the plot reveals deviations from the desired
trap efficiency range, the average trap efficiency for the life of the proj ect
is appoximately 55%.

Figures 3-22 through 27 shows the bas in topography at 10 year increments .
. Although a "flat" bas in topography is not achil~ved, the aver'age annual trap
efficiency is sufficiently close to thq",design objective. See. Plate X for the
outlet weir details. . ,~,

2) Tri!inin.9.....bev_~~nd Ir~iDin9... C~~ann~l .. - .Thrq training channel
and training levee would direct flood flOl,JS down into the greater bas in art~a

thereby releasing sediments away from the upper channel region. The channel
and levee would extend the "effective" Cache Crl:Jek down into the basin to
Station 163+00LFMR as shown on Plate VI. During years 25-45 of the project
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life, portions of the training levee l""i 11 be removed by the non--Federal
sponsor. 400-foot sections of levee will be removed at 5 year irrtervals,
starting with year 25 of the project life_ The portions to be removed will be
spaced every 1100 feet, starting at the bottom of the training levee, Station
O+OOTC. For a d(~scription of tr'aining levee removal by cross section, refer
to Table 3-01. This will allow for better distribution of the sediment
del ta. This delta is formed by largl~r s iZI?d particles which are dropped out
at the training channeloiJtlet. The effectiv~mess of shortening the training
levee can be sl?en in comparison of, with and withou-t levee plots of velocity,
contour and bed change (Figure 3--28 throl.lgh 3-33). Departures from this levee
shortening plan shall result from a joint effort between the non-Federal
sponsor and the Corps of Engineers, based on the result of surveys conducted
for the sediment monitoring plan.

3) l'19,D..it.Qrlh9...Ylan. - A supplemental monitoring plan shall be
imple- mented to provide a means for checking effectiveness of the outlet weir
setting. Permanent range lines or survey grid shall be established over the
basin and within a 2000 foo'\:; radius' ofche outlet w,dr in the Yolo Bypass, to
provide a base from which periodic sUl~veys shall be taken. Range line within
the basin have been established, see paragraph 5-10. The surveys shall be

I

taken every five years with enough detail to generate topography contours of
1.0 foot intervals. Sediment samples shall be taken near the inlet to the
Cache Creek Basin so that total load discharge into the basin can be deter
mined. Sed iment data shall be uSI?d to verify and ad just assuml?d sed iment
discharge curve, and to compute the basin trapping efficiency. Computation of
the progre?sive tr'ap efficiency shall be made based on the volume of ma·cerial.
trapped and the sediment inflow. Adjustments to the recommended weir
incrementation as presented in paragraph 3-05.d.1 and training levee removal
can then be considered.

3:"06. ~E.1n~_.E.!:9._t~~tJon ~~g.!:!.tren~nt.?_. --- Slope protection cons isting of rock
·riprap would be provided at critical locations over the'project area as
described in paragraph 3--03.c. Bank protection will be requ ired on the
abutments of the ol.ltlet l""eir. The rock l,oJi 11 extend 50.0 feet from both outlet
weir abutments fr:om the top of le\lee to the levee toe on both bas in and bypass
sides. Rock will also be provided at the inlet and outlet of the low flow
structure as shown on Plate VII, Sheet 1.

Hydraulic analyses were performed to evaluate the impact flows exceeding
the design flow (30,000 cfs) and up to the Standard Project Flood (SPF), would

. have on the project and on the adjacent areas. The purpose of this evaluation
was to ensure the project features would not induce flooding during the SPF
event on previously unflooded overbank areas for preproject conditions. The
evaluation also determined whether the project features imposed any increase
in depth or encroached on thE-) existing freeboal~d of bridges or levees outs ide
of the project limits. Correspondingly, effects of the project features on
cond itions in the Yolo Bypass were evaluated to determine if induced flood ing
existed.

3-22



8~-e 8Jn61.:1·

/]):.~:
-,.. ''<...'-,

('i

JJ

('I
\_- ..

\1
~--.-/

\!

) ~,

LJ

rl\,
~' - .-'

l~

I.

"'I'/
,V
V
V
V
V
I-

"~

.. .. ..
I> I> " ". .. "If

I'

t t t" t

iJ
~

;

"""

..... A ~
" »».:.~.::a.~~

.. ~ > ~ ~
" :. ... ~ ... :t~~~

;'lI ~ ~ ~ ~ ~ ~ '" 'I
... ~ ~ 'I

\1'\ ~~~-l'l'l'l 'I

'I ,,"'~"~ ~'l~'/~

t • .' • • - • • - .'. • "
tt "",, ,," '1'1'1'/'/'/'11'1' V

•• t ••• , -.".' , :,,~,~ ,
,,' ,,'1'1'1'/' V'.... "......"" ,"" " " ~ ,,' y '1/'1 V VI' I- /,c

" ~ 'I y y·Y y V v" I-

" " 1" Y YyiY 1'/ V, ~ ',Y 1',," /
~ Y , I' "

HH " " " "I' ",," I't I' I' I'
I' I' , . I' I'

, , , I'
I' r I'

"11
c:,....
,...
m
<
m
m

<
m,...
o
o--I
-<
<
m
o....
o
:u
en

'TI-C>
c

"m
(,.)
I

N
Q)

\ ,_r

II
lJ

II
}~-r·"

( ..• ')
·-'··U:i

I
\ .. J



!~~~-~

,-_-.::'"" ~- ~
"."".'

'.J I>
;--""\____1

~.-_'~

r---\
:.-..____-r

---~--\ ----""""'"1,

~~

~.~'.

'.---" r~
I .• :';}

........."

l '._- /

...
... ... '"......

'" ..
'".. ... ...

... " ~

: ... "~\\.\k ....::t: I . FIGURE 3-29....
...· ._~rlr-- IVELOCITY VECTORS.......;( ....
... .. "J'. .

1 / 3 FULL LEVEE...... ... ,....

~

~

...
...

...

...........

~

....
....

................
..
.....

...
...

...
...

~

"...

'"

...

'"

""'""" :.-'"
~J.. ",,"'ti:.../ '\" '\"

."If ... "''' "~"".L",,-;,,,\,,'\"l-""
~~"",,,~,,,,

~ .. v...." -1-1-1-1" """ ;..

,,~~"'"T""

~~~~~""~>"'''''''7 .,
"'~ .......... ,.""

~,,'Il.~""'~"""'''''~'''''''''''' -4

\"'" '"
\ .....""",,"'''' ''' ~.. " """ " ... """""

~ "" \ "'""",""- " \ ".. " " ,," " ".. \" "",, ~.. ,," " "
~ 1I11 II " ,," " ",," ""~,, "
~ 'l" ......... " ... ""......... .....

~ ... ,,~. ..
"l "........................... .....

'l" ",'" " " ..
~ "'..... .. " ~... ..." " .....'" "'" "..... ..."'... " """ .. ...'" ..." ... .. . ...'" ... ... .... ~

..... .A........ ...... ... ..... ....
.... . ... ...

...... .)r.,. •

... ... ...
... ~ .t.. ~

... .... ....

" ~ ...

tH
t~;"l

"11 I \ ............

...-co
c
;
~
I
~

co



\ ie-'-t,

I
a::

0 >- « w
('I) :c w w
I Q. >- >.

(1 ('I) « '"
w

II w a:: en ..J

a: CJ a:: ..J

:) 0 :::> ..J
Q. 0 :::>C' 0 l- lL.-LI.

, I- Z ...
0

It)

0
C?

i(
\.--_/

Ii I
I .

I I,
'_I

Figure 3-30



L1

U')

,C')
> 'a: W
:t: <t ~
0. W .
<t > Wa: ....J
CJ UJ ..J

O
a: ..J

. :;):;)

~o u.
I- ... C')z .........o ,..

o

Ii
.1 ~
'---/

;-'\
I
L __

i]

Figure 3-31



r", 1
i 1'(~;1

':'l
::I

N
0 10

r)
e-)

a: ~ w

I, '

u. W
I 0

.j

e-) W ... >
CJ w

fJ
LLI z 0 .J

a:: « (W) .J
:,:) :r: a: .J
d 0 « :::»

I"

- UJ U.

( 'I

LL e >
,~,'y

W
In

f1(J

I

n
Ib
;-1
, -<

i ii-.J

Figure 3-32



•

('I)
('I).
I

('I)

W
a:.:::»
C)-LL.

o
a:
II.

w
CJ
z
-e
::J:
o
Q
Ii.!
f:Q

w
w
>w;
..J

..J

..J
::)
II.
CW)

"....

~.

I~)
~1

Figure 3-33



i I
i

) f
( I

(
:,J

a. The cur'h~nt vers ion of RMA"'-2V, "Two-Dimens ional Finite Element
Hydrodynamics", was used to compute water surface contoUl~s through the basin
and profiles along the training and low flow channels. Using the same
geometric data set as that used for project feature development, several flows
between the design flow and the peak SPF (!)7,629 cfs) flol.., inclusive"wl~re

modeled. The resultant water surface profiles were compared to two previous
studies to determine if the project would induce flooding. Both basin and
training chanhelelevatiohs were adjusted to project-end cciriditions to·
encompass the worst case condition. The basin elevations were adjusted using

_theSED4 sediment distribution and deposition model.

b.Channel elevations were adjusted by eshmating channel-
transport capacities versus sediment inflow. The comparison water surface
elevations ~ere imposed at the County Road 102 bridge. The sources of these
elevations were historical stage discharge measurements at Road 102 and
computed water surface profiles from the 1958 Design Memorandum No. lOfor
Levee Construction.

c. Ifwa's found that flows up to 30,OOOcfs would not increase
the water surface above (~xisting conditions and that flows up to the SPF would.
encroach on th€-) existing fn~eboard only, as with the pre-·project condition.
The analysis of flood inducement for flows over 30,000 cfs is only relevant
for the region below Road 102. It has been determined t;hat the channel
capaci ty upstream of the Cache Crel~k Ll?vee syste~m is limited to approxirriately
30,000 cfs. Therefore, for flows "available" to the Cache Creek Settling
Basin, no flood ,inducement would occur.
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8. I'National Eng ineering Handbook·.. Section 3} Sed imentation ll Soil
Conservation Service, U.S. Dept. of Agriculture (1983).

9. IICache Creek Basin, Califomia - Communication from the Assistant
Secretary of the Army - House Document. No; 98-134, (1983).
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c. ~eiJ>_mic!kang........~~i~Jllt.£..l!.?_Z~!Tl.~. - The Cache Creek Settling Bas in J. ies
l",ithin Seismic Zone 3. Thi.s indicates the potentiall~xi.sts for major damage

, to structures from earthquakes. The nearest poss ible source,s for seisnd.~

ground motion are from the Dunnigan Hills fault (8 miles northwest), and the
Midland faUlt zone (apprxomately 15 miles sou~hwest). Farther southwest
(about 35 to 45 miles) is the Gre(~n Val1ey·..Concord-Calaveras fault systems.

a. R~.9...iQnaL ... The CachE~ Creek Settling Basin lies witbin thewestce.ntraL
portion of the Great Valley geomorphic provinc(~.The Great Valley is an"
elongate, asynimetric geosynclinal trough whose,axis trends nearly northsouth
and is inclined to the west. The valll~y is bounded on, the. (~astby the .
foothills of·the Sierr'a Nevadas and on the west by the Coast Ranges. Thetwo
major river systems which drain the Great Valley are the Sacramento River to
the north and the San Joaquin River to the south. Outward drainage is through
Carquinez Strait, downstream from where the two rivers converge and then flow
into San Frandsc;o Bay. The primary' material types in the Great Valley consist,
of thick sequences 'of Upper Cretaceous to Recent sed imerits of marine,
lacustrine and alluvial origin. The Late Cret~ceous sedjments originated from
eros ion of the Sierra Nevada and l",ere deposited into a shallow sea. Uplift of
the Coast Ranges to the west created an additional soune of sediments for
deposition into these marine waters. The simultaneous deformation of the
Coast Ranges a'nd depos Hion in the valley continued through the Pliocene Epoch
until most of the marinel~aters were gone, leaving isolated brackish and '
freshwater lakes. Continued uplift of the Coast Ranges' ,entrenched the
Sacramento-San Joaquin River systr~ms which are responsible for alluvial,
depos Hion which continues to the present time. Sed iments 'are generally

, thicker and more steeply dipping on fhl~ western s ide of the valley and are
thinner and flatter·.. lying on the eastern edge. ' This thick sequence of
sedimentary deposits overlies the bas(~ment complexes of ,\:;he Sierra Nevada and
the Coast Ranges which are believed to be in fault contact at considerable'
depth bel'),eath the valley.

'b. Areal.- The Cache Creek Settling Basin lies within the Sacramento
River VaIley on the easter'n flank of the geosYl1cline. Th~ geology is typical
of that 6f the Great Valley geomorphic province. The three major surficial.,
deposi tsat the site are: Recent alluvial fan depos its, Recent bas in
deposits, and Recent river and major str'eamchannel deposits. The fan
depos its are sed iITlents depos Hed from streams emerg ing from Cache Creek "
highlands and ,are composed of a heterogeneous mixture of particles. from clay"
to gravel. The bas in dt~posHs were depos ib~d during flood stages of Cache',
Creek and the Sacramento River in the area between the natural stream levee
and 'che adjacent fan and are composed of si.lt and clay. Recl~nt rtver
sediments were deposited along river channels and major streams including
adjacent natural levees and are primarily silt, sand and gravel with ~ome

clay. These materials are generally flat-lying and thei.r margins, somewhat
interfinger. '.
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To the northwest is the Foothill t~~l~ zone at 'a' distance of about 35 miles.
'No study h~s been done to determine specific faults and fheir capability with
respect to the Cache Creel< Settling Bas in pro j Bet,

r-c.
Li

.....; ..'

4-02.

a. ~lH.?!or:ation~.alJ.Q...]~~.~t!.!J9.. - Three separate investigation prograins. have
been conducted in the Cache Creek Settling Bas in arr:~a (see Plate XII, Sheet 1
for location of explorations). The results of these pro~ramswere ~n~lyzed
with respect to existing conditions within the Settling Basin. The p~ogr~~s
can bti $ummarized as follows: .

1)' U~Lfu:!ll.Y_~Q!l?UJ..s!.!9.i[L~~,r_?_(J.2.?JD... - A total of 10 auger. holes
were drilled in the basin by the Sacramento District from May to July 1958.
The holes are identified by 2F·-8 or 2El-8 designations, and were dri lIed to .
. investigate field cond it ions and determine soil types. All materiab>'
encountered were field classified, and representative disturbed sampl~s were
lab tested.

2) UnjJ/er~itLof:._~B1Jfor.!1.!.9..LJ~,§Wis_ ..J)97~2.. -As part of a report
initiated to investigate the proper use of basin soils and to evaluate the
feasibility of different proposed operational schemes, Dr. Shen, assisted by
Dai ley and Cox, two' UCD students, conducted an (~xploration program in the.
Cache Creek Settling Basin area. Sampling with a five-··inch diameter hand
auger was limited to sediments deposited in the basin interior. Surficial
borings desighated as A through 0 ranged from three to ten feet. Materials
encountered were field classified and representative samples were collected
for laboratory analys is.' .

3) ~..S Arl!!Y...."~Qr.p.2._,,.9L En9J.rl~~r._~..JI~_~4J.. - In June 1984, the Sacramento
District drilled 30 auger holes in the basin area. 20 of the explorations,
identified with 2F-84 designations were drilled with an eightinch diameter
hollow stem auger along the project alignmen:t:. Standard Penetration tests
were conducted , and selected materials were sampled with Shelby tubes. Depths
of these explorations ranged from 15 to 30 fe(~t. The rl~maining 10
explorations wel~e dri Hed with a 24-· inch diameter auger in tl1e proposed borrow

.area. These holes, identified by 2B-84 designations r'anged from 10 to 20 feet
in depth. All materials were field classified and representative samples were
lab tested.

b. Typical ..Properti~_~. - Based Or) the sub·-·surface exploration programs
. conducted, project foundation and existing levee conditi.ons were established.
In, general, materials are composed of sandy clay (CL·"CH). The average
gradation of 98 samples tested contained 85% fines and 15% sand. Amajority
of the materials had medium to high plasticity. Consistencies, based on
Standard Penetration Resistence values (N), varil~d from soft (N::::3) to very
stiff (N::27) for the foundation and firm (N:::8) to very $tiff (N::28) for the
existing levees. Since the materials are fine-grained, permeabilities will be
low. Due to proposed loading conditions and the extent of clay deposits,
maximlJm foundation settlements 'will be on the order of eight to ten inches.
Surficial overconsolidated materials, extending to depths of ten feet, will
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limit these displacements somewhat .. Foundation materials in the weir al~ea, as
depicted in explorations 2F-8-J8 and 2F-8-19, consist of 6 to 8 feet of loose
surficial silts, sands, and gravels, underlairl by stiff to very stiff clays.

a. Borrow Areas. - The primary source of required fill will be from
-.-----.------.-- '. I

excavation in the western portion of the' expanded basin. Fill obtained from
required removal of the ex isting training levees wi lJ. augment this primary
borrow source. The locations of the available borrow area and the existing
trailiing levees a,re shown on Plate XII, Sheet 1.

(I
:C)

) 1
1 i
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b. Borrow Materials.·- Materials to be excavated in the western portion
of the propos-e~f-enlarg;d basin are preelbminately sanely clays (CL-CH).
Plasticities r'ange from low to high, with a majority of the valUt~sin the
medium plasticity range. M~terials av~rage six percent wei of optimum, so·
aeration of the borrow I",ill be requirt:!d. Prior to (~xcavation of borrow
mated.al, the top six inches of 'materi~l shall be std.pped and wasted. Borrow.
areas containing high plasticity material will be avoided, since m~terial will
be hard to compact and will tend to d~~siccate when dried.

c. .Ir~..:tn.!D.g~J,:.~.Y._~.!LK!~.!!l9_Y.£l.J.--Removal of the exis'l:ing training levees I",ill
be required. The total estimated volume of these levees is 442,000 cubic
yards. Prior to use as b~\/e(~ fill, 47,000 cubic yards of 'chis total must be
stripped andwasteel. Stripping shall be ltmited to a minimum of6--inches
normal to the exposed levee surfaces. Ma'cedal from the ex isting training
levees varies fl~om c1i;1Y to s:i.l t and si:ilnd. Based on the results of the
diffel~ent exploration programs, it app(~ars that the noncoh(~sive materiiils l",ere
taken from recent alluvial deposits, while the cohesive materials were
excavated from the underlying clays. The basis of this hypo'chesis lies in the
fact that plasticities and gradations of the cohesive material are similar to
those established for materials located in the western borrow area, while
cohesionless materials have characteristics similar to basin sl~diments.

Aeration of material from training levee excavation I",i 11 not be required.
Hmllel/er, due to the high el~os iona.l potential of silts and sand s, placement of
noncohesi \/e materialsh~l1be'l ilili ted ,toth,~ ceriterof ·the expanded levee
sections. See panxgraph- 4-·09.,[01" coniplete fEI restriCtions.

d. Material Sources.- Portland CI~men'c concrete ,,,,ill likely come from
commerciaf-read'yn'iIx--su~;'pliers in the vicinity of the project. Sources for
concrete aggregate are Cache Creek sand s and grave Is, Am(~rican Ri vl~r and
terrace deposits, and Yuba River c1red~:Je tailings. There are numerous,
commercial aggregate mining companil~s operating in thl~se areas. Por·tland
cement and pozzolan may be acquired fromprequalified sources. A list of'
these sources may be obtained from the Waterwa.ys Exp(~rim(~n'c Station. If
cement or pozzolan comes from a so~rce which is not prequalified, it mUst be
tested for conformance with specifications. Rock for stone protection can be
obtained from the following quarries:

'iir- -i 1.

., ~.

~angor Quarry - located near Marysville, an 85-mile haul
distance. This Quarry wa~ last tested by SPD Laboratory in,
September 1986 and last field investigated in May 1986, All
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test resut'ts ind icateth[~t the rock is suitable _for riprap
and the n~cent fh~ld ilivestigation indicates that the quarry
rock is consistent with the rock previously tested. Reserves
of the quarry are estimated to be 2 million tons in place.
The rock was used for bank protection on the Sacramento
River, River Mile 80 to Rivl~r Mile 193 in 1984. The service
record has not been evaluated at.this time.

2. Greenstone Quarry - located near lone, a 75-mile haul
dist~nce. The Greenstoni Quarry was last tested by SPDl in
May 1986 and all test results ind icate that the rock \",i 11
make suiti~ble r:i.prap. In an April 1986 site visit, the
leasee indicated the in~place reserves were at 10 million
tons. Materials from the Quarry were used in construction of
Comanche Reservior and as l~vee protection on Monnon Slough~

Bear Creek, and the lower San Joaquin River. The servic~
record has not yet been evaluated:

3. Lewis Ranch Quarry - located near Lincoln, a 61-mileha~1

distance. Lewis Ranch Quarry \..,as visitt~d in May 1986 and
last tested by SPDL in November 1970. The site visit
indicated ·that the inaterial was the same hard frt~sh

9ranorJ:i.orite that waS t;es'~ed in 1970, and no add itionaJ
testing \",as determined necl~ssary. The Quarr'y is estimated to
have reserves of 20 million tons. Rock from the lewi~Ranch

Quarry has been used for bank protection for the Sacramento
-Deep Water Ship Channel by the-Corps, and by Sacramento
County for stone protection along the American River. The
service .rc:.'!cords have not yet been evaluated.

4. Parks Bar Quarry - located near Marysvill~, a 67-mile haul
distance. The rock is currently being tested be SPDl.. When
last tested in 1972, the results indicated that the rock
would make suitable ripn~p eX,cept for the wetting and drying
test where the rock split prior to completion of the testing.
Riprap .is currently being provided for the Sacramento River

. Bank Protection Project Unit 38B. The senticl~ rlKords for
this quarry have not yet.been evaluated. .

4-04. BASIN INTERIOR. - Soils in the interior of the basin are composed of
two distinct material types. The first type, limited to surficial deposits,
is a cohesionless alluvial sandy silt (ML) to silty sand (SM). The second
type, underlying the alluvium, .is a sandy clay (CL-·CH). Depth of the alluvial
material varies from approx imately one to ten fl~et. The dt~epest deposits are
located in the basin interior, while less sedimentation has occurred in the
northern and perimeter areas of the bas in. Organic contc.~mination was noted
throughout. Underlying the sediments is a· sandy clay layer. Although this
sandy clay is similar to soils encountered in the western borrow area, use of
this material for levee fill was rejected due to the aS$ociated excavation
cost of the sutficial sediments. Use of noncohesive sediment as a primary
levee fill source was rejected since this material is highly erosive and also
more pervious than clay fills. '
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4-05. .~~gQ~Qb!.B..TJ;B. - Observat ion of qroundlAlater varil':!d throughout the
project area. While some explorations in the basinirlterior hi:!: water just·
below the surfacej others along the levee a 1ignml~nt l"'l~re extend(~dto dep·ths as'
great as 25 feetwithoLlt encountering fre~water. The. pordon of the project
having the highest potential for groundwater-related problems is construction
of the inspection trelich. ;j"lowever,since this excavation will be limited'tci:6
feet, and observed gtoundwab~ri l",hlm encounte~red, .generally ranged from 8' to .
12 feet below existing gl~ol.lndsurface; water should have minimal impact Ei:rH·.···
construction (see Plate III, Sheets 1 through 3). Bas in inte3rior groundwa·Ger
was measured at depths ranging from 2. ~)to 5 feet. Based on field
observations, it .is probable that this l",ater l",as derived from irrigation' flows·
that have perched on the underlyihg clays.· Since basin founclatior\ material"'s .
have low permeabilities, levels of the perched water will be vI~ry sensitive;'td
precipitation, irrigation practices, and creek flows.

4-06. LABORATORY TESTING. - The scope of laboratory testing for the three
exploratIc)·i1····p·r;)g·ranlSva·rIed widely. A summary of the work' is' as follows:

a. .~~.....B.r.:.!!!.L~Q.r..P..L.Q.:E..J~D..9.iD..!~.gr. ..~..-<J..2.?§J..·" Samples obtained during the 1958
Corps of Engineers exploration program were subjected to primary testing
only. Tests included mechanical analysis, Atterberg limits, moisture
contents, and specific gravities.

b . VD.lY e(~.it.Y........9J_~:.~1.ifg-'J:l.ia..l ...JL~.y..i?__t!..9..z.~l.. - Samp1es of sed i mentstrapped
in the basirt were tested to determine both engineering and agricultural
properties. Testing included mechanical and hydrometel~ analysis, Atterberg
limits, moisture contents, specific gr'avities, -field ch:msities, shrinkage and
swell measurements, compaction, California Bearing Ratio (CBR), and chemical
an~lysis. Testing was conducted at the University of California at Davis Soil
Morphology and Soil Mechanics I...aboratod.es.

. c. Y-.~....0rmy..J;2..r.:.p.?._9..f.....f:t!.9..!D.§.§..r.:.~._U.2.~.1.2. ... Sampl(~s obtained from the 1984
Sacramento District exploration program wen:.:~ tested by the Corps I SOlJth
Pacific Division Laboratory for grain··size distribution, Atterberg limits,
moisture contents, specific gravity, permeability, consolidat ion, and shear
strength. Testing methods conform(:;!d to the procedures described in Enginl~er

Manual, EM 1110-2·~1906, "Laboratory Sou. 'resting ,," 30 Novem.ber 1970.
.

4·..07. ~~~:.f:f:Tf..Q_...Q.f:.~JG~.......Y..B.bV~..~. - A summary of .test rt~SUHs for proposl~d
fills, existing levees, and foundation materials, are depicted on Plate XII,
Sheets 12 through 15.

Unconsolidated l.Indrain(:?d shear streng·ths for foundation and existing levee
materi.als l",ere (~stablish(':!d basl':!d upon both fil~ld and labor'ator-y test· rt~sl.lHs ..
Field work consisted of Standard Penett'ation testing (SPT), and laboratory
procedures included both unconfined compression and unconsolidated undrained
triaxial testing.

In order to establish the I~elationship between SPT results and
unconsolidated undrained shear strength, a correlation b(~tween the two was
developed. Samples having both N values and unconsolidated undl~ained sheat~
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strengths were used. The relationship. as shown ohPlate XII. Sheet 13. is
linear, and compares well wHh the publishl?d results listed in Table 45.2 of

. Terzaghi and Pecks ~.Q.il M~.fl.l~.r.ltf...?__.ir.Lf;n.9i!l~_Q..CiDg"""_Eri!cti_~.Q.. 2nd ed i tion, 1967.

Standard Penetr'ation TI?st (SPT) results l/Jere next plotb?d Vl?rsus depth for
both foundatio~ materials and existing levees. Penetration (N) values
representative of the weakest materials found l/Jere then correlated to'
unconsolidated unclrained design strengths. Standard Penetration values
uti! ized ranged from N=3. 5 for fOlmdation materials to N::::8 for ex isting

. levees.. Though such values are conservative, their selection can be justified
based Upon the length 'of the project (over 9 miles) and since localized weak
fOufldation conditions may exist between the explorations clrilled at the site.

A summary of the selected design values are as follows:

a. Foundation Materials. - Design values listed in this section are
applicabT"e-for-both-""ex"TsfTng" l(?vl?e fills and foundation materials.

[:

r~

I i
'\ ...---

Dry Unit Weight (PCF)

Moist Unit Weight (PCF)

Saturated Unit W~ight (PCF.)

Unconsol idated' Undrained
Shear Strength (Q)

Consolidated Drained
Shear Strength(S)

Consol idat(?d Undr'ained
Shear Strength (R)

.Specific Gravity (G s )

Pl?rmeab il i t.y (K)

97.5

122.7

123.9

C::::0.32 TSF. 0::::00

C::::0.25 TSF, 0::::160

2.71

4.5 x 10--4 FPD

r .
.. LJ

r'
l~

b. Fill Materials. - Design values listed are for fill materials samples
compac-t:;edt695%"-S:F~;:-n(Iard·Dens i"l:y at ± 2% moisture conb:.:H'l"t.

Dry Unit Weight (PCr)

Moist Unit Weight (PCF)
Saturated Unit Weight (PCF)

Unconsol ida"ted Undrained
Shear Strength (Q)

Consolidated Drained
. Shear Stn?ngth (S)

Conso I idated Und rai ned
Shear Strength (R)

4-6

102.5

121. 2
127.2

C::::2400 PSF. 0=70

C::::600 PSF, 0::::150



c. ~>ii~.:t~!Jtleve~..J~I~.i§!..ria!.?_. - Desi.gn values listed are for existing
levee materials.
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4-08.

Sp~cific Gravity (Gs )

Shrink Factor

Permeability (K)

Dry pnit Weight (PCF)
Moist Unit Weight (peF)
Saturated Unit Weight (PCF)

Unconsolidated Undrain~d Shear
Strength(Q)

Consolidated Drai.ned Shear
Streng·th (S)

Consolidated Undrained Shear
Stn:mgth (R)

Specifi~ Gravity (Gs )

Permeability(K)

2.72

10%

1.8 x 10-2 FPD

97.5
122.7
123.9

C==O, ~=25°

2,71

4. !jx 10--4. FPD

! \

a. I)l'pic~.l.....§.~fi.tQn.. _. The proposed levee section for Cache Creek
Settlement Basin has 1V on 3Hbasln interior slopes, 1V on 2H basin exterior
slopes, and a 12-·foot crest·width. All construction shall be offset toward
the interior of the basin. See Figure 4-01 for typical section. Access to
various project locations will be provided by a patrol road constructed ~ith

4 inches of Stabilized Aggregate Base Course.

1) Only the ilEne! of Construction" condition was investigated. $ince
the shor·l; ..-term stabil ity of embankm(~nts on soft subsoils is usually more
critical than long-term stability. FLlrthel~more, si.nce basin, d.etention times
are short, and permeabilities low, satur'ation of levee matl~rial l"Jill not
occur. If levee materials will not become saturated, stability analyses of
other than "End of Cons·truction" conditions are not applicable. Additionally,
as foundation materials consolidate, strengths and thus stability wi lJ.
increase.

2) A possible stability pl~oblem associated with levee construction
on soft foundations is the formation of longitudinal cracks. Potential for
such cracking can be analyzed based on the work of J.M. Duncan and A.L. .
Buchignam presenh~d in, nAn Enginl~ering Manual for Slope Stabil ity Stud ies, '~

March 1975. Results of such a study indicate cracking wi.ll not be a problem.
However, it is noted that the effect of differential settlement will be more
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pronounced when levee materials dry out and become brittle. Therefore, cracks
in the embankment fill were assumed when slope stability analyses were
conducted.

3) Results of an "End' of Construction" analysis using the Modified
Swedish Method, Finite Slice Pr'ocedurl~ indicate that slope stability is not a
pl~oblem with the selected leve~~ section (St')l::! Plate XII, Sheet 16). The
minimum factor of safety calculated equaled 1.74. Not only is this value
greater than the 1.3 required by Corp's criteria, but a cra~k extending to an
elevation 6 f(~et .below the lr~vl~e crest lAJaS conservatively assumed for the
citlcilysis. Additionally, results of a sensitivity study conducted indicate
that even if a crack ex'tended compleh.~ly thl~ough the fill material, the 1V on
2H landside slope would still have a factor of safety against instability
(~qual to 1.4.

4) Slope stability analyses were also conducted for levee sections
constructed over r'eaches of prt~viously unloaded fOlmdation. However, due to
theplanned excavation of a 6-foot deep, 35-foot wide inspection trench, and
due to the limited height of the proposed levee (16-foot maximum), slope
instabi li ty problems are not anticipated. Even with a foundc:ttion strength
equal to 640 PSF and assuming a crack has developed to an elevation 6 feet
below the levee crest, a slope stability factor of safety equal to 4.9 was
calculated. Due to the non-critical nature of this solu~ion, a graphical
presentation of this analyis is not presented.

c. .~19.'p'_?"..Erot§stig.!J.·- Ll~vee s lope prob~ction lAJi 11 b(~ provided by a
combination of erosion resistant clays and native grasses. Support for such a
des ign lies with the acceptable pI~rfonnance of I~X i sting s lopes constructed of
similar materials at identical grades and subj ected to comparable impoundments.

Should minor bl~aching occur, the IV on 31-1 l",ate~rside slopl~s \AJill afford easy
a~cess. However, since interior basin deposition will be ongoing, any damage
that might OCClJr would more than I ik(~ly be buried prior to required
maintenance.

d. Weil" Foundation .•O' Foundation cond Hionsin the weir area are depicted
in explor:atToii-s-iF.~'::-8=T8and 2F·-8···19). The abutml~nt wall design was revised
from a retaining wall design to a tee wall design. The tee wall is backfilled
at 1V on 31-1 on the lJpstn~am'face and varies on the downstream face fr'om 1V on
2;5H to IV on 3H (see Plate X). Under this design scheme, transverse
differential settlement lAJi 11 be avoidl:!d due to nl~arly equal lateral loads on
each face of the wall, while effects of longitudinal settlement will be
controlled by periodic joint spacing. The use of concreb~ friction piles to
suppo~t the abutment walls was evaluated, but did not prove to be feasible.

The foundation for the outlet lAJeir will consist of a rolll~r compacted
~oncrete mat. Differential settlen~nt related problems are not anticipated.
Not only is the maximum proposed dl~sign load of 1.61 Kips/HZ low, but
foundation soils have already been pre .. ·loacled by approximately 6 feet of
overburden. To furth(~r (~nSlJr'e setth~m~~n-t pt'oblems do not dl~vl~lop, material
beneath the outlet weil~ and 5 feet bt~yond wi 11 be over-excavated by 2 feet. A
geotextile will be spread on the excavated surface to provide a working
platform. A silty sand (SM) or sandy silt (ML) backfill ",Jill then be used to
bring the excavation to d(~sign grade.
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e. ~~,:ttl~!neII~. - A setth~ment analysis, basl:ld on Ter'zaghi's theory of one
dimensional consolidation was conducted on typical pr'oject levees. The first
section analyzed consisted of a nl:lW~ homog(~nous levl~e with IVan 2H land-side
slopes , IV on 3H water···s ide slopes, a 12-footwide crest, and a max imum height
of 20 feet. Theseco~d section tonsi~ted 'of a new portion built on top nf an
existing levee to form ~ 'similar final geometry as the homogeneous levee
sl~c-tion but with a maximum total height of26fl?et. The calculated
settlements for the homogenec)lIs. section ranged from 1. foot at thelevee-' s i

cI~nter to 2 inchl:ls at ,the water-sidl~ toe. Thus, the differt~ntial se'ctlemel'lt
is about 10 inches. The calculated settlements for the oven-built section
raHged fr'om 8 in.dws throughout the 11:lvl~e' s max iml.lm sl:letiol1 to 1 inch at the ;
water-side toe. Thus, th(~ differential settlement is about 7 inches.

Differential settlements of project levees should not be a problem..
Analyses of the stress-strain relationships of project soils:indicate that for
less than 15% strain, materials are plastic in nature. Time rate calculations
for both levee sections predict that as much as 75% of the total primary
settlement wi 11 occur within the first 15 years. The n~mainin~~ 25% I~i 11 not
occur until well past th(~ design life of the pl"oject. However, since wide
variations 'cypically l:lxist between pr'(:1dicted and actual sl=:!t-l:lement rates,> it
is recommended that all lev(~e sections bE! overbuilt by the maximum predicted
settlement of 1 foot.

f. §.~@_age.. - SeepaSJe will not b(:~ a problem in thesettJ.i.ng basin area.
Not only are' bas in detention timl~s short, but both l?mbankment fi 11 sand
foundation materials are relatively impervious. Furthermore, excavation of
the inspection trench will ensure that any pervious near surface sediments
deposited in. the basin interior are removed prior to levee expansion~

a. Spedfie construction reql.lirernents related to excavation slr'i.ppirlg,
fill placem(~nt and compaction I",i 11 be imposf?d· on the contractor. All I~X isting .
levee sur'faces to l"ece1 V(~ fi II shall be s'lxippecl a minimum of 6 inches prtor
to construction. The cn?sts of ex i sting 11~veesshal.l be ,?xcavated an
additional 1.5 feet to ensure removal-of anyrnateri.als which mighl have"
undr~rgone dl?'s iccation cn-Kk ing. All Pi J.J. placement shall be notched into the
existing levee to ensure adequate bornjing.

b. An Ulspection trc:;!nch will ,be (~xca\lated beneath the expanded levee
section. ExcavaUon of the trench will initiate 'at the toe of the existing
levee and fini sh the cut at the toe of thl~ I?xpanded sl~ction. Max·imum
excavation cut slopes c:u'e IV on 2H. 'fhedepth of the tr'eneh will generally be,..
limited to 6 feet. TI,e exception to this limit is if at the completion of the
excavation the trench inl/ert is founc!l;:!d in pervious materials. For such
instances the excavation shall be continued to a depth sufficient to remove
the previous materials or to a maximum of 10 f~et in the contract~lans and
specificatio~s. The minimum 'required invert width will be specified as 10
feet. Inv~rt width$ greater than 35 feet will not be required.
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c. Noncohesive materials ehcountered during excavation at the inspection
trench or in the cou~se of removal of the existing training levees will be
used for levee fill. Fi 11 placement must be I imited to the interior of the
expanded levee. Noncohesive material will not be placed above the crest
elevation of the existing levee section, nor shall this material be placed
Closer than 8 feet normal to the final des ign grades. Material stripped from'
levee slopes shall be wasted. Material removed from the crest of the levee
after the stripping operation can be uSI:ld as fi 11.

d. No ditches or c.anals shall be allowed within 50 feet of the basin side
toe of the expanded levee. Any such existing' excavations shall be filled as
part of the construction contract. Basin sedimerrts may be used as ditch or
canal fill, provided that it is not used within the expanded levee section.
No borrow excavation shall be allowed closl~r than 50 feet from the expanded
levee. All project fills shall be placed at 95% Standard Density. Water
contents can vary between + 2% of optimum. .

4-10 FUTURE EXPLORATIONS AND TESTING. - During preparation of contract
plans' ana-spec'i ficatiorl's·~'-·arl"-addI:-:tiorlalexploration program with laboratory
'testing will be implemented. Additional explorations and testing will be
designed to evaluate outlet weir settlement, and spatial and seasonal

/ . .
groundwater cond i tions. Comph~tion of this lrJork wi 11 ensure that current
designs are appropriate andtbatmcire. economicaL alternatives al~e not
available.

a. The initial portion of the exploradon progl~am shall include dri lJ. in9
6 additional hollow stem al.lger holes to a maximum depth.of 50 f(:let. Two of
the drill holes will be located along the basin inlet channel, t\.IJO in the
vicinity of the outll~t weir, and two along typical levl~e n~achl:;!s. Continuous
standard penetration tests (SPT) wi J.J. be conducted to a 20--foot depth and then
eVery 5 feet to the bottom of the hole. Four 3-inch diameter Shelby tubes

. wi 11 be pushed in the explorations located at the outlet weir. Consolidation
tests will be conducted on the und isturbed materials sampled. Upon completion
of'drilling, all holes will be backfilled with cuttings to within 15 feet of
the 'invert of adjacent excavatIons, lrJith the unfilll~d portion ,of th,~ holes to
be converted into observatibn wells .

. b. Installation of observation wells will ensure a complete understanding
of spatial and seasonal groundwater fluctuations. Since the current des ign
calls for the excavation of borrow material, an inspection trench, and an
inlet channel, it is imperative .that the contractor be provided sufficient
groundwater information to evaluate impacts prior to preparing project bids.
Installation and monHoring of observation l.oJells will accomplish this purpose.

c. The final portion of the exploration pl~ogram shall i.nclude the
collection of a composHe sample of basin sediments and completion of
selective primary and secorldary testi.ng. Initial des ign concepts env i s ioned
ljt i lization of low to med ium plasticity clays' for levee fi 11. Such mab~ri.al
would be erosion resistant, have fai.rly high strength properties, good
placement characteristics and be impervious. However, the plasticity of
on-site borrow materials ranged from low to high, with no disti.nc'~ zones or
layers of suitable material evident. The main consequence of this wide range
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in plas'l:;icities is that fill placement will be morc~ difficult and thus m6re
costly than iniHally envis ioned. If suitable strengths were obtained for the
low to non-plastic basin sediments. this material co~ld be used extensively
in the levee interiors. Such utilization would re~ult in economic savings due
to reduced haul distances and lower placement costs. Surface erosion
potential could be minimized through the use of extensive clay facings.
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CHAPl'Er~ !j _. PROJECT PLAN

5-"01 J.:..I;;Y.S;£:__.G.9J112Jl~!LG.I~Q~. -- This element: of the projee-\: would consist of
ralslng the existing north, south, and east levees and also includes the
construction ofa west pl~rimeter lev(~e at a location approx imately 2800 feet
to the west of the existing west training levee, along the alignment of an
existing nonproject levee. All levees would have the same cross-sectional
g~ometry eKcept for the east levee. The east levee would have a IV on 3H side
slope on both tbe basin and Bypass sides. The remainder of the levees would
have a IV on 3H ~ide slope on the basin side and a IV on 2H side slope on the
land side . All elevations for the pr'oj ee-\: plan are referenced to the National
Geodetic Vertical Datum (NiG.V.D.J. All levees would have a 12.0 foot crown
width. See Plate III for levee profiles and Plate IV fOI" typical levee sec
tions. The existing txaining levees wi 11 b(~) degraded, and a new training levee
will be ~onstructed on a parallel alignment to the new west levee. The locat
ions of the new west perimeter levee and training level~, as well as existing
perimeter levees and "l:raining levees are sholtJn on Plate I. Two borr'ow areas
will be establishEo)d 'in the expanded basin. For a discussion of bOl'TOW I"equire····
ments, see paragraph 4-03. Borrow area 1 wi 11 be limited to the new tl"aining
channel. Borrow area 2 will be located to the east of the ne~ training levee
and will 'run parallel to it .. For borrow area locations, see Plate II. For
details of the borrow areas, see Plate V. Levee construction is as follows:

a, The south levee begins in the extreme southeast corner of the basin,
near the low flow outlet structure. The south levee b~1gins at Station O+OOSL,
with atop-·of-Ievee elevation of 47. 25 fel~t, and ex-l:ends west to Station
105+72.88SL, having a top-··of-Ievee elevation of 47.40 feet N.V.G.D .. The south
levee would be raised an average of 12 fel}t from the existing levee height.
See Plates II r.md III for plan and pnrFiles. .

b. The wes·t levee begins at the end of the sou·th levee in the southl",est
corner of the basin. The new west l~":!\/ee !:>l:!gins at Station O+OOWL with a top
of-levee elevation of 47.40 feet N.G.V.D., and extends in a northerly direction
to Station 183+90·.00WL, the upstream limit of the new west-levee- construction.
The new west levee will incorporate an I~xisting non-project levee (location of
the non-project levee, see Plate I). The non-project le\lee is 3 feet in
height, on average. The new west levee will be raised an average of 12 feet
above it. For typical sEKtions, see Plate IV, Sheet 2. The new west levee
blends to the existing west levee height at this point and would have a top
of-levee elevation of 51.50 feet N.G.V.D.. The new west levee would be con
structedto an average height of 15 feet.

c. The east levee also begins in the extreme southeast corner of the basin
near the low HOI'" structure. The east levee would begin at station O~-OOEL and
have a top-of levee ele\lation of 47.25 feet. The le\lee would then extend north
to Station 19+57EL, the south end of the outlet weir. The outlet weir extends
1740 feet to Station 36+97EL (See Plate X fOl~ the ouHet weir details and par-··
agraph 5-02.a for the outl~t weir description) .. From Stafion 36+97EL, the east
leveewoLild continue nor'thto Stahon 78+61.01EL, the end of the east levee.
The east levee would have a top-of-Ievee elevation of 47.25 feet.
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d. The. north leveewou ld beg in at S·l:at ion O+OONL, the end of the east
levee, Station 78+61.0J.EL. The top-of-Ievee elevation at Station O+OONL would

~be 47.25 feet. The north levee would extend in a northwesterly direction to
Station 236+56 . 16NI,,, ,near' Road 102. The new levee would tie into the existing
Cache Creek north levee at Station 192+00NL with a top-of-levee elevation of
52.00 feet. The north levee would be raised an average of 6 feet ..

a. Outlet Weir. - The outlet weir would consist of a rectangular shaped
sti"aight-dro-p-174(j"-f~et in length, with a roller compacted concrete invert ..
Sources, testing, and recomme.ndations on use of conerete materials will be
detailed in a supplement to this GDM. It would begin at Station 19+57EL and
end at Station 36+97El.. The weir was designed to pass flood flows exceeding
the design capacity of the low flow structure to a maximum of 30,000 cfs. The
weir height would be constructed to 12.0 feet (elevation 32.5 feet) and then
to 18.0 feet (elevation 38.5) at year 25 of the project life, as described in
paragraph 3-05.d.1, Sediment Management Plan. The weir consists of the
straight drop, 25.0 foo'!: long stilling basin and abutment I"'alls. The stilling
basin would have a 2.0 foot high end sill to allow for tailwater formation for
energy dissipation. The drop structure was designed ~sing the criteria as
described in paragraph 3--03. e. Rock ripl"ap would be provided both at the end
of the stilling basin and on the levees on eithl~r side of the outlet weir
abutments. Rock riprap details are shown on Plate V.

b. Low Flow·Facilities. - This element of the project would consist of a
low flow--'outfet--'s·CrIJct"u're':"-newly excavated channel, relocated channel, and the
exis'~ing channel (See Plate VI for a plan of the 101'" flow system fea,cures).

1) Outlet. - The low flow structure is located in the extreme south-
east corner ofthe -project limits at Station 1+79.00EL. The low flows dis
charge into an existing outlet channel upstream of the pr6jeci: limits at Sta- .

. Hon 0+80LFMR (See Plate VI for station definition). The lQw flow structure
would consist of a double box culvert with each culvert being 5-foot wide by
4~foot high (See Plate XI for low flow structure details). The box culvert
would be controlled bya dual sluice gate system which would be fully acces
sible through a gate riser unit. This riser would be located on the Yolo B~

pass side of the levee, immediately adjacent to the, top of levee. The struc
ture inlet would be uncontl~olled and l~qu:ipped wH:htrash collecting facilities .

. The outlet would be flap-gated to prevent reverse flow when water levels in the
Yolo Bypass are higher than in the basin .. The outlet channel downstream of the
low flow outlet would be n)Ck lined to pl~event scour. Rock placement details
are shown on Plate VII; Sheet 1. The rock riprap would begin at Station
1+35LFMR, andextel1d upstl~eam to Station 2+401...FMR, the downstream end of the
low flow st'ructure.

2)ChanneL_~.Y.,~J:,~_ITI.. - The low flow channel system 1.s shown on Plate
VI.

a) The ~ain reach of the low flow system, designated Low Flow
Main Reach (LFMR), begins at Station O+OOLFMR, 240 feet downstream of the 101'"
flow outlet structure. This is the downstream proj~ct limit. The main reach
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extends west to Station 39+50LFMR where it turns north into the basin. This
reach would replace tb~ channeld isplaced by the levee enlargement. ,The ,',.
chcmnel from station 0+00 to Station 54+00LFMRwould have a bottom width of
25.0 feet and side slopes of IV on 3H. From Station 54+00LFMR to Station" '
120+00LFMR, the lowflQW channel would consist of the existing low flowchan-
1'1131' (See Plate IX, Sheet Ifor.typical cross section). At Station 120+00LFMR,
a new channel would be excavated to connect the existing channel to the down,,;
stream end of ,the training channel a-l: Station 163+00LFMR. This new channel
would have a bottom width of 25.0 feet and side slope& of 1V on 3H.

, b). Low Flow Subreach I (LFSI) l",ould drain the ponded waters
Which would collect in the region around the outlet weir. This re~ch would
begin at Station4+76LFMR :::: Station O+OOLFSI. It bJould replace the channel
displaced by the east levee enlargement and would extend north to Station'
36+00LFSI, the end of Low Flow Subreach I. This reach would have a bottom
width of 15.0 feet and side slopes of IV on 3H.

c) Low Flow Subreach II (LFSII) connects the downstream end of
the training channel to the Woodland Pumping Facili.tyand then to the Low Flow
Main Reach. This reach' of newly constructed channel l",ouldbeginat Station
39+50LFMR :::: O+OOLFSII. The Low Flow Subreach II j unctions with training chan-,
1'1131 at Station 139+00LFSII as shown on Plate VI. This reach would have a bot
tom width of 15.0 feet and side slopes of IVan 3H. See Plate VIII for design
gradelines for each of the ,thl"ee low flOI'" channel n~aches.

5-03. TRAIN]N(LCHAN~EL,_ANDb-'~YJJ~. -- The tl"aining cllannel would have a bottom
width of 300 feet with side slopes of IV on 3H and would tie into the existing
channel at Station 128+00TC, approximately 350 feet downstream of County Road
102. The training levee'would be offset 100.0 feet from the training channel
left bank and would have iVan 3H side slopes. The training levee would tie
in to the existing Cache Cre,ek left bank levee at Station 117+40NL. The train
ing channel and levee system was designed to convey the design flow of 30,000 '
Cfs. Between years 25--45 'of the project; life, portions of ,the training levee
will be removed as described in paragraph 3--05.d.2. See Plate VI for training
channel and levee locations, and Plate VIII for thl~ir des ign grade lines .

5~04. PATROL ROADS AND ACCESS RAMPS. -,An alJ.-cweather patrol road will be
constructed--or;--:-l:hecrow'r;--'oTl:he-tral'lling and perimeter ll:wees for maintenance,
inspection, and flood fightihg purposes. The patrol road wi 11 be surfaced with
a 4-inch thick by 10-foot wide se~tion of compacted stabilized aggregate. A ,.
total of 14 turnouts will be provided on all perimeter levees, and the new .
training levee will be provided with a turnaround at Hs downstream terminus ..
Six acc~ss road ramps and eight interior basin ramps will' also be provided, all
to-be surfaced with gravel, at a grade no steeper than 10%; and side slopes not
les§ than IV on 3H. Levee gates will be placed across poinfs of access to
nmit traffic to official use. See Plate II for location of turnouts, access

,road ramps, and interior basin ramps. FOI" details of patrol roads, access and
interior ramps ,turnouts , 'turnarounds, and levee ~~ates, see Plate V.

5;...05. REJO~ATIQ~_$... - The non-Federal project sponsor, the Reclamation Board
of the State of California is responsible for the relocation and/or modifica- '
tion of utilitie~ within the Cache Creek Settling Basin. Utility relocations
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would consist of protecting five existing PG &.E electrical transmission line
towers~ and modification o~·the City of Woodland's storm water pumping plant;
located in the southwest corner of the existing settling basin. Modification·
to the pump will be· necessary due to increas(~d pumping head ,determined to be
about 12 feet. The Reclamatiorl Board has furnished estimated costs for this'
work, attached as Exhibit 3.

5-06. ENVIRONMENTAL ANALYSIS. - The Final Environmental Impact Statement
(FEIS) fo'r:t11e--proTe'c:E--wa-s"'--P-IJ"i>lished in House Document 98-134, 98th Congress,
1st Session. Since completion of the FEIS, there has been a modification to, . . .

the project plan. The establishment of a National Wildlife Refuge over the
entirs Cache Creek Settling Basin is no longer a fish and wildlife enhancement.
feature for the project. An Environmental Assessment outlining changes in
environmental effects resulting from removal of this feature was conducted and
coordinated with the U.S. Fish and Wildlife S(~rvice. The Draft EA and Finding
of No Significant Impact (FONSI) were distributed to the public on 15 April
1986. The Final EA and FONSI were completed and tr'ansmi tted to the EPA on
30 July 1986, and are included in the GDM as Exhibit 1. The U.S. Fish and
Wildlife Service prepared a Planning Aid Lettel~ (PAL), also included in Exhibit
1. Environmental i~pacts to'the following resources as stated in the FEIS
remain unchanged with the dell~tion of the wildlife refuge as an enhancement
feature: geology and seismicity, hydrology and flood control, archeology and
history, and water quality. Resources that will e~perience a change in impacts
from those determined for the FEIS are: vegetation, fish and wildlife, land
use, and socioeconomic. Without the refuge fea'ture, these resources would
remain in their pre-·project states and would not accrue benefits. .

The U.S. Fish and Wildlife Se(vice stated in their 21 May 1986 PAL (Exhib~t

I,. sheets 5-9) that without the refuge the basin would continue in agricultural
. use as under existing conditions, and benefits that would accrue due to esta
blishment of the wildlife refuge will not materialize. USFWS recommended that
the Co~ps pursue establishment of a r~fuge with the local sponsor and/or the

.. state of Cal ifornia. The non--Federal sponsor, the Reclamation Board of the
State ~f California has not expressed interest in sponsoring establishment ·of
such a feat~re. Although the USFWS also included a recommendation that the
Corpsiinplement a riparian planting program along 4 acres of the bypass chan
nel. and along the outlet channel to compensate for the loss of 2. 5 acres of
riparian habitat, this is not a requirement for mitigation in the Lower Basin
since the habitat loss would occur in the Upper Basin portion of the proj~ct.

The wildlife refuge described in the Feasibility Report was an enhancement
feature in the Lower Basin, and was not used for mitigation of impacts in the
Upper Basin. Project impacts to the Upper Basin will be coordinated separately
with the USFWS and addressed in Design Memorandum No.2. . .

5-07. .RI8LETAT~ REQUIREMEN~.?-. ,... Acquis ition of lands, easements, and
rights:-of:-way wi 11 be the res pons ibiJ. ity of the non-Federal sponsor, the
Reclamation Board of the State of California. Since the Natio}1al Wild life
Refuge is no longer a pr6ject feature, fee purchase of lands will not be
required. The non-Federal sponsor will acquire easements over the entire
3,600 acr'e basin, which are estimated to be 60% of fee cost. Local interests
must also obtain the project lands to the west of the existing basin training
levees, for construction of the new west perimeter levee. A permanent ease-
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ment would be required extEHlding a nnmmum of ten feet from the landside levee
toe of the new west pl~rimeter levee, and the existirig north, south, and east
perimeter levees. All easements acquired will grant the right to:

1. Construction, reconstruct, enlarge, fence, plant with trees; shrubs
and other vegetaUon, repair and use flood control works, which shall include
but not be limited to access , haul and patrol roads ,levees, ditches I embank
ments, channels, berms, fences and appurtE!nant structures, and operate and
maintain said' flood control works in' conformity with the Code of Federal
Regulations, Corps of Engineers I Standard Operation and Maintenance Manual" '
and State of Cali f9rnia Standards.

2. ,Clear and remove any or all natural or 'artificial obstructions,
improvements, trees and vegetation.

3. Flow water's and materials and by said flCil.l! erode.

4, Place or depos it earth, debris, sediment or other niaterial.

5. Excavate and remove earth, debris, sediment, or other ~aterial includ
ing that placed or depos i,ted as abovl:!,

6. Restrict any use by ,others which may interfere with anY,of the uses
listed h~'lrein or any use ne,c.essaryor incidental thl~reto.

7. Locate or re locate roads and public ut iJ. ity fac i.l i Hes by grantee or'
other's.

5~08. SEDIMENT MANAGEMENT PLAN. - A descr-iption of the sediment management
plan forthesettITng-jJi:-i's'in'"Ts-found in paragraph 3-05. d.

5:..09. STAGE CONSTRUCTION OF WEIR. - For a d iscussiorl of incremental construc-
tion of the""-outie't~werr,-refer-Eo-paragraph 3.-05.d. i .

5-10. SURVEYS. - A topographical SLlrvey was performed during the months of
May through"~"September 1984;- The scope of the survey .extended from County' Road
102 to the head of the settling basin, and around the periineter and interior
of the bas in. Horizontal and vertici~l control were established for cross sec
tions, structure sections, sediment ranges, and traver'se. Horizontal control
I~as tied into the Cal i fornia' coord inate system, Zone II, and vertical con'trol
was tied into the National Geodetic Vertical Dcitum 6f 1929 N.t.V.D. Crdss .
sections l,Jere taken at !jOOfoot inter'vals from County Road 102 to the head of
the basin, along the existing training levees, and along the alignment of fh~
new west levee. Cross sections were taken at 1,000 foot intervals along the
existing north, east, and south perimeter levees. Cross sections through the
existing Cobble Weir were taken at 50-foot ,intervals, Seven sediment ranges
were established throughout the basin intE!r1i)r for later resurvey under the
sediment monitoring plan, Structure sections of the existing drainage struc
tures were also taken.

5-i 1. BANK PROT~g,!Q~ .. - Bank-protection cons isting of rock riprap wi 11 be
provided at critical locations throughout thl:! project as described in paragraph
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3-03, c. Rock gradation spe.cifications are' shown on Table, 5-01. Bank protec,-,
Hon will be requil~ed in the following,areas:

,a. .9_!A.t!,et_W~.ir._Bl?,!'{!~J!!Q.!J.t~.. ,- An 18- inch layer of rock wi 11 extend 50 feet
from both outlet weir abutments from the top of the levee to the levee toe on.
both the basin and bypass sides. For rock placement details, see Plate X:. \

'j;o.

b. Low Flow Outlet. - A 12- inchlaYE:~r of rock wi 11 extend both .ups'tream
and ,downs-ireain-of-t1,ti'low flow outlet . For placement detai Is, see Plate VIr:,
sheet1.·,

5~.. 12. AL.TERNATIVE PLANS CONSIDERED .-- During the review of the draft GDM,
comments-w-e-re -'-rec'eT,i'ed-fro-m- the--"State of Cali forniaReclamation Board, the

. non--Federal proj ect sponsor, and the City of Wood land. These are included in
the GDM as Exhibit 2.

The Reclamation Board suggested in a letter dated 19 August 1986 that ·.by
separation of summer flows from the training channel, maintenance of vegeta
tipn. ,Gould be reduced. A possible method pr'oposed by the Reclamation Board
for achieving this ~30al was construction of an outlet structure at the ,upper"'
end of the training levee leading to a ditch paralleling it on its east side.
By keeping the gates to the d itch closed during winter, th(~y felt that the
ditch would be free of sedimentation .. _ By keeping summer flows confined to this

. di"\:ch, it and the tr'aining channel would be relatively free of vegetation. The
training channel would then be accessible for mechanical and chemical veg~ta

tion control and s(~diment removal wi"\:hout working in and around flowing water.

This, proposal was evaluated and it was found that due to sed iment depos i
tion patterns within ·t.he basin, the proposed channel would be subject to a· ,
buildup of sediment, n(~cessitating frec~I,IEHlt maintenance. The vegetation con
trol, problr~m due to summer flot"'s would 1111~rely by transferred to theWi'<:fposed
chi.,mnel, cl~eating a need for vegetation control in both the training' channel'
and the proposed channel.

Comments we\"t~ also received from the Reclamation Board in a 1(0tter dated 1
Augu,st 1986 concerning an increase in tht~ project design flow, low flow outlet
gate operation, ramp loci:ltions, and sediment removal. Our studies have con
cluded that the cost of add i tional protection by chann(~l improvement oVer and'
above 30,000 efs, which ,would have requirE:~d a major reconstruction and reloca
tionof the existing levee system is not economically justified. The proposal
for enlarging the S(~ttling Basin will not induce flooding upstream of County
Road 102.. Although the des ign water surface downstream of County Road 102 will
be higher under project cond i Hons, all pr'oposed proj ect features have been
desjgm~d to maintain the ,l",ater surface upstrc:li.'lI'n of COIJITt.y Road 102 at prepro- ,
ject conditions. Low flow. outlet gate operation will be outlined in the opera~,

tion anq maintenance malllJal for ·t.he project. The gates will take pressure fr'om
the Cach~) Cr'eek side as presently designed. Interior basin ramps have been
provided at each end of the weir. Without the wildlife refuge feature, the
settling basin will no longer be required to be purchased in fee. Easement
purchase wi 11 be requin::ld as described in paragraph 5·-07 . Sed iment removal of
50,000 cubic yards annually is no longer a~woject requirement.
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The City of Woodland, by letter dated 29 July 1986.alsd expressed concern
with project design f16ws. Oth&ritems of concern were modification costs for
their pumping plant, and infringement: into their low flow channel. Costs for
mod i fication of the plant were furnished by the Reclamation Board and are shown
in Exhibit 3. The existing low now. channel will be relocated to the interior
of the basin from the new south levee toe. This work is considered to bea
project cost, since the channel will be an integral elemen·t of the project.
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CHAPTER 6 ~ OPERATION AND MAINTENANCE
! .•..:.".-.-( •. '.; .,

6·-01. GENERAL. - The C~Lifornia Reclf.~mation Board has. ,indicated it~intent

to provide the'-assuranG.~·sQJJpccil coope.rj:ltiorlfo·r t!'Jep·r6je·ct. .unq~r these
assurances, it wil1brJ·th~·'responsrb{'l{tyof;l:he·Reclama~ionBOard~o accept
the project after coniple:O'or'lqt consfructlonancl "j, nsure. ~hataUoperatio:n.and
maintelJance~i.s~in~accor.:daliqrwi~h Fedl~r,al'.iaw, .. The Reclamation Board will .
also be responsible for the sediment'mQnitoring p1i?\rL .' Currently, the,bas·in is
oper'ated and maintained by the State of california Del:>al"tment' ofWa.:t~r:.: .. '..
Resources undel" the requirements establi.sh~~d in the "Supplement to Standard'
Operation and Maintenancl? ManujS\1 for the Sacramento River Flood Control Pro
ject Unit No. 126: -- Cache Gree,k Levees 'and Settling Basin, Yolo$ypass' tqj~igh
Ground. II " ";.

6-02. t1BI~].f-NA~~~...E.~..Q.~.IR~:MENI~.. -- Pedodic maintenarlce of the levees ,chan-.,
nel s, and around the various structlJres wi 11 be required -tej' as sure. t!'le s'edi-.
ment control system will func·tion as designed. Situations that might r.equlr'e.
maintenance include eros ion and debrIs accumtila'!:ion aro.(md strl.lC'tures, exces-.
sive vegetal growth, channel and levee shape chaDges~ and excessive sedim~nt
depos ition in the training and low flow channels.

Maintenance requirc-)nlli:Hlts will be discussed in more detail in the operation
and maintenance manual. However, this portion of the report will discuss the
above items as related "tt,'-the hydral.llic·functionof the project: In addition,
a monitoring and inspedion progr'am lAii11 be developed :\::0 establish. damage and,
operation trends o\/er th~~ projE!~t life, and to monitor sed~ment deposition~ .

The training and low flow cnannels, shall be monitored for sed iment deposi..,.
tion and the reductiOn of channel capacHy due to SE.~d iment and vegetalaccumu-:,·.
lation. Cross section surveys shall be perfor'med after each major noodevent,
or every three years at the locations "Iisted in Table 6-01. Channels shall ,be .
maintained to design grade and cross section when 'che deposition exceeds two
feet, or when thE-) cross s(.;lctional arei:l. is rc~duced by 20.percentpr more.

Sediment deposits in the basin sha]l be survGyed after each .maJor {tood
event or-every five years. These SU)"V8YS are required 'co be performed Clver ,
·the bas in and within a 2000 foot rad ilJS of the outll?t weir in theYolo Bypass.
Pei'manent range lines establ ished during' the 1984 topographical survey (see'

. paragraph 5·-10) may be used, or a survey grid may be establi shed. Surveys lAii 11
be taken with enough detail to enable genel"ation of topographic contour maps'
with contour intervals of one foot. This information shall be used to deter·
mine the time at which. the weir height is increased and the training levee. is
cut back (see paragraph 3-05.d) .

. a. Eros ion._..BroulJ..~_.?t..r.l::!.£:t.y.r.:~..?. __. If ne~~ lected, E:1rOS ion around structures can
result in even'cual failure of ·the stnldun.~s and/or malfunctioning of the sedi
ment control system. A determination that erosion around a structure actually
endangers the s'l:ructural stabi Ii ty v(~rsus erosion that wi 11 stabi lize and cause
no further damage necessar'ily involves engineering judgement. For this. reason,
an engi'neer experienced in making such c!t~tenninations shall make inspec-tions
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of all structures following each flood and make recommendations for corrective
measures.

b. E~fes§)v~.__Y'.2.9_~JCl.L~?.rQ.~.tb.."'· Management of vegetal growth that would
increase channel roughness and flow stagl~s wi 11 be necl~ssary. No tn.'!es or
shrubs shall be allowed to grow on the levees, or within the channel system.
When trees and shrubs grow to a height of 2.0 feet, they shall be cut or
otherwise removed prior to the next flood season. Grasses and .other vegeta-
tion on the levees ·that would 'lie down during floods would beallololled, but
must be regulated to allow levee inspections.

c. Levee and Channel Bank Maintenance. - Periodic monitoring of levee and
cHannel banks"'wilTbe--'perfor'iilecFii1-;;:i1-e"fYort to locate areas of settling,
slumping and damage due to wind action. Isolated areas of damage could jeop
ardize the. integrity of thE~ entire systE~m. Particular attentiori should be
focLised on the existing channel immediat.ely ups'cream of the transition to the
traih1ng channel. Hydraul ic analysis indicate a potential for scour due. to,
moderately high velocities. These velocities have occurred in the past and
will'continue to occur during high flows. Field investigations after high
flOlollS'show little damage, if any ,to the channel banks or levees. However,
the area remains. a concern and should be monitored throughout the life of th~
project .

d . ~Qi!Jlet.lt...g~J?.Q_s (tJ9.I.l.__~.!lQ..J'>~br:i..?-.._._~ ..~~.£.~!.~_1!!l.~iti...9.D .. _. Sed iment depos its in
the training and the low flow channels will be removed according to the cri·_·
teria discussed in paragl~aph 6-·02. The non-·F ederal sponsor' 'wi 11 be respon-..
sj,ble for providing disposal ar'eas for this l1later'ial. Sediment and other
debris "'Jill be remo\led from around structure inlets and outlets so as not to
reduce flow capacities or to reduce potential for structur'al damage. Parti
cular attention should be focused on the inlet to the low flow outlets. The
-trash racks should be cleaned regularly during heavy flow periods. Operation
of'~he gates will be detailed in the O~M manual. .

6-03. QPj:-'WTIQr.L..a.!'JD_..tl8..I~I.!;..!~L0..NG.~ ... M~NUA,b.·- Subsequent to project completion,
an operation and mairl'temilnce nianual for the pr'oject will be prepi.~red by the
Sacramento District .. The manual lolli.J.l be furnishc;'!d to the California Sta·ce.
Reclamation Boar-d. . .
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CHAPTEI~ 7 - COSTS

7-01.. BASIS OF FIRST COSTS. - The deta:i.led estimate of first costs for the
Cache CreekS-e·:tFniig-····Ba·s-Tn··-·projt~ct l",as based on October 1986 price levels and
is shown on Table, 7·_·01. The estimated lcHlds and relocation costs were fur
nisht:"!d by the Reclamation Boar'd of the State of Cal Hornia. See Exhibit 3 for
the estimate of relocation costs. The unit prices for construction items were
based on adjustments of average bid prices received on comparable work in the
Sacramento District. For constructiorl items, a 15 percent allowance was'
included for contingencies. Suitable allowances were made for engineering and
design, and supervision' and administration based on costs experienced on com
parable work within the District. Construction of the outlet weir, as dis
cussed in paragraph 3--05.d.1, is shown. in two stages. ' The detailed 'estimate
of stage two construction cost is shown on Table 7-01A.

7"""02. SUMMARY OF COSTS. _. The deta:i.led estimate of annual costs for the Cache
Creek St~rtTTng-Bas-rii-projec:t is given on Table 7-02; The costs are based on
October 1986 pr-ice levels with an 8--718 percent interest I~ate, and a 50-·year
amortization period.

7-..03. ~QMF~ARI$_Q!I1_...9J:._tlB...$.I_.~.Q.~I~. -- Comparison of cost estimates for the
authorized plan and the recommended plan are shown on Table 7-03, and changes
are discussed in Table 7--04.

7-04. COST SHARING. _. Th~) non-·Feclel"al sponsor is subject to cost sharing
requireme-nts-"'a-s-set-'-forth in ·the Water Resources Development Act of 1986, Pub
lic Law 99--662. ThE) non-·Federal sponsor is required to provide a payment of
not less than 5 percent of the total project costs. l~e construction first·
cost of the project is currently estimated to be $1.4,500,000, and the LERR'cost
is estimated at $4,300,000, for a total project first cost of $18,800,000.
Therefore, the required payment is estimated to ,be $940,000. The required
payment will be adjusted on the basis of actual costs incurred.
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CHAPTER 8 BENEFITS

8-01. ±N..TROD_ll..<;'.l!.Q~. _. The <:aChE:1 Cn)ek .Basin,.·California, . Feasibi!itY"R'epo'rt
and EnvirOnmental Sta'b~lllent for Water Resou'rcesDevelQpmen'~,<'iatedF~bi:uary '.
1979 is the basis for establishment of economic benefits associated ~i~hthe
recommended plan of improvement. Bl~nefits attribu,tab~e ,to. the . recommended plan
of improvement are flood' damage reduction and reduced sedirilent .dredg ing; costs,.
Sacramento County is no longer des ignated by the 1J: s. 'D~partmr;nt of. Com,merce":'
as an area of s.ubs·{·;antial and persistent unemploymen:{:; .. therefore"t!:le Cache. '"
Creek Settling Basin elenientof the projc;!ct is now inel1giblefor Na'l:ipnal
Economic Development enlployrilent benefits. With removal ,of tl'le National Wild
life Refuge as a project fsatur~, all associated wildlife ~nhancement benefits
have been deleted. The follo'1ing is ari update of the benefit arlalys,is pre
sented in the Feasibility Report.

8":·02. fJ.:.Q..QJLPA.~tLGt ...B..f;'DUI2L~.Q~. - If sediment were allowed to continue too'
deposit in the Yolo Bypass, damage to devl~lopment in the Bypass would' occur ..
In addition, a backwatr;:JI~ effect would be .created which would cause infri.nge-·· .
ment of the design flow o'n freeboard in the Yolo Bypass, Knights Landing Ridge'
Cut, and a portion of the Sacl~amento River. These' levees would .nElecl to be .. '
strengthened '1:0 restore freeboard requirements. If sed.iment from Cache CrElek.
were contl~ol1ed and made to depos it upstl~eam of the Yolo Bypass, a benefit
would accrue since the following wo~k would not have to be done.

,
a. Sediment depositing in the Yolo Bypass in the vicinity of theCqbble

Weir l",ould inundate and r'ender useless 435 acres of industriall",aste oxidat;ior,l
ponds owned by the city of Woodland. The first cost to replace this facili.ty'.
is $1,790,000, and the aver'age annual cos·t is $115,000. The. 2,100 acres of·
agricultural land over which the sedi~ent would deposit would not suffer sig
nificant productivity losses. However, backwater effects caused by the sedi-·
ment obstructiOn would be significant. The Yolo Byp~si levees ~ould.need ~q
be rai sed a max imum of 2.2' fc~e·t: from 0.8 mUe dOI",nstream of Interstate 5 up
stneam to the Fremont Weir, and the Knights LandiilgRidge Cut levees would'
need to be raised 1.8 feet. The total-first cos'l: to complete this warkls
$6,660,000 and t.he aVerageahnual cost is $633,000. Since backwater effects

. are still significant at the Frc~mont Wl~ir, SacramentoR'iver levees would need
to be raised' a mf.lximum of 1.0 foot from that location downstream to the
Sacra~ento Bypass at a first tost of $15,400,000 and 'an avera~e'annual c6stof
$1,420,000. Therefore, the total fiTS'\: cost for su.ch .actillitiesnece.ssaryto
preserve the integrity of the Sacr~mento River Flood tontrol Pr6ject in the
project area and prevent darnaqes to dSllel'oprnent in the Yolo Bypass would be.
$23,790,000, the' average an~ual cost of which would be $2,168,OO~. This anal~
ys is is based on October 1986 price levels, an 8-·7/8 percent d iscourlt rate and
a 50-year period of analysis. If fre(~boardr,equirementswere not mestablishl~d

on. the previo~sly described levees, flood damages c6uld occur. If these aver
age annual flood damagl% inCIJrred (",el':e less than $2,,168,000,' theJ;l this new
figure should be used as a basis for benefits under:' the IIl eas t· costly alterna-
tive" analysis.

:','
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3) Analysis shows that the pr'obabilHy of failure at any of the six
locations is about the same. Since average annual damages from failure could
be as high as $4,818,000 1"n one reach a lone, and it l"'OU Id requ ire an average
annual cost of $2,1.68;000 to maintain freeboard and thus prevent this damage,
the latter figure was used as a basis for flood cOlltrol benefits associated
with·sediment control upstream of the Yolo Bypass.

2) Future growth ·was not taken into account. However, the Sacramento
City Council has approved the rez9ning of approximately 6,500 acres of agricul
tural land in the Sacramento River - Left Bank (Reach 6) region. Thl~ rezoning
includes a permanent sports complex , midd Ie dens ity res idential (5 to 7 units
per acre), light industrial (7 million square feet), and high~technology and
office growth (18' million square feet) within 20 years. This new construction

.will bring approximately 65,000 new' jobs to the Sacramento area. The value of
~roperty in this location will show an enormous increase in the future.

. b. Failure of the Sacramento River Flood Control Project could conceivably
occur at any of an infinite number of locations in the project area. Six areas
were 5eiected as being represe~tative, and damages for all six were calculated;
See Table 8-··01 for area . locations , acres inundated, and average annual equiva-·
lent damages and benefits.· .

1) The evaluation of flood damage requires a knowledge of land use
patterns. For the agricultural areas, acreage for various crops was calculated
from land use maps provided by the California Department of WateJ~ Resources.
On·-site inventories,' and the Marshall and Sl",ift Valuation Service were utilized
to evaluate the densely populated residential, industrial, and commercial
areas. Current newspaper articles, and city and county planning reports were
also·utilized to calculate damages in the flood plains.

8.:..03. K~JLUCTm.!L_IN __.REQ.YJ~R.~!L]'~J"p'GI.!\lg.·- WHhout upstn~am control, it has
been determined that 100 aCI'"'e--feet of sediment will annually deposit adjacent
to the Cobble weir. That portion of Cache Creek's sediment load which would
not deposit in the Yolo Bypass immediately adjacent to the weir, about 575
acre-feet per year, would contil1lJe on dOI",nstream. The n~commended Cache Cr'eek
Settling Basin projec"t· would reduce annual sediment loads to the Yolo Bypass
and beyond by 340 acre·-f.eet. This reduction in sediment deposition would
decrease the amount of dredging necessary in the Sacramento River System, and
also ·the San Francisco Bay System.· Then~fon~, rr~duced sediment dredging
requiremerlts that can be attributed to the recommended plan would be a benefit.
It is estimated that l",ith th(~ recomml~nded project in place, dredging in the
Sacramento River system would.bedecreased by 88 acre-feet annually, ahd dredg~

ingin the San Francisco Bay System would decrease by 7 acre-feet.

Costs for current dredging activities in the subject areas were developed
for benefit· determination. Included are costs for lands, site preparation,
mbbilization and demobilization, and dredging.
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$3.45 per cubic yard
$2.30 per cubic yard

Sacramento River System
San Francisco Bay System
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Based upon the amount. of reduced sed iment deposition in these two areas, a
weighted aver'age cost of $3. 3!) per cubic yard \,Jas used for dredging reduction
requir-ements associated with the recommended pltm. Applying this average cost
to the total decrease in dredging, 95 acrr:~·-fel~t, an average annual savings of
$514,000 would be realized.

8-04. PItOJ:.~gI.l.\l~TI[Ir~~ng~.. - A comparison of the aVeri3.ge annual benefits
wi th the average· annual costs for thl? recommended plan of improvement is sho\,Jn
in Table 8-02. The project benefit~-to-·cost ratio is 1.4.
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CHAP'TER 9 -- DESIGN AND CONSTRUCTION SCHEDULE

9-01. ,Q.~-'~ER-F..!:. - The prepar'ation of plans and spedfications for the
construction of the Cache Creek Settling Basin element of the project will
follow approval of the final General DI3sign Memorandum. Contract plans and
specifications along with local intel~est coordination will take approximately
14 months from n~ceipt of flJl1ds. The construction time is estimated to span
two constructiol) seasons. The Reclamation Board will design the modification
of the City of Woodland storm water pumping plant. A construction schedule is
shown on Table 9-01. Work which will be accomplished under the first contract
includes the enlar~3em{mt of the existing north and south perimeter level~s, .
coristruction of the new west perimeter levee, degradation of the existing
training levee, construction of the nl~w training levee, training channel, 10l'"
flow chanhel, and low flow outlet works. Work which will be accomplished
under the second contract includes the construction of the outlet weir, and
enlargement of the east perimeter levee.

9,-02. WORK BY FEDERAL GOVERNMENT. The Federal conb~act l>Jill include all
levee co'r)'sfr:lictiorl~'--r:econs~i;ruEtTonof the outlet weir and the low flow outlet
works and channels, 11?,v13e pa'crol road .and ramp surfacing, and stone protection.

9-,03. ~QRK~Y...:...9]lt~K~. _.. The ReclamaHon Board wi II be respons ible for the
relocation andalter'ation of all over'head pOt>J13r and telephone lines and

. miscellaneous surface and subsurface utilities affected by project construc
tion, as well as modification of ~he City of Woodland's storm water pumping
plant.

9-1
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CHAPTER 10 .- RECOMMENDATIONS

10--01. RECOMMENDATIONS. - It is recommended that thiS General Design Memoran
dum, which pre'se-j,ts"a'-pli:ln for n~st,on'l,tion of s(~d iment storage capacity of the
existing Cache Creek Settling Basin, ,be approved as the basis for plans and
spedfications and construction.
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2. FOR LEVEE PROFILES, SEE PLATE E.

3. FOR GENERAL LEGEND, SEE PLAT E Jr.
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2. FOR LEVEE PROFILES, SEE PLATE "III .
3. FOR GENERAL LEGENO,SEE PLATE :n:.
4. MINIMUM WIDTH OF INSPECTION TRENCH IS 10 FEET.
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l I'TAPER

~
i

IZ' LEVEE CROWN
r

10' SURFACING WI DTH

DETAIL-PATROL ROAD SURFACING
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Ai'lD xr {DETAIL 3 I. SEE PLATE E-I FOR ,STONE
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DEPAITMENT OF THE ARMY
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SACIlAMEHTO. CALlfotHIA.

LFMR LOW FLOW CHANNEL MAIN REACH
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STATION ABBREVIATIONS
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GRAPHIC SCALE

3. FOR LOW FLOW SYSTEM PROFILES, SEE PLATE"fllI .

4. FOR ST RUCTURAL DETAILS OF WEIR AND DROP
STRUCTURE, SEE PLATE I.

5. FOR STRUCTURAL DETAILS OF NEW LOW FLOW OUTLET
(CONDUIT AND RISER). SEE PLATE :n.

6. FOR GENERAL LEGEND. SEE PLATE n.

7. GRID COORDINATES REFER TO CALIFORNIA STATE COORDINATE
SYSTEM, ZONE II. DATE OF SURVEY: MAY-SEPTEMBER 1984.

NOTES:
I. FOR BASIN LEVEE STATIONING, SEE PLATE :II:.
2. FOR LOW FLOW SYSTEM DETAILS, SEE PLATE =.
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VERTICAL DATUM OF 19Z9.

Z. FOR GENERAL lEGEND,SEE ~lATE n.
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SECTION 13

LOW FLOW SUBREACH I
STA.O+OO TO STA_ 36+00

I, 15'

::::-Jl
3

LOW FLOW MAIN REACH
STA_ 121+00 TO STA_163+00

I~
3

I

1 {EXiSTING GROUNO
...-L_LINE------------- -------------- --

I

I

SECTION
LOW FLOW MAIN REACH

STA.55+00 TO STA.120too

I

I

1
EXISTING GROUNO
UNE!

/ --:
--"'"" l /

J~ 1 /~,

"" /"'----I, !.20' I

SECTION

.1

:::::.JI
3

:::::::.JI
3 "

LOW FLOW SUBREACH n ~ -
STA. 70+00 TO STA. 139+00

IL.:::::
3

15' .1
SECTION

t 1EXISTING GROUND------1---- ~
I

I·

I ~EXISTING GROUNO
I U~

---.---\----"- -

1

I

,---;
I

'. \

.J

NOTES:
I. FOR LOW FLOW SYSTEM PROFILES, SEE PLATE:nn:,

SHEET 1-3.
2. FOR 'GENERAL LEGEND, SEE PLATE Jr.
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3
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------------------------ r-
I(EXISTING GROUND

-L_
UNE

:::::=.JI
3
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1L.2::
3

t
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I

I

SECTION
LOW FLOW SUBREACH JI.
STA.Otoo TO STA. 70+00 SECTION

LOW FLOW MAIN REACH
STA.4+79 TO STA.54+oo

OEP'AITMEHT OF THE ARMY
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,SAClAMEHTO. CALifOlHIA
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I' __J

M. DEERING

S.JANG

K. MYERS

CACHE CREEK. CALIFORNIA

CACHE CREEK SETTLING BASIH

TYPICAL SECTIONS
LOW FLOW SYSTEM

I
)
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-!!f)6~

[liIU,CIVIL DESIGH SECTION C
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FUNCTIONAL ANALYSIS - VE PAYS

12'rr- 12'

EXISTING 2/~ 3 I VARIES .. [ t ~ EXISTING
NORTH LEVEE '~'\'I \1 VARIES =-/\-' WEST LEVEE

~r~~~GROU~__/ \J -- --+--- I I 1
19 Vi

- __ ____ I V \ LEXISTING GROUND

\

~
~X~ISTING DEPOSITION TO BE /-------- -- LINE

REMOVED TO GRADE LINE

I~ I iJl
VARIES 1. /VARIES

-~_._-/

I VAR!ES .1
SECTION

TRAINING CHANNEL-EXISTING
STA. 12BtOO TO STA.151t50

12'

It
EXISTING 2 1"\ 3
NORTH LEVEE 17' '\11__ \7 _

" - ---++90'
[r~~T1NG GROUND / " ,. I~__ \J _

I~
VARIES

I

I
i

1T
3 /-\_2 EXISTING'7 \11 WEST LEVEE

+9~ \I_. V ~ (r'I~~T1NG GROUND

UI
VARIES-.TlE INTO EXISTING

CHANNEL SLOPE

..... If-__----'-I~=O'-, ..I

SECTION
TRAINING CHANNEL TRANSITION

STA.120tOO

NOTES:
I. FOR TRAINING CHANNEL PROFILE, SEE PLATE Jl:III-4.
2. FOR GENERAL LEGEND, SEE PLATE ll.

SECTION
TRAINING CHANNEL TRANSITION

UPSTREAM END
STA.128tOD

~'~.'~ .

EXISTING
NORTH LEVEE

IT IT
r,i\ ~-_.- -4-- - t /IFrVll ~Xi~+I~~VEE

I 7 '\ I 95' " ! 9S' I \ -fXISTING GROUND

~r~~TING GROUND / \1 I I·V \__ LINE I

~---- ---~~---i--- z-·---
I. 210' ,I

-n- . it
TRAININGn~?'I-- -.-5J. --- t Li~~I NEW WEST LEVErlE

LEVEE I 100' I f- 100'
EXISTING GROUND· . "I ~XISTING GROUND
LINE~ LINE I-- -------~-----i ----*---------

I 300' I,
1\ I I I I

SECT ION
I I

TRAINING CHANNEL
STA. 0+00 TO STA.1I5+00 I DErAlTMEHT Of ntE ,UMY

SAClAMEHTO DlsnlCT. COltS Of lNG1HUlS
SAcu.MENTO. CAliFOlH1A

M.DEERING
CACHE CREEK. CALIFORNIA

CACHE CREEK SETTLING BASIN

SAFETY PAYS

S. JANG

K. MYERS

--:j1j/!-~
CHIEF,CIVfI. Il(SIl." 5[CT'0", ~c

TYPICAL SECT IONS
TRAINING CHANNEL

r:;::c,.,fD' =-~: NO SCALE ~IG. No..

,I·U I 1""~C-25-35
i

PLATE IX 2 OF 2



FUNCTION ANALYSIS - VE PAYS

1.52

'.60

1.83
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$AC'UllllllNTO.CAPOIMAI

1.23

4.06

1.97

0.32

0.34
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CACHE CREEK. CALIFORNIA
CACHE CREEK SETTLING BASIN

WEIR AND DROP STRUCTURE
STABILITY ANALYSIS

.saurs

••• Belura I. 2,

o •

o •

s..

Baee Pressure

888' Pressure

Baall Pressure

Base Pressure

fll. tJli;;

E. ARREDONDO

PLATE Y I OF I

L. CLAY

V. WHITE

ou,""

f\
1\

1-__....!:PAE~SSURE!2!!~..!:I~N..!:K~I!:PS~/~S~Q:=.,2FT:.!.:.'r--=:,.---!SLIDING
UT ClL F. S.

CHnF. CIVIL DESIGN SECTION A

ABUTMENT WALLS

X
(ttl

6.0~

5.59

X
(ft)

14.06

18.22

19.10

14.33

I

295.8

99.5

225.6

502.8

I:M
(kip-ttl

I:M
(klp-tt)

I 545.3

11

IV ~ Summation of Vertical Forces

I:H:~ Summation of Horizontal Forces

:t~ ~j Summation of Moments About Reference Point

X :f Oistance from Reference Point to Resultant
crT r~ Pressure at Toe

O'H '~'; Pres,sure at Hee 1
R,P_

I
Reference Point for Stability Analysis

¥ I' Water Surface

j

0.9

0.7

1.8

10.7

23.4

"23.3 i

I:H
(kips)

I:H
(kips)

I

20.6

27.6

16.1

15.2

47.6

33.6

I:V
(kips)

I:V
(kips)

I
Sl!ABILITY LOADING CONOITIONS

- - - - - Hind ani completed structure during construction. no backfill in
place and 30 psf wind on exposed surface. 33-1/3X overstress per
mitted. 175X of base in compression .

- - - - - Channe 1 jempty. back f i)] submerged. no upli ft pressure. resul tent
within t,he kern of the base. normal working stress.

- - - - - FIooo discharge condition. channel full. backfill behind wall sub
merged t.o a height eQuivalent to upli ft pressure and naturally
drainedlabove with the uplift pressure taken as full tailwater
plus SOT! of the difference belween headwater and tailwater ett the
uDstrea~ end. Resultant within the kern. normal stresses.

1. The unitl weight of soil used for' the stability analysis are
as fOllO"'r:

!, Dry IOZ.5 Ib/ft3

I

Hoist 121.2 Ib/ft3

Saturated 12.7.2 Ib/ft3

2. The total) foundation pressure is equal to upl i ft pressure plus
base pre1sure as shown in the following diagram:

M.Qill: I:
I. FOR LEVE~: STATIONING AND LOCATION OF WEIR. SEE BASIN FEATURE PLAN, PLATE II.

Z. FOR EAS1! LEVEE PROFILE. SEE PLATE m- z.
3. FOR GEN1RAL LEGEND, SEE PLATE II.

4. FOR STaNt PROTECTION DETAIL, SEE PLATE :ll:.
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JKEGEND
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tv .. Summation i f Vertical Forces

EH" Summation f Horizontal For-ces

t~ .. Summation r" f Moments About Reference Point

X • Distance f ~om Reference Point to Resultant

~~ ::~:::~~: ~. ~::I
R.P.- Reference oint far Stability Analysis

I GATE RISER UNIT

CASE I:V I:H I I:M X PRESSURE IN KIPS/SQ. FT_ SLIDING
(klpsl (kIps), (klp-Itl lltl (1T (1 F. S.

I 328 0. 96 1
1

2821 9.0 8••• Pr•••ura 1.14 1.14 136
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12" Loyer .
stone protection
See PloteY,
Detail 0
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PLATE n IOFI

"'" NO SCALE .........,,,""".....,0

K, AL FOANIA

CACHE CREEK SETTLING BASIN
LOW FLOW OUTLET

CONDUIT AND RISER UNIT
STABILITY ANALYSLS

E. ARREDONDO

L. CLAY

J, WHITE

STABILITY ikOAOING CONDITIONS FOR GATE RISER UNIT

CASE I - - - wind~i on completed structure during construction. no backfill in

~~~~td~n~5~oo~S~a~~n~no~o~~~~~~~o~~rface. 33-1/3'; overstress per--

CASE I I St i 1~1 log Bas in empty. surCharge load due to construct ion.
Resu'ltant within kern of base.

CASE III - F'lOci~ E;0ndition, 100% uplift. resultant within the kern of base.

NOTES: I
I. FOR LOW FJW SYSTEM STATIONING AND LOCATION OF CONDUIT, SEE LOW FLOW

SYSTEM FE~rTURE PLAN, PLATE 1Zr.
2. FOR PROFILl,. SEE PLATE ~. I-
3. FOR GENERq~ LEGEND. SEE PLATE IT,

4. FOR LOCATI IN OF STONE PROTECTION. SEE PLATE 1llI-1.

I
I

Water
Pressure

PAYS

LOADING CONDITIONS FOR CONDUIT

SAFETY

CASE I - - Conduit empty. surCharge load due to construction eQuipment

CASE II - - Condult empty. water In bac$(f ill.

CASE III
Not To Scale
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Surcharge Pressure
,---,--'-,---.

CASE II
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I I I I

Soi 1 " ~ : \
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CACHE CREEK BASIN
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LOCATION MAP
NOT TO SCALE
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NOT TO SCALE
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TYPICAL HAMES
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I
DEPARTMEHT OF THE NlV'( .

SACRAMeHTO DJSTNCT,~ CJF EHCM4EUIS

SAC:fWrlENTO,~

I I.... ,"'---=---:.1......!..I""',.-_1 CC 25 35

CACH[ CREEK BAS'N
CACHE CftEEK, CALIFORNIA

CACHE CREEK SETTLING BASIN ELEMENT

LOGS OF EXPLORATIONS
2F-8-IO th,u 2F-8-13

GAOOf'.""""""
SOil CLASSIFICATION 8Y8T.EM

'i InorganIc: .1It..m~ Of' d1atom.aaooul f1~ un~ or -'It)" sol...

~ ~ II---:".:-;H;-+-;::.'...=":;,.:::!..;=.;.:.....=.k::;'.,"'...:::;;:k>w;:,.:'=..="~.:",.;;::- -j
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PI

UNI FlED

K. Hbhl

K Wahl/V. MarinO'

Anes, pereent by 'IlI'tHght pa:Mlng the No. 200 aHlve.

liquid Umtl.

Plastlcfty Index (LIquid limit "'Inue PI_Ie Umlt).

Aeld Moisture Content In Percent ,of Dry Wef9ht.

Sands, percent by weight pau!ng the No. 4 slIWa and r.loed on the
No. 200 sieve.

Visual field Clauification

GrllYef, J*'c.m by weight p-.lng 3-lnch aleve and rl!ltaJnod on the
No... sI......

Specific a,avit,

Groundwater level.

FI

LL

PI

Me

SA

G.

OR

I )

MAJOR DIVISIONS

Highly organic solla

C:DIIC'='I'===::i~='===~C·===·i:.'==:::':il~t

C:I:'1:i~COO:,:="i:IO=O=' ==.:J:~O=·='==·=~C'=O·===.·I:I 0:::0::'=='~O~001

---I

GRAPHIC SCAlES

1. CT...meationa: are In accotdlallC. wlth the Unlrled Sol.. Cla:Aifk:lltlon Syslfin
(AS'TM 0-2487).

2. -All ~eYe slz.. on the chart .re U.S. Standard•

3. ~~a~~;~~"rr:;:~'w~~=~~~=u~===1. aUt
If the Uquld limIt~ pI..tk:ity Index plot !*ow the "A" line on the plastlclty ch.rt
(ASTM 0-2487) and I. elay H the 1Iqtik1 limit and p1utktty ind8x pk)t above the 'W' II.,. on
the chert.

4. Borderline CI...lIlesUon: Sol.. pot;MMl'ng characterflClcs of two groups .r. dMlgn-.d
by combination. of group symboII;. Fore~ GW-GC•• w.tJ-gr8ded gravef....cl mlxhn
with II clay binder•

5. lorin, .. 2f-8-'0 thrll 2f-I-I3. 2f_8_1I. 2F-I-II. and 21-1-1 ••e,. dril"l1

~:t~:;;5:~i ~~d r~:ed~~1~:r2~ :::t~h~~ i;: ~:; ::s:~t ;:~ i:':-2F~I:~, o:h:1I
2F-a-17. and 21-1-2 thru 21-1-', were drilled to the r.~uired de,th
u.int an a- auger on a Sullivan drill rig durinl • Jul, thru I' Jul, 1"1.

lS. nepth to oroundwater is shown If meoaYred.

LEGEND:
e2F_Il_IO location of Exploration .. on thil Sheet.

02f_1l_1 Locatk)nofExIlkH'aUon in the Cache Creek httlln, auln Area.

j _ G W W.II-g,1IlMd 11'-". IIr.....l-und mllllUfM. 11m. or J'IO nr-.
~ i i!! IIi. d ~ OP pOOf1y"'Of..-cJlI' lII'~....,..dmldl.l..... IIttWOl'no""'-.: JI !H i.h H:1-1i'-§.....+-.;;oo7:".c-+i,IIIty::-===-.':'..=:;-'_=.-::;m';:;;._=-.--'-------1
_ ! J I. Cleyey II' gr I...,..d-cI mllltufM.

§ i: 8W w." _ ,~un " "'M_.
I!' I :sL ~ ('" ,I--;A:..:I-I-~s:;.p;-j.,p,;:....,~ ~-.:,:::""7:;,..:'::,='~:-un_.."-'.,-"'-""'.:.....M:.........:......__....:....,
U ~H II ~ t f u 1-...:99~".C~l--illo:lty:::un:==..·i-~.::'·.::m'=;;."'i;-;;;;.:;------.......,I l' i Clqwy Nnda, .-wk•.,. milltilr...

,

,

f in.I, vllr,

2F 84·1

0'
2F'i!,4.3

~. ",..\

_E
.'

j

t:

2 F - 8 - I J

LOCATIONS OF (XP! ORATIONS

-
CLAY. blu.·tr•• n, _diva ,laaticit,

f,n •• , .oft. Itron, odor. va,.t.tion

t1.L.J. bro... n. 'O'er, loft
I

I ,
.'3T'1

2F 84·20

2j:·84·~

2F·B-,/·" ?

"

• 10 10

eN - ,

Cl - "II 36 ,. "1_

SM - U 16

Cl - 3 .1 37 16 31 -

Ml • II at _

PAYS

R

19.3 1 -l--t-t-f-f-l-Ji-I-+I U!.!.Li!!P. brown, v.rr ToOle

·1'" 23

!
- I

I
21.5' +--1--1-1-1-1-11-1-+!UAI. blue-!l'ral. high pla .. ticit,

; Itiff. :5o~e or~ilnics

., S' Z1 ",.,,1
j
.

2". I' .................l....l....l-..l_J.....JL..J.._..:.""''-',U,,'CO·=.L..:'.:.'..:."'U"'''CO· _

15.0'

$ t' R

T
··-----"'---- --_ ..-".-_..

I'
e=-"'- ".,. _ J

'i~;::-,~""'88:;("'~""' ~"-""
\. • J2Ef.fi I

B.O·

.l

"'IB.7 1 +-f-J-JHHH+-+-+ Water hble at IS.2'. 23 Ua, 58
U!.I. brown, ••diua plalticit, fine ... 'O'er,
loft

-_...._""',:,'-

Depth
EI lIa.7 0 ""-T·"'·TS!.!.,.,,,,,,.L,,,lT-"~NC'-,-!'~ • "T

II I : I UJJ. b,own. Fi"

, os -1.. " 1..701

I, litttt t UllLllil, b,o... Ii,.

:; ! I
,,157: - .. "i - i

SAFETY.

U!1. blue-pr., .. ith brow" hOIl-Glide
staining. h • .qh pluticit, fine,: stiff

l"lor t.tlle at 19.0'. 211 II.)' sa

U!l .•oUled blue Ind brown. high pl .. tic~
ity iin.... lOft to ver, lOft

I
i '

tU!1. tattled, ,r.7 and
_ I ,1 .. ltcit, fines. .tiff

-t CUy .. ,rIJ,brown. hilh pJutieil, tinOl.•
95 52 30 2. 2./5 v;r; ,tiff

I
9. 5,132 .,

!

17 SI 28 28

--I-

2 F 8 J I

~,i!lllr'·l(· (I.[ M~~' SIlT. ';,-';;'-.: -'-H, tin. ''';';d';'~;;'l

I " "
Hl - .. ' .. - i·, • k.691

' I'
J ; I

I
i t' i, ill!! lUI>, b,o.' •••• " ••, .

I loou

! !

s. - i"J" -!.; 11
: .

7.e' t I • t +_.+-

-,Jlt""f f= ::~."~:. '" J
Hl - t..'l-I·'" ..

I i ~ tl ~ i!lllJ.!.ll. b,o.,. ,,,, Ii., .";...t II ..nd. lOft to verr IO!t

18 821- ., 33 '.72'

".5' +- -l-l-l-l~I-+---f-.j-+1! Wi.I.-.C.W. brown. _diu. ph.ticlt, fine ••I fine 9 r ,inect ••nd. ver, soft

Cl • 33 67 39 17 36 -I
I

25.0'

30.0' .L.....J.....JL..L.L.L..LL...!.__...:8::0:.:T.,:T::OM::..;O:;.F...,:::HOl::.:EL.. _

Cl _ 21 7! U 23 24 -

13.0'

2r 12CONT'O

I,
- j 2

OK -i 3

- ,
, •.2'+-1-+-+-+-+--1--1--1- SA'" ClAY. b,o... """"mp, .. ti,iI, Ii ... ,

'O'er, .. tii; ...one hardpan

ID.Ii'

CM -I' 9. SF 3. 46,

,.." J I CLAY ....bo",
" •• ' .L.....L::..-~9Jl.!9:!.1

'
.!.6S=3S="+''-I:'::':''7~'L-.1U'''''=''''J...'..QL"'.Alli.,,'cU." .,'..__. _

¥19.0'

19.5'

Depth

E I 119.5 0

3.2'

i:
,~

1=

.J

J

Vatu hbh at 19.2'. 211 Ma, 58

U!ll..illl. brown. loft

CLAY ••r., ••rown with ·.,.rl ••• 11 ,tr•• It. ..
of bh••••dill_ pla,"icit, fin .... vet,
loft

~

SAIDY SilT. IIr'J-brown. coarse to fine
,rained ••nd. fir.

URt.llU. bro.. n. fow pluticilJ
finJj. slight!r stift. sone weqetat.ion

- ., II -

_ ., " 2.1tI

- 'I " F III 382.SJ

- 1 17 U 2! n

- II 12 32 13 23 -

_ 21 71 - ... 211 •

!

- ,5155

I

.t,

CL

eM _ 'I 96 5_ 2. 37 2.65

Wator table :It 16."'. 23 Ih., 511

.L

SM _ B6 Iq _ JlP 18 _

ML _ 36 Gil - ... 76 -

SM- 17 71 12 • "' 6
SW

6.0'

11.0 1

20.11 ...........-..l-..l.....J.....JL....L.L.....J.>,..I'-- -'t-.. _

I' f .. 6 I 0

2 r - 8 - I 2

IS.O' +-I-I-I-I-II-I--I-+t1.lILU!D .••• 11 '.011"" of gravel. loose

11.1 1 +-1-1-1-1-1-1--1-+
.sJ1 TJ GRUEl! r SUO, 9,.,-bro..n. loose

22.5
1 +-I-I-I-I-Ie-I-I-+ UA1 • 9r.,~b1ue with ••• 11 brown len .. " ••

hlth pluticit,. Itiff

n. 0' ..L....l....l....l_-'.....JL..L.L.....J.......!.="FU!.!S~ALL.!!'!.F...!.C!!U!!..~. _

hplh

II so." 0

Depth
.,_~.!!'.,.S!!''-,!JFI!..,.!'ll'-,!'.!.1,.!!.~Cy-!J.'-r---..."...----,--....,,----..,.EI _B.1 a I

:~~r: f:~~' brown. a"diu. to fine gr.inltd t
I
I,

I



FUNCTIONAL ANALYSIS - VE PAYS

N

(

u

.,~'

."",.,.··"r~__

a

-'-i-:-'.•- .-

OF EXPLORATIONS

.-

Io

(

-,~~'.~LOCATION

28·94·3
2F·84·9- 0 0

~__ _ 2F-lJ4-IO

:

K
III SA fl II '1 we ,

•• - - - - - - GUY·Ea:· i;-3/"- slu

II I
SI.DY SilT. brown. fin. gr.ined sand

-

''''1l
..I-

HI 11~ brOlOln. fira

I

..",1-- "16 2""1
I i

1~
,r'Jldl brown. fir •• 100••

•• _ 6' .. - ., 1&

SAitor ClAY, gray-brolOln •••dlu. ,haticit,

- 1882 32 13 32 - fine ••• oft

WlIl-H.."..!. brONn, A.dlu plutic.llJ fin...
,tiff

- 2' 80 3a 20 25

CL Wl1!.L..ll!! • •• ,bo... e

- 17 83 '6 27 26 -
illll..llAI . •• abo ...e

- .. n3fi 19 21 -

I

1!!.R.!...£.!:.. brown ••edlull ,ta,ticit, f In.a
_ 33 6731 1321 - aoft

25.0'

9.0'

23.S'

11.8 1

IB.O

13.0'

19.2'

hpth

EI 116.2 0
0.11 1

£1....A!. • ,r.,-brown, lI.diu. pl •• ticit,
f in•• , fine grained •• nd. loft

-

Wabr lable at 15.6 1 • 9 July 51

CLAY. brown •••diull plasticity fines ••oft

llG.LUAl. a••bove

ll!!. bluish gr.,. high plasticitr finn.
.tiff

I

_ 5 95 U lei 21 _

- '" II 315 17 23 _

_ 13 17 '" 23 29

- 109032 1033 2.73

_ 1 .93 59 3S 35 _

- 26 7IC 30 10 ,. 2.12

- 20 10 53 31 2.2.S5

II SA FI II PI Me B

CK

CI

7.5'

2 F • B-1 5

1
- 20 10 33 I':!O _ I

16.5' +---t---t---t--I-I-I,.....,f--+
ll!!. brownisb blue. high pluticit,
f in•• , loft, loo.e

18.0'

25.01 ..L..-L-L-L-'--'--J~l_'_'_ _

12.5'

'i 15.6'

..c...L.A.'!. ••otll.d gray and brown•••diu.
plntlclt, finn, .oft

Water table ,t 2tI.0', .. Jul)' 58

CLAY ,.rown, ••diu. ,1~.tlcl11 fin .. ,
iOl"Tt"O nty loft

- t!!R!..£L!!. grayish brollln, ••dIY_ pl .. licit,.
10ft

3 .... - ., 13 -

• 60 ,0 - ., 13 2.87

_ 20 10 '0 20 23 2.65

- 10 liD IJI 2Ii 32 2.85

- 25 TS 33 13 211 -

- t II 3' 17 33 -

CI

SM _ 50 SO - ., II -

••5.0'

lo.ol+-I-I-IHI-+-+-+-+t!!.ll...11.bI . browlI. aoft

Ml - "52 - ., 17 -

2 F - 8 - I Ii

U.O.+-I-I-IHf-+-+-+-+U!tl....n.!.T. IrrC*ni,h Ira,. 10M to .ed"j-;;;-
,1 .. llcit, fine •• lOft ••0der,t.l, or"nie
with odor. fibroua

11.51+---t---t--I-IHf-+-+--l-SllTY ".0, JoI"i'h tra,. urJ fin. grained
••ntl. looa.

16i.2'

20.0'

hpUt

EI U.' 0 -,--...,-n,.-'-'T.u,r"-"-r'·'Y"""r'.....r:.""CIl::,::-,-:,:7.:-:••=-.-:-.,-o-.:-•.--:-.:-,,-y:"";.,·.,..-.-::.:7,.=-=.,.....,.,,...,-••----,
lIIe",.

2'-8- 17 2 F - 8 - I 8

30.0' ..L.-.I-.I..--Jl_1-l.-..L....L..-L _

D.pth

T-f"Y'UT'l'~Illt'l'~.~CI·!!·Tilllll:::ITllilJi!!j!liJ;ITh~;bbi;;;~--t[I 25,0 0 sAIlor CLAYEY GUyEtS with cobbles =.
G'C) _ _ _ _ _ _ :

27.5'
••• above

- I 12 3. 18 30 -

D.pth

£1 31.1 0
u sa FI LL PI Mt •

- 32 U n 17 211 -

- n 1& 1111 26 22 -

1!!n....1ill. brownhh gr.y ••ediu plut1city
fines ••Uff. or,.nic. (tru. rootl)
".£J..& • ,r.J-ltrown •••diu. plnticity
fin....... 1'1 .tlff 't: I.fjl +--+-+-1-1-1-1HH+ Water table at 1.6'. 28 May 58

SA.OY SILT. brown, soft.

Nl - 31 69 - ., 21 -

-
I. For .4dltio",1 notea and letend, lee Sho.l:JJI-2..

CI

SUOY tllY. IS .bo....

3M - III I fi - lIP 21 2.17

I. 0' +--+--+-+-+-+-1~I-+'U" CLAY. ., .M.. •,., P, ..1I. II, fl ... ,
~

- 21 71 31 23 22 2.63
Water table at 6.9'. 1 I July 51

8.01
+--t--t--I-I-I-I-IH+~. blue-Ira,. hi'h ,lulicH)'~.

,tiff

- 17 13 52 2. U -
1000'2000 1

I ! i

GRAPHIC SCALES

\' I'
I '

',"'

I',
......

It·,

'¥'

eft _ 30 10 52 32 II _

- 6 "85 3' 3' -
~; ,raJ.llro"n, high ,Iutlcit, fin...

CK
11.11' ll!1. Itrown ••• '''O'IC~

20.0' -'--.1.....J.....J.....J..--Jl_L--'--'- _

12," +-l-1-1-1-1HI--I-:--l-J.l.L!L1!.U. ""'_1",. ...11 ...... of
Ir ..... I. 100..

CC-25-35

PLATE XII 30F 16

LOGS OF EXPLORATIONS
ZF-8-14 Ihru 2F-1I-11I

CACIt£ C~EEK ....51N

CACHE C~EEK.• ·CALlFO~NIA

CACHE CREEK SETTLING BASIN ELEMENT....-:K.WalJl

K. """'" /N. ...".,r.....,
D . .Andilrsolf

.- 5 95 55 32 21 471

PAYS

CL - 11 It lJ1 27 20 . -

111.2' +--IHHHf-i--f-f-+ SAIIDY CLAY. bro"ln •••4il•• plaaticity fin...
~hl,ce.enhd

2'." .............-J..--Jl_l_'-l_1-...L _

SAFETY

$lllY SAlI'D •• ray. _diu. to cou...ra1nad.
~.

\ .0 & - "' 2« -

- II' fi - lIP 20 2.70

..••U.5 1



I

j;.

A

'0'

10000'
I

•

ru

·----'tr
~

..·I~

S'

1000'
I

.~ ~

,.

ZF-B4·1

A2F.!!:'.,· 0

,.

"
6000'

EXPlORATIONS

s

.'
'000'

u

GRAPHIC SCALES

s

.~
-

" ','-

- .- L
:z ~: .. ·-;.;r-Il,f....'-.....-=""'O::.J.~j.~.,

. -,

~A
~N

E

j

.. I I
I OCATION$ OF

'1'"I ..
j

;'
F I
o 3";..6.-.

268•
~'-e."

iii I

t' 2'

o 1000'2000'

I. for lldditiona1 notea and Iogend ..... Sh•• t:JlI-2.

2F ·84.~

?'F.a4·20

28-84-1,-,

I__u l>

I"

I .
~~_.__# ,.

I 26

I··
i
'l

Ull1....lU.I.. brown. fin. to ••diu. grainJlld
..and ••0H. loa••

SANDY SILT. as above
5.0'

.:' 8 . a
Dopth

c-- ~. SA "ILL "i NC

Go

., "I-,",,! IG
Nl I'" SQ •• If PI 16

. I

+-11562 If' 1112.11

•. ,' +-1-1-1-1--1--1-+--1-i ~. brown. aediu. ,I .. ticit, fin ...

Cl I 120 1911q. I" 29

I
, I'

10.0' -'--'--'_L_L-l-'-..L...-'- _

[I ]2.1

r u ... '" • • _ n "" .. "" n "" .. • ~ • ~ - 'I' ~ r.... ~

7 n

9.A1... as abo...e

CLAY . bro...n. aediua pluticit, fine •.
aedlU. to coarse orained ,and. ver, ,tiff

CL

JO.O·

13.0' +--t--l-I-f-·-t--+--+----+ U!J. brown. ver, sti ff

V'·o·

'} f I Q

~lLr. brown. $/PIIIT .~ol,lnh of Iray SUIOT
CUY. s.oft

l;.LAtl.! i!!!ti... ath eobblu,.ed,1,I1ll plnlic
it, finn. g'lyel to I.I/Z- SIle-, 3- to 6"
cot-b1es. loou~

~. orange.brown ••ediua ,I ... ticit,.
22 7a 115 26 26 _ fin .... vet., stiff

! i ' I

I

- "
CL

sc

CL

!. .
• 5 95 - jIlP.3S!Z. 7~

NL j wahr t"ble at ILl'. 21 Moll, 511

. . . - ... t -r: H.I!.2I. !ill· broH/'I. soft
30 713 JIIP 37 _

t --r lW. blue-qt.,. high plasticity f,nes:
soft. organic: •• teri.1 ".ith olfor

NL_
CL

2.11'

5.2'

6.Z'

99i 3si I2j 29..!,. g,,,
iii

I ! I I
&.2' +--1-1'--1-/-

1

+-,:--+--f-I+SILT_ClAl. gra)'hh dark brown. len$e. of
sand)' silt. low ,Iuticit, fines ....diu"

I
grained .and ..... ry 'oft •

..1_ i _ 30 _ I
9lj3S!" 18

I :
i

10.0' +-+-!--+-I-I-I-If-+~.••111" bI., ••,.", ••, ,,,,. ""0'I t~ !lIi,h ,11.ticit, fin .... stiff. organicI "aterhl

19.0' +-I-I-II-I-I--I--I-+~.•".,.-b••' •. ,.dio" ,1 .. ';';1,
58'12]5 17 2~2.1I1 fines. ver, sliff, dense

'0.0' -'--'_J--'C-L_L-l_-'--'- _

IT.a'

'i1l.2'

28-8-3

CH_ II 89 &5 31 39 • fi

Cl II 89 'to " 21

D.ph
6!1 SA FilL , I Me 61

(1 30.0' 0 1I{;tTTTl'l''i~fi~!U:u:::w:ll:ll~..:;;;~;;d-;;~I-SM _ _, _ _ _ GRAvElly SILTY SAMD. bro"'" (old road)

O·lI·+--1--1-II-I-~'... -+!'i.--f-I-+CLAT-SUtDY CLAY. brown. low to at:diua

'.1

:~:;ticitr fine .....err fine g.rained .and.

i : I

Depth _ GR SA FI II P' Me G.

" 26 o' 0 I I 1 ! : I !
IGe) -, - . - - '- - ~

• I.
\

./

I \!J

15.0' ..L-l....J.--'--'C-L....L-L---L _

CIf - I 3 97 51 32 211 2.7

i I15.0' ..L-l--'~L_L_'_'_..L........L _

1\1
1\1

I
I

I I
I I

. K.WalJl

K.Walll/ R. WogMr

CACHE CREEK BASIN
CACt:'E CREEK. CALIFOAHfA

CACHE CREEK SETTLING BASIN ELEMENT

LOGS OF EXPLORATIONS
2F- 8-19 a 28- B- I thru 28-8-4

SAFETY PAYS
,

.' ~. ·~II/. ;'.d",.,..
GiIEF saL

CC - 25-35

PLATED 4 OF 16



run", •• u n H L

BORE HOLE
Depth

E1. 2a. 0' 0 ....--.."'...,..U¥'..!.',..l"'L,...':.!.',...."C,....'L."-:,"'."'.p"""""'SI"','='L--:""",,"',"",'7b-,o-.-.-."","';.-.-,,-."';.-.'7,-.-•...,.".
yd=101.'1 pef

TYPlCAL_MAJOR DtVJSlONS

--;-:,-.--j..!.'-;~4==~=-======,===--;

UNIFIED SOIL CLASSIFICATION SYSTEM

Highly organic saU,

N

~~I

I

'I.

. ..~ ;
}/

-.

.J'

1~ .IL....- ~

I.· ......

~'--r

-
BORE HOLE

- .!!D'"'T'"TPlrr~illll..illl.- iliM 'br~;;'io blue-t,a,.I I I org.n,C" •• torlaITd ,. 89.3 pcf

! I!: I
Cl I I ' I 'Iil_let hbh o1It 2.S· - 23 June 76

- JO g. "i"I" ,.50!

I 1

1 II ,; II

~t 5.0'. aulferous odor. organic •• teri.1
• .•• --'--'--"--"--'.----1.----1.----1._1...--'-"''-0.....'- _

Depth

EI. 28.0' 0 -r-.'!.!RY'''¥'''!''r'l",lr''-!'T·",CT'-'L''-:=7:=:--.-:--"'-=-=:-:-:-,.-,-
~::nl~I;~/.IIo,..-brown. fine grained .~nd

BORE HOLE

O.pth

E I. 2~.OI 0:

At 2.6'. d.,,, IIr., .ottling be'll in"

BORE KOlf

81 SA Fl~P M~_. .,.__•__~._.I i ~:HUA:~; II ... b' ... '0 b, ..,.

SN _ 68 32 _ _ 13 2.68 At 1.3 ' • 1/2- l.yer of dar' blue tier

IS')

hn)

5.0' +-;-il-I-l-+-+-+--+
l!!.lt, dark brown••oitt, POOrl1 grOldlld.
aed-illa ,r.ined

3.,. +--+-I-I---,I-I-I--I--I-.tJ.ll, b'.... ..;.,

U.pth

EI. 28.0'

J
"

I \
'J

• 33 67 - • 202.611

Nl _ 24 71 - - 20 2.A

At 2.0' dark blue silt lenu. 1/2- thick 2.0'
.l

:~=:Or2 1/2~ leu~ of loilt, ch,.

- Cll'" SlU. b',.-,..,. d ••,

Waler hble "t 3.0'. 23 June 76, .•• +-I-II-I-f-f--I-+--+ll!!.. b' ..-...,. 'U. i 3.0 1

, .•• -'--'--L-"--"----'----'----'-_'-- _

CL _ 2 II 15 32 - 2.1i3

5.0 t J--I--'--''--<---<---.l--'---'--'-'"'.,,,,o,._9.....b...,,,""'-,--""'.--""'0"'"o"'_'''.!!!'--'.''''l!:'Lo'!'""oo!L__

'if t~: :L.-''-'-'-''!'.!-'C!'c1,.."",'.L:.'J-=.--"''''''.,',,---"-w''''''''J:.'--"i.!• .!-b1'-'.--'.,,'~."'."'•.:.'......<"!!....>!J"".,,'L...!..!"'- _ 5.0' ..L--'-----'----'--''-L----'----'-----'-- _

¥ :::: +--1--l--II-I-f--I--I-+ SILTY SAND. brown to gra,. d••p to wet

(SKI - - - - - - - Water table at ~.Ol. 26 June 76

FlnM, percent by weJghl pualng the No. 200 slev••

liquidLTrnlt.

Plutlc:lty Index (Uquld Umft Minus Plaatle Umit).

Field Molature Content In PlM"Cent of Dry Weight.

SandI, percent by weight puefng the No... steve and retalrled on the
No. 200 sieve.

Groundwater leve I.

Specific Gravity.

Drr Unit Weight.

Visual Field Classification

'.
X,
( )

SA

A

LL

PI

MC

¥

LEgEND:
etore tIoI~ A·Loc.tion of Er,loration, on this She.t.
02F_n.3 LocatJonofExplotwdlon:

OR Grllvltl. percent by weight ~no 3-lnch eIeYe~ ret.m.d on the
No. '" .Ieve.

,...
, I

I ."

i

LOCATION OF EXPLORATIONAt 2.a' d.,.., blue clay Iente loIith o,t'1,~.nlc

••t.rial

BORE HOLE

SILTY 5&110. 1 ight brown, dr), to d.u,p, poorly
~d

6R SA fill 1'1 Ne G.

sr·
S" - 92 e - - - 2.611

Depth

El. 23.0' 0
~. light brown, fine grained land.
)"d=97.2 pet

BORE HOLE

SIt SA fiLL PI Me 6.

At l.P .0UI inti begin. of blue-grOir and
SM _ 55 liS • _ 222.118 dark bro"n •• lerial

Depth

EI. 28.0'
]

BORE HOLE
Depth

ET. 23.0' 0 -r-."'''y.''¥'..!.1r'L""'l",,,,"."'C"""""""'-U:;;P:::Y-""''''l'='r,~...,-,;-,.",,,:-7b"''''''.~.''''''''.-'b'''''''''''''''.-'''"';''''o=--
.rained ••nd. '0.' organic •• terial.
Yd=96.a pef

Dopth

E1. 33.0' 0

BORE HOtE

U SA F I It 1'1 Ne 611

UJ,.!. light brown. fine trilined "Ind.

rd=BS.ll pcf

NL - 10 90 32 II 31! .68

EI. 23.0'

Depth
BORE HOLE

GI S'" FI LLPI Me G

illll....1.!.L!. brown, fine grained sand,
k'd=I06.l pcf

.IULLE...Ji :

1. Cluaiffcatlona are in accordance wtth the Unified Solis CI..lflclltlon System
(AS'"" 0-2"7). .

Wlll.....11ll. 1Ir own

10'
j

IA.OO'
I

",
'OOP',

.'j
.ooot

I

.';
11000'

I

GRAPHIC SCALES

",I'
j

1000'2000'
I Iii

.-t. Borderline ClaaalflcMlon: Solie pouesalno chwacterl"-IcI: of two groupt. .,.. dMign.-:l
by combination. of group symbol•• For ••mpte OW-GO•• wel1-gra<Md gravef-und mhcNre
wtth a clay bInder.

5. 'ore holes .... I. E. F. and H thru 0 were drilled u.ln; a 5-inch dia.. ter

~~:~IaE~:~ n~~~ :~: ~~p~~~:e~~:uu~~v~~:~ t;9~~. c.;~;o~;~~7';.:~:~ done II, the

6. Oepth to groundwater is shown if IIleasured.

2. "'-II aleva sizes on the chert ere U.S. Standard.

3. ~e~e;;:~;~s~"fr::~"w~~r;~~y-:e~~~u~~==:=~'...n
If the liquid limit and plMtk:1ty Indlix plot below the "A" line on the pfatfclty ~.-t

(ASTM D-2487) and I, cl.y If the liquid IImtt and plntlclty Index pJot.oove the "A" line on
the chert.

At 2.11 1 , traces of clar and organic
..aterial

BORE HOLE

II $A FI LL '1 Me 6.
UJ.lL1!!1l~ light brown to brown.r d=IOII.6
pcf

ttL _ 15 15 ~ - 16 2.68

SM - 53 H - - t 2 2.61

..........-I-I--'-I--''--<---.l-...l.. _

Depth

£1. 30.0 1

BORE HOLE

8R SA fiLL PI Me 6

SN - 59 III - - - .68

I'll - 33 67 - - 13 2.68

2.5
1 +--l--t-lI-f-+-+-+--+illQ.. gra, ••oiat. poorl, grad.ed aediulrl

3.5
1
+-~_,,+--+--+.-+_-+--+--+---+~::~~~~. p~~ace of organic nrateri.l,

~. grar. lIIoist. fine grained 5.nd.
aore organic ..ateri.T

•.•• -'--'--L-'----'----'-----I.----I._1...- _

Depth

[1. 33.0 ' 0
6l SA FILL '1 Me I

Watar table at 3.0'. 23 Juno 16

Nl - It 12 - - 20 2.111

BORE HOLE H

Ml _ 17 13 - - 21 2."

('.) .. - - - .. .. -

5.0'

2." +--+-+-+-+-+-+-+-1-
~.Irar.d•• p

i 3.01

]

.L"'7 ... -~...

••• ' --'- ----1._-'- _

5.5' t p",.)+-_+-++-+-+-+-1-1.l.UI.J!.!..I!. brown. d...,

6.0' 11.LJ.L.L.LJ.I • broNn. d••,. d., content in-

"CLl- _ 2 fa "9 15 _ 2.5" cr.... with de,th

5.0 1 --'-..................-I-'_'--'----'--"'."'''...=•...:.;:.:.-=,''',,''';'''••<...::.w:..:;'''''...:d:.:.'''p-'''''--- _

7." ..........-I--''-<----'--'-.l---'- ~__

I I
........- tnl n

I

J I
OEPNllWHT Of' 1HE NW:r

SJ.CftAMiEHTO DlaTNCT,~ C*~

~, CllLPOfWM.

K.WHI

K.Wdl/Y.MN-ilKJ

CACHE C"EEK BASIN

CACHE CftEEK, CALlI'OIlHIA

CACHE CREEK SETTLING BASIN ELEMENT

LOGS OF EXPLORATIONS
BORE HOLES A,B,E,F II H thruO

_.-- ----------_. _.._-------.__ .__ . -- _....._----- --- --_ .._._.~._--- iii. -- -_.._-...__ ...._--"""'=-. !-"--1"

/ " / .-- /g.> p",< ·ft / . <'//t'M'
CHIEF. SOiL ~SIGtl" 5 CTJOH

~ l.cw.a: 1-.:.-

,j",1~7 I.... 1"'~C-25-35

PLATEn 5 OF 16
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FUNCTIONAL ANALYSIS - VE PAYS

UNIFIED SOil CLASSIFICATION SYSTEM

Vetyllofl

llofI

Am>
Stiff

VetyStlff

H."d

TYPICAL NAMES

COHESIVE

Q.1

2-4....
11-15
1~

31+

81owa'

DROUI'
SYMBOlS

COHE'SIONLESS

...
5-10

'11-20

21-30
31-50

81+

Sanda, percent by weight passing the No... sieve and retained on the
No. 200 sieve.

Fines, percent by weight paalog the No. 200 .teve.

i I S W W.II-9t1lded • .,n'-. gr_lty MndI. II~ Of' N) "'-.

~ ! _ ~ iI! s p Poor1y-or&c»d Wnda. gr lt., undI. 1'"'- or 1\0 "'-e.

~H IIf hl-f':::'t-=-'-+-;88;""'C+":::::Hy'::':~:::"'=·......:..=:.:':::::h:;'='.::.:.=:.:=...::.:=...:=::----!
t! J! C'ey.,.-neft, a-nd-c'ey mhdu".

i = 0 W Well '1l1aded gr_t.. orev.'_d mlatur lIttle Of 1'00 nnM.

~! §Ii. iI': G P Poorly~r~ gr-.". O'enkatld mbtur 'In"- or no "'-.hit ~ iJf-.,J.=.....t-.....+-.;;G.;.,"'-+.."',,,:.;.:.:,_:=.;:.:':g<n:':'.::=-,_:::;':.m1:;"":':"':-'=';;.-'-"'--'---'----l
o j Q C Cley., gr...,.... G,...,.I...,d-clay mlwtu,...

A

SA

Highly organic solla

MAJOR DIVISIONS

II Liquid Limit.

PI Plasticity Index (lIquid L1mtt Minus PI_Ie Um").

Me Field Mofature Content In Percent of Dry WMght.

{f.C_} Fi.1d Ch..Hic_tlon_

Laboratory Visual Claaificatlon.

N Number 01 Blowe of Standard Penet:romet.r.

Ii Sroundwaler Level.

?d Dr, Unit We ight.

S. Specific Gravity.

·BIow_per ~.on.ofpenetr.tlonofa 2·Jnch OD.1Iftd '''·Inch 1.0. ..,....,
dtiY*' by • ,~tb. "-mil*'. »Inch Ir..,.n.

2. "II sieve sizes on the ehart are U.S. Standard.

3. The terma ··sm·· and "clay·' are' uMd respectively to dl.Ungul.... material. exhlbftlng
lower plasticity from those with hiQher pl8etlcity. The- mlnua No. 200 tJeve ml!lerial I. sift
if the liquid limit and plasticity Index plot below the ··A·· II.... on the p1uUclty ch¥t
(ASTM 0-2487) and i. clay if the liquid IImll and plasticfty Index plot above the""" line on
the chart.

4. Borderline Claaaillcation: Soil. poMMalng eharacterlatle. of two groups are dMlgnlltad
by combinations of grOlJp a~. For e)Qllnple GW-GC, • well-graded grav.r·Mnd mbcture
with a clsy binder.

s. Boring, 2f_BII_l t"rrou2" 2F-U-20 were drill.'" to rellluired de,th. wilh a
Mobile 8:::110 drill rig using .. 8· holloM ,,f•• au,er durin, th. ,erlod
7 June throUlih 13 June 1911II.

6. Depth to groundwQ!w lhown if encount.,ed.

1. Cleaalficatlons are in 8:Ccordsnce with the Unified Soli. CluaiftcaUon System
(ASTlo4 0-2487).

Li ~~8~.P \ocation of Ex,lordion on this Sh •• t

o 2n-8~_19 Loeat~ofExpJoratlon

OR Gr....el. percent by weight paMlng .3-loch .I....e and retalnod on the
No." sieve.

N

II\{

ZF-B4-1

~
;-~~

'r-=-'--"-.........?~. . - .C,,_
i. '·- '.

, ::\ : ,

j

: 1'·,

{

~--

Cache Creek
Se:tth"o BaSin

0,

U!1. :lark brown. trace of ."nd "nd gravel
7 d = 99.3 pel (F C)

~

29-8·4
()

ZF-84·20 ?
6 ·~;".84.4

LOCATION CF EXPLORATIONS

2 F - B 11 - 11

'28·84-1
v

2F'-84-~

ZF .8.;'''' ."

"
5.0'

10.0'

- 5 '5 50 2. 27

z;~: i~"
.- ~~II~. 8'Z

ZF .84 ,'iE 1""0 '''C':",

'iF 8-1311;,(IZB.B4 .6! '. .
\ 2r·84·11 f·6·'4 C.

-1
',,:,. =-.---4. r. 2884... .N

/ .....\1 ,.

2F·8·16
0·

Z8·94·3 .
2f. 84·9' .) 0

ZF·84·IO

I
I ..~ . .\. '. ~~ .--,;. - ,.
··f:.?"i~~,..0,J"~.AA"'i1.l"'-olll...__"",\
¥ ..... {,?Uti·1

Depth

EI. 31i. 3' 0 .....-.,-:·T·~·rS"'rr~lrL"'lr',,'T''''IC'r-=::__,___,:_-_.,..-_.,..:__:__:..,....,_,_--.

l Ull. darx brown. da.p. high ,I"ticit,
Tfii'ia, trace of a.nd and gravel. Itiff

7 ....1 .. 21

t I

-... _1...

2 r B 11

.._----_ ...,. -
UA1. d.r. lIrown with iron o:lioie .treak••
daap. h 'gh ;llillticit, 1 ine •• ver, t'ine lJra ined
,an.1 • .stiU

W.IleIr lable .It IIl.O'. 13 June In

-

U!.Y, brown. ~oilt. "i~h "h,licit, fin .... fir",

Ull. gr.,. 101.1 to ..hr.ted. high pl •• ticit,
fin......diu. to coar.e gr.ined .lInd. ver,
,ti ff

tLA1. dark bru... n .. it~ iron o:liue. .tre~h.

high pJ~ltici t1 fine,. ver, fine Ar.ined
undo f I'. r d - 98.6 pcf IFC J

-CLAT, dark gr.,_broMn.l'loi,t. 90t; high plu
ITCit, fin8l. 101 fine to Olediul"l gr.ined
sand

U!I. bro..n '~nd blaCk. ",ediu .. plastidt,
fine •• ver, fine gr.inad sand, stiff

f-,
f-

- - • • - 23

"

• S 95 S5 314 27

f-

_ 6 9'f _ _ 2"

I 7 92 SO 31 _

f-

"
f-

Cl

'H

~~ ":':::r
•

f-

_ n 86 '3 23 2!

5.0'

20.0'

15.0'

"

10.0'

.217.9 3' 16 18

=

2'." L....L....L....L....L....L....L....L....L _

~I'.O'

EI. 3£:"0' 0

Depth

EI. 3'.0' 0 ,.....,...!!.·,!!..Y...Y.'LI~lJ,.l,.-!':.!.I,.-!"!f'r:-_:__:_----~:_-------'l
1A.!!.Ilt..-'.L. brown "nd black "arbled. llIedilm
phllicit, fine'S. very fine grained ,~nd,shtf

7d = 113.3 pcf

U!!. brown .. ith iron o_ida streak ••
high pluticrt)' fines. "'.r, fine grained
••nd, firlll

d "

ll!!. blue-gr~r and brown r.arbled. hi!!h
,Iuticit, fines. ,tiff

-U!1. dar .. gr~r-bro .. n. 97~ high Ill ...t;
cit1 fin ••• trloce of grlodnd sand

c..LA.I. brolooUl-gr.,. high pluticit, finlll.
~ to ••diu" grained .. nd

·ClIYEY SHp. darc.,lIllowi,h brown. 60" fine
to nediun !Jrained silind. 110"; 10" to <~odiun

pl.Hic:it, fin ..

• GR SA FI Ll. PI Ne G.

_ 7 93 55 3~ 2~ I.

_ 1 99 57 33 21 _ I

_ _ _ • _ 25 J

2 F - 8 II - 3

"

• I 99 62 JS • .78

f

"f-

-
•
~-

•
f-

- - - - - '"

'H

S.C"

•.~.~! f2---

S,O'

5.0' I--

s.

sc

15.0'

10.0' _

20." .........-'-''-'-'-.l-''-~......---------------

£1. .\. ('I'

hpth

£1. 29.0' 0 • EI SA fl LL P' He

0.51 ~ !ill
~. brown-gr.J. tiloist. fine tocoorse
grained wedl gr,uled sand. "'etr, 100 ••

, .
I--'~:J~
I ::: w •

a- ;
I : : :
I : : :

i.i.i

il
\
I

'l

_ 31 69 28 10 71

GP.APHIC SCAtES

~. ,. I-
i I •]

U.S'

15.0' CH

_ , 96 52 31 27

f
1%
~ - e 911 52 31 25

UA!. blue·!Jr.,. high plnticit, Hnes.
.liff

-U!I. darll IJr",i'h-brown. IOO~ high plastic-
ily fines. trace of fine grained sand •

7.S'

10.0'

t--
-

CH IS _
- 22

-
·SUDY qAT. nr, duk gu,_ 85~ hi!Jh pluli_
cit, fine •• 15~ fine grained ..~nd. trace of
orl:anic.

~. IIra,.bro_n. Met. 10" plasticit,
fines. fine to nediua 9rained land:. soft

12.5'

.1

• 3

j

I
., 70 • .1..

I

£L!!. blue-gur. lIIediull to hi!Jh pluticit, .fines,
YUr .tiff,7"d = 98.2 pet

I" 2'
I I

1000' 2001'"
I I I '

~OOO '
I

1000'

•

10'
I

"000'
I

Inln
I I
I I

PLATED 6 OF It

I"""', 1--

I
DEPARTMENT. OF THE AAV'f

SACRAIotEHTO [)(STRtCT, CORPS OIF~

SACRAMENTO. CAUFOftfoAA

2F-84-J thru 2F- 84-~

TIOfIEf SOtL

_1'TtD:

//.•.--1//I. /.

CACHE CREEK ••SIN

CACHE CREEK, CALIFORNIA

CACHE CREEK SETTLING BASIN ELEMENT

LOGS OF EXPLORATIONS

-nAt •. dark ~r.,i'h_brown. coilt. 95"', hi!Jh
pla'licit, fines. E:': gr.ded und

-1!!D.UL!1. ~r",i.h_hrown, floht. 80~ high
pl .. licit, fin ... 10:'. grad.ed und

"

PAYS

20.0'

2n.9'

IS - - -1- - -

25." .........-'-''-'-'-.1-.1-''- _

SAFETY

.1A.!!.Ilt..-'.L. brown. ver, ..oill. 70$.•ediu" pl"._
ticit, fin ... 30~ graded un4

-l~~¥I,CH~; I ~r~~~. 1I~:~~d ..:~~~: a",:;~~~~d~~a~;
f-+-+-+-+++rounded grave.l to I- lize

-U!!. dark ljr.,ish.bro_n. "'oist. trace of fine
grain.d ,and

CM 15

Cl ,

t--

le.S'

16.7'

"U!J. dari; IJr",hh-brown. high ,r... ticit, fin.,.
25 trace 01 fine to .ediulII grained und

20.0' .I.-...J....J....J.-l-''-'-L-....' ----------------

15.0'

15.7'

- - - - - Zil
f

lO

f-

20.0' .1.-.....l-l-''-'-L-L-L-..L _



fUNCTIONAL ANALYSIS -VI: PAYS

7D.D' J....J.-l--.Jl...-LLLLL..J. _

II Gl SA FILL PI Me 6.

..~ ..

---'-'"'(i

\
iT

CLAY. d.rk bro... n. d..... p. h.gh pluticitr
f j net. vet r .. tiff

'CLAY. d.rk brownish-grar. 1II0iat. 9S~

high ph .. ticity fine",. 5~ fine to lIIediulII
gra ined sand

'Ull. d.,k gUt. 1I0ist. 1001· hIgh pIn
ticit, fines. trillce of fine gr ... ined und

Wllter hb1e at 11.6'. 7 June all

'ffi!hi :~r: l~:: ::~ ~;hi~~:;~' sie~~ n:uP.
IIr~ined sillnd

2 f 8 II

_ 3- 97 112 23 23 -

f--------
17

_ 7 98 60 36 • 2.7

_ 7 98 52 30 21 •

f-

"f-

C
71
1-------

Cl

C.

5.0 1

IIl.OI-t--t-t-t-l-lI-I-t-t-+ UAl . bro.. n. 10.. pln.ticitr fineS. verr
fine g:rill ined sand

16.5' ...........---'---'--'--'L.-L.-L-.l--l. '- _

10.0'

U!l. black. high ph .. ticitr fines. st~
7d = 91.3 pcf

'U!.!. dUll grillrilh.bro.. n. 95l high p1,u
ticitr fines. 5~ fine to .edi~. grillineJ
Slind

'll!.!. yet)' dark grill,. 1I0hl. SH IIIedilllll
pluticit)' fines. 51. fine to lIediuIII
grained sand. verr stift

'2 F B 11 • 7

_ _ _ - 25 -

J 5 91l Sli 30 152.12

-
•-

I
17

f-

CH - 2 9B 59 36 25 •

I-
13

i-

2.S·

15.0' ...........---'--'_L-L-L-.l-.l--l. ~ _

10.0'

Depth Depth

[1. 35.0' 0 ....--.,..:·~·~·rS~'T'~I~LL:r-P~'~'CT·~-:-:=....,.....,....,...---,,..,...:-.,.-.,.-.,.,..--,---,--r£1. 31.0' 0 ....--.~.:..,..:.:..~S:.',.:'..:.'~L~LTP:.:'c,..::.C:.,..:.~."T""C==-.,.-.,...,__....,.._-,...,...,_---:--,.,....,.,...-
CLAY. dark bro..". high pluticit, finet ll!!. dull brown, d .... p. tliilh pluticitr

finu. tuce of (jne gr~jned ".Ind •• tiff

~. dull 9,.,·110(0"'''' hillh pl.,tic·
it, fines

llU ...rowll. law to lIIediuli plasticity finn.
fine to IIcdiulII gr~ined sand

.u.!!. dark 9'01, lIott1etJ .ith ,eI10w. \>IHJ
d••p, 951: IIIdiu. to high plulieil,flnes.S-'.
fine to _ediu. grained sand •• tiff
Wahr table at 7.0'. II June 8'

"SAWDY CLAY, dark rei 10'" iSh-brown 1II0ttied
with very dark or4,iah-brown. ver), d,Ulp.
65;r; lIIediulII pluticil)' finn. 35J fine to
.ediuft grained .and

• c....L..A.Y • dark brown, verJ lIIoj"t. 90:l
IIIcdiu. to high plasticity fines. IO~ fine
to lied iUIi grained l<1nd

J--+-+-+-I4+-+

tW. dark brown. high plutic:it, fines"
'rd = 100.2 pcf

- 25 75 54 32 23 -

_ _ 100 78 S3 21 2.7

f-

"I-

1--------
•

f-

Cl - 9 91 36 1731 -

C-
IS

f-

Ctl - - - - - - -

CH

-

fLO'

2.5'

10.0'

15.0'

i 7.0'

£1. 25.5'

'--,

\.J

LOCATION Of EXPLORATIONS

I. for additional notes and hgend .... S"•• t :III-C.

CLAY. dark brown. lIIediulII pl.sticit, fine...
very fine grained ..and. very stiff

- SILTY CUr. d'" b, ••••••"om ,I ..t;.;"
fine". firfll

-

_ 3 97 110 IS 33 -

6 10 e. 'l2 23 - 2.67

_ 2 9a ,7 20 33 --
•

-

lliI.I...n!1. brown. IlIediulII IIluticitJ. fines.
ver~ fine grained sand Y d = 90.9 pef

CL f
lO

I-

5.0'

2 F . 8 11 . I I
Depth

E1. 32.5 ~.lgf7".......:R:..,.:G;·rS;'r'..:.I,..:L:::L~P..:IT·::Cr·:!.·-=!;;S"PH;;-;!7l;-T-----------~-'T

1/
6MI

1--I--I--l--f-f-l_-l.USE COURSE ~~
1.0 ' r-

Qil. dark bro... n. lIIediulII plasticity fines.
very fine grajned sand, ver)' stiff

2 F - B 11 - I a

'U!!.. yery dark brown. verr dallp. high p!as
tieit] fines, trace of fine grained sand

_ II 96 116 27 22

_ _ _ - - 21

_ 3 97 q7 23 U

II GR SA FILL PI HC

2/

CL

CH

CL

-
f-
17

CH I-

-

7.0' I--

Depth

2.S'

5.0'
ll!!. dark brown~ high plasticity fines.
ve ry fine gra i ned sand

. - ·CUY. d'" ,,,,I.h-b, ••n ••", d••,. hl,h
P'1'&'itieilr finet. trace of fine tr~ined
aand

Cl _ e 92 116 28 Ia -
I-
15

c-

_ I 99 57 33 2a 2.76

2f-SQ-9

f-

7.S t

t>eptb

E1. 33.0' 0 ...........~._,_!!.R~S;',.!:F.!.lrL~LrP~I_rH~C~·!.·T_:tu.l""",...-d,...-',..'..,b-'-••-.-.....--,--'.,.,.--•..,.L.,.;,-:;..,.t--,f..,..~-.-.-.I--r- £1. 32.0' 0

verr fine grained undo stiff,~=IOIl.O ':
pcf -

;-1 10.0' ·CLlY. dark brownish-trillY. lIoist. trace
of fine to ••diulII grained ..and, trace
of orlan Ie•• I. ti If

71
10.5' .............I--'L.-L-L-.l-.l-.L...L _

10.0 1
CLAY, litht brown. ",et. lII~diu. plutielty
11"'n"es. ver)' fine grained sand

GRAPHIC SCALES

°12.5' I-
l-

•CL I- - II 92 3S 16 2lS -

ll!!, bro... n, ••diuM pt ... tieitr fines.
yery fine to eo.rse grained sand. firs

13.5'

3 fi 91 119 25 - -

f- -------•
"1A..!l.R.L...il, brown. wet, as~ lIIediu .. to

high plastic.lty fines. 1'5~ fine to lIIedin
tr .. ined .and

I' 2'

o 1000'2000'
i I I I

o'
I

11000'
I

.,
I

.000'
I

.'I
lOaD'

I

10 1
I

J0000'
I

IS.O' ..L.--'L-L.-L-.l-.L...L..-L...L--'~ _ 15.0' .l-.......-.l-l-lL-L-L..l-.L..-I. _

i--.J
/\ I
7\ I

I
I - I I·

I DffMTMINT Of TIll AIIolT
SACUMIN'nJ IGT1tCT. e:e-s 01 .......-s

. ~.CM.W'OItMt"

MAWM:

It. WAIil/R. WASMER

...,..,
D. UOElSOIl

CACHE C~EEK IASIN
CACHE CREEK. CALlf'OMftA

CACHE CREEK SETTLING BASIN ELEMENT

LOGS OF EXPLORATIONS
2F-84-6 thru 2F-84-11

SAFETY PAYS

~= 1"':::=;'"--.-==_..t::=:::""_--f
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FUNCTIONAL ANALYSIS - VE PAYS

N

Q"...... "I I\!I

LOCATION (Y? EXP!..DRATIOHS

I

J

2F. B .'7F (

C"
~. brown, d••p. llIediuli ph'licit,
finel. ver, fine to fine grained land. fir!1

$AROY CLAY. bre"'n. lIIediulIl ph.sticit, finu.
lIe'J fine gUlned silnd. stiff

U!l. bro",n ••ediuM pla.ticit, tines. ver,
fine to fine Grained undo ~ -= A9.5 pet

.ll!!. dUll ",(;I.,isll bro.. n••oiat. 85J. hillh
pl ... ticit, fine •. 15" fine to .ediu. IIr.ined
.and

- 7 93 _ _ 22

- 12 all "0 20 23

~ IS 115 _ _ _

r-,
I-

I

"

I

"

• a 92 39 15 27

5.0'

<l

15.0' r-

19.'"

25.0' ....-'---'---'---'---''--'-.L...L.. _

2~.o' CH

Depth I ~I S! f. II '1 Ne
£1. 32.0' ° r,-'-r':':'':':'c'-'-rr-F..ULll;-:-:-';:-.llAI::-::-.-::,·,:-:.-:~....y._y f,.. ,. f, ..

"frained *,"d, firll. 7 d '; 89.6 pd

5 J9 56 75 Ii II ,.

SILTY CLAY, dull 9""y-\)'o",n. '.olsl, 7St.
'ow to aediua pluticily fines. 250: fine
to aldlua ;rillned Ulnd. fin.

• 27 n 32 II 20 .7

sUOY qU. bro~n. lIer, fine to fine
grained 'Ind. f ,rill .

.lli!.I..S..L!J. d~'k gra,-bro",n. aolSt. 9IJt
low to aedi .. ", pluticitJ fines. In·~ fiM'
to aedl". ",',lined sand. flra

1-+-+-+--+' ~-t--I ·SANDY~ • dllrk bra'''''.medlulII
i :;.,.sticit, fine'S. h.lfd anVu1u to sub-

_I
rounded '" .. vel to I" Sill:

13 30 57 311 " 12

t . t,·"" -$.~NQr~. brown, ver, fine to
grained s .. nd. stiff

- 24 16 - - 19 -

r-
•

I-

,.

I- _,
r-

t

"

.......,...:·+"r":,-:-'.:.,'"l.o.l,.:'..:.',.:":::<""":-:-:7 ·__·, __·--:-_:-:--:-:-_,-
!!~all!!. brown-4f.,. lolol phlliCit.,
rin .... "'~tr1 f"\11~ to .,di"l11 ~r.51nld s.nd.
",err ,tiff 'fd ~ 110.0 pcf

<l

7.5'

5.0' r-

EL.
"l

2 r 8 1& I 3

lo.n'

16.3'

15.0'

'0.0' ...........-'--'--'--'--'--'--'----'--------------

Depth

EI. 37.5 0 ,,-"'TORT'''-'r"..:.lrl"lr''-''T"'''c'r.~_:_:_:_:-_:_:_:__:_:_:_:_:__:_:------l.! ~. "."". h'''' .'."""y I,..," fi ';00 or·; ..d ""d .• ';ff.ld ~ '0'.' .d I

Out ..
(1.4? O' n

.s.J....IUlI.... ;r,l,-browtl. low tn ..ediulII
pla~ticity fines. verr stiff

SUtOr SILTY qAY. dHk bre",". 1I0iet. 601
low te aediua phsticitJ fines. 1I0t; fine
gra ined ~.nd

~blue_9r<l'.lIediu.pliisticity
fines. ver, fine to fine grained send

·SILTY SAIID. d",rk gray_bro",n. 75~ fine
grained sand. 25': non-"Ia.lic fines

"

II 89 _ _ 25

- 168" ..

2 F 8 l£ I 2

• Ga SA fl LL PI Nt G .•__" _._~_~_ ... _._

! B.!.Q! ~L!!. bra"". low plut,clt, fine'S,
• ver r fino to f inl: Qt'-Hied 5","d. 5t Iff

Jd - 111.6 pc(

J6 'Il 26 e PI2.13

SANDY CLAY • bro"'". l.g.. phsticity
fines. t;"n;-tO ver, fine llrainld lind.
sti ff

.~. d",rll. brown. 90": 10'" to ae
en .. a phstlclty finel. 100;. graded und

- 19 III 32 II 2!J _

r
IS

e-

I
7

r-

"I-

I..
Elt-

CH - I lJ9 51 23 37 _

r
r

7SM _ - ~ _ • 28 _

I-

25.0'

22.5'

Depth-

, 0. 0' t--t-t-t-t-t-t-t-t-tlll.l!..ll.!.l. ,'.""" .;" .'" t;,,,, f, no< •
firlll. 7d: U.II pc.f

5.0'

15.0'

11.9'

17.5'

10.0'

£1. 1I9.S·

~-!

"l

I

'""\

i Iu

- • 95 52 3" 22CL - I 99 _ _ _ _

r-'.e-
'0.0' ....-'----'---''--'--.L...L...L...L..--'- _ 5.0'

10

t~. brownil.nd gf.llJ. da.p. high "T,utlc,t,
~iI'Ies. non ce_ented. stiff. 7'd : 85.7 pcf

Depth
[I. 3S.t)· 0

2.S'

II GR SA H II PI MC 6

_ 13 87 3'1 13 19 _

U!I. brown. IIlediu,," "Iu.licit, fitles.
very fine ;r.llint:d sUld. 1d :: '011.3 pef

.t.J..J..l.L..t1. dilrk gril,ish brown. IIlediuGl
pTillst.cit, fines with noticeillble ailt.
trace of tine to lIIediu. grained und

- I g, _ _ _
- _ - _ _ 311 _

5.0' Cl
tL!1. brewn. dillap to lIloist. .ediuGI pla.
ticit., finu. seft

I. for a:l:lition note~ ilnd legend. lee Sheet :xn-6.

- • II) 118 23 38 _

lo.n· CH
CLAY. brown. verJ fine gr,lined .and. f It III

CRAPHIC SCALES

i] I,.
r-

- 2 !IS 5' 113 31

7.5'

10.9' r--

- - - _ • 37 ~

·SItU CLAy. dark gra,ish bro.. n. lIIediu_
to high phsticit, fines. trace ef fine
gra.ned sand

lli,!. Gn,-brown. high phsticity fines.
"err fine grilined 'und'~d:: 71.1 pcf

" 2'I i

ItJOO~2000'
I , , i

"I
110011'

i .

0'
j

Gono',
a' 10'
I I

1000' J0000', ,

- • 006 5~ 36.1 _

15.0'
CLAy. bro.. n .. it'" iron eside stre" .... da",p
hill'" pl,loIticity fines .• tiff

_ 2 98 _ _ _

12.5'

" - J 007 51 30 262.6 1\1
1\ I

I
I

I I
1 1

'0 .•' ......-'---'---'---''--'--'-.L...L..-'- _ 2F-84-l2 thru 2F-84-16

CACHE CREEK BASIN

CACHE CREEK~ CALIFORNIA

CACHE CREEK SETTLING BASIN ELEMENT

LOGS OF EXPLORATIONS

PLATEn 8 OF Ul
CC-25-35
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SAClNrrIINTO DISTlICT. c:ous Oil~

SACl.AWlNTO.~HIA

,--

I

/ .
II ,·,.../1/ '../.""". i/'/:"'

ClIFSfll DU SEtTl

ae-,
O.Anderson

DU._:

1.W',1IlI/V.Harino

i

k.L..A1. b,own. high ,,1 .. licitJ finel.
verJ fine gril. I ned 'Sil.nd. very s11ff

CLAY. brownislt gra,. 1Il0ist. high plilstic
it.y flnu. trace of fine to aediua grained

.sand. lIe'J sof( to stiff

l
nr- ~ II) !I' - - -

PAYSSAFETY

I
10

'0.0' ......-'---'---'---''--'-.L...L...L.. _



FUNCTIONAL ANALYSIS -VE PAYS

~ F • 8 LJ - I 7 2 f - 8 II • 1 8

• ,. $A fiLL , I Nt

If Q1 SA F J Ll , I He
Depth

N

".',

2F-84-3

Of EXPLORATIONS

(

f"'"
I
I
I

I
.n•••.i

~P,Y. dark brown. _.diu. plasticit, fines

Wl. brown-gr.,. wet. _..diu. pl .. ticit,
fines

W.ter table .t 7.0'. If June 8'4

~. brown••ediu. plasticity fines.
fine to lI.. diu", grained sand ....er,.• tiff
1'd = 100.0 pef

CLAY. brown .nd gra,. dlilp to wet. low to
;;ifIu. pluticity fines. ver, stiff

-~. yellowhh-brown, wet 65~ lIIedluli
plasticity fines. 35~ fine to lIIediuIIl grained
sand

-U!1. dark gr.,i.h.brow". ver, d••p. 95t
high plutit:itr finea. 5~ fi.,e grai.,ed ... "d

-li!!. yellowish-brown. 90~ high plutlcit,
fines. 10~ fine to udiu. gr.ined sand

- 25 75 311 16 26

• I 99 41 19 31

- a 92 • - -

U!1. bhck, high pluticit, finea. stiff
1d = 101,2 pef

II iii Sol. F' II , I Me

,.

CH

Cl

Cit - 6 9' 52 29 2'1

>-
/2

Cl - 7 93 IfS 2S 22

• U SA riLL 1'1 MC

Cl

I-

I-

I-

Depth

Cepth

2F-811-20

s.o~ J---

IS.O'

11.S'

20.0 1 ..L.-l-l-l-ll.....l-l-.l-.l- _

10.0'

i- 7.0'
7.5"

EI ~ 36'.0'

E I. 30.0'

CLAY brown. wet •••diu_ oluticitr
f~fin" grained und

SILTY CLAY. duk brown. high plastici1r

finea

CLAY •• brown. low plutic:it, finu.•
fine to _diu", grained sand

'-L.!!. brown. Ilcdiull pluUcit, fine •• vcry
fine ,rained •• nd

.~. vel', dark ,ra,ish-bro"". 95%- hiVh
,h,ticit, finoa. 5~ fine to ••dlu_ Grained
••nd

.ll!1. dirk "bra.. n. high pl .. Ucit., finn •
traci of fin, 9ralned •• nd

.ll!I. d.~k ,r.,ish-bro..n. 90~ ._diu_ plu
ticit, fin'., 10'; fine to lIediu. ~r .. ined
•• nd

- 7 93 - - -

_ _ _ _ - 3'1

- U 57 ~ - -

_ _ • _ - 23

- II t9 n 22 20

__ 100 53 2ij 113

• 10 90 - - 20

12

21

•r---._.-23

3,0'

7.5'

2 F - 8 If - I 9

2 I 91 51 27 2/1

ll!1. bl.ck. d...p. high pluticitr fines.
,tiff

l!!!!.....n!1. bra.. ". d••,. higll ,1uticitr
fin ••• va" fine grained ... nd. Yd = 103.3",

CH I
10

e-

Depth

S.O' eH

15.0' tl

12.5'

10.0 1 ~

17.S'

20.01 -'--lL...:L...:L...:l-l-.l-.l--'-- _

EL 33.0'

EI. 31.5'

~

~~~§.~ .
i;i.. ~_.....
iii

J

II

iJ

-U!l .. dark gra, 1I0UIed with brow.,. 90~
%I hilh ,1 .. licitJ finea, 10~ fine to lIediu

1---1---1--+-++-+ ,r.ined sand

-~~sO:,CUI', ::r~o b~:;~u:o:~;:1 i~ ::; ,~~~;.
35~ finff to _diua ,rained sand with.
tr.ce of co.rse gr.ihed sand

Wahr hble at 7.0 1 , 7 June n

)]
5.0'

e.o' I--

i 1.0'

Cll-

II

I-

10.0' I--

C'

I-

I-

a. •I- - _ _ - - 21

nu. black. high pl .. ticlt, finclJrd = 10".8 pef

.U!1 .. brown. aoist. 90% lIIedlua pl.sticit,
fines. 10~ sand

10.01

11.0'

Cl

,~::~,Ct:~; ::~:-~:O::d1::4~:: i:~:':~~~~J sub- -'
rounded tr....eTs to I" si,ze, vcrr atiff

_ 16 e. U 31 20 -

17

I-

SANOY g.AYdark tray-brown. Moist, 75~ a.diu
- - - - - - ,Iasllcity'fines •• 5~ luded sand .. IO~ hard

'r....eT to 3"mox.

·CLAY, verr d.r. gr.J-brown ••0ilt.IOO~ lI.diu
ph,ticit, fines, trace of fine to lIediullI
grained s.nd

"

I. For additional note. and !ellend ...e Sheet :xn.-••

GRAPH IC SCALES

," 2' .' .' .' 10'
I I i I I 1

0 10001 2000' .000' 10001 .000
'

10000'
I , I I I I I 1

20.0' .....-'_L...:l-l-L....L.L-'-- _

15.0' I--

- 3 .7 - - -

I

"f- - 17 13 - - 2S

WI, tlrowno.w.t. hith phsticitJ flnea

~. brONn. hlth pla,tlcit, fines.
fine to llI.diu. grained sand

W1. 11ght brow" ...diu. pla.ticitJ fines.
'ii~t ::~:,f~~;:ed undo trace of gravel to

- 13 a7 166 29 22

l
s
I-

20.0' -'--'--'--'-''--l-L....L.L _ .......,.:
J;~ WAHL/I. WUMER

.".,..,

o. UOEIl:SOII:

DIf~ 0* TIt( M,MY
~~tcT~ COIf'S 011 IIMlWHBU

~.CALtf'0at4IA

CACHE CftEEK IAStH
CACHE CftEEK, CALIFOllHIA

CACHE CREEK SETTLING BASIN ELEMENT

LOGS OF EXPLORATIONS
ZF-84-17 thru 2F-84-Z0

:=....: ",:==,-,-y-=",...-..J.::==-----t

SAFETY PAYS
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FUNCTIONAL ANALYSIS - VE PAYS

TYPICAL NAMES

o L Oroanfc .lIts .nd arg.nlc clays. PI..,lclry below "A" line.

GROUP
SYN8Ol8

Inorganlc ,lIts urd WIry 11M ..nds, rock flour. Illry tItw .... Ott5, M L IUta. Plutk:lty b.low "A" line.

~. & C L InorganIc cley•• gll,..lty cl.YI. aenl2y cllya, In" e1er-.
::t :I PI..UeU., above "A" II",

Pt P.m:. 0'oan1c COf1'-t\1 gr.eter ItIwt eo"",

- lnorg.nlc elIte. mlc.ceovs or dl.lamllceou. flt>lll 1I"'(Jy ar .1Ily sol••

~ # II--=M""H;-1-~;::"::'=,.;,.,::::,.."":.:P'-;;:::"'::;''';,:..::;;;Iow~-..:;.''=-::"M::::'=;::_-----_l
! S 'I 1-~~:;:;.....1-0:;,:"~:::;:;:;::'·:.;.::::;.:..'::~I::.::::·r:.::::;:,;::I::;,i:::: ....;;,P,U.:.:".I:A;:"~::~:,,~;::;,,.::-."',.:=-;;:,...::-,---1

Groundlol<1;te-r level.

Gravel, percent by weight paNing 3-lnch ,IBYe and retained On the
NO.4 sieve. .

Sands, percent by weight pusJng the No. 4 ~ieve and retailled on the
No. 200 8leve.

Fines. percent by weight paulng the No. 200 "Ieve.

liquid L1mll

PlastIcity Indlll( (L1quJd limit Minus Plastic Limll).

Field Moisture Content in Percent of Dry Weight.

i § S W Well-or.ded .....-dtI. V,......Uy Nrtct.. llm. 0' no 'Hw..
:g l_ . j f"': a:! s P POMly-orsdlld satlds. g,_I" .....cIoI.Um. or no nn...
~Iih i iI-,':=-.:...1+..;Ss:;.Mc:--1.;,..:::-'''~·M:=..;:-.:.,:~~:,;,''':'Om"'''..''='":=,;,'--'.:.::----'-----i

" i Jl: eley.,. undil Ie...c,.,. mlxtur...

SA

GR

f'
II

PI

Me

HIghly organic solla

MAJOR DIVISIONS

UNIFIED SOIL CLASSifiCATION SYSTEM

LEGEND:
_21_"_1 location of b,plaration. on th is She.t.

02F-n-18 LocatlonotExploratlon in the Cache Creek httin, ".in area.

N

I
. _ ~-~,

"

'::r
J

Z&:· 8 IB'

.. 21 ·e4·.~

~.~r ..~:

,.

}f-8.?

!!',.,

(;

(otolle 'Jee"
Selll".,g ...Ba~It.

-

·1
'I
J

(,0r 2.·.....
1-29.84,15

h, '
:j:'

28.a~ I

•
·?"·84·t

jr .E14 I

;F·B·'f,
:)

29·~4 ."

2F~ I~

,/F.tJ-.) e
2F~~.I£l

LOCATION OF EXPLORATIONS

02rl h ,

" I ,'M I

---'---ri

r:e:"

~ L .$J4.IQ 2B.'34.~

---r.....c:....~
: ·ZF·84·F,

":, .. ----

l.

r
!USA '1 II '1 MC . •__.. .__ •. __ .. _

I
',Il t~!.!L.ll!..Y. brown ••ediull pl .. ticity finea.I ver,. fine grained s;lnd. fir. to soH

Ii,
i ::.

Cl - 120 10131)17;251
I !. I l

! !

2 B 8 q . 11

CH

, ,

-i- t ~ f'+t £~!!, b, .... h.,h " ..1,"1, f"••. ,." f".
I till 1to fine 9r~lned '.nd. tr;lce of gravels. stiff

-1 6n
--

n

_~L_ ,. , • _

e.o'

8.0'

10.0'

? B B If

" I ' , .

iii I
1-1-+++,+.++'l.!!. b,.e-".w'. hI,h " .. tI,lt, fl .... fl .., 'I . I 1 • Ir;lined sillnd. st iff

_! 2 ,.aj,ol"I.,1

CH +;,. r,! ~,: T.',, ~:' I
cl

.,.
I . t 1& bro.. n. hilJh phsticit., fineI'. fine grained

. .. I sand soft to fir_

- !13 117: -1- i 26'j .. 1 ;
10.0' ...l.--L...lj'_.L.Ji'_.L..JI'l-l _

Depth

EI. 3fl.I)' 0

Depth

EI. 3(1.0' 0

... \(!Of hble .It 1.1.2'. " JUtlt' 811

'} B B '4

Slior CLlr. dark ;fa, ••ed,u. phsl.c'l, f,nes.
"er, fine to _!IdlY" 9f.ined '..,'d. so_e 1;1\9u1a,
gf .... els to I" Sile ...erf st iff. non-ce_ented

J,l.jj L.L_,._,._ ... . . , _

Cl e .19 73 Il' 22.23.

10.0' -

~1&.2·

D.,th

! I. 30,';' 0

Depth

£1.32.0' 0 -,--.·"'·Y''''-,'T' Lt. ~nlMe UAi~';;o:;:-::di~;-~'~-;ti'~-;-i~ ··;i·n;;-.-Y·;~·~--
I litle ~r.,ned sand. 100ft lo fir.

".".+ ..1,'1
I I, '
! ! I

5.0' 1---+-++-+-t-·4CU.T. dark bro"n. high pl ..u"ticit, fines. verr
I f i/IC g,. illed sand. fir.

'" .1...,"j
I

I10.0' J---l-'-'-'_'-'--'- ,------_

i'I I

, j

11

U

il

'U

NOTES:

2B'-au.s

I 1

'0',a',
.000' 10000'

i I

.',
1000 1,

I
DEPARTMENT OF mE AAM'(

SACRAMENTO DISTftlCT, CORf"a Of ENOINEB'UII

SACRAMENTO, CN.,F()IlIN.I.

.'j
'000',

GRAPH' Ie SCALES

II 21
! f

1000'2000'
I I I i

6. I 1
6. I I

-I ~~ 1

2. All aleve sizes on the chart are U.S. Standard.

3. The terms "silt" and "clay" are used respectively to rlistingulllh malerlala exhlbhlng
IOWef plasticity from those with higher pl-.ticlty. The mlnua No. 200 alevemcerial la ant
If the liquid limit and plastictty Index plot below the "A" line on the piutlcfty chlll1
(ASTM 0-2487) and III clay If the liquid limit and plasticity Index plot above the "A"line on
the chart.

4. Border'llnlt Classification: Solll1 poueulflQ characterlsticlI of two groups are deslgnlltC
by combinations of group lIymbofa. For example GW·GC, • well..gr.cSed gravel-eand mlxtur.
with a clay binder.

S. lorin91 2.1-8'-1 thru 21-n-JO w.ra drilled to requlr.d de,th. "ith •
n- aII,er Hi,h... , Drill Rig during. June - 6 June lin.

6. Oepth to ground.of., il ahown if meolured.

1. CtaulfJcaUona are in accordance with the Unified Solis ClaMlnclll:lon System
(ASYM 0-,487).

GR SA FILL '1 MC

7.0'

S.O' Cl

I ! II U!U.llU. d"k b,.w•. o.dI.o " .. tI.lt,
I ~;n:~gU~:~1~:;::1~05~~~~ ~::;:~:d..nd, tuce

; ! i I
, ! I I

• ;36!n 31 ~ 11 120 I
! ; ; I i
; i ; I 1 ;

l't' ~~ t r! 1A.!..Q.L.llll. dark ~ro"ft. Mediu_ ,t .. ticit,_
I'
".a ,"f'J

t
'! f' ... , "" fl •• t. fl •• a"'''' ".d. t"".. of IIravel, aoft. non-ce.enhd

~. fhrk bro.n ••ediu_ pluticit,.
fine •• Yer., fine to fine grained .and. trace

".' ~11"h"I" ., ......

2 B • 8 11 • 7
Deptll

EI.34.S' 0

fine ••

J

f'''''~
t. ,- • '<e. I

I

I
j

2 B 8 11 • 6

j,
II 3lIlS5 2a loiu

i I,

t+:,:,', !I:tilllU....i1!!. brown. ;ow pl;l.ticit., fines.
I . ,rained .and. angular graYel to I- size.I Ii; .Ii,hll, ceo"te" r;,.

iii
,aI5" 2' 10l J2 i

, I

i !
I '

I

Cl

'M-
SC 27 It" 29 26

61t SA FILL , I Me
.--r=r-"T~~..=r-f"T SUO·Y CLAY. ~:'tow plasticity

I I I I fine grained .and. angular gravel
'. I' slightl., cc_ntcd. fir.

e.o'

Depth

EI 46 5' 0

!=

!
i

I
~

~~~\y ell'. bro.. n. ve'7 fine grained •• nd.

""70la"
I

I
I

:1

II

·28722tIZ3

sa SA Fill PI Me

Cl •

$" I 5"0 _ ., Ifi

Cl

a.o· +--l-I-~I-I-I-j-+ll!.!.Lll!J!. ".w•. ,.. , fl,. I. fl" , .. ".d
'Ind. Irlv.1 to I- tize. 1001.

(1,-0'

12..0' +--l--1--1I-I-I-+-+U!i..L..£..b!!.. 10" pla,licit, fin.... stiff

Depth

£144.0'

u
,

'----'

I
U

i'

'J

- 2T 13 21 • 30

20.0' -'--'-''-'-'-'--'-.L _

17.0' +--l-I-j-J--+-+-+81AYElLY sun CLAY, blue-bro_n • .elli'u. plulicit,.
fine •• ver,. fin4' to fine gr.ined "and. v.rl fir.

15 31 511 31 12 13

Cl

19.0'

3 IS,2 -

20. a I ......--'_.1----'--'--'

SAFETY PAYS

X.Wahl

K.Wahf/Y. Marino

tl. Andflrson

CACHE CREEK 8ASIN

CACHE CREEK. CALIFORNIA

CACHE CREEK SETTLING BASIN ELEMENT

LOGS OF EXPLORATIONS
26-84-1 th(. 26-84-7

I.... I~-, 1- {. 7 CC - 25 35

PLATEnlO OF 16



FUNCTIONAL ANALYSIS -VI: PATS

N

LOCATION a EXPLORATIONS

+-

". , "_8_·7 oJ. ?

.22

28 eQ.·g

illPUW. brown. "ediv~ pluticit, finea.
YOr, fine t., fine llr~ined sand. soft

61 SA FilL PI Me

Cl .. " III 32 1:Z 30

10.0' -L.-.J-l-J'-'-'-'--'- _

Depth

EI. 311.0' 0

~. br'o"n~ _ediu. pla.. licity fines.
ver, fine gf.ined ,.nd. aRtula, gravel to ,
.ize. fir.

, 15 III '2 21 29

3 36 61 28 II J6

CL

6.0'

3 II' 53 - - ,

9.0 1

Depth

o ,-----......y .....c",,'-r'L...l,..""Y".C'T-====----:---:--:-:--:-:--:-:----
~. brON"-. low plutit:itr finea, vcrr
fine grained ••nd. angular grilvol to I- size.
aoft. ~~n-I:.IIl.nted

slIor CLAY. brown. low plutici.ty fines. 
MediuM grained ,.nd. iIInglllar gravel to J- size,
soft to fir.10.0' ..L-lJ-I---.-JL-L.L..L=:....:.:....:..:..:..::L- _

]

J

CL 3 25 72 29 9 10

n
U I. For ~ddition.1 note~ and legend, see Sheet::xn:-IO.

10.0' -t--t-t-l-lf-t-t-t-SAIDY SILT. brown .. non plutic fin .... ver,
fine ,reined ••nd, aoft to fir.

ML ... 23 77 ... - I!I

15.0' .J...-l-J'-'-'--'--'--'- _

GRAPHIC SCALES

I' " " " .' 10'
j j j j j I

1000'2000' '000' 6000 ' 1000' 100H'
j j j , j j I I

1\ I I I I
/\ I I

I
DfPMTMIMT Of nt( MMT
~ IMSnKT.C::::OWS01~

~.CAUfOlHIA

K. wahl

K. Wa'" / R. WogMr

O.Ant:*rson

CACHE CREEK eASIN
CACHE CREEK. CAUFOIlNIA

CACHE CREEK SETTLING BASIN ELEMENT

LOGS OF EXPLORATIONS
28-84-8 thru 28-84-10

SAFETY PAYS

./"',,,,<.,1/;' /.. ../.of""-'
CHIEF: SOIL Sl'GN CnOH

..n-,
';'1., ,...... 1"'~C-25-35

PLATED II OFI~



VALUI: I:NUINEERIN6 PAT:i

u·. t • V.2TSf

,..

... !.'?!..[Ir.~!.~_._. __... -.----------1

'4.0 5.0

NORMAL STRESS I TSFt

,..1.0

fEST
NO.

TRIAXIALJ COMPRESSION TEST, CONSOLIDATED UNDRAINED (~)
'I

--j" 1_ITUl
-:::-~~_E S"E'::."=-~.__--j

C~:~~~T DE~;Y .jsnu,.,',r.IO"jj.'V'.T1'Oo··.. · c::a:r- DUSHY SATlfl,.',TIOfl VOID
r'l,1 • fC'F J .~~-I-....:..",,''-+..:'c.:.'.o.CF,,''-I-_'_-+_·_''_''C:°-f

.~n .. '~f:i. ':::~::.:- ~:.;:.~~+--:-;::...:..::-1-..:,·0":..:·.1!I3-j--:::..,:--I--: ....::...:::..,:-l
Material: (11l11((H)

1001. finn I
h.ple: u_n.6 FS I

Depth: 0_2.5 1 I
Specific Grnit: 2.79

AHerberg Lilllit :
Liquid lillit ~ -: .78
Plastlcitl hdell " 53

-
~

30
~

r

"~

I.

\-.
_-'~ • = 16°. C = O.25TSf

.' / (Selected De .. ign
Strength)

,..

-_.------

PROP£RliES

8(fDR£ SH[AR

VOID .. ATER D[~~~n ISllUlIlllOtt I vOID
RlT 10 COKH'IfT <.,

J
RlT 10

!'.:,,! ~!i'!.J IQ.78S 211.3 96.5 I ..0 0.779

0.752 26.9
I

0.139.'.T 1 100
0.7811 27.3 98.0 100 0.7si·"

OS

3.0 •• 0 5.0
NORtolAl STRESS (TSn

'.0

IKIIUl

C~::~:I ! Dt~~~'l't lS11URl110K

. rl", i
211.1 96.1 1111

1.0

I( S1
NO.

27.1 i 96.?

Maler loll: (1.11 [eH)
2· Sand. 98 6 r.nes

SiIl"ple: H_811_11 FS 2

Oepth: S'.O·~l.~·

Spec If Ie Gra .. t,: :1.1S

AltertierG l~"lh:
LiquId l,.t1 60
P las \I t Itr Indel 36

TRIAXIAL COMPRESSION TEST, CONSOLIDATED UNDRAINED (Fl)

~

~

~
>0

~

~

r

'.0

1.0

'.0

.J
.-••~--.' =

PROP[RflES

I BEfORE SHEAR
i

0" :SlTUIIUloec'VOID WATER vOID
RlI 10 CONTEKI OENSI TY ;;1110rn:

0.8,*6 29.8 92.8 100 0.795

0.8311 28.3 911.9 100 0.756

0.875 28.11 911.5 100 0.763

.s

"100
~ I ncs

HUT III

DRY • SIIUIIATIOft 1

DElfS ITT
reF,
90.)

90.9

Willil •
COJlHKT

TEST
NO.

TRIAXIAL COMPRESSION TEST, CONSOLIDATED UNDRAINED (A)

30.2

,... i
I ".0 I ....

" .. Ier ... ,: Cia, {Cli
1< Gr.vel. 6( Sand. 91"

Samp I~: 2f _1111_11 FS II

Depth: 10.0'-12.5'

Sp~c If ic Gr .... 'l,: 2.67
ltterberg llnlls:

liquid lin,! " 1&9
Plasll';: I I, Inde .. " 25

i]

U -
~ '.0
~

x

" '.0ill
1.0

il
I.....J

•• 2". C • 0---,

ti hrial: Clay (CH)
: IOQ1; Finu

S .,h: 2F_I"_6 FS I

~. ptk: 0.2.5'
~~.c:lflc: Irnit,: 2.79

ttn::., t:::t::=71
'l .. lIclt, IlIIlIIn = 51

)

TRIAXiAL COMPRESSION TEST, EFFECTIVE STRENGTH (I). I . .

2.0 3.0 11.0 5.0

EFFECTIVE 1l0RHAL STRESS nSF)

N.12il;~~.~~C~:I !~~!II
S••,le: 2F-II"-1I fS 2
O.plh: $.0' ~7 .5 1

J,.cific Sravity: 2.75

Ittn::a ti:n'; 60
" .. licity Itld.. " 36

1.0 2.0 3.0 111.0 5.0
EFfECTIVE NORHAl STRESS nSF)

I.

,.

/

TRIAXIAL COMPRESSION TEST, EFFECTIVE STRENGTH (I)

pore

, • 0

Material: CI .. , (el)
3~ Gravel. 6~ Sand. 911. Fines

S.uple: 2F-e"-II,FS"
Depth: 10.01_12'.!;,
Specific: 6ravit,: 2.67
AHerberg U_ih:

llqu id Li.it = If!
Plulic:it, Jndu : 25

I.

,.

1.0 2.0 3.0 11.0
EFFECTIVE NORMAL STRESS nSf)

II} E ffechve slrel\9lh bosed on consolidaTed undrained strenqfhs with
pressure meosurements.

TRIAXIAL COMPRESSION TEST. EFFECTIVE STRENGTH (II

n
GRADATION

ATTERBERG LIMITS

cc- 25 -35

DEPAl.TMEKT OF THE AlMY
~O Drs'RICT. CCI&" 01 lJ<oIQH£BS

SACI..lloIetTO. CAlIfOIMIA.

CACHE CREEK BASIN
CACHE CRf£K, CALIFORNIA

CACHE CREEK SETTLING BASIN ELEMENT

SUMMARY OF TEST RESULTS
FOUNDATION a EXISTING LEVEE

It. WAHL

~n:

It. SWUSOM

90,.70

. i.

PAYS

"0 50 60
liQUID LIMIT

,.

SAFETY

20

70 _

.. : 2,

Sm.. .
3

t-+- +-"-~ '1- i·
-i. ++ -I

50 .. , :
--;......... t·;···! ",' ".' t t,·· r·, ~ .•.;.
-:,~it t:~~

I=....;-E·-·§:·t'EE~~·4ti-·ft~~'E...;.~·· 5·~~3~giEEm~~~§33C !loot j 1 A l n

:: H++-,-+.;-1 ·-h-1~.+.; •

~ 3OmH~-r-gm.R~·9W9g

11111111;··!-!:·!J-~I'IIIII·II·II·IAIIIIIIIIIIIII
20

-T iii" H

'0 .;. y

H-++-I- i-"--!-j-~
~' Cl-Ml .;/

DLJ--'-.LJ<:.1..L.w--'-....I....ra-.L.l-'-.LJ-'-.L'-'--'-.LJ--'-.LL.L..L.w~.LJ--'-.LL.L-'-.LJLJ.-'-.LJU
o I.

z
u

70 ~

'0

10

30

.0

80

~

so~..
..

100
0.0010.01

SILT OR ClAY

U.s. STANDARD SIEVE NUMBERS

20 "a 60 200

1.0 0.1
GRAIN SIZE 1M MilliMETERS

10100

U ,S. STANDARD SIEVE OPENINGS IN INCHES

3 IJill 100 'T-r-=
I ...::..:: F no,

0
"P'-<-

~
t"? G,0 --

0 - , f---
IC<~_

! I0 '- I--

I I
0 - I-- r-~

_I !0 1-1-- ....-
!

II0 - I !! r+-0 ,-- H":"-

I i I0 ,--

I I rr-'c....l.- :0

10

~I

J

~
I \

LJ

u



YALUIt II: N WIN·I I: KIN U I"'AT~

TRIAXIAL COMPRESSION TEST, UNCONSOLIDATED UNDRAINED (Q) CONSOLIDATION CONSOLIDATION

TEST IICITUt BEFORE 'SHEAR

00.
WATEI OIY SlTUUTIOi '1010 WATER Dn r~-;o;.l-·-;O;;-

conE_t OU$IJY "J UlIO CO.TEIIT O~~~~~y -t, i RATIO, freT ' r .., (rs ') 25.0 '00 '00 0.663 2~.6 100.6 ! 100 j 0.656

• (rs o) 23.5 911:.5 " 0.763 23.5 97.1f r .. I 0.711

PIiOPERTHS

'f
r%)

100

202510

I

.oooqlttjjjj:titttttttljjjLttjjttlft!!:ttEftt~~
0.:, 0.2.3.'.5 2 T~F 'I 5

.,ooH+-J+tl-t+-tttf*:tH+f-H-HH-I-HI+-I~H*+I-+H--j

o
o
>

o .~oo'IH--I+t+-+-f-H+l--I++fj+I+I+-;i'J-HI+-I~+I-.J++fj-l
...
~

rHeo

1.000

H- I :

: :
.900 t , .

h- I-'
, :

.800

0
: ,

~

0 t.
~.• 700 ,

,.
.fiOO

0.' 0.2 .3.11.5 1 2 , • 5 10 2025
PRESSURE. p nSf)

DEPTH 'ROPEIITIES

BORING
~

aEfOlE lEST AfT R T ,
"... MATERIAL

00. C, '. I .0 I '. Ir. 'f I 'f.~
'f

'0 '" f~} I reT ) '" t". CUY (CH) 2F-8!4-1 1% .308 . 25.' IO.S921 71 187.1 211.510.793 '002.5

c = 1.1 TSF

3.0 ... 0 5.0 6.0
NORMAL STRESS nSF I

'.01.0

Hated",!: th.r tel)
84"Y.FI, 10". SA. 6,.. GR

Sa-ph: 2F'-S'_11 FS 3 I. ,lJ.

hpth: 5.0'.7.5' I 10.0'-12.5'

SSII:cif ic Gravit,: 2.67

AHerberg Ulllih:
liquid li.it = 112
Plu.ticitr Ind:.. = 23

,o~--:(j(-~.. ,.
2.0

\l
TRIAXIAL COMPRESSION TEST, UNCONSOLIDATED UNDRAINED (Q)

cc- 25-35

D('....lloOIl<T Of Tlf( AAMY
~~ta. COIfS Of ~HIBS

SACUMIKl9. CALtf'OaMtA

PLATE:xII 13 OF I

.",-

CACHE CREEK BASIN

CACHE CREEK. ·CALlfQflHIA

CACHE CREEK SETTLING BASIN ELEMENT

SUMMARY OF TEST RESULTS
FOUNDATION a EXISTING LEVEE

CONDITIOII

UKD IsrUUED

K. WAHL

K. S_NSON

K.SWANSON

•

•

PERMEABILITY

10·' 10"3 10-2 10.1

COEFFICIENT Of PERMEAB'llITY IKI. FEET PER DAY

'Symbol Nof Tests

SYMBOL

•

•

•

• • •• ••

_ Selected Oesiqn Value IN:81

e 10 12 14 16 18 W 22 24 26 ~

STANDARD PENETRATION TEST RE'SULTS (Nl

I

EXISTING LEVEE I
STANDARD PENETRATION TEST R~SULTS

2

o

iii.........

"
6

8

'0

12

~ ,.
x
Ii:
~ '6

'8

20

22

2"

26
0

DEPTH VS

PAYS

0.55 TSF

O.3~ TSf

~-~.-
A--

0--

Selected DeIQ1'l
·0" Strength

3.5

II = a

N Value

A

SAFETY

Material

ElIshnq
Levee

Foundation

...

I.,

2.0

,..

0.'

- l.ll

II 6 8 10 12 III 16 18 20 22

STANDARD PENETRATION TfST RESULTS IN)

"w 1.2

~

: 1.0

:
'" 0.8
Q

:i 0.6 t-__QO-=_o_.,,-55:-":,;F.,..--

0.0

....

A.

....

.. .......

-5eleded De!>ign Volue fN:3.5l

'O.l,O--'--~-'--~,--:,CO-""12:-:",:r'--"--'~'--'-0-I2~-2~'-2-'-~"

STANDARD PENETRATION TEST RESULTS (H)

UNDRAINED SHEAR STRENGTH Y5. STANDARD PENETRATION TEST RESULTS

28

'0

22

'0

"

..

~ 16

II

FOUNDATION
DEPTH V5. STANDARD PENETRATION TEST RESULTS

C = 0.8 TSF

'.0

~IOO

\
3.0 'LO 5.0

NORMAL STRESS I TSF)
2.01.0

'ROI'E'lTIES

TESl UllTlll aEfOR( SHEAR
00.

WATEI OIY wATER OIYnUUtlOM '1010 HUUTION '1010
COIlTEat DUSITY

UTIO
couor O£MSllY

n) RATIO"J (f'er J "J "J (peF;

23.lI 98.5 as 0.7611 73." IOO.~ .. O.73S

22.7 91.7 '0 0.899 22.7 92.9 72 0.87"

UNCONFINED COMPRESSION. TEST

Naterial: Clar (CK)
I OO~ Fines

Salllple: 2F_811_6
Depth: 0-2.5'
Specific Gravitr; 2.79

AHerberg Lir.ib:
liquid li_it = 78
Plastic.it, Indu = 53

CURVE 8011"6 DEPTH .. SA fl
DRY UNIT UII:COKFIMED

'0 '0 COMPRESSIVE
00. '0. 1ft. J tUSSIFlCATIO"

r'J r<J !$J
II " r.) r., WEIGHT

IPCFI STUNGTH
erST)

• 2F_U_2 2.5-5.0 CLI, ICH) - ,
S' 50 a 20.7 'S 98.5 2.08

2 2F.S'-II 0_2.5 CLAY (CH) - , ., 61 .0 21.2 " 97.8 1.52

, 2f.a'l-5 10.0-12.5 AllOY CLAY (eL) , 30 'S " 10 20.5 '2 105.11 0.511

0 2F-811-8 0-2.5 CLAY (CH) - 2 S' 52 '0 20.9 67 92.1 1.77

5 2F-U-11 5.0_745 CLAY (Cl) • '0 n .,
" 25.6 •• 93.2 2.12

• 2F_n_U 5.0-7.5 CLAY (CL) - - 100 .. " 37.5 .,
" 0.7'1

, 2F-IlII-17 10.0-12.5 CLAY (el) - II 'S " 22 20.2 S' 108.0 2.80

• 2f-IlII-18 5.0_7.5 CUY (el) - 1 •• .. ,.30.6 99.6 92.1 0.50

• 2f-n-19 O-~.5 CLAY (CH) 2 I .,
5' 27 23.9 62 8249 1.31

2.0

...
1.5

:...

~~,
'":
~...
~

1.0
~

:

0

x
0.5

~.~,o,'
~
~

0
x
~

7

0
0 0.5 1.0 1.5 2.0 '.5 3.0 3.5

UNCONFINED COMPRESSIVE STRENGTH nSF)

~

~

~ 3.0

~

~

w
:
'" 2.0

]

(lu

)~J
L



VALUE ENGINEERING PATS

COMPACTION COMPACTION CONSOLIDATION CONSOLIDATION

'f
(S)

'0'

: ~MIOOJ

i ..l..-l--l- "1
-2J OPT "IS

MOLDI" .... TE.
eUTEn

to 25'0I 2 1 II 5

PRESSUII£ •• rrSFI

C

IAMPlE

oJ .'.f0.'

CU' (UI

0

0

0

0.1

.71

.n

n..l lIA'UlAl

&'001

.'1
.700 -'I OPT ·'1

MOlDlllB WATEt

.660
I I I V I I, conuy

. • 620

0

: .S80

0

~ .5110

.500

.''0

.IUO

0.' 0.7 .3 •••5 I 2 , • s '0 2021
PRESSURE. P I TSF)

DEPTH 'ID,EITIES

~ C,
'HOl( TEST AfTEI TEST

SYMlDl MlTUUl SAMPLE:

.0 I .. I SO I, r.'% ·f I Of I SfTO tS) {'JiJ (l'CIj CS) lSJ

0 SUDY COMP'OSITl
~ 0.258 "11 •• 1O.'5~ 71 JIOI.I 21.110.5121 ItCLAY Cl •

, .
i' f·i i
'. ! ! i ~ ~

::~llt .t-
t • Jaln.f:ftj:1?f-jbI.l]
. ~ I! I ~ j

! !! ! i: t• ~ ~ f t l

t-~ ~~
+H-

10 '2 '4 16
PERC?"T OF ~y wE ,lifT

24
WAltA CONTENT

SAMPLE lflEU(l6 OPTINUM MAll. DIY
I Mol. T£I III StECIFIC ...!.!.!!!..!!..- SAMPLE wAlEI GUSITJ

SlAVin conUT COllEn
Sl.. IOL lL PI.. 1'1.) (fel)

COMPOSITE 9U fl
C CLAY (ell) 2.711 10 ,.

.S SA
21.7 101.6

0
COMPOSITE SAlOY CUT 70J, fl

D 2.72 " .7 77J SA 15.5 112.:!
IJ1

(Cl) .. G'
COJoFOSlTE SANOY SlL 64~FI

1T.3 108.1H "" 34%SA• ("l)

'" ~~ I ....

"IT
. ,..' .... .. ,

III -1!
I ,~

",r I l ~t _1
u

1I0l:, 'r!~ .
I::
~

z
0 , 01 +
z

~.0

'DO

, 10 n " " ,. '0 "WATER CONTENT. PERCENT Of DRY VEIGHT

SAMPlE ITTEIIE.. OPTIMUM MU. Dn
I MATEtUl

SPECifiC
~M!!L

SAMPLE: .AT£I
DEUIT.Y

SYMBOL
GUVln Ll '1 COITUT CO~~~IT (tCl)

COMPO! lIE unELLY sst fl

• SUDY Clio 2.71 '0 II 30~ SA 13.7 117.3

0 (Cl) 15~ 6R

COM,OS ITE SAIIOY n~ fl

• CLAY 2.72 '0 '0 IU SA I
11.2 107.9

A I%GR

fJ

• l "

BASIN

I

ATTERBERG Lr"lAITS

INTE1f'IOR

It T:

f.tJ;

.0

10

20

u
~ .0

i

'0

'0

••
00

0.0010.011.0 0.1
GRAIN SIZE IN MILLIMETERS

10'00

GRADATION
u.s. STANDARD SIEVE OP[NIHGS ttl IHCHES U.5. STANDARD SIEVE NUHBERS

3 l:i I ~ If 10 20 liD 60 100
0 r- r-'- r-

r=- rn
0 t-- ,
0

,

H-~I
\ I

I

ol-
0

1\ I

0

I :: I i ! J
I I

0 . ' I

~~
i , , P't-,

0 i!
0 f-- l- t-+- t-r--,
• __til I- r-11l1
0

11111 IIIII ,

10

~ 7

• l

LIMITS
AREA

•

ATTERBERG

BORROW

•
20

10

ufO

.~
q~tJ~w w •i: :...-..
~ ..
iii

[J
It

oIJlmU.-Cl~1U1IB
o 10 20 JO liD 50 60 70 eo 90

lIljulD LIMIT. II PERMEABILITY

SILT Ol ClAY.
10

'0

CL-NL

A

'0 '0 110 50

L1QUIO LIMIT, l
•• 70 '0 .0

PLATED 140F 16

DI,.u.TMEHT Of THE AlWY
~ DfSTItCT. CDlPS Of ~NtUS

SA.CUJolIHlO. CAltfOlHIA.

..n-

CACHE CREEK BASIN

CACHE CREEK. CALIFORNIA

CIlCHE CREEK SETTLING BASIN ELEMENT

SUMMARY OF TEST RESULTS
BORROW MATERIAL

ClI£f

I

le. WAHL. I. ElLIOTT

I. $WAIISON

D. ""PERSOIt

PAYSSAFETY

le_old ..d to lSI 14.. D." .. itr
• Opt. - 2': Montu"!' Content

10..... 0' .52

CC£FFICIENT Of PERMEABILITY iK), FT IDAY

~
o
>

STN'Ol

IJL



VALUE ENG I HE ER I H G PAYS

I
TRIAXIA~ COMPRESSION TEST, UNc:etlSOl...lDATED Lt4DRAINED to)

.. ..

20

00
0.001

DI'.....TMIHT Of Tlt£ MJdY
SACu.MI:KTO -.ntfCT. COltS Of ~Hms

~Kro.CJ,Ltf'OlHIA

0.01

'.0

T.'

SILT OR CLAY

UNDRAINED (0)

~: Ii:::;;;;:;'-'-,r----'-'==----i

6.0 .

CACHE CREEK BASiN
CACHE CREEK. CALIFORNIA

CACHE CREEK SETTLING BASIN ELEMENT

SUMMARY OF TEST RESULTS
BORROW AREAK. SWANSON

o. ANDERSON

K. WAHL

1.0 O. I
GRAIN SllF IH MilliMETERS

10

1.0 I 2.0 3.0 11.0 5.0
NORMAL STRESS (TSf)

I GRADATION
STAlloARO SIEVE OPENINGS IN INCHES u.s. STANDARD SIEVE NUMBERS

3 Iiii 1 'I 10 20 110 60 2.00

U.S.

'.0 I 2.0 3.0 '4.0 5.0 6.0
NORMAL S.TR[SS I TSF)

TRIAXI4L COMPRESSION TEST, UNCONSaJIlI\TED
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fIGURE S TYPICAL SLICE
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FIGURE 3 COMPOSITE FORCE POLYGON DATA
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~ .. Arc hn --r:-1r" = '1.0
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5.2 3.0•• 1
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fiGURE 6 CQMPQSTlRE FORCE POLYGON FOR TRIAL f.S. 1.7U

DErAITMEHT Of THE AIMY
s.\CLU.l(~O DlsnlCT. COIn Of lNG'HUIS

SAClAMlHTO. CALlfOIHIA

CACHE. CREEK BASIN

CACHE CREEK, CALIFORNIA

CACI£ CREEK SETTLING BASIN ELEMENT

STABILITY ANALYSIS
END OF CONSTRUCTION

I. for slice I. it .. .as lIssu••d that the developed sh.ar
res.'stance on the base of 'the sl ice cannot be greater
than that requirra to close the force pol,gon.

2. The End of Const.ruction ,ual,si, using the Hodi1ied
Swedish Method. finite Slice Procedure ....as perfor••d
on the hrrlS COlllPlIler S,Slell. 'rogralll no. 711IUCZO"O.
dev(Ololled b, Sl. '.lui District. Corps of Engineers .....
used. .

3. The tOlllputer solutJoO for the critical are .ho... o wa.
for 01 faclorof s&fet, equal to 1.7"~ The •• nual cheCk
of t~'s solution agreed closel,.

II. A tefll iOfl crack M&S aSSUMed 1.0 have de'!eloped to. depth
of 6 feet be 10" the crest of the el panded I•••,
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