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Preface 
The Sacramento Regional County Sanitation District (SRCSD) is an 
independent political subdivision of the State of California.  It is organized 
under the provisions of the California Health and Safety Code, Section 4700, 
et. seq.  
 
As a public agency serving multiple jurisdictions, a nine-member Board of 
Directors governs the SRCSD.  The Board includes the five Sacramento 
County Supervisors and the mayors (or their designees) of the cities of 
Sacramento, Folsom, Citrus Heights, Elk Grove, and Rancho Cordova. 
 
SRCSD provides wastewater conveyance, treatment, and disposal services for 
the urbanized portion of Sacramento County.  A single wastewater plant 
provides all treatment services for Sacramento.  The plant is expanded 
incrementally as needed to serve growth in the region.  The District also 
operates and maintains 95 miles of interceptor pipeline, ranging to 120-inches 
diameter, and several large wastewater-pumping stations.  
 
While the District is independently governed and financed, unlike most other 
sanitation agencies in California, there are no employees.  Instead, 
engineering, operations and maintenance, laboratory, and administrative and 
management services are contracted from the County of Sacramento’s Water 
Quality Department (WQD).  Funds are transferred from the sanitation district 
to the County to pay for those services.  The interceptor expansion program is 
funded through fees paid by new development residents who use the facilities. 
 
This Manual has been prepared at the request of the SRCSD in order to 
provide clear guidance and direction for all interceptor design.  Specific 
objectives are as follows: 
 

Set forth the working relationships among the parties involved in 
an interceptor design project. 

• 

• 

• 

• 

• 

• 

Establish criteria that will result in acceptable levels of quality and 
uniformity in procedure and finished product. 

Obtain cost savings in production of design as well as construction 

 
This Manual is for the use of many parties including the following: 

 
SRCSD staff 

WQD staff that manage and work on interceptor projects 

Consultants who perform planning, survey, geotechnical 
investigations, design, public involvement and construction 
management services 
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Anyone involved with administration, design and construction of interceptors 
should become familiar with the contents of this Manual.  This Manual is to 
be used for all interceptor projects and, unless express written permission is 
given to the contrary, the guidelines should be used in their entirety to guide 
the interceptor project completion process. 
 
This document will be updated as required. 
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Chapter 1. Introduction 
1.1 Introduction 

The existing Sacramento Regional County Sanitation District (SRCSD) 
interceptor system was designed in the early 1970’s as part of the Sacramento 
Regional Wastewater Management Program to convey sewage from the 
collection systems operated by predecessors to County Sanitation District No. 
1 of Sacramento County (CSD-1), the City of Sacramento, and the City of 
Folsom. The interceptor system was partially funded by State and Federal 
grants which imposed conditions limiting the system capacity to that 
necessary to accommodate 20 years of population growth. 

As the Sacramento area grows, the ability of the SRCSD to provide high 
quality sewer service will depend on a system of interceptors that must expand 
to meet community needs. The interceptor system currently receives flow 
from the contributing agencies of CSD-1 and the cities of Sacramento, 
Folsom, Citrus Heights, Elk Grove, and Rancho Cordova. A Master 
Interagency Agreement (MIA) serves to outline responsibilities for this 
program. It is expected that the SRCSD system will expand to accept flow 
from other areas, including West Sacramento. As all these areas grow, 
additional interceptor capacity will be needed. 

Based on the current SRCSD Interceptor Master Plan and the versions 
preceding it, SRCSD has begun construction of 120 miles of new interceptor 
pipelines. These pipelines, to be completed in stages over the next 20 to 40 
years, will ensure reliable wastewater services for SRCSD customers for 
decades to come. 

The interceptor expansion program is designed to address only expansion of 
the interceptor system to accommodate increasing capacity needs due to 
growth within the existing and future service areas. The expansion program 
does not address future rehabilitation needs due to system aging. 

This Manual addresses only the design aspect of the overall interceptor 
expansion program. Issues affecting sewer system collection (other than by 
interceptors), treatment, overall operation and maintenance of collection 
systems, and rehabilitation of aging interceptors or collection system 
components are not covered herein. 

1.2 Interceptor Expansion Program 

The general elements of the Interceptor Expansion Program are shown in 
Figure 1.1. Each element of the program is further explained below. 
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Figure 1.1: Interceptor Expansion Program Components 

 

1.2.1. Master Plan Update (MPU) 

The Interceptor Master Plan is updated and revised on a five-year cycle. The 
most current update at the time of this Manual’s preparation is the Master 
Plan 2000 (MP2000). 

Long-range planning is essential to manage expansion of the regional 
wastewater conveyance system cost-effectively since the construction will 
occur only in response to actual growth and the facilities constructed will have 
a projected 50–100 plus year service life. The Sacramento Sewerage 
Expansion Study analyzed sewer system capacity requirements for buildout of 
the existing SRCSD service areas and for the future urban expansion needs 
identified by the Sacramento County draft 1990 General Plan Update and the 
General Plans of the City of Sacramento and the City of Folsom. The sewer 
system master plan is intended to be a planning level tool to provide long-term 
guidance for the timely commitment of resources and the cost-effective 
expansion the SRCSD sewerage systems to accommodate future growth. 

The study establishes wastewater flow criteria and land use densities from 
which sewer design capacity requirements were determined for the existing 
and future service areas. The flow criteria and land use densities were applied 
to geographic areas (gravity sewerage basins), defined by topography and 
location, to develop the general configuration and layout of needed future 
sewer system improvements. Based on the resulting sewer system network, 
specific infrastructure projects have been identified and phased capital 
improvement program formulated which establishes projected construction 
time frames and revenue generation requirements. 
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The Expansion Study Master Plan is intended to be augmented by 
supplemental detail documents and to be updated regularly to reflect changes 
resulting from actual development. 

Supplemental details for the sewer system will be developed primarily during 
the design process. This would include refining alignment locations to 
indicate specific right-of-way limits, finalizing pipe size and location (both 
vertical and horizontal) determinations, identifying the control structures 
needed and their locations, and providing sufficient detail to identify any 
specific impacts which may occur to areas to be disturbed by the pipeline 
construction. 

For the proposed new interceptors, it is anticipated that a preliminary design 
document will be prepared to address the entire reach of each new interceptor. 
The preliminary design documents would provide additional project detail and 
serve as the basis for supplemental environmental review. Preparation of final 
construction plans and the actual construction of the new interceptors will be 
accomplished by a series of independent projects initiated at different times. 

The Master Plan and the Programmatic Environmental Impact Report (PEIR) 
were intended to define the “project” as an Interceptor system expansion that 
will occur in increments as capacity needs and development dictate over the 
next 20 to 40 years. 

The defined “project” included the interceptor system service area and both 
the pipe capacity and approximate location required to provide that sewer 
service to the defined service area. The pipe location was identified within 
corridors of about ¼-mile in width. An environmental assessment of the 
impacts on those corridors was done as part of the PEIR. 

SRCSD intends to update the master plan approximately every five years and 
conduct an environmental process to address the changes. 

The law provides for a tiered environmental process for complex projects, and 
SRCSD uses a process so that the second tier review would coincide with the 
preliminary design of an entire interceptor facility or significant branch of an 
interceptor. Thus a more project-specific environmental review addressing the 
actual design and specific construction-related impacts could be prepared for 
many miles of interceptor that could then be constructed as a number of more 
manageable construction projects. The third level of environmental review 
then occurs at the time of final design; therefore, the Board certifies a final 
environmental document (usually a mitigated negative declaration) with 
approval of the construction contract documents. 

The consultant produces the Master Plan Update (MPU) that revisits the 
interceptor expansion program and updates as required. The Master Plan 
Update provides the basis for and identification of the interceptor expansion 
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components and needs by presenting a Capital Improvement Program (CIP) 
that includes costs and schedule for the components. It is beyond the scope of 
this Manual to describe the processes and tasks required to complete a Master 
Plan Update.   

1.2.2. Programmatic Environmental Impact Report (PEIR) 

Upon substantial completion of the MPU, the (District) Project Manager 
(DPM) transmits the Final Draft of the Master Plan Update to the Sacramento 
County Department of Environmental Review and Assessment (DERA). 

The Expansion Study Report is intended to be a planning or upper tier 
document that will form the basis for more detailed analysis and design 
documents addressing specific portions of the sewer system. The Report 
establishes the conceptual formulation for expansion of the sewer system by 
addressing basic issues such as: 

• Pipe design criteria 
The methodology for capacity determination • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

The definition of future urban service area 
The land use density assumptions for urban service area 

• Overall system configuration 
Identification of sewer drainage area configurations 
Analysis of area-wide (sewer service) alternatives 
Selection of recommended interceptor alignments 
Development of trunk sewer alignments 

• Capital Improvement Program development 
Phased program concept and methodology 
Specific infrastructure projects formulation 
Revenue requirements 

• Technical considerations 
Construction feasibility 
Cost effectiveness 
Ease of implementation 
Reliability, flexibility, and functionality 

The Environmental review of the master plan should focus on these basic 
policy issues that form the conceptual basis for further refinement and 
implementation of the Sewer Expansion program. It is intended that once the 
master plan is adopted, these basic policy issues would not routinely be 
revisited by subsequent master plan updates or supplemental (second tier) 
documents. This is necessary to allow the long-term commitment of resources 
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required to effectively implement and manage the expansion of the sewer 
system over the next 20 years. 

Compliance with CEQA for the interceptor expansion system was originally 
documented in the Sacramento Sewerage Expansion Master Plan and 
Bradshaw, Sunrise, and Folsom East Interceptor Project Final EIR, 
Sacramento County 1996 (Master Plan EIR). The Master Plan EIR served as a 
program EIR for the overall master plan identifying basic issues and broad 
policy alternatives relevant to future interceptor expansion areas. This 
document sets the stage for all future updates and is updated each time the 
Master Plan is updated so that new systems may be included in the process. It 
is beyond the scope of this Manual to describe the processes and tasks 
required to complete a Programmatic EIR (PEIR). However, Chapter 7 
discusses this environmental process further. 

Once the Programmatic EIR is certified, the SRCSD Board of Directors can 
approve the Master Plan Update and proceed with implementation of projects. 

1.2.3. Interceptor Design Report 

Once assigned to an Interceptor Design Report project, the DPM prepares a 
Request for Proposal (RFP) in order to obtain a consultant to complete the 
work. 

The Interceptor Design Report contains the following information: 

• Alternatives analysis 
• Proposed project 
• Geotech work 
• Traffic study 
• Public outreach 
• ROW and parcel acquisitions recommendations 
• Plan & Profile 
• Control Survey 
• Hydraulics 
• Proposed construction techniques 

1.2.4. Purpose for Interceptor Design Report 

The purpose of an Interceptor Design Report is to develop a length of 
interceptor from the planning level to a specific project with enough detail to 
provide a project description for the environmental review process.  The 
Interceptor Design Report provides alignment alternatives, an analysis of the 
alternatives, and a recommendation for the preferred project.  The preferred 
project is forwarded to the District Board for tentative approval and a request 
to proceed through the environmental process, as defined by the California 
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Environmental Quality Act, to identify mitigation measures specific to the 
proposed project. 

In addition to identifying a preferred project alignment, the Interceptor Design 
Report divides the interceptor into smaller, more manageable segments for 
final design and construction.  A typical Interceptor Design Report would 
include the following components: 

• Development of design considerations 
• Development of project alternatives 
• Analysis and ranking of project alternatives 
• A recommendation for the preferred project 
• Plan and Profile Drawings for the preferred project 
• Geotechnical investigations 
• Environmental analysis, including an initial site     

assessment, and cultural, biological, and historical 
resources evaluations 

• Listing of necessary environmental permits 
• Control surveys 
• Utilities investigation 
• Traffic analysis coordinated with the appropriate 

transportation authority 
• Proposed public outreach efforts 
• Proposed Right of Way acquisitions 
• Hydraulic analysis 
• Corrosion and odor control recommendations 
• General configuration of proposed control structures 
• Proposed construction techniques with consideration of 

traffic and other construction constraints 
• Construction cost estimates 

1.2.5. Project-Specific Environmental Impact Report (PSEIR) 

Upon substantial completion of the Interceptor Design Report, the District 
transmits the Final Draft of the Interceptor Design Report to the Sacramento 
County Department of Environmental Review and Assessment (DERA). 

For future projects tiering from the Master Plan EIR, alternatives are 
developed for a constraint analysis or initial environmental review. The initial 
environmental review is conducted using the design features associated with 
the project. These design features may include hydraulics, construction 
techniques, and construction sequencing and are evaluated for environmental 
impacts for the proposed project. This information is provided by the SRCSD 
to the DERA. DERA reviews and determines if the analysis is sufficient to 
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complete an Initial Study, additional environmental analysis is required to 
complete an Initial Study, or if an EIR is required. It is beyond the scope of 
this Manual to describe the processes and tasks required to complete a Project 
Specific EIR (PSEIR), however Chapter 7 details this environmental process 
further. 

Once the PSEIR is complete, the SRCSD Board of Directors can approve the 
Interceptor Design Report and proceeds with final implementation of projects. 

1.2.6. Final Design 

When the Master Plan Update and the Interceptor Design Report are 
complete, projects may be implemented according to need and justification. 
Prior to final design and interceptor construction, interim facilities are used to 
allow developers the ability to transport flow to the existing interceptor 
system. When flows approach available interim capacity, interceptor design 
projects are initiated. 

The SRCSD issues a Request for Qualifications (RFQ) for local consultants to 
participate in the design of interceptor systems. A list of qualified consultants 
is then developed from the respondents, and the Board of Directors of the 
SRCSD approves the list. The respondents are ranked and are allowed to 
compete for interceptor projects as they develop. Normally, a minimum of 
two consultants will compete at a time. 

Once assigned to a project, the DPM prepares an RFP to select a consultant to 
complete the design work. A selection committee made up of SRCSD staff 
selects a consultant from the proposals submitted. Once selected, a contract is 
negotiated by the DPM. The final step in the procurement process is the 
approval by the SRCSD Board of Directors.   

The description of the detailed responsibilities and elements of the design are 
contained in Chapters 2 through 10. 

1.2.7. Construction 

Upon final design completion, the contract documents (plans and 
specifications) are submitted to the Board of Directors for the approval of the 
project for bidding. This begins the construction phase of the project. 

Chapter 11 details the phases of an interceptor project construction and 
outlines responsibilities of both the SRCSD and the consultants.
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Chapter 2. Project Management 
2.1 Introduction 

This chapter is intended to define the processes, responsibilities, and 
organization of a typical interceptor design project. 

2.2 Project Team 

A basic project organization chart for a typical interceptor project is shown in 
Figure 2.1 below: 
 
  

SRCSD WQD

DPM

Design 
Consultants 

CSD-1,  
Maintenance & Operation 
(M&O) and Sacramento 

County DERA, 
Transportation, DWR, 
County Counsel, and 

Surveys 

SRCSD 
Construction 
Management 

Division (CMD) 

Right of Way 
(ROW) & Electrical 

Engineer Staff 

Assistant Engineer 
and/or Principal 

Engineering Technician 

SRCSD Public 
Information 

Group 
Communications 

Media Officer 
(CMO) 

Survey Geotechnical/ 
Tunnel

Public 
Involvement

Traffic/Other

Contributing 
Agency 

Representative 

 

Figure 2.1: Interceptor Design Project Team 

The SRCSD Regional Conveyance Engineering Section is divided into 
Consultant Design Group and an Interceptor Right-of-Way (ROW) Group. 
The Consultant Design Group, led by a Senior Civil Engineer, is comprised of 
design teams led by an Associate Civil Engineer who serves the SRCSD DPM 
and may include an Assistant Engineer and a Principal Engineering 
Technician. Each team oversees the design of two to three interceptor projects 
at a time. 

The Lower Northwest Interceptor (LNWI) system will be under the direction 
of a WQD Senior Civil Engineer who will oversee a Consultant Program 
Manager. This LNWI Program Manager will provide Project Managers 
charged with the same responsibilities as the DPM. 

As will be discussed later in this Chapter, Section 2.4, and shown in Figure 
2.1, the DPM is required to coordinate and interact with numerous people 
including their assistants, electrical engineering staff, right-of-way, real estate, 
Contributing Agency Representative, water resources, Maintenance and 
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Operation (M&O), DERA, Construction Management Division (CMD), 
surveyors, Communication Media Office (CMO), County Counsel, and the 
design consultants. 

Public outreach and involvement activities are important components of all 
SRCSD Interceptor Design projects. Obtaining the public’s input into design 
projects early in the process helps ensure project success, and can help avoid 
costly design changes or schedule delays due to public outcry or controversy 
over particular project components and related impacts. Being proactive in 
presenting design alternatives to the public for input and comment helps 
generate project acceptance and enhances the public’s trust in the District.  

Public involvement tasks and activities are referenced throughout the SRCSD 
Interceptor Design Manual. Specific references to those are found in the 
following areas:  

 Page 2-1, Figure 2.1 
 Page 2-4, Section 2.4, Paragraph 6 
 Page 2-5, Section 2.4, Paragraphs 4 and 5 
 Page 2-5, Section 2.4.1, Paragraphs 4 and 5 
 Page 2-7, Item #2 
 Page 2-8, Paragraph 9 
 Page 3-6, Chapter 3.6, Section 5 
 Page 11-3, Task 109 
 Appendix F, Page 2 of Board Letter Addresses Public Outreach 
 Appendix L, Sample of Public Outreach Guidelines 

 

2.3 Design Consultant Selection and Project Initiation 

Each element of an interceptor project, as described in Chapter 1, has a 
selection phase. Figure 2.2 indicates the selection process followed for 
selection of final design consultants. As indicated, this phase begins with the 
assignment of a DPM. Once assigned, the DPM follows the process as 
outlined including: 

• The process for consultant selection is coordinated by the DPM with 
contract services and follows a process outlined by and approved by 
the Board. A copy of this process is contained in the Appendix.  

• Preparation of the RFP for consultant services. A sample RFP is 
contained in the Appendix for understanding the basic elements. 

• Administer the consultant selection process as outlined below: 
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Figure 2.2: Selection Process 

• Each prime consultant will also have a Consultant Project Manager 
(CPM) who will work directly with and be responsible to the DPM for 
completion of the assigned project as shown in Figure 2.1 previously. 

While the figure above is intended to be for the design process, a similar 
selection process is used for other consultant selections for engineering 
described in Chapter 1, including the Master Plan Update and the Interceptor 
Design Report. 

Once a selection is made, Figure 2.3 outlines the process of negotiating and 
obtaining approval of the consultant contract. 
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Figure 2.3: Approval of Consultant Contract 

 
The DPM and other senior staff negotiate the contract with the selected 
consultant. The DPM coordinates public outreach contract scope with the 
Communication Media Office (CMO). The DPM completes the following: 

1. Prepares Staff Report for approval of the contract 

2. Attends SRCSD Board meeting to assist and answer Board Member 
questions 

The CPM completes the following: 

1. Prepares the final scope of work, fee estimate, and schedule. 

2. Negotiates the final contract with DPM and other District staff 
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3. Attends the SRCSD Board meeting to assist and answer any Board 
member questions 

2.4 Project Design and Construction Completion 
Responsibilities 

Once the District Board approves the contract, the DPM initiates the design 
process. General functions that are handled as the design progresses include: 

1. Conduct regularly scheduled progress meetings during project design. 
This includes, but is not limited to, the following: 

Schedule meeting rooms at District offices • 

• 

• 

• 

• 

• 

• 

• 

• 

Assure that meeting minutes are prepared and reviewed for a 
record of meetings 
Assure scheduling and coordination of public meetings are in 
accordance with the public involvement plan prepared by 
consultants to ensure public input 

2. Oversee and provide direction to design consultants on specific project 
design issues. This includes, but is not limited to the following: 

Manage the Project day-to-day 
Schedule monitoring and ensures milestones are met 
Approve invoices and track budget 
Track and assure completion 

3. Process change of scope requests and, if required, contract 
amendments (Samples are included in the Appendix) 

Contingency release (Requires District Engineer Approval) 
Amendments to the contract (Requires SRCSD Board Approval) 

4. Coordinate with M&O section on design issues that will affect future 
maintenance and operation of the facility 

5. Coordinate with Sacramento County CMD on 
construction/constructability issues related to the project design 

6. Coordinate with the Communication Media Office (CMO) on public 
outreach issues related to the project 

7. Coordinate with Sacramento County DERA on CEQA compliance and 
Mitigation, Monitoring and Reporting Program (MMRP) issues 

8. Coordinate with the Interceptor ROW group and County Real Estate 
Division on temporary and permanent right-of-way requirements for 
the Project 

9. Coordinate with County Surveyor Section to establish horizontal and 
vertical control for the project 

 2-4 



SRCSD Interceptor Design Manual  Chapter 2 
  Project Management 

10. Coordinate with County Surveyor Section to Establish Boundary 
Surveys 

11. Coordinate with the Engineering Technical Support group on mapping 
and drafting standards related to the project. 

12. Administer consultant contract, including review and approval of 
consultant invoices. 

13. Coordinate with the contributing agency and/or jurisdiction where 
project is located. A technical representative(s) will be requested to 
participate on the design team. 

 

The CPM and staff will be responsible for the following general tasks during 
the design process: 

1. Attend regular progress meetings during the course of the work. 
Prepare and submit meeting minutes in a format similar to that shown 
on the attachment in the Standard Forms Appendix. 

2. Prepare and submit monthly status reports, including updated project 
schedules and invoices in a format similar to that shown on the 
attachment in the Standard Forms Appendix. 

3. Prepare and submit requests for changes in design or consultant 
contract scope, release of contingency, or requests for amendments to 
contract in a format similar to that shown on the attachment in the 
Standard Forms Appendix. 

4. Administer and supervise the work of all subconsultants such as 
survey, geotechnical, traffic control, and public involvement as needed 
or required. 

5. Coordinate design work as required with the appropriate agencies 
through the DPM including: 

Other interceptor design projects as may be required • 

• 

• 

• 

• 

• 

• 

State, County and Local Transportation Departments 
Sacramento County Real Estate Department 
Sacramento County DERA 
District Communication Media Office (CMO) 
CMD Staff as appropriate and where applicable a third party 
construction management firm 
District M&O Section 
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2.4.1 Basis of Design Report 
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Figure 2.4: Basis of Design Report 

 

Figure 2.4 outlines the Basis of Design Report steps. During this phase of the 
work, the DPM is responsible to ensure the work is completed as required to 
produce a Basis of Design Report (BDR). Responsibilities outlined above are 
ongoing during this phase. During the entire design phase, the DPM needs to 
ensure a valid public involvement program is implemented and followed. 

The CPM and staff are responsible for the following: 

1. Gather and review available data including the Master Plan Update 
(MPU) and the Interceptor Design Report for the project 

2. Complete initial field work including, but not limited to, survey 
outlined in Chapter 4, geotechnical, including tunnel investigations 
outlined in Chapter 6, and potholing for locations of existing utilities 

3. Review alternative alignments and recommend an alignment to be 
used for final design 

4. Involve the public in the process as required and attend public 
meetings 

5. Prepare BDR as described in Chapter 3 that outlines design criteria, 
hydraulic analysis, alignment selection, public involvement, survey, 
geotechnical, traffic control, and environmental data pertinent to the 
design, special project features such as tunneling and other 
construction or project constraints, and generally describes the overall 
design process. It should include cross sections to justify alignment 
and resolve major design issues relative to the project. An opinion of 
probable construction cost should also be included to compare to costs 
presented in the Master Plan Update and the Interceptor Design 
Report. The accuracy of the preliminary design cost estimate shall be 
within plus or minus 20%. CPM will develop cost-effective 
information using their own estimate procedures and verify using the 
cost estimating tool included in Chapter 10. A sample of the format 
desired for all cost estimates is included in Chapter 10. 

6. Submit BDR to the DPM for review and approval. 
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2.4.2 Construction Contract Documents 
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contract
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Figure 2.5: Construction Contract Documents 

 

Figure 2.5 indicates the various phases of construction contract document 
design submittals required for interceptor projects. Chapter 9 contains 
guidelines for preparation of Contract Documents. The Sacramento County 
Standard Specifications and the SRCSD Technical Specification Guidelines 
are separately bound from this Manual. 

During this phase of the work, the DPM will be responsible to: 

1. Ensure District staff review of 60% (B-plans), 90% (C-plans), and 
100% submittals of project contract documents 

2. Ensure M&O, CMO, and CMD provide input into the process at 
various levels of completion 

3. Ensure permits and right-of-way issues are covered during all phases 
of design 

The CPM and staff will be responsible for the following: 

1. Prepare 60% (B-plans), 90% (C-plans), and 100% design submittals as 
outlined above 

2. Coordinate the work of final design subconsultants as required to 
complete the design products for the submittals 

3. Arrange for appropriate quality assurance/quality control (QA/QC) 
review by internal staff as well as the District staff 

4. Prepare a construction management plan 

5. Provide assistance for permits and right-of-way 

The 60% design submittal should contain the following: 

1. Preliminary Plan and Profile drawings with the interceptor shown and 
all known utilities indicated 
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2. Preliminary Traffic Control Drawings 

3. Preliminary Details of all appurtenant features or structures with 
general dimensions and locations shown 

4. Preliminary Special Provisions 

5. Preliminary Changes and Additions to Standard Specifications or 
SRCSD Technical Specification and Bid Forms 

6. Opinion of Probable Construction Cost shall be within plus or minus 
15%  

7. Required right-of-way and potential staging areas identified 

8. Preliminary construction sequencing and schedule 

9. Provide details of the public involvement program to ensure it was 
implemented and followed. A detailed sample Public Involvement 
Plan for a typical interceptor design project is attached in Appendix L. 

The 90% design submittal should contain the following: 

1. Completed Plan and Profile drawings with the interceptor shown, all 
stations and coordinates given, and all known utilities indicated 

2. Traffic Control Drawings 

3. Details of all appurtenant features or structures 

4. Special Provisions 

5. Final Technical Specifications, including Bid Forms 

6. Opinion of Probable Construction Cost shall be within plus or minus 
10%  

7. Required right-of-way and potential staging areas identified along with 
information necessary to assist the SRCSD in acquisition of the 
property needed. This includes permanent and temporary construction 
easements (plats and descriptions) 

8. Construction sequence and schedule along with a construction 
management plan 

9. Final public involvement program details including plans for public 
outreach during construction 

The 100% submittal includes all of the items listed above ready for bidding 
purposes including the engineer’s estimate. 

1. CPM provides Mylars to DPM for signatures prior to bid phase 

 2-8 



SRCSD Interceptor Design Manual  Chapter 2 
  Project Management 

2. CPM provides copy of printed bid sets (50 to 100 sets of Contract 
Documents) for approval by DPM prior to SRCSD Board action 

3. CPM incorporates changes to BDR to represent final 100% design in 
the document and submit to DPM 

 

2.4.3 Bid Phase 
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Figure 2.6: Bid Phase Services 

 

Figure 2.6 depicts the steps in the bid phase process. Chapter 11 has detailed 
information on engineering services during construction. 

The DPM performs the following general functions during the Bid Phase: 

1. Prepare staff report for SRCSD Board requesting approval of project 
and authorization to advertise for construction proposals 

2. Coordinate with public Utilities Contract Desk to advertise project 

3. Provide Sacramento County Land Division and Site Improvement 
Review (LDSIR) contract documents for sale and distribution 

4. Conduct Pre-Bid meeting and prepare minutes from the meeting to be 
distributed 

5. Respond to Bidder questions 
Caution no interpretations should be given over the phone. Any 
questions not clearly addressed in bid document must be addressed 
by addenda. 

• 

• All Addenda shall be sequentially numbered and dated. They also 
must be signed and stamped by CPM and signed by District 
Engineer. 

 

The CPM provides the following functions during the bid phase: 

1. Assist with preparation of the staff report to the SRCSD Board to 
approve advertisement project contract document 
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2. Attend Pre-Bid Meeting 

3. Prepare minutes of Pre-Bid meeting for distribution, as required. These 
minutes shall have no impact to contract unless separately addressed in 
Addenda. 

4. Respond to Bidder questions 

2.4.4 Contract Award 

Figure 2..4 indicates the steps in the contract award process.  
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Contract  
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Contracts desk 
conducts Bid 
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Figure 2.7: Construction Phase Elements 

The DPM has the following general responsibilities during contract award: 

1. Attend Bid Opening  

2. Review bids, coordinate with CMD to recommend award of 
construction contract. Prepare Staff Report to obtain SRCSD Board 
approval of the contract. Ensure bid tabulation is provided. 

3. Assist with the review bids, coordinate with CMD to recommend 
award of construction contract 

The CPM has the following general responsibilities during contract award: 

1. Prepare bid spreadsheet indicating all the bid items submitted 

 

2.4.5 Construction Phase 

Chapter 11 outlines a methodology and tasks in order to complete the 
construction phase. 

The DPM has the following general responsibilities during construction: 

1. Advise contracts desk of Board action approving Contract 

2. Ensure permits are in place 

3. Attend Pre-Construction Conference (CMD leads conference 
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4. Coordinate construction management per the construction 
management plan. As required, clarify responsibilities of CMD during 
construction 

5. Attend construction progress meetings, make periodic site visits to 
ensure design intent is being achieved 

6. Coordinate Contractor Submittal Review with CPM 

7. Respond to Requests for Information (RFI) 

8. Respond to Cost Incentive Change Proposals (CICP) 

9. Participate in issuance of Field Instructions (FI) 

10. Participate in issuance of Contract Change Orders (CCO) 

11. Ensure a valid public involvement program is implemented and 
followed during construction 

12. Attend final walk-through 

13. Coordinate with CMD on project Completion and Final Acceptance 
and As-Builts 

 

The CPM provides the following services during construction: 

1. Attend Pre-Construction Conference 

2. Attend construction progress meetings, make periodic site visits to 
ensure design intent is being achieved 

3. Respond to Contractor Submittals 

4. Respond to Requests for Information (RFI) 

5. Respond to Cost Incentive Change Proposals (CICP) 

6. Participate in issuance of Field Instruction (FI) 

7. Participate in issuance of Contract Change Order (CCO) 

8. Attend final walk-through 

9. Coordinate with CMD on project Completion and Final Acceptance 
and preparation of record drawings 

2.5 Project Closeout – Final Completion 

When construction is complete, the DPM should complete the following 
tasks: 
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1. Receive record drawing information from CMD and issue to CPM for 
the preparation of record drawings 

2. DPM/CMD certify the MMRP for the project 

3. Set-up a project debrief with all parties involved in the project and 
prepare minutes of that meeting  

4. Coordinate project startup and transfer of O&M manual  

The CPM responsibilities during this final phase are: 

1. Completion of record drawings and delivery of all documents on CD 

2. Attend a project debrief with all parties involved in the project and 
prepare minutes of that meeting  
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Chapter 3. Basis of Design Report 
3.1 Basis of Design Report 

The Basis of Design Report (BDR) is prepared by the design consultant to 
establish design criteria and resolve major issues pertaining to design of the 
interceptor facility. In the initial stages of final design, the design consultant 
obtains preliminary information on utility obstructions, property lines, existing 
easements, topography, and soils. This information is collected and analyzed 
to expand upon and resolve major issues not addressed in the Design Report. 
The BDR summarizes this information and includes sufficient information so 
that a knowledgeable and experienced reviewer of the report can conclude that 
the proposed facility will perform the functions for which it is intended. A 
general BDR outline is presented below. Sections 1-8 provide an outline of 
the minimum information requirements for the BDR; however, it can and 
should be modified by the interceptor designer as needed for specific projects. 

3.2 Section 1 – Introduction 

This section is intended to provide a general description of the subject facility, 
including the project’s purpose, minimum service requirements, location or 
alignment, and major features or structures. The introduction should also 
reference previously completed documents pertaining to the project, including 
draft or PEIR, Design Report, Master Plan, Routing Studies, etc. Some 
interceptor projects may proceed directly from the master plan into final 
design without preparation of a Design Report. In these instances, in addition 
to the information above, this section should include a discussion of the 
project’s purpose, authorization for the work being performed, and scope.  

3.3 Section 2– Project Summary 

Section 2 provides an evaluation of the preliminary information gathered by 
the design consultant executive summary of the BDR and includes  
geotechnical, survey, and traffic control reports, which are contained in the 
Appendix, and a summary of how this information has affected or is used in 
the design. This project summary should be concise and understandable by all 
parties, including non-technical professionals. The consultant should ensure 
the descriptions provided offer clear and detailed information of the trenching, 
construction, etc. The section should be more than just an abstract or one page 
summary and be able to stand alone as a description of the project and its 
engineering features. 
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3.4 Section 3 – Project Options and Constraints 

This section presents the current status of the major final design issues 
including alignment selection, structure location and layout, and construction 
methods. Information presented shall include: 

3.4.1. Pipeline Alignment Options 

Include figures of alignment options with detailed discussions of pros and 
cons (include monetary and other factors) for each alternative and impacts to 
existing facilities. Provide profile views as necessary to convey 
impacts/improvements to vertical alignment. 

3.4.2. Pipeline Structure Options 

Include figures of junction structure and other types of structures location, 
layout, and flow split options, and a detailed discussion of pros, cons, and 
recommendations for each alternative. This subsection may be included with 
the Pipeline Alignment Options subsection depending on specifics of the 
interceptor project. Force mains should have a discussion of force main (FM) 
structures including valve structures, pigging stations, air release valves 
(ARV) manholes, blowoffs and transition (FM to gravity) structures. 

3.4.3. Summary of Preferred Alignment 

Based on discussions in the two previous subsections, summarize the 
recommended alignment (vertical and horizontal) that presents best solution 
for meeting project objectives. Identify changes from design report and 
reasons for changes. 

3.4.4. Tunneling vs. Open Trenching 

Identify areas that may benefit from or require the use of trenchless 
construction methods. Include plan views depicting limits of trenchless 
construction, location of access shafts, existing utilities, and surrounding 
surface features. Discuss benefits or drawbacks including cost, traffic, trench 
support requirements, impacts, and/or preliminary soils report 
recommendations. Include profile views as needed to convey vertical 
alignment constraints. Recommend the use of trenchless or conventional 
construction for each interceptor segment under consideration. 

3.4.5. Typical Cross Sections 

Produce cross sections at key locations affecting alignment that depict 
roadway, utility, and other topographical features requiring special design 
considerations. If existing utilities are in conflict, include options for utility 
relocation. A sample is attached for reference in Appendix. 
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3.4.6. Interceptor Plan and Profile Drawings 

Produce preliminary plan and profile drawings for the entire preferred 
interceptor alignment, including known utilities, manholes, connection points, 
and junction structure locations. Details of standard drawing scale and 
information are shown in Chapter 9.  

3.4.7. Hydraulic Profile 

District will provide the HydroWorks hydrograph for design flow and CPM 
will coordinate with the District Hydraulic modeling section to generate the 
hydraulic grade line and pipe profile for preferred alignment and junction 
structure configuration (ADWF, PDWF, and PWWF). Tabulate hydraulic 
characteristics such as depth of flow, velocity, and flowrate at various flow 
conditions. Discuss options for optimizing hydraulic performance or 
rectifying hydraulic operating problems in pipelines and structures, if any. 
Include provisions under consideration for surge control if facility is a force 
main. 

3.4.8. Junction Structure Plans and Sections 

Produce preliminary plans and sections of junction or other structures, 
including flow split devices, maintenance access, corrosion control, isolation 
gates, and stub-outs for future connections. 

3.4.9. Major Crossings 

Generate plan and profile views illustrating physical constraints at major 
crossings of existing facilities or natural surface features and available options 
for achieving the crossing. 

3.4.10. Service Connections 

List and indicate on a drawing service connection points, size of connecting 
service, and maximum flowrate. Review planning documents from 
contributing agencies to determine future tie-in locations. Identify methods of 
maintaining service during construction and provisions for metering of 
incoming trunks. Include discussion of metering options and recommendation. 

3.4.11. Environmental Issues 

Discuss key environmental issues pertaining to the project design and 
construction and planned mitigation of environmental impacts. Include draft 
version of environmental review documents. Include permitting/agency 
approvals, including DERA/implementation details. 
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3.4.12. Right-of-Way 

Identify existing available right-of-way (ROW) and areas that will require 
acquisition of temporary or permanent easements for final row interceptor, 
construction, and staging areas. Discuss criteria for construction and 
permanent easement requirements. 

3.4.13. Tunnel Design Recommendations 

For those areas where trenchless construction methods are the preferred 
alternative, discuss the advantages and disadvantages of different trenchless 
techniques and identify a recommended alternative. 

3.5 Section 4 – Design Criteria 

This section will review all pertinent design criteria for the interceptor facility 
as presented in the Design Report, Master Plan, and this Manual. Deviations 
from standards adopted in this Manual or as outlined in the Master Plan or 
Design Report shall be identified and presented with sufficient detail and 
backup information so that a knowledgeable person can reasonably ascertain 
the implications to the project design. For a majority of interceptor projects, 
this section will discuss the following items: 

3.5.1. Hydraulic Analysis  

Summarize pertinent design parameters from the Design Report and/or from 
the Districts Modeling Section concerning estimation of design flows and 
basis of changes from flows presented in the Design Report, if any. The 
District will provide the model and flow data information. Recap design 
criteria for pipe sizing, minimum slope, and velocities during startup and 
buildout conditions. Include basis of surge analysis if the facility is a force 
main. 

3.5.2. Pipe Material 

Review available options and present basis for recommended material 
including joints, corrosion protection, and other pertinent design parameters. 
Include pipe design formulae and factors of safety. 

3.5.3. Manholes 

1. Gravity- Prepare a figure of the recommended manhole structure 
configuration and identify any changes from the District standard 
manhole. Include information on sizing, corrosion protection, spacing, 
location, if applicable the method of connecting to existing trunks, 
angle, points, and/or turning points on interceptor, use of metered pipe 
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structures, time to construct, space requirements, costs, and 
momentum force analysis. 

2. Force Mains- Prepare a figure of the recommended manhole structure 
configuration and identify any changes from the District access 
manhole. Include information on sizing, corrosion protection, spacing, 
location, if applicable the method of connecting to existing trunks, 
angle, points, and/or turning points on interceptor, use of mitered pipe 
structures, time to construct, space requirements, costs, and 
momentum force analysis. 

3.5.4. Structures Design 

Include basic design standards to be followed, provisions for odor control, 
provisions for gates and control structures, corrosion protection, and any other 
special design features for special structures. Include an evaluation of 
different alternatives for flow control. A description of the design, scaled 
drawing, access locations, and dimensions of the structure must also be 
included in this section. 

3.5.5. Earthwork/Trench Design 

Identify bedding/backfill types and factors and anticipated trench geometry. A 
reference should be made to the geotechnical data report and the draft 
interpretive report and they shall be included as part of the BDR. The backfill 
and trench geometry for each trench section should correlate with the 
geotechnical data and details provided. 

3.5.6. Special Construction 

Identify and discuss special construction including tunneling, river, canal, and 
highway crossings.  

3.5.7. Anticipated Project Cost and Schedule 

Identify if any major variances from the Design Report construction cost or 
schedule are anticipated. 

3.5.8. Environmental, Permitting, Agency 
Coordination/Approvals, and Implementation 
Requirements 

Identify if any major variances from the Design Report environmental, 
permitting, agency (including DERA) or implementation requirements are 
anticipated. 
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3.5.9. Connections to Existing Sewer Facilities 

Discuss anticipated connections/tie-ins and the management of their flows to 
existing interceptors and trunk sewers. 

3.5.10. Dewatering 

Discuss dewatering needs, methods, and planning. 

3.6 Section 5 – Public Impacts and Issues 

Present public outreach plan itemizing outreach activities already performed 
and those planned through construction. Identify issues that may have 
negative effects on the public or that may result in adverse public reaction 
during construction or during operation of the new facility and how to address 
them. Also include design considerations incorporated to minimize impacts of 
construction or facility operation on the public. 

3.7 Section 6 – Construction Coordination 

Discuss items of importance to maintain construction schedule and assure the 
design of a constructible interceptor facility. For most interceptor projects, this 
section should cover at least the following topics: 

3.7.1. Permits 

Itemize permits that will be needed prior to the commencement of 
construction and identify key requirements of each, such as schedule 
constraints. Detail any progress made in obtaining these permits, including the 
initiation of any agency reviews. List projected lead times necessary before 
permits can be obtained and agency contact personnel. Identify construction 
permits that the contractor will be required to obtain. 

3.7.2. Schedule 

Identify potential critical path factors and an anticipated schedule from date of 
the BDR through project start-up. Include consideration of items such as pre-
purchase of pipe, EIR preparation and review, ROW acquisition, and weather 
delays. Identify key construction sequencing and scheduling constraints and 
how to address them. 

3.7.3. Other Projects 

Present listing of other concurrent and/or adjacent improvement projects that 
may impact design and construction timeline or will be affected by subject 
interceptor facility. Include upstream or downstream interceptor projects. 
Provide list of contact personnel for other projects and necessary items of 
coordination. 
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3.7.4. Construction Sequencing 

For interceptor projects with special constraints or considerations such as 
junction structure construction on an existing interceptor or timeline impacts 
from other improvements, discuss possibilities for staged construction, 
including knockouts, temporary piping, and/or bypass pumping. Discussion 
should demonstrate to reviewer that the design engineer would incorporate 
provisions for a constructible facility. 

3.7.5. Staging Areas 

Provide map of areas available to contractors for use as staging areas during 
construction. Map should be of sufficient detail to allow the reviewer to 
ascertain the advantages and disadvantages of each possible staging area with 
respect to location along interceptor alignment, traffic or other public impacts, 
and site access. In some cases it may not be advisable to select contractor 
staging areas. 

3.7.6. Disposal 

Address alternatives for spoil disposal/storage. 

3.7.7. Agency Reviews 

List all government agencies, public utilities, and private companies that will 
review project plans and/or specifications for approval or utility conflict 
review. 

3.7.8. Construction Area Plan and Cross-Sections 

Present scale figures of typical construction area cross-sections for various 
trench configurations and construction corridor widths. Cross-sections should 
portray reasonable assumptions about construction methods and anticipated 
traffic control measures. A sample cross-section is attached in the Appendix 
for reference. 

3.8 Section 7 – Estimate of Construction Cost 

This section should present a current cost estimate reflecting design 
recommendations included in the BDR and tied to a recent Engineering News 
Record (ENR) index. The estimate shall include bid items, quantities, unit 
prices, and explanations of differences from costs developed in the Design 
Report or Master Plan, whichever is more recent. 

3.9 Section 8–Appendices 

Provide supporting information as necessary. This can include detailed items 
such as plan and profile drawings, cost criteria, cross sections, traffic control 
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plans, environmental review document, soils report, survey report, draft 
permit requirements or specifications and/or hydraulic model output.
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Chapter 4. Surveying 
4.1 Introduction 

Accurate, reliable, geospatial data serves as the foundation of all civil 
engineering works. It is one component that carries on throughout the life of a 
project; from project inception, environmental mapping, through design, right-
of-way acquisition (see chapter 5 for right of way requirements and 
descriptions), construction, project completion, and into subsequent phases of 
future development. With the magnitude of scope for future construction 
projects within the SRCSD Interceptor System Master Plan Capital 
Improvement Program, it is imperative that a homogeneous, district-wide 
surveying and mapping system be adopted. Conforming to the system and its 
specifications will warrant safe, cost-efficient results from an engineering 
design and right-of-way engineering perspective, and will ultimately serve the 
long-term needs in all future project-specific surveys. 

This chapter provides policy and procedure regarding the following: 

• Roles & Functions 

• Safety 

• Project Standards & Procedures 

• Control Surveys 

• Topographic/Engineering/Design Mapping Surveys 

• Alignment/Right-of-way Surveys 

• Construction Layout Surveys 

• Photogrammetric Control Surveys 

4.2 Roles and Functions 

4.2.1 Survey Reference Number 

The Survey Reference Number (SRN) is issued by the Sacramento County 
Surveyor and shall serve as a primary key in the evolution of the SRCSD and 
Sacramento Area Council of Governments (SACOG) geographic information 
system (GIS) databases. Requiring all surveys conducted in the district to have 
a SRN will result in a data warehouse wherein all survey information is 
readily accessible and manageable. This will provide a method of maintaining 
a chronological history and pedigree of the surveys conducted over the course 
of time. This will also serve other agencies within the geographic region. It 
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shall be the key link in the quality control and assurance that will result from 
employment of methods outlined in this Manual. 

4.2.2 SRCSD Survey Role 

The District shall bear the responsibility of providing the engineering design 
consultant with the electronic SRN Application Form for all projects. This 
form shall require information such as Interceptor Project Name and Number, 
the particulars of the engineering consultant, and surveying consultant if 
different, Project Manager, geographic location (Section, Township, Range), 
survey control to be used in the survey, date of commencement and 
completion of the survey conducted, a map defining the project limits, etc. 

Upon approval and delivery of a SRN by the Sacramento County Surveyor, 
the district will furnish copies to the Design Engineer and Land Surveyor. 

Upon receipt of two copies of the final survey submittals described herein in 
Sections 4.4.4, 4.4.5, and 4.5.6, the District shall retain one copy in the 
District’s Survey Archives and deliver the other copy to be archived in the 
Sacramento County Surveyor’s office. 

4.2.3 Engineering Design and/or Surveying Consultant’s Role 

The Design Engineer shall ensure the delivery of the SRN Form to the 
Professional Land Surveyor prior to conducting the survey. Upon approval by 
the SRCSD, the SRN shall be incorporated into the project file. All 
engineering plans or studies shall indicate the SRN upon which said plans or 
studies are based. 

The SRN Application Form showing the information described above shall be 
submitted electronically to the County Surveyor for approval. All Records of 
Survey, plats, legal descriptions, and photogrammetric mapping shall include 
the SRN. 

All consultants involved in surveying related to interceptor design work 
within the Sacramento Regional County Sanitation District shall conform to 
the requirements set forth in this Manual. 

Upon completion of survey work, two sets of the final survey submittals, 
described herein in Sections 4.4.4., 4.4.5., and 4.4.6. shall be submitted to the 
District. 

4.2.4 County Surveyor’s Role 

Upon approval and issuance of the SRN Application Form, the County 
Surveyor will create a file, retain the application, and grant a SRN which will 
be sent to the District. 
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The County Surveyor shall also serve as the authority to be consulted by the 
District regarding the adaptation of new surveying-related technologies in the 
future. 

The Sacramento County Surveyor’s office shall serve as a repository for the 
archiving of all survey reports generated in the course of conducting surveys 
for the SRCSD. These reports shall be indexed with relation to the SRN and 
geographic location enabling prompt retrieval of prior work conducted. 

4.3 Safety 

Safety is paramount to the SRCSD, and the professional providing surveying 
services to the District is responsible for providing and maintaining a safe 
working environment. The Consultant shall observe and adhere to all 
applicable OSHA and CalOSHA safety standards including personal 
protective equipment, warning systems, and traffic signage. 

4.3.1 Employer Responsibility 

Accident prevention plan and safety programs are required. The consultant 
shall provide appropriate personal protective equipment to all employees so 
that all contract tasks assigned can be accomplished safely. 

4.3.2 Safety Equipment 

Fluorescent safety vests with reflective stripes shall be worn when conducting 
surveys within the right-of-way of any road or when conducting any work that 
would require personnel to be periodically exposed to construction equipment 
or vehicular traffic. 

4.3.3 Permits 

Division 1, Chapter 3, Article 1, Section 660 to 734, of the Streets and 
Highways Code provides the California Department of Transportation 
authorization to require encroachment permits for working within the State’s 
right-of-way. Encroachment permits for the City and County’s right-of-way 
shall be obtained by the Consultant. 

It shall be the responsibility of the Consultant to obtain all necessary permits 
and to have them on hand as required. 

4.4 Project Standards and Procedures 

The work described herein shall be conducted by or under the direct 
supervision of a Professional Land Surveyor or Engineer licensed to practice 
land surveying in the State of California. 
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4.4.1 Right of Entry 

Professional Land Surveyors have been empowered with a special trust from 
the people of the State of California regarding the right to trespass when 
conducting surveys, and have the duty of making every effort to conduct 
themselves in a professional manner. 

The surveyor shall work with Sacramento County and SRCSD to obtain 
permission to access private property and make all reasonable attempts to 
contact the property owners prior to entering. 

Photogrammetric ground control panels shall be removed promptly after the 
acquisition of imagery. All efforts shall be made so that any necessary damage 
to plants or property is minimal. 

4.4.2 Research 

The survey consultant shall be responsible for conducting thorough and 
accurate research prior to carrying out the assigned field survey task. 

The SRCSD will work with the consultant in providing reference information 
such as field notes, right-of-way plans, reference information, etc. on file with 
the District. 

4.4.3 Field Notes 

No part of the surveying operation is of greater importance than the field 
notes. 

• Systematic records shall be made of all field measurements at the time 
of observation and be identified as field notes 

• Field notes shall be preserved permanently, in original form, and filed 
such that ready retrieval is possible 

• Data from electronic field books shall be transferred to a storage media 
and printed on paper 

The field notes shall give a clear and detailed account of everything found, 
observed, and done in the course of the survey including: 

• The date of observations, location, and purpose of the survey 

• The type and identification of equipment 

• Environmental conditions, including meteorological readings 

• The name of the person(s) making and recording the observations 
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• A complete description of the condition of every monument found, 
restored, and placed, and of every permanent structure referencing that 
monument as well as reference to the original map or survey wherein 
the monument was set or found 

• A record of all physical, documentary, or verbal searches made for 
evidence. All lost monuments shall be identified 

• A diagram representing the survey 

Entries in field notes, either hardcopy or digital, shall not be erased, altered, or 
obliterated. Corrections shall be made by placing a single line through the 
item(s) to be corrected. 

4.4.4 Survey Report 

A Survey Report will be submitted to the District for all surveys conducted 
unless the SRCSD grants exception. This report shall be an executive 
summary of all events that occurred or failed to occur during the course of the 
survey, and shall address, but not be limited to: 

• Scope of Work 

• Research Documents 

• Field Methods 

• Control Found/Not Found/Set 

• “Go to” Sheets 

• Station Data Logs 

• Datums 

• Coordinate Systems 

• Observational Data 

• Property Ties 

• Monumentation 

• Office Methods 

• Calculations/Analysis/Adjustment of Measurements 

• Information Used to Establish Alignments 

• Statistical Summaries 

• Aerotriangulation Report 
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• Recommendations 

• Expected v. Obtained Results  

• Control Diagrams 

• Copies of Field Notes 

• Sketches 

4.4.5 Project Submittal 

The Survey Archives for the District will be divided into the following four 
general categories: 

• Control Surveys 

• Engineering Surveys - Topographic/Engineering/Alignment/Design 
Mapping Surveys 

• Boundary/Right of way  

• Photogrammetric Control Surveys 

Note: Bullets 1, 3, and 4 go to County Surveys 

A project may consist of more than one general survey category, but THE 
Consultant SHALL PREPARE A SEPARATE PACKAGE FOR EACH 
SURVEY CATEGORY FOR TRANSMITTAL. This shall apply to all 
projects despite more than one survey category being contained within the 
SRN. 

Survey field notes and data may be copied if they are common or relevant to 
surveys of different categories under the same SRN. Copies shall make 
reference to the originals. 

Irrelevant field notes should not be submitted (i.e. Topographic field notes 
should NEVER be submitted as part of an Alignment/Right-of-way Survey 
deliverable). 

The following shall accompany every submittal in the following order: 

a) Transmittal Form 

b) Table of Contents 

c) Survey Reference Number 

d) Surveyor’s Report 

e) CD-ROMS or Diskettes 
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Reports and Table of Contents shall be submitted in both digital and hardcopy 
formats. 

4.4.6 Deliverables 

As part of the Surveyor’s Report, all survey control points used or established 
in the project shall be tabulated in hardcopy and digital ASCII formats similar 
to that as illustrated in Figure 4.1. 

4.4.7 Units of Measure 

All surveys will be conducted and all deliverables submitted in U.S. Survey 
Feet. 

4.4.8 Datums 

Horizontal Datums 

The Horizontal Datum for all surveying and mapping shall be the North 
American Datum of 1983, Epoch 1991.35, (NAD83) as represented by the 
California High Precision Geodetic Network (HPGN). 

Vertical Datums 

The Vertical Datum for all surveying and mapping shall be the National 
Geodetic Vertical Datum of 1929 (NGVD29). Effort shall be made to tie 
surveys to the North American Vertical Datum of 1988 (NAVD 88) when 
feasible. 

4.4.9 Coordinates and Map Projections 

The California Coordinate System of 1983 (CCS83), Zone 2, shall be the 
plane projection and basis of coordinates for all surveying and mapping. 
NOTE: ALL SURVEYING AND MAPPING WILL BE DELIVERED IN 
GRID COORDINATES. 

4.4.10 Measurements and Accuracies 

The following section deals with measurements and accuracies. As 
measurement technologies continue to evolve and new techniques are 
developed, the burden of proof that these guidelines or the intent of these 
guidelines are complied with shall rest with the Consultant assuming the 
responsibility of the survey. 

The measure of accuracy shall be determined by either using the method of 
misclosure or the method of least squares. 
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Checking Work 

Sufficient field measurements shall be made to ensure there are minimal 
errors of layout or measurement. 

4.4.11 Computations, Analysis, and Adjustments 

Adjustments – Method of Least Squares 

When using the method of Least Squares for adjustment and analysis, 
sufficient redundant measurements shall be obtained to insure more than the 
minimum degrees of freedom. Residuals from adjustments shall be 
documented. 

Pre-Analysis 

Effort shall be made such as proper planning, employing correct procedures, 
and having equipment in proper working order, so that blunders shall be 
detected, systematic errors eliminated or accounted for, and random 
measurement errors minimized.  

Observations 

All observations and measurements shall be made by properly trained survey 
personnel under the direct supervision of a Professional Land Surveyor or 
Professional Engineer licensed in the State of California. Sufficient checks 
and calibrations on the surveying equipment shall be made and noted in the 
field notes to insure the observations meet the standard for the type of survey. 

4.5 Control Surveying 

4.5.1 Requirements for Horizontal and Vertical Primary Control 

All surveys for SCRSD shall be classified according to the latest standards in 
the CalTrans Survey Manual, Chapter 5, “Accuracy Classifications and 
Standards.” 

The Global Positioning System (GPS) is the method of choice for establishing 
primary horizontal control. 

4.5.2 Primary Horizontal Control Networks 

Primary control surveys will meet the latest specifications described in the 
CalTrans Surveying Manual, Chapter 6, “Global Positioning System (GPS) 
Survey Specifications.” Generally, primary control shall meet CalTrans First 
Order standards, unless otherwise approved by Sacramento County or 
SRCSD.  
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4.5.3 Primary Vertical Control Networks 

Primary vertical control shall be defined as that used to densify existing first 
and second order vertical control established by Sacramento County, SRCSD, 
or the National Geodetic Survey, and shall serve as the framework for further 
tertiary project control. Primary vertical control shall meet CalTrans Second 
Order standards, unless otherwise approved by Sacramento County or 
SRCSD. 

4.5.4 Reconnaissance and Monumentation 

Primary Control Stations 

Information regarding the recovery of all National Spatial Reference System 
(NSRS), California HPGN or SRCSD control stations for which a field search 
was conducted shall be submitted as part of the Surveyor’s Report regardless 
of whether or not all stations were used in conducting the survey. Knowledge 
of the status of existing or missing monumentation is valuable to conducting 
future surveys. 

Monumentation 

Monuments set as densification or for primary project control shall be 
permanent in nature, and shall be placed outside the limits of construction 
activities. 

Proposed monumentation materials and their sites shall be approved by the 
Sacramento County Surveyor prior to monument construction. 

Generally, monuments shall be standard brass tablets set in concrete, or 
conform to CalTrans standard monument A-74, unless otherwise approved. 

Stamping on monuments and monument caps shall be as designated by 
Sacramento County or SRCSD to identify the project and the station. 

Monument Pairs 

Control monuments shall be set in pairs with monuments in the pair being 
intervisible and a minimum of 1,000-feet apart to provide an azimuth from 
each station. 

4.6 GPS Surveying 

4.6.1 Static/Fast-Static 

Static or Fast Static GPS observations shall be the method of establishing 
primary horizontal control, unless another method is authorized by the County 
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Surveyor. The standard for monument spacing and relative and positional 
accuracy shall be as defined in the CalTrans Survey Manual. 

4.6.2 Real-Time Kinematic (RTK) 

Real Time Kinematic (RTK) GPS surveys shall not be used to establish 
primary control, but may be used as supplemental control, topographic 
surveys or photogrammetric control, subject to CalTrans standards and 
specifications for RTK surveying. 

4.6.3 California High Precision Geodetic Network (HPGN) 

The HPGN shall be the reference for all primary horizontal control surveys. 
An HPGN-D (CalTrans Densification) station may be substituted for one of 
the HPGN reference stations used in establishing primary horizontal control.  

 

4.6.4 HTDP 

Generally, National Geodetic Surveys “Horizontal Time Dependant Position” 
(HTDP) software program is not used in Sacramento County or SRCSD, 
because there are currently no stones in place that relate the data to order of 
accuracy. However, questions regarding its use to resolve primary horizontal 
control issues shall be directed to the Sacramento County Surveyor. If the 
HTDP program is used the version and coordinate results shall be clearly 
noted in the Surveyor’s Report. 
 

4.6.5 Evolving Technologies 
Recent developments in methods and technology for surveying and mapping 
may affect the standards and specifications stated herein. Sacramento County 
and SRCSD may adopt or approve use of emerging technology based on a 
cost/benefit analysis. 
 

4.7 Intermediate Project Control 
All supplemental and tertiary horizontal and vertical control shall comply with 
the standards and specifications stated in Chapter 5 and summarized in Figure 
5-1 of the CalTrans Survey Manual. 

4.7.1 Monumentation of Intermediate Control 

All monumentation for intermediate control shall be of a semi-permanent 
nature and shall be located in easily accessible, safe and secure locations, if 
possible. Acceptable intermediate control monuments are re-bar, pipe, or steel 
pin, 5/8” in diameter or larger and at least 18” in length. In pavement or 
asphalt a survey spike or nail at least 3-inches in length may be used. 
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Stamping may be on monuments, monument caps or washers affixed to the 
monument and shall be as designated by Sacramento County or SRCSD to 
identify the project and the station. 

4.8 Engineering, Topographic Design Survey 

4.8.1 Purpose and Scope 

Topographic/Engineering Design surveys are conducted for the purpose of 
mapping the natural and man-made features that exist on, above, or below the 
ground surface that will affect the design and construction of the particular 
interceptor system. From this survey planimetric and topographic features will 
be incorporated with a digital terrain model to show what existed on-site at the 
time the survey was conducted. Design engineers will use this digital 
information in executing their design work. 

Topographic mapping shall contain information for all surface topography and 
planimetric data, elevations, surface and underground locations of utilities and 
drainage. 

4.8.2 Vertical and Horizontal Control  

Prior to design, it is imperative that the project surveyor field-verify all 
existing elevations for connecting pipelines.  

Topographic surveying control shall comply with CalTrans standards and 
specifications for third order surveys, as stated in the CalTrans Survey 
Manual. 

4.8.3 Feature Identification 

All features within the project site boundaries will be identified and their 
position located on the ground. Research of all pertinent documents will 
include as-built and design maps within SRCSD, utility companies, pertinent 
maps found within the municipal offices and other various agencies, and 
information extracted from legal research for lands within and adjacent to the 
site. 

Feature descriptions shall include, but not be limited to: 

• Tree species and size (trunk diameter measured 4.5-feet above the 
ground) for those greater than 3-inches in diameter 

• Culvert type, size and condition 

• Material description 

• Inverts of all gravity sewer systems in the project area 
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• All accessible manholes, catch basins, drop inlets, vaults, and pull 
boxes shall be opened and invert elevations measured 

• Other utilities 

• Building type and address (2 story frame, house number) 

4.8.4 Terrain Elevations 

When requested, the surveyor shall produce a digital terrain model (DTM) of 
the project site. Break lines and high/low points shall be used to make the 
model an accurate representation of the shape of the existing ground. Building 
interiors and bridge decks shall be excluded from the DTM. The surveyor 
shall examine the model for accuracy and completeness. A contour map of the 
site will be produced from this model. The project surveyor shall certify the 
accuracy of the contour map. The map should show the alignment or 
horizontal control as a reference. 

When terrain elevations are obtained to supplement photogrammetric 
mapping, both the ground survey and the photo mapping must use the same 
horizontal and vertical control. 

4.8.5 Contour Interval 

Detailed topographic mapping surveys from which Design/Construction Plans 
and Specifications shall be based will have a contour interval of 1-foot. 

4.9 Construction Layout Surveying 

4.9.1 Responsibilities 

Horizontal and vertical control to be used for the project shall be verified by 
the construction surveyor prior to the commencement of any site layout. 

The project surveyor shall verify who is responsible for locating underground 
utilities within the construction area. 

A complete set of construction drawings marked “Approved for Construction” 
for both the Construction Field office and the Surveyor’s office should be 
obtained before beginning the survey layout. 

4.9.2 Standards of Accuracy and Specifications for                         
Construction Surveys 

Construction surveying control shall comply with CalTrans standards and 
specifications for third order surveys, as stated in the CalTrans Survey 
Manual. 
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4.9.3 Procedures 

If practical, original benchmarks and horizontal control used in the design 
process should be recovered, verified, and any additional benchmarks set as 
required. 

4.9.4 Independent Check-ties 

Project Surveyor shall conduct independent checks-ties on all facilities laid 
out in the field so that layout inconsistencies are rectified prior to 
construction. 

4.10 Photogrammetric Control Surveying 

Photogrammetric control is considered secondary or tertiary control. 
Photogrammetric control shall comply with CalTrans standards and 
specifications for at least third order surveys, as stated in the CalTrans Survey 
Manual, depending on the intended mapping scale and contour interval.  

4.10.1 Ground Control 

Photogrammetric ground control may consist of GPS Static/Fast Static, RTK, 
conventional Total Station Surveys (TSS), spirit or trigonometric leveling, as 
long as the precision and accuracy meets CalTrans control and American 
Society of Photogrammetry and Remote Sensing (ASPRS) standards. 

4.10.2 Control Point Identification 

Photogrammetric control identification shall be as designated by Sacramento 
County or SRCSD to identify the project and the station. 

4.10.3 Target Configuration 

The photogrammetric target shall be of the minimum size required for the 
altitude of the photography. Targets shall be placed whenever possible to 
avoid private property, and under no circumstances shall the target material or 
the placement of targets cause damage to private property. Access to private 
property shall conform to Rights of Entry as specified in 3.1. 

4.11 Photogrammetric Mapping 

4.11.1 Aerial Photography 

New aerial photography shall be taken with a six-inch (6”) focal- length 
precision aerial mapping and a nine-inch by nine-inch (9”x 9”) negative 
format. 
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All mapping cameras shall have had calibration reports from the USGS within 
three years of the date of photography. A copy of this calibration report shall 
be submitted to the SRCSD with each mapping project. 

Unless specifically requested by the District, all aerial photography shall be 
taken with black and white aerographic film. 

This phase of the work may be performed by an ASPRS-certified 
photogrammetrist. However, the District reserves the right to approve or reject 
any or all such firms.  

Labeling 

The altimeter, clock, and exposure counter shall be working properly, and the 
actual date, time, and altitude at the time of the exposure shall be shown in 
each exposure. The film-roll number, exposure number, and Survey Reference 
Number (SRN) shall be placed on the upper right corner of the photograph as 
one looks along the flight line. The scale of the photography shall be placed 
on the upper left-hand corner. 

Each negative shall be labeled with the lettering placed along the top edge of 
the negative perpendicular to the direction of the flight line. 

The lettering shall be placed on the non-emulsion side of the negative, and 
will not be placed by using any “stick-on” label. 

Scale 

Flight heights above average ground shall be such that the negatives will have 
an average scale of 1:3000. Negatives having a departure from the specified 
scale by more than 5% due to abrupt changes in flying height or tilt will be 
rejected. 

Overlap 

Wherever there is a change in direction of flight lines, photography on the 
beginning of a forward section shall give complete stereoscopic coverage of 
the area of the back section. 

Overlap shall be sufficient to provide full stereoscopic coverage of the area 
photographed and meet the following specifications for overlap. 

Endlap 

Endlap shall average 63%, plus or minus 5%. Endlap of less than 58% or 
more than 68% in one or more negatives may be cause for rejection. 
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Sidelap 

Negatives with more than 55% or less than 20% may be cause for rejection. 

Tilt 

The objective of aerial photography is to yield negatives with the optical axis 
of the camera in a vertical position. Tilt of any negative of by more than 5°, an 
average tilt of more than 1° throughout the entire project, or tilt between any 
two successive negatives greater than 4°, may be cause for rejection. 

Crab 

Crab in excess of 3° in a flight line or any portion thereof may be reason for 
rejection of such portion or flightline. 

Quality 

Imagery shall be clear and sharp in detail and of uniform average density. 
Clouds, cloud shadows, light streaks, static exposure marks, or other 
blemishes that interfere with the intended use of the photography shall not be 
present. Photography shall be taken at such time to ensure a minimum solar 
angle of 30°, except upon written authorization from the District stating the 
contrary. 

Contact Prints 

Contact prints shall be printed on double-weight semi-matte paper of suitable 
contrast. The fiducial marks and data chamber information shall not be 
obscured. 

Edited Contact Prints 

Edited contact prints shall show all primary and supplemental survey control 
on the face of the print. Coordinate values and vertical values for such survey 
control will be shown on the back of the prints. 

Photo Index 

Photo indices shall be prepared by photographing the assembled contact prints 
from all prints used using a safety base film at a convenient scale. This index 
shall show a title block stating all applicable project data including, the SRN, 
scale, and North point. 
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4.11.2 Topographic Map Accuracy Standards 

ASPRS Standards for Large Scale Mapping, Class 1 (1990) shall be used for 
detailed topographic mapping surveys from which Design/Construction Plans 
and Specifications shall be based. 

General location maps for items such as master planning purposes shall 
employ ASPRS Standards for Large-Scale Mapping, Class 2 or 3 (1990) as 
deemed appropriate. 

Aerotriangulation 

Aerotriangulation accuracy for each class of map and orthophotograph shall 
conform to the Aerotriangulation Accuracy Criteria as stated in the ASPRS 
Standards for Large Scale Mapping, (1990). 

The maximum number of uncontrolled stereomodels for aerotriangulation are 
as follows in Table 4.1: 

Table 4.1: Allowable Uncontrolled Models 

Allowable Uncontrolled 
Models Map 

Accuracy Vertical Horizontal 
ASPRS 1 2.0 4.0 
NMAS 2.5 4.5 
ASPRS 2 3.0 5.0 
ASPRS 3 3.0 6.0 

 

An aerotriangulation report shall be submitted as part of the Surveyor’s 
Report and shall list the residual errors introduced at each field control point 
along with the final root mean square error (RMSE) of all field control points. 
Maximum horizontal and vertical RMSEs of all control point data shall fall 
within the criteria stated above. 

Compliance Statement 

Maps (or the layer containing the digital mapping within the CAD design file) 
produced to meet the ASPRS standard shall bear the following statement: 

THIS MAP WAS COMPILED TO MEET THE ASPRS STANDARD 
FOR CLASS *[____] MAP ACCURACY 

If the map was field checked and found in compliance, the following 
statement shall also be added: 

THIS MAP WAS CHECKED AND FOUND TO CONFORM TO THE 
ASPRS STANDARD FOR CLASS *[____] MAP ACCURACY 
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Orthophotography 

Orthophoto mapping for the SRCSD will conform to United States National 
Map Accuracy Standards. 

Compliance Statement 

Orthophoto maps produced to meet the U.S. National Map Accuracy 
Standards shall bear the following statement: 

THIS ORTHOPHOTO MAP COMPLIES WITH NATIONAL MAP 
ACCURACY STANDARDS 

4.11.3 Quality Control 

It shall be the responsibility of the Consultant to perform field comparisons 
and sufficient quality control checks to determine acceptance of the 
photogrammetric mapping for its intended use, and assumes all risk and 
liability in its use. 

4.12 Digital Base Mapping 

All survey and mapping data shall be digitized and the Sacramento Regional 
County Sanitation District provided with files compatible with AutoCAD on 
CD-ROM using the layer and color conventions as shown in the manual 
entitled AutoCAD Standards – March 13, 2002 or latest version. County of 
Sacramento Public Works Agency, Water Quality Department Collections 
Systems Division. 
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Maryland 20814-2160 

11. Positional Accuracy Definitions and Procedures, Section 1 (Draft 23 
August 2000), The National Society of Professional Surveyors, Inc., 
American Congress on Surveying and Mapping, 6 Montgomery 
Village Avenue, Suite 403, Gaithersburg, MD 20879 

12. NSPS Classification and Accuracy Standards for Property Surveys 
(Draft 23 August 2000), The National Society of Professional 
Surveyors, Inc., American Congress on Surveying and Mapping, 6 
Montgomery Village Avenue, Suite 403, Gaithersburg, MD 20879 

13. NSPS Model Standards for Land Information Systems or 
Geographic Information System Surveys (Draft 23 August 2000), 
The National Society of Professional Surveyors, Inc., American 
Congress on Surveying and Mapping, 6 Montgomery Village 
Avenue, Suite 403, Gaithersburg, MD 20879 

14. United States National Map Accuracy Standards (17 June 1947) 
Office of Management and Budget 

15. Manual of Photogrammetry, Fourth Edition, 1980. American Society 
of Photogrammetry, 105 N. Virginia Avenue, Falls Church, VA 
22046 

16. Elements of Photogrammetry, Second Edition, 1983, Wolf, Paul R., 
McGraw-Hill, Inc. 

17. Surveying - Theory and Practice, Seventh Edition, 1998, Anderson, 
J.M. and Mikhail, E., WCB/McGraw-Hill 
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Chapter 5. Right-of-Way Acquisition  
5.1.1. Purpose and Scope 

This chapter establishes a uniform and consistent procedure for acquiring land 
required for Sacramento Regional County Sanitation District interceptor 
projects and other related purposes. 

The purpose of this chapter is to provide an outline of the Right of Way 
Acquisition process and to provide procedures to interface with project 
planning, design, right of way engineering, project funding, legal procedures 
and project controls. 

Proactive management practices in the critical property acquisition process 
will contribute greatly in reducing project costs, minimizing impacts, avoiding 
excess procurements, maximize property reservations, and maintain 
community relations. 

The right of way acquisition procedures applies to all interceptor projects. 

5.1.2. References 

• Code of Federal Regulations (23CFR635C) 

• Caltrans ROW Manual 

• Caltrans Survey Manual, Chapter 10 

• Caltrans Drafting and Plans Manual 

• Land Use and Planning Law 

• Principles of Right of Way 

• Real Estate Acquisition Guide for Local Public Agencies 

5.1.3. Definitions 

Right of Way Certification:  The written certification that all real property 
rights necessary to effect the proposed construction have been acquired.  Such 
rights could include fee title, easements, and permits for temporary uses such 
as construction work areas, detour areas, material disposal areas, and borrow 
sites. 

Right of Way Estimate:  An approximation of the market value of property 
(including damages, if any) in advance of an appraisal. 
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Right of Way Map:  A drawing of a proposed or existing improvement 
showings its relation to adjacent property, the parcels or portions thereof to be 
acquire, ownerships, and other pertinent information. 

Just Compensation: The payment to a property owner, an agency must make 
in order to acquire property for a project. This payment includes the value of 
real estate acquired and any damages caused to the remainder of the property 
by the acquisition and/or construction. 

Parcel: A parcel is an area of land listed under one or more Tax Assessor 
Parcel Number (APN) and subject to one deed of trust.  For condominiums or 
other collection of ownership’s impacted in common areas, negotiations may 
be conducted with a representative of the housing association, and the overall 
area of multiple ownership’s treated as one parcel. 

Legal Description: A legal description is a written record, lengthy, or brief 
explaining and defining the location of a parcel of real property.  In some 
instances the legal description (hereinafter called the "legal") will also recite 
the size and/or shape of the parcel. 

Metes and Bounds: Measurements and boundaries.  Refers to the specific 
description of a parcel or tract of land that has not been subdivided. 

Plat:  A plat is a graphic representation of the parcel or portion of the parcel 
impacted which has been described in the legal description of the proposed 
transaction or deed. 

Conveyance:  A document or instrument transferring fee title or lesser 
interest in real property. 

Deed:  The deed consists of the total instrument for conveyance of real 
property.  The deed includes the legal description, the conditions, the 
monetary considerations, the signature and the notaries. 

Quitclaim Deed:  An instrument that conveys any interest that the maker may 
have in the property described without any representation or liability of any 
kind as to title conveyed or encumbrances that may exist thereon. 

Fee Title:  A fee simple can be the entire property or a portion of the property 
and consist of full rights by purchase or condemnation. 

Permanent Easement: Provides a granted right to use real property for a 
specific purpose. An easement is a partial right or use of the property in a 
specific way or for a particular use.  This may include permanent, 
ingress/egress, public service, utility, landscape, slope easements, 
maintenance or some combination of these or other uses. 
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Temporary Construction Easement: The right to enter a delineated area of 
land owned by another during a specified period of time for the purpose of 
constructing a public improvement.  Upon completion of the construction 
activity for the improvement, the surface of the land within the limits of the 
temporary easement must be restored, as nearly as practical, to its original 
condition. 

Slope Easement: The right to construct on land owned by another. A 
permanent change in the elevation or surface contour of the land (excavation 
or embankment slope) over a predetermined portion thereof. 

Permit to Enter: A permit to enter is a document used to gain temporary 
access to property for a specific purpose such as for geotechnical 
investigations, right of way surveying, environmental site assessments, 
appraisal activities, etc.  This is a voluntary transaction and typically the 
property owner is not entitled to compensation. 

License:  A personal privilege to do some act on the land of another. 

Right of Entry: A right of entry is a document used to gain access or 
possession of the property for construction purposes.  This document would 
be used when an agency intends to acquire a property for a specific project. 

Right of Way: The right to use or cross over the property of another.  The 
term "Right-of-way" as used in this section is intended to imply perpetual 
ownership of a full interest (fee title interest) of real property with no 
restrictions or limitations as to what purpose the property may be used.  For 
example, the land within the right-of-way for a public street or a drainage 
channel is not available for any other purpose so long as the street or drainage 
channel is in use. 

Take Area: Refers to that portion of the affected tract of land that is to be 
acquired.  In some cases, the "take area" may include the whole parcel. 

Donations:  A donation of property is when a owner is willing to give all or a 
portion of the needed property to an acquiring agency for less than what 
constitute just compensation. 

Dedications:  A dedication is the process of conveying a parcel of land for a 
future public use.  A dedication is usually made as part of the subdivision or 
zoning approval process. 

Reservations:  Government Code Section 66479 st seq.  The Map Act 
provides that a city may impose by ordinance a requirement that real property 
within a subdivision be reserved for parks, recreational facilities, fire stations, 
libraries, or other public uses.  The reserved area must be a sized and shape to 
permit the balance of the property to develop in an orderly, efficient manner.  
Upon approval of the final map, the city must enter into a binding agreement 
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with the sub divider to acquire the reserved area within two years after the 
completion and acceptance of all the improvements, unless this time period is 
mutually extended.  The purchase price shall be the market value at the time 
of filing of the tentative map plus the taxes against the reserved area from the 
date of reservation and maintenance costs (including interest costs) on any 
loans covering the reserved area.  If the city does not agree, reservation 
automatically terminates. 

15 Day Notice of Intent: This is an instrument that must be sent to the legal 
owners of record 15 days prior to the board meeting for the adoption of the 
resolution of necessity.  The owner has the right to appear at this meeting. 

Resolution of Necessity: This instrument requires the governing board to 
adopt a resolution of necessity on the required property in order to initiate the 
eminent domain action. 

Eminent Domain: A governmental right to acquire private property for 
public use by condemnation, and the payment of just compensation. 

Condemnation:  The taking of private property for public use.  Consent of 
the owner is not required but fair compensation must be paid. See also 
Eminent Domain. Condemnation proceedings take place in a State or county 
court and are governed by State law.  The condemning agency is required to 
prove necessity for the acquisition or appropriation of the condemned 
property. 

Order for Immediate Possession: A court issued document to obtain 
possession of property for a specific purpose.  This document will only be 
issued after the agency has deposited the appraised value into court.  There are 
four types of possession: 

• 3-Day Order for Possession (vacant, unimproved property) 

• 30-Day Order for Possession (vacant improved property, no 
improvements affected) 

• 90-Day Order for Possession (property occupied by residence or 
business entity) 

• A court order for possession can also issued to a public agency for pre-
condemnation activities such as geo technical investigations, 
hazardous materials testing, etc.  The agency will be required to 
deposit into a court a nominal fee for use of the property.  

Encroachment:  A situation that  usually occurs when items such as a house, 
signs or well are discovered to be on your agency’s property (right of way, 
etc.) illegally without permission. 
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Joint Use Right of Way: When one or more public agencies jointly and/or 
share the same property for different purposes, for example the Bradshaw 6B 
Interceptor and Road Widening Project. 

5.1.4. Responsibility and Authority 

The Property Management Unit (PMU) is responsible for: 

• Coordinating and facilitating the acquisition program for appraisal and 
acquisition services through the Real Estate Division, Project Team 
and associated public agencies  

• Right of Way Acquisition, Lease Negotiation, Property Disposition, 
Relocation Assistance, Land Reservations, Right of Way Certification 

• Facilitating and directing the work efforts of staff and/or acquisition 
consultants to obtain access onto private properties to perform various 
activities such as geo-technical investigations, environmental site 
assessments, right of way surveying and appraisal activities   

• Monitoring and maintenance of existing easements and parcels 

• Development of plan review reservations 

• Coordinating and facilitating the ordering of preliminary title reports 

• Facilitating the review and approval of appraisal reports through the 
Real Estate Division 

• Facilitating the preparation of all Board Packages and making Board 
presentations to the Board relative to real estate issues 

• Coordinating and monitoring all right of way activities among the Real 
Estate Division staff, project team and associated public agencies 

• Maintaining the Property GIS Data Base Programs 

• Providing Right of Way acquisition reports as required 

• Reviewing or coordinating the development of   legal descriptions, and 
appraisal maps 

• Developing and revising the Right of Way Acquisition Schedules and 
budgets 

• Coordinating the development of various agreements with legal 
counsel/real estate 

• Conducting Right of Way coordination meetings 

The District Project Manager (DPM) is responsible: 
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• Overall coordination and facilitation of the project design and 
construction activities 

• Directs work efforts of the Design Consultant and the Property 
Management Unit 

• Reviews and approve plan submittals 

• Development of the project budget and master schedule 

The Design Surveyor is responsible for: 

• Providing field resolution of existing right of way 

• Providing aerial survey maps for right of way planning, preliminary 
design, 

• Providing right of way staking in support of appraisal, design, or 
construction 

• Preparing legal descriptions and plat maps, and appraisal maps unless 
otherwise assigned 

• Providing Survey support to designer, real estate, construction, and 

• Providing special mapping required by public agencies and supporting 
conveyance documents 

The Design Consultant (DS) is responsible for: 

• Preparing the right of way plans coordinated with the design 
requirements 

• Identifying utility relocation 

• Identifying the construction permit requirements and preparation of 
permit applications 

• Incorporating field resolved Right of Way into the design development 
plans 

• Implementing a quality assurance design procedure to insure the 
integrity of the drawings 

The Utility Coordinator (UC) is responsible for: 

• Identifying existing utility field information 

• Conducting or coordinating the pot holing effort 

• Coordinating utility ABC drawings and providing the same to the 
designer 
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• Issuing the letters of intent to relocate utilities to utility owners; and 

• Providing copies of letters of intent and utility relocation schedule/plan  

5.2 Project Right of Way Acquisition Procedures 

Right of way acquisition is an early and essential part of any Project.  Before 
any construction contract can be advertised and/or awarded, the agency must 
be able to certify that it has legal and physical possession of the properties 
within the limits of the project. Managing and Planning for property 
acquisition is a major task affecting schedule, budget, and project planning 
and design. 

The Property Management Unit with assistance of the Real Estate Division 
has the primary responsibility to secure the required right of way. This work is 
complicated by the need to coordinate the acquisition with design, project 
controls, and public agencies.  The Property Management Supervisor monitors 
schedules, expedites reviews, ensures compliance with governing regulations, 
administers and coordinates the maintenance of the database program and 
related reporting system.  Detail Right of Way Acquisition procedures are 
contained in the list of references and specifically in the Right of Way 
Acquisition Plan and assure compliance with State and Federal governing 
procedures. 

This program consist of Staff participating and identifying suitable sites 
required for Interceptor projects and other related purposes, facilitating the 
development of legal descriptions and plat maps, orchestrating the completion 
of environmental site assessments, appraisals, appraisal review, acquisition 
and relocation activities. 

5.3 Acquisition Process 

The Acquisition process can be viewed in six phases.  These phases are 
outlined below for information only.  The Property Acquisition Plan 
elaborates on the specific effort and procedures involved. 

Attachment A - “Acquisition Process” correlates with project activities and 
design development. 

Attachment 1.4 B - “Right of Way Plans Development Check List” provides 
an example of the checklist to be used throughout the Right of Way planning 
and engineering phases to ensure key issues are resolved and required data is 
obtained.  The checklist must also be used whenever Right of Way plans are 
changed. 

Attachment 1.4 C - “Coordination Tasks by Property Acquisition Phases” list 
the major tasks that must be considered throughout these phases of project 
development. 
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5.3.1. Interceptor Design Report (Planning):  

Prior to the completion of the design report, alternatives are evaluated and 
options studied to establish the overall Project layout.  The Contract 
Implementation plan defines contract packages around which the Property 
Acquisition Plan is focused.  The existing Right of Way is identified and 
planimetrics are ordered.  Aerial maps are obtained and preliminary 
evaluations identify properties impacted.  A Right of Way Acquisition 
Scheduled is developed using known duration required for property 
acquisition or legal activities involved.  The Project Controls Group combines 
the Right of Way Acquisition Schedule with other Master Schedule activities.  
A preliminary right of way budget is prepared based on the right of way plans 
provided by the design consultant and the cost of local property values.   

• Environmental Planning Process: Management of the 
environmental review process and compliance with CEQA is 
critical and should be given careful consideration early in the 
planning phase of every project.  The CEQA process is critical to 
successful project development and, provides the framework for the 
project development project. 

5.3.2. Basis of Design Report Phase:  

At the basis of the design report submittals the Design Consultant identifies 
the preferred project alignment, identifies all property parcels impacted, 
prepares draft right of way plans and illustrated aerial maps of the project 
bounds and easements required. A The Property Management Unit obtains 
title reports, collects the Assessor Parcel Information, makes inputs into the 
database program and develops a Property Identification Numbering system to 
be incorporated in the design process; and coordinates the preliminary right of 
way budget estimates, Master Schedule activities input.  The Surveyor 
identifies all monuments and property lines, reviews the Title Report 
documentation references. 

5.3.3. Right of Way Engineering Phase:  

The legal descriptions/plat maps are prepared by the Surveyor based on the 
project design plans submitted by the Design Consultant at the 60% design.  A 
registered surveyor must sign and seal the legal descriptions and plat maps.  
The design team conducts a complete review to ensure the Right of Way 
required is properly described or included.  The Master Schedule Right of 
Way activities are updated and finalized.  Field surveys in support of real 
estate, design, or utilities are conducted. 

• Environmental Site Assessments: Site assessments of the properties 
are performed prior to the appraisal process and are required to 
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determine the likelihood of the existence of hazardous materials and 
contaminants. 

5.3.4. Appraisal Phase:  

The Property Management Unit selects and retains the appraisal consultants 
who independently determine the value of impacts on the owner operations 
and property.  Appraisals are conducted in compliance with state and federal 
standards.  Independent appraisal reviews are also conducted.  All appraisals 
are furthered reviewed and checked by the Property Management Unit.  Board 
Memorandums are initiated to obtain Board approvals for the Director in 
conducting the acceptance of the appraisals, negotiations, and acceptance of 
settled parcels on behalf of the Director.  The Right of Way Budget is updated 
based on the appraisal reports.  The PMU will review values with DPM prior 
to making offers. 

5.3.5. Acquisition Phase:  

The Property Management Unit coordinates with the Real Estate Division to 
provide the required acquisition services, if the Real Estate Division’s staff 
cannot accommodate the need for the required services; acquisition 
consultants will be selected and retained to perform the required services.  
Real Estate staff or acquisition consultants will negotiate with the property 
owners based on the approved appraised values.  Properties can be acquired 
via a close of escrow or through eminent domain proceedings.  Warrants for 
the purchase price are issued and place in escrow until closing, or the 
appraised value is deposited into Court for trial procedures and resolution of 
claim.  The real estate budget is compared to the actual purchase price and 
monitored through associated variance reports.  The issuance of warrants to 
escrow and to the courts should be carefully monitored in order to avoid the 
redundancy of payment.  Warrant tracking must be coordinated with real 
estate, legal, accounting; escrow officer, budgeting, disbursements, and 
project controls. 

5.3.6. Certification Phase:  

The Property Management Unit (PMU) certifies that the required property or 
property rights have been secured by the agency.  The certification must take 
place before a construction contract can be awarded.  Consequently, 
appraisals, acquisitions, certifications must be accomplished simultaneously 
with the 100% design submittals and issued bid documents.  Typically the 
appraisal, acquisition, and certification requires a minimum of six to nine 
months on major projects.  Relocation of residential or business occupants, 
late design changes or utility requirements may extend this schedule. 
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5.3.7. Joint Use of right-of-way 

Wherever feasible it is desirable to minimize right-of-way take by utilizing 
existing or planned easements of other public or private facilities.  Also in 
many cases it is necessary to encroach into existing easements.  

In evaluating alignments where encroaching into existing easements or joint 
use of easements is possible, the design consultant shall do an 
ownership/easement investigation to determine how the easement is held and 
to check for any restrictions. 

Where joint use is feasible the design consultant and PROPERTY 
MANAGEMENT UNIT should initiate a joint use of easement agreement. 

5.3.8. SRCSD Real Property GIS Database System 

SRCSD is in the process of establishing an electronic database inventory of all 
existing and future interceptor right-of-way and incorporating it into the 
County GIS system for storing and retrieving interceptor right-of-way 
information.  In addition to its use in storing and retrieving interceptor right-
of-way information, the application will be used for tracking the right-of-way 
acquisition process and for managing preservation of existing right-of-way.  
The GIS WEB application will track easements graphically for all new 
Interceptor projects and also interface with a database that will maintain 
attribute data about the easements.  The GIS application will be viewable by 
anyone, with read access only. 

After establishing the interceptor alignment and right-of-way requirements, 
and preparing right-of-way documents, the design consultant will prepare the 
SRCSD ROW Acquisition Data Form shown in Figure 5.2 to the extent 
possible and submit it along with alignment AutoCAD files and other 
documents to the DPM.  Figure 5.2: Acquisition Data Form 

Any changes to the alignment will require the design consultant to submit new 
AutoCAD file to the DPM for review.  The DPM will forward to Property 
Management Unit (PMU).The DPM and PROPERTY MANAGEMENT 
UNIT will update the data form that provides the attribute information about 
the interceptor right-of-way outside of the GIS application. GIS will be 
updated at the appropriate time. 

It will be the responsibility of the PROPERTY MANAGEMENT UNIT and 
DPM to track all projects on a regular basis and update the data forms.  The 
PROPERTY MANAGEMENT UNIT will be responsible to review the data 
forms and to see that the updates are put into the GIS. 

Once an entire ROW for a given interceptor segment is acquired, the data is 
transferred to the Preservation data form on GIS by the PROPERTY 
MANAGEMENT UNIT.  
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Project ID

Interceptor 
Project Name APN

Site St. 
No.

Site St. 
Name Site City Site ZIP Due Date

SRCSD 
Mgr.

Consulting 
Engineer

Real Estate 
Division Contact Status

BR-6A Bradshaw 6A 065-0080-062-0000 9059 Gerber Rd Sacramento 95829 ASAP

Title 
Report

Legal 
Description Appraisal

Offer 
Date

Date 
Acquired

Eminent 
Domain

Current 
Owner

Mailing St. 
No.

Mailing St. 
Name Mailing City Mailing State

Mailing 
ZIP

 

5.3.9. Encroachment Permits and Licenses 

Typically the Project Engineer is responsible for obtaining the encroachment 
permit because of the level of construction details involved.  The PMU can 
handle any licenses that need to be secured.   

Several agencies require the issuance of permits, which impose certain 
restrictions on construction encroachments within their area of jurisdiction.  
During the Design Report and preliminary engineering phases the design 
consultant shall identify any encroachment permits required for considerations 
in evaluating alternative alignments.  Early in the design phase after the 
interceptor alignment has been finalized, the design consultant shall prepare 
formal permit applications for submittal by the District.  Agencies requiring 
permits include but are not necessarily limited to: 

• Railroad Companies 

• Levee and Reclamation Districts 

• Cal Trans 

• State Reclamation Board 

• Corps of Engineers 

• State Department of Fish and Game 

• State Lands Commission 

• United States Bureau of Reclamation 
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• Utility Companies (Joint use permits on exclusive right-of-way) 

• Local government agencies and districts 

It is the design consultant’s responsibility to provide the District with all 
information needed for completion of the permit scheduling and reporting 
system.  Necessary information to be prepared by the design consultant for 
each permit includes: 

• Permit description with the following information. 

• Agency 

• Contact 

• Action requiring permit 

• Application 

• Fee 

• Schedule 

• Notes 

• Contractor obligations 

• Permit Status–the design consultant in format to be approved by the 
District shall complete Monthly status reports. 

• Interceptor Project Permit Schedule–The design consultant 
shall include permits in the overall project schedule as 
approved by the District. 

Some agencies will require the contractor to obtain a permit or satisfy other 
requirements during construction (i.e.: County grading permit for disposal of 
excess material).  The design consultant will identify all such requirements in 
the contract documents. 

5.3.10. Property Management  

The Property Management Unit is responsible for monitoring and maintaining 
existing easements and right of way; development plan review reservations; 
maintenance of the right of way GIS database. The Property Management 
Unit will supervise and manage the following processes: 

Planning Process: 

• Coordinate the review of all development plans with WQD/CSD staff 
and identify conflicts with existing and proposed WQD/CSD facilities. 

• Maintain a database for tracking the reservation process and activities 
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• Assist staff in preparing and acquiring reservation area agreements. 

• In coordination with WQD/CSD Project Managers, identify and 
recommend properties for advanced acquisition. 

• Maintain a database of parcels impacted by existing and future 
WQD/CSD facilities. 

• Coordinate the preparation of a GIS database for County Intranet 
users. 

Attachments: 

Attachment 1.4A ROW Acquisition Process 

Attachment 1.4B ROW Plans Development Checklist 

Attachment 1.4C ROW Coordination Tasks by Property Acquisition Phases 
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Attachment 1.4 B – ROW Plans Development Checklist 

ROW PLANS DEVELOPMENT CHECK LIST 

1. Include stationing along pipeline Alignment 

2. Use existing topographics indicating existing right of way 

3. Identify the temporary construction easement.  

4. Identify the T.E.S easements required. 

5. Include the parcel identification number, the assessor’s parcel number and grantor  

6. Include dimensions of easements where needed  

7. Place labels outside of right of way areas for readability  

8. Label existing and proposed right of way lines 

9. If utilizing civil plan information avoid overlap of labels and line conflicts 

10. Properly identify limits of contract work to separate real estate needs by segment 

11. Include street names 

12. Include sufficient topographics and width of information to assist real estate 

13. Include the property lines between parcels 

14. Where available include existing utility easements.  

15. Place parcel grantor name, property identification, APN on the parcel itself 

16. Include slope easements required 

17. Allow for sufficient temporary construction easements 

18. Submit estimates for time required for TCE’S 

19. Clearly identify overlaps between TCE and PSE. 

20. Identify irrigation system relocations and related valves 

21. Identify utility poles, gas lines, hp gas lines, telephone lines impacted 
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Attachment 1.4 C – Coordination Tasks by Property Acquisition Phases 

30% - (Basis of Design Report) 

• Establish weekly/biweekly ROW meeting schedule if required. 

• Establish key roles and virtual organization, or ad hoc committee, task 
force  

• Produce preliminary ROW budget estimate 10% 

• Set up data base requirements 

• Request aerial and digitized information 

• Develop plan metrics for existing ROW and Utilities 

• Establish milestones and coordinate with project controls 

• Obtain contract with Title Companies if not already available 

• Request Title Reports and associated copies of referenced documents 

• Develop RFP for Appraiser and separate Acquisition Agent Contracts 

• Make necessary ROW Plans from designer, or draft for review, see 
recommended check list 

• Commence preliminary ROW Engineering effort - provide strip-maps, 
associate parcels with alignment, owners process appraisal map layout 

• Provide advance or draft of parcel impacts, coordinate with designer, 
utilities, survey, environmental, real estate, project manager etc. 

• Develop over all schedule and organizational relationships 

• Coordinate the scheduling ofenvironmental report, hazardous waste 
studies, environmental engineering report, ROW plan development, 
Resolution of Necessity submittal, Court filing of Order of Possession, 
applicable certification procedures, permits, condemnation procedures 
permits condemnation procedures, title reports, ROW engineering, 
surveys, appraisal reports, RFP/RFQ for agent and legal counsel 
contracts. 

• Identify potential relocation requirements 
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Attachment 1.4 C – Coordination Tasks by Property Acquisition Phases 

60% Design Phase 

• Identify operation & joint use agreements needed 

• Coordinate with public agencies as needed i.e. railroads, water 
districts, county, joint powers boards, cities, CALTRANS, federal 
agencies 

• Request final ROW Engineering: legals/plats, appraisal maps, displays 

• Complete selection of appraisers and acquisition agents 

• Coordinate completed ROW Engineering with real estate, project 
engineer, project manager, project controls 

• Continue development of data base and data input 

• Complete utility pot-holing effort and review impacts 

• Coordinate or integrate ROW Plans with Utility  drawings 

• Provide planimetric information to designers for 60% design impacts 
into ROW acquisition plan i/e. utility relocation ROW impact, other 
easement combinations.  

• Coordinate with legal on Resolution of Necessity timing and 
requirements and associated permits 

• Identify parking lot re-stripping requirements, impact on parking, 
impact on improvements 

• Maintain updated schedule  

• Coordinate with legal on legal assistance contracts 

• Provide 60% ROW budget update 

• Develop quality control procedures 

• Develop Property Acquisition Manual 

 5-17



SRCSD Interceptor Design Manual   Chapter5 
 Right-of-Way Acquisition 

Attachment 1.4 C – Coordination Tasks by Property Acquisition Phase 

65% Design Phase 

• Perform quality control checks 

• Insure each designer has resulting ROW electronic files to incorporate 
any resolved existing ROW information into the design development 

• Complete parking re-stripping plans in support of damage study or 
negotiations 

• Issue notice to proceed to appraisers 

• Issue notice to proceed to acquisition agents as needed 

• Coordinate ROW needs between civil contracts and system contracts 
to insure sufficient areas have been requested 

• Complete any requested staking effort 

• Issue ROW plans, strip maps, legal/plats, appraisal maps, 35% 
drawings to project team and appraisers 

• Conduct appraisal process meetings as needed, assist in any further 
negotiations 

• Develop ROW briefing graphics with aerial information 

• Incorporate any additional design changes, utility requirements 

• Obtain signalization requirements 

• Make necessary amendments to appraisal reports if not incorporated 
by appraiser 

• Develop 65% ROW budget with appraisal report impacts 

• Develop other ROW briefings as needed 

• Issue appraisal variance reports 

• Maintain consolidated files for title reports, appraisal summary sheets, 
legals/plats, appraisal maps, row plans, aerials, planimetrics 

• Maintain other reports as needed: sub-parcel areas, parcel numbering 
system, supporting design issues, plans issues 

• Develop contacts with other agency staffs to coordinate all ROW 
issues 

• Request State or County relinquishment maps, parcel maps as needed 
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• Obtain engineering environmental reports and findings, identify parcel 
concerns 

• Obtain any archeological impacts 

• Continue to develop ROW agreements as needed with public agencies. 
Identify PUC crossing requirements impacting ROW and require 
agreements for private crossing 
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Attachment 1.4 C – Coordination Tasks by Property Acquisition Phases 

Construction Phase 

• Continue process of negotiations 

• Continue process of condemnation 

• Insure construction understanding of TCE management 

• React to construction problems, questions.  Work with project 
engineer, resident engineer, real estate agent 

• Clear parcel of miscellaneous deed encumbrances 

• Identify court potential parcels and establish court dates 

• Minimize redundant warrants outstanding with court filings and 
escrow accounts 

• Minimize interest due by closing agreements, or settlements 

• Provide management reports as needed 

• Monitor warrants issued 

• Release any constraints on construction by negotiation procedures  

• React to additional ROW requirements, establish escrow account or 
budget for damages during construction as needed 

• Support legal procedures 

• Be prepared for depositions 

• Identify additional ROW Engineering for partial conveyance back to 
cities the road widening and other facilities 
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Attachment 1.4 C – Coordination Tasks by Property Acquisition Phase 

100% Design Phase 

• Identify tenant relocation problems 

• Make offers to owners 

• Complete negotiations where possible, obtain rights of entry or 
possession 

• Develop monitoring wells needed, installation and maintenance plan  

• Identify studies to mitigate environmental impacts during construction 
and establish specifications required 

• Complete certification process 

• Obtain Resolution Of Necessity as needed 

• File for Order Of Possession as needed 

• Complete any final adjustments to legals/plats/appraisal maps 

• Revisit RON if needed, although it may now impact schedule or will 
need to be negotiated as a change order later with a type 3 certification  

• Issue acquisition variance reports 

• Commence advance utility relocation work and supporting grubbing 
work. May need advance certification, clearances, and permits. 

• Participate in design plan integration and insure ROW needs are 
identified – TES, signals, driveway conformance, TCE’s 

• Seek design support for condemnation cases 

• Have in place contracts with appraiser and acquisition agents for 
support during condemnation 

• Issue hazardous waste handling contract  

• May need grubbing contract  

• Utility design of public agencies should be completed. May need 
further agreements, easements, and coordination with design. 

• Insure appropriate quality control checks 

• Complete list of permit applications and prepare submittal to various 
agencies 
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• Identify tree cutting permits, incorporate impacts into landscaping 
contract, comply with EIR documents 

• Review compliance with archeological requirements 
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Chapter 6. Geotechnical Investigations and 
Reports 

6.1 Introduction 

6.1.1. Planning and Investigations 

This portion of the Interceptor Design Manual is intended to serve as a guide 
for consultants engaged in geotechnical exploration programs to obtain design 
and construction support data for interceptor projects in a uniform and 
consistent manner for all phases of the project.  Any geotechnical work for 
interceptor design should generally comply with these standards.  A well-
planned geotechnical program that follows consistent guidelines and 
procedures throughout the project will provide a firm basis for design and 
preparation of contract documents and will reduce the risk of construction 
claims and delays associated with encountering differing site conditions. 

This section is intended to address the needs of both trenching and tunneling 
segments of the project.  The goal for both efforts is the same in that it is to 
develop an accurate understanding of the subsurface conditions and the 
physical properties of the materials that will be encountered during 
construction. 

The key to any successful exploration program is extensive planning.  In order 
to support this, this Manual lists the sources of readily available information 
in the general project area and identifies the immediate areas of concern.  
However, this is a general guide and should in no way limit the planning 
efforts of the geotechnical consultant if additional information is available.  
Also, the consultant must provide the SRCSD with the extent of the unknowns 
and risks that may be anticipated during the investigation so that either 
solutions or appropriate preparations to reduce or manage the risk can be 
made. 

During the planning stages of a project, it is important to identify the potential 
for any conditions that present cost risks to the project.  Once identified, the 
investigation can address those items so that design and construction methods 
can be identified that will reduce those risks.  An interceptor project typically 
utilizes deep excavations or tunnels to install the pipeline.  Any unforeseen 
adverse condition can present risks of very large magnitudes.  An appropriate 
way to achieve a risk-reduction goal in a geotechnical investigation for a 
project that can present such risks is through the use of a phased approach.  In 
this way, both the designer and the geotechnical consultant will have an 
opportunity to make the best use of the data obtained and to obtain the data 
that is most appropriate for the design.  This approach is discussed later in this 
Manual, but its application cannot be over-emphasized. 
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Geotechnical investigations have been addressed in many textbooks and 
manuals and this Manual is not intended to completely repeat the details of a 
standard investigative procedure.  As a result, the geotechnical consultant is 
directed to utilize this Manual in conjunction with good industry practice and 
professional judgment.  Table 6-1 presents the typical items to be considered 
in a geotechnical investigation in a checklist form. 

Table 6.1: Geotechnical Boring Site Exploration Checklist 

Existing Data Review  

ESA/ Environmental Considerations  

Health & Safety Plan  

Access Requirements  

Utility Locates  

Site Reconnaissance   

Topographic survey, boring elevations, benchmark location, and datum, if available.  

An accurate record of any deviation in the planned boring locations.  

Identification of the subsoils and bedrock including density, consistency, color, moisture, structure, 
geologic origin. 

 

Subsurface profiles of various soil and rock strata encountered.  

Sampler type, depth, penetration, and recovery.  

Determine Optimum Moisture  

Preserve Samples  

Standard penetration blow counts including blows per six-inches of sampler penetration.  Size and type of 
hammer and height of drop if a sampler other than one per ASTMD1586 is used. 

 

Rock core run numbers and lengths, core recovery, and Rock Quality Designation (RQD) measurements.  

Type of drilling operation used to advance and stabilize hole.  

Comparative resistance to drilling.  

Loss of drilling fluid.  

Water level observations with remarks on possible variations due to seasonal fluctuations tides, river level, 
irrigation, or flooding. 

 

The date and time that the borings are started, completed, and of water level measurements.  

Closure of borings.  

6.1.2. Geotechnical Reports 

The following section describes the SRCSD has a phased approach to Inceptor 
Design including the master Planning phase, Design Report (Preliminary 
Design) Phase and the Design Phase.  The reports discussed in this section are 
applicable primarily to the Design Phase.  The types of geotechnical reports 
used for planning or preliminary design are not detailed herein. 
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There are three types of geotechnical reports discussed in this Manual.  They 
are the Geotechnical Data Report, Geotechnical Interpretive Report, and the 
Geotechnical Baseline Report. 

Geotechnical Data Report 

A Geotechnical Data Report (GDR) presents the data obtained from a field 
and laboratory investigation and would typically be used during the design 
phase. 

Geotechnical Interpretive Report 

A Geotechnical Interpretive Report (GIR) presents an interpretation of the 
factual data presented in the GDR, including soil, rock and groundwater 
conditions, a discussion of geologic hazards, pipeline and tunnel engineering 
considerations, and construction considerations.  The GIR is typically a report 
prepared to present interpretive information during the planning phase or 
design report phase, to support the project environmental document, or may 
be prepared during the design phase by a geotechnical consulting firm who is 
part of the design team but is not responsible for preparation of the plans. 

Geotechnical Baseline Report 

A Geotechnical Baseline Report (GBR) is intended to set baselines for 
geotechnical conditions anticipated to be encountered during underground 
construction.  This is done in order to provide a basis for contract bidding and 
in order to assist in dispute resolution of differing site conditions claims.  A 
GBR is intended to: present geotechnical and construction considerations that 
formed the basis of design of the underground structure; assist the contractor 
in understanding project constraints and requirements for tunnel excavation 
and initial support; and to help the construction manager administer and 
monitor the contract. 

It is noted that a GBR is typically utilized to address projects, such as 
tunneling, that present the potential for increased financial liabilities due to 
encountering unknown conditions that would affect construction methods.  
The project manager, in consultation with the project geotechnical engineer, 
should review the need for a GBR during the design report phase. 

6.1.3. Usage of Reports 

For an interceptor project involving open cut trenching, a standard 
geotechnical report would generally be used.  This report would typically 
combine the elements of a geotechnical data report and geotechnical 
interpretive report that are discussed above.  For an interceptor project where 
tunnel construction would be utilized, the tunnel designer would typically 
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prepare a geotechnical data report and a geotechnical baseline report to be 
included as part of the contract documents. 

6.2 Data Collection and Planning 

During the planning stages of a project it is important to identify any 
potentially adverse geotechnical conditions, and also to determine the limits of 
these conditions.  Project costs and potential risks may be significantly 
reduced if these adverse conditions can be avoided or otherwise addressed. 

It is also important to carefully evaluate the anticipated subsurface conditions, 
when comparing or screening alternative pipeline alignments to determine the 
most favorable or the preferred alignment.  Decisions made during the 
planning stage of a project must be based on adequate geotechnical data if the 
most favorable alignment is to be identified with a degree of certainty, so that 
construction difficulties can be avoided and project costs controlled. 

A geotechnical investigation program typically involves a review of any 
available geotechnical data; site reconnaissance; field explorations such as 
geophysical surveys, review of aerial photographs, exploratory borings, and 
test pits; and several types of laboratory tests performed on soil and rock 
samples.  Geotechnical investigation methods have been discussed in detail in 
a number of textbooks including Terzaghi and Peck (1967), Sowers and 
Sowers (1970), FHWA (1988) and a manual of practice prepared by the 
American Society of Civil Engineers (ASCE, 1976).  Investigations 
specifically related to microtunneling projects are discussed by Klein (1991), 
Essex (1993), and Klein et al. (1996).  These references should be consulted 
for additional, more detailed information regarding geotechnical 
investigations. 

6.2.1. Review of Available Data 

Initially, a review of Technical Memorandum 3 of the Interceptor System 
Master Plan-2000 (Black & Veatch) should be performed.  This memorandum 
contains general soils information for the proposed interceptor system 
described in the MP2000.  Available geologic maps, aerial photographs, 
groundwater data, well records, and other published and unpublished geologic 
data should be collected to gather the information required to develop a 
preliminary understanding of the geotechnical conditions.  Available geologic 
maps and reports can provide additional information including the regional 
geologic setting, regional geologic structure, seismic hazards, and description 
of local formations and their general properties.  Review of historic aerial 
photographs may provide insight into the development of the area along the 
pipeline route, landslide hazards, previous land uses along the corridor, and 
the potential for encountering buried obstructions.  The review of existing data 
should also involve collecting the results of any previous geotechnical 
investigations conducted for other construction projects located along the 
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alignment, such as buildings, bridges, structures, or existing pipelines.  The 
local building department and the state highway department can be excellent 
sources of existing geotechnical data.  Historic records such as early 
topographic maps, plans of old abandoned buildings, and other facilities, fire 
insurance maps (e.g., Sanborn Fire Insurance Maps), aerial photographs, and 
existing utility plans can be particularly valuable for projects located in urban 
areas. 

The following subsections list the potential sources and contacts for this 
information in the Sacramento area. 

Geologic Mapping 

• U.S. Geological Survey. Geology and Seismic Maps. http: 
www.usgs.gov 

• California Division of Mines and Geology. Geology and Seismic 
Maps. http: www.consrv.ca.gov/dmg/ 

Aerial Photography 

• U.S. Department of Agriculture, Natural Resource Conservation 
Service (NRCS), Elk Grove.  (916) 714-1104 

• U.S. Department of Agriculture, Soil Survey, NRCS, Elk Grove. (916) 
714-1104 

• Radman Aerial Surveys, Sacramento. (916) 391-1651 

• Pacific Aerial Surveys, Oakland. (510) 632-2020 

Area Groundwater Data 

• Regional Water Quality Control Board. (916) 225-3000 

• Department of Water Resources. (916) 653-5791 

• Department of Toxic Substances Control. (916) 255-3545 

• Sacramento County Environmental Management Department, 
Hazardous Materials Division (HMD). (916) 875-8550 

• Toua Kang, Sacramento County Environmental Management 
Department, Environmental Health Divisions. (916) 875-8464 

Previous Geotechnical Investigations in the Area 

• City of Sacramento Building Department. (916) 264-7619 
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• County of Sacramento Building Department. (916) 874-6433 

• State of California Department of Transportation. (916) 654-2852  

Review of Potential Areas of Contamination 

• Site reconnaissance to observe physical evidence of potential 
contamination 

• Environmental databases search(es) (e.g., EDR, Vista) 

• EDR, John Smolinski. (800) 238-1854 

• Fidelity National Information Solutions. (800) 733-7606 

• Contact local environmental or spill response agencies (e.g., HMD, 
Fire) 

• Perform historical land use survey 

• Aerial photographs 

• Historical maps (e.g., *topographic maps, **Sanborn Fire Insurance 
maps) 
* Topographic maps, www.topozone.com 
** Sanborn Fire Insurance maps, State Library, (916) 654-0176 

• City directories 

• Personnel interviews 

6.2.2. Site Reconnaissance 

The next step in the evaluation of geotechnical conditions is to perform a 
detailed site reconnaissance of the pipeline alignment to integrate and 
synthesize the available data collected with the conditions that can be 
observed at the ground surface.  If there are rock outcrops in the area, a 
geologic reconnaissance should be conducted to identify the rock types, 
geologic structure, and the orientation, spacing, and condition of 
discontinuities in the rock mass (i.e., joints, fractures, bedding planes, and 
shears). 

It is also necessary to visit the project site prior to initiating field activities to 
plan for the physical activity of the investigation.  The following is a list of the 
items that should be checked during the site visit. 

• Verification of site location  

• General access for equipment (truck, drill rig, truck mounted or all-
terrain) 
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• Stream or river crossings or water bodies which would require a barge 

• Height restrictions (power lines, overhang) 

• Slope at locations where field activities are planned 

• Availability of water and power 

• Type and thickness of pavement (if present) 

• Restrictions on working hours 

• Locked gates, access to keys 

• Security passes or entry permits required to enter the site 

• Traffic directions and routes at the site, traffic control 

• Other permits required for drilling in the street or on public property 

• Location of underground and overhead utilities 

• Verification of planned method to locate borings (staking by surveyor, 
taping from existing features) 

During site reconnaissance, the planned location(s) of the exploration point(s) 
should be visited and suitable locations should be determined for: 

• Storage of materials 

• Storage and disposal of residuals (cuttings and drilling fluid) 

Where possible, these locations should be approved by the SRCSD and should 
be selected to minimize interference with activities and damage, while 
providing appropriate safety and security. 

After the site visit, a field report documenting the observations, conversations, 
and other pertinent information gathered during the reconnaissance should be 
prepared by the field personnel and given to the Project Manager.  

6.2.3. Phased Approach 

Due to the risks associated with the magnitude of the work and the potential 
impacts to the surrounding property, geotechnical investigations for an 
interceptor alignment should utilize a phased approach.  The first phase 
consists of the typical planning process, site reconnaissance, and the 
establishment of a preliminary boring layout to define the general site 
conditions and specific areas of obvious concern.  A boring program is then 
conducted in conjunction with a reasonable laboratory testing effort.  
Extensive in situ testing is not normally associated with the initial phase of the 
investigation, but may be included if the conditions warrant. 
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The results of the initial phase investigation and testing program are analyzed 
and utilized to scope the details of the remainder of the geotechnical 
investigation.  This preliminary data should also be utilized to evaluate the 
existing design of the interceptor segment under investigation and a 
mandatory meeting with the design team is recommended for this purpose.  
The final vertical and horizontal alignment of the interceptor segment and the 
scope of the final phase of the geotechnical investigation should be defined as 
the result of this meeting. 

Boring and testing conventions and identifications for all phases of the 
investigation should be consistent with the remainder of the program.  As a 
result, the borings do not have to be numbered sequentially as data from the 
second phase will typically be taken between points that were established 
during the first phase of the investigation. 

6.2.4. Preliminary Boring Layout Criteria 

The geotechnical investigation shall utilize the general parameters in Table 6-
2 for initial scoping and layout guidelines. 

Table 6.2: Boring Location Criteria 

Phase  Recommended Min. Frequency Min. Depths * 
PH I 1/1,000 ft 1.5 Excavation Depth 
PH I Suspected Geo-Transitions 1.5 Excavation Depth 
PH I Major Structure Excavation 

(Pump Stations, Bore Pits, Etc.) 
1.5 Excavation Depth 

PH II As Defined By PH I 

*Min. 10 ft. below proposed excavation; Borings should be extended as 
required to reach a firm stratum, i.e., tunnel crossings at roads, railroads, and 
water bodies. 

Borings will be labeled by the segment identifier and a boring number 
(Example FE3 – 3 = Boring #3 along the Folsom East 3 [Iron Point Road] 
alignment).   

It is noted that the criteria presented in Table 6-2 are general guidelines, and 
borings must be located in a manner that will adequately characterize the 
subsurface conditions effecting the pipeline alignment. 

6.2.5. Access Agreements, Rights of Entry and Permits 

The geotechnical consultant will be responsible for obtaining and managing 
all issues regarding access requirements for the geotechnical investigation 
within public rights of way.  However, all access to private property must be  
coordinated through the Project Manager during this process.  Access to any 
area, especially private property, can involve sensitive issues and may require 
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the use of Public Relations resources.  In order to coordinate all site access 
activity, the geotechnical consultant shall identify the potential access 
requirements as early as possible in the planning stage and include them in the 
project schedule.  It may be necessary to redesign the geotechnical 
investigation in order to accommodate access issues, depending upon the 
situations encountered, so it is imperative that the preliminary access 
requirements be identified early so that any potential issues may be identified 
and addressed. 

In many cases, permits will be required to proceed with the drilling of borings 
or excavation of test pits.  Work in any public right-of-way will require an 
encroachment permit.  Encroachment permits will also include various 
conditions that will relate to maintaining access to others, traffic plans, 
notification requirements, health and safety issues, etc., that will be the 
responsibility of the geotechnical consultant.  

In addition to permits for encroachment, borings in Sacramento County must 
be permitted with the Environmental Management Department if they are 
within 10 ft. of groundwater.  The permit will be issued from either the 
Hazardous Material Division or the Environmental Health Division, 
depending upon the circumstances and location of the boring.  The 
geotechnical consultant must coordinate with both divisions to determine the 
appropriate permit requirements. 

It is also noted that the City of West Sacramento defers all boring and well 
permits to the Department of Environmental Health, Yolo County. 

Potential permitting authorities include: 
City of Sacramento 
Public Works Department 
Encroachment and Excavation Permits 
1231 I Street, Room 200 
Sacramento, CA 
(916) 264-7995 

County of Sacramento 
Public Works Agency 
Encroachment and Transportation Permits 
827 7th Street 
Sacramento, CA 
(916) 874-6544 

County of Sacramento 
Environmental Management Department 
Hazardous Materials Division (Well Permit) 
8475 Jackson Road, Suite 230 
Sacramento, CA 
Attn: Dana Booth (916) 875-8519 

County of Sacramento 
Environmental Management Department 
Environmental Health Division (Well Permit) 
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8475 Jackson Road, Suite 240 
Sacramento, CA 
Attn: Steve Kalvelage (916) 875-8416 

State of California 
Department of Transportation – CalTrans 
Permits (Encroachment Permit) 
1120 N Street 
Sacramento, CA 
(916) 654-4961 

Yolo County 
Department of Public Works 
Encroachment Permits (not required if Encroachment Permit is issued by the City of West 
Sacramento) 
292 W. Beamer Street 
Woodland, CA  95695 
Attn:  Jim Campbell (530) 666-8847 

Yolo County 
Department of Environmental Health 
Monitoring Well/Soil Boring Installation and Closing Permit (Including Investigations within 
the City of West Sacramento) 
292 W. Beamer Street 
Woodland, CA  95695 
Attn:  Jeff Pinnow (530) 666-8646 

City of West Sacramento 
Engineering/Encroachment Permits 
1951 South River Road 
West Sacramento, CA  95691 
Attn:  Wendy Williams  (916) 373-5854 

City of Citrus Heights 
Encroachment Permits (Well Permit conditions, if necessary, will be included in the 
Encroachment Permit) 
6237 Fountain Square Drive 
Citrus Heights, CA 95621 
Attn:  Felix Ajayi  (916) 727-4770 

City of Folsom 
Permitting/Encroachment Permits 
50 Natoma Street 
Folsom, CA 95630 

City of Galt 
Department of Public Works 
Encroachment Permits 
495 Industrial Drive 
Galt, CA 95632 
Attn:  Dave Tucker (209) 745-0575 

6.2.6. Geophysical Surveys 

Geophysical surveys can be a cost-effective approach for obtaining subsurface 
data in between borings, for locating obstructions, and for estimating the 
elevation of the bedrock surface.  Geophysical methods generally applicable 
to microtunneling projects include seismic refraction, ground penetrating 
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radar, electrical resistivity, and gravity techniques (Miller, 1993).  In addition, 
acoustic subbottom profiling may provide useful information for pipelines to 
be constructed beneath bodies of water.  Indirect investigation methods such 
as geophysics should always be used with caution.  Geophysical data that do 
not agree with boring data must be explained or investigated further to resolve 
the differences.  Since geophysical surveys often precede the boring program, 
it is important that the preliminary interpretation of the geophysical data be re-
evaluated considering the results of exploratory borings.  Performing some 
initial geophysical surveys can be very useful in selecting boring locations if 
the surveys can identify anomalies that need to be explored. 

Seismic Refraction 

The seismic refraction method measures the velocity of elastic waves 
transmitted through soil and rock in response to a shock wave produced by a 
hammer, falling weight, or a small explosive device.  Seismic refraction 
methods can be very helpful in establishing groundwater depth (although it is 
not the best method to use for that purpose), profiling the bedrock surface and 
top of rock, determining excavatability, and defining the stratification or 
geologic structure. 

Site Uniformity Borehole Seismic (SUBS) 

The SUBS test produces a seismic topographic image of the seismic velocity 
distribution of materials around a borehole.  This is achieved with detectors 
placed down the borehole at several depths, which record the response due to 
a surface energy source applied at various distances from the collar of the 
borehole (Clark et al., 1995).  The recorded image provides high definition of 
subsurface features at distances from the borehole of up to three times the 
borehole depth.  This technique essentially allows the radius of the borehole to 
be extended to maximize the information provided by the borehole. 

Ground Penetrating Radar (GPR) 

GPR uses the principle of the reflection of electromagnetic waves to locate 
buried objects (Daniels and Roberts, 1994).  GPR measurements are obtained 
by towing an antenna continuously over the ground, by hand or with a vehicle.  
If the electromagnetic wave hits a buried object, it is reflected back to the 
ground surface, and the signal is captured and recorded.  One drawback of this 
technique is that GPR is not a deep target detection technique.  For some 
projects, the observed penetration in clay is only about 6-feet, and in wet sand 
the penetration was about 30-feet (Miller, 1996).  Small amounts of clay in the 
formation or groundwater can quickly attenuate the signal.  For these reasons, 
GPR is not considered particularly useful for most tunneling projects; 
however, the technique is useful for identifying voids near the ground surface 
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and may be useful for locating utilities and obstructions in favorable 
conditions. 

Electrical Resistivity 

The electrical resistivity method measures the resistivity of soil and rock.  
Electrical resistivity surveys are used for determining the depth of 
groundwater, and identifying leakage and cavities.  Other objectives that have 
been successfully accomplished include the evaluation of significant changes 
in moisture content of a soil layer, the delineation of the extent of clay layers, 
and the characterization of aquifers for groundwater development potential.  
Care must be used in interpretation of resistivity data since the results can be 
significantly affected by slight changes in groundwater salinity. 

6.3 Geotechnical Reports 

The Geotechnical Data Report should be prepared in accordance with the 
following outline. Variations in the outline will be made to address specific 
site issues. 
Typical Outline 

1) Introduction 
A. Scope of Work 
B. Project Organization 

2) Site and Project Description 
A. Site Location Description 
B. Project Description 

3) Field Exploration and Laboratory Testing Program 
A. Previous Investigation 
B. Field Explorations 
C. Laboratory Testing 
D. Corrosion Investigation 

4) Site and Subsurface Conditions 
A. Regional Geology 
B. Surface Conditions 
C. Seismicity 
D. Subsurface Conditions 

a. Soil and Rock Deposits 
b. Groundwater 

5) Limitations 

6) References 

7) Appendices 
A. Logs of borings from current Investigation 
B. Laboratory Test Results 
C. Corrosion Investigation 
D. Previous Reports 
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E. Database Disk 
F. Report CD 

6.3.1. Introduction  

The introduction portion of the report identifies the project and segment that 
this report is intended to address.  A brief description of the segment location 
and any special conditions (environmental impact, etc.) that need to be 
addressed should be presented. 

Scope of Work  

The scope of the investigation and the specific information presented in this 
report will be identified. 

Project Organization   

A description of the project team and the responsibility assigned to each 
organizational member will be identified.  The primary contact for this work 
at SRCSD will be identified by name. 

6.3.2. Site and Project Description 

Site Location and Description 

Include the following information: 

• Vicinity map 

• Site location map 

• Site elevation (with the elevation datum) and overall relief 

Project Description 

Describe the overall project briefly and the segment that is addressed in this 
report, specifically.  Include the following segment information: 

• Lengths and related pipe diameters 

• Pipe depths, Invert elevations 

• Open trench segments 

• Tunnel Segments 

• Manhole locations/depths 

• Special areas (Jacking and Receiving Pits, Pump Stations, etc.) 
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6.3.3. Field Exploration and Laboratory Testing Program 

Previous Investigations 

Briefly describe and provide location of any previous explorations that could 
affect this segment.  Information from previous explorations should be 
discussed in the description of the Site and Subsurface Conditions section of 
this report.  The boring logs and laboratory testing data from previous reports 
should be included as an appendix to this report, if available. 

Field Explorations 

• Describe the field exploration and specific site features 

• Describe the subsurface exploration.  Include the following 
information 

Date(s) and approximate weather conditions • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Backhoe operator or driller’s company, office location 
Backhoe or drilling rig type and size 
Drilling/excavation methods 
Boring and test pit locations 
Depths explored 
Manner in which the boreholes/test pits were sealed or backfilled 
(tremie, poured in, wheel-rolled) and the sealing materials used 
(cement, bentonite, excavated material, etc.)  
Problems encountered, if any, during drilling or test pit excavation 
Name of company and office location of surveyor who established 
exploration locations and elevations 

• Indicate if field exploration was observed by a geotechnical engineer, 
engineering geologist, or geotechnical technician  

• Cite ASTM methodology as utilized, for example: 
Standard penetration test = ASTM D 1586 
Classification = ASTM D 2488 

• Detailed logs should be included in an appendix, but exploration 
locations should be shown in the report on a map that includes the 
proposed facilities, scale, North arrow, and identifiable existing 
features, such as: roads, structures, fences, property lines, ditches 
(project aerial photos, if available, are suitable).  Include measured 
water levels, such as piezometer readings, in tables.  Follow the 
procedures for logging soil borings, test pits, and rock cores as 
described in Section 6.7 of this volume. 
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Laboratory Testing 

Include the following information: 

• Laboratory Company, office location 

• Number and type of tests run, depth and location of samples, if 
appropriate 

• Purpose of objective of test 

• Procedural descriptions of test methods if non-standard (ASTM) test 

• Table summary or results to be presented in the “Subsurface 
Conditions” section; detailed test results should be included in an 
appendix 

Corrosion Investigation 

Include the following information: 

• General description of the investigation 

• Name and location of the company 

• Number and type of tests run and location of samples, if appropriate 

• Sample source and collection method 

• Table summary of results to be presented in the “Subsurface 
Conditions” section and the full report shall be included as an 
appendix 

6.3.4. Site and Subsurface Conditions 

Regional Geology 

Provide a description of the regional geology and the subsurface conditions 
that were encountered in this investigation. 

Surface Conditions 

Provide a description of the surface conditions that are applicable to the 
segment under investigation.  Identify paving traffic, landscaping, residential, 
and any other surface feature or improvement that would effect the 
construction. 
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Seismicity 

Present and discuss known and potential seismic hazards, including fault 
locations, anticipated median peak ground accelerations from a maximum 
credible event and the potential for liquefiable soils in the investigation area. 

Subsurface Conditions 

Soil and Rock Deposits 

Identify the basis for development and interpretation of subsurface conditions.  
Describe the conditions and present them on a geologic profile, which should 
show the location of the borings and the interceptor (preferably on one page if 
possible), with generalized stratigraphy.  Generalize and focus on important 
features of concern to the Design Consultant and contractor, such as caliches, 
rocks, fissures, subsidence, corrosive soils, swelling soils, or erodible soils.  
Describe the soils as they relate to the main soil groups existing within the 
alignment.  Describe the depth from the ground surface to specific units and 
variations in thickness, consistency, and texture across the site; and delineate 
areas of similar conditions.  Describe the following items, as appropriate, for 
the different types of materials encountered: 

• Cohesive Soils 
Natural moisture content, Atterberg limits, shear strength, 
preconsolidation, compressibility, expansiveness, organics, 
desiccation, slickensides, cementation. 
• Granular Soils 
Density, grain size distribution, grain shape, shear strength, 
organics, compressible laminations, cementation. 
• Rock 
Depth, rock classification, RQD, hardness, weathering, 
jointing, faults, solutioning.  Refer to the descriptions provided 
in Section 6.7 of this volume.  Present the results of the 
laboratory data that presents the descriptive soil parameters in 
tabular format. 

Groundwater 

Describe groundwater conditions along the pipe alignment.  State whether 
piezometers were installed.  Present an interpretation of the groundwater data, 
which may include profiles or contours.  Discuss if the groundwater level is 
likely to vary from depths measured at the time of the field exploration, or if 
levels varied during the measurement period. 
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6.3.5. Limitations 

The limitations of the data presented within this report shall be clearly 
identified in this section.  This includes the identification of all assumptions 
and criteria that would affect the use of the data. 

6.3.6. References 

Include all references used in the report. 

6.3.7. Appendices 

Any data or information that is utilized to support the report should be 
attached as an appendix.  This would typically include: 

• Logs of Borings 

• Laboratory Test Results 

• Corrosion Investigations 

• Any Previous Reports 

It is also required that all Geotechnical Data Reports include the data from the 
investigation and a copy of the report in its entirety on Compact Disk 
(CDROM).  These disks shall also be included as appendices. 

6.4 Geotechnical Interpretive Report (GIR) 

A GIR presents an interpretation of the factual data presented in the 
Geotechnical Data Report (GDR) including soil, rock and groundwater 
conditions, a discussion of geologic hazards, pipeline and tunnel engineering 
considerations, and construction considerations.  The GIR is typically a report 
prepared to present interpretive information during the planning phase or 
Design report phase, to support the project environmental document, or may 
be a report prepared during the Design phase by a geotechnical consulting 
firm who is part of the design team but is not responsible for preparation of 
the plans and specifications.  The GIR is not a replacement for the 
Geotechnical Baseline Report (GBR) for projects that are carried forward to 
the design level.  If a GIR is prepared as part of a design investigation that 
will also include a GBR, the GIR should contain specific introductory 
statements that interpretations and discussions presented therein will be 
superseded by subsequent interpretations and baseline statements in the GBR. 

The discussions in the GIR may appropriately include ambiguous terms and 
ranges of anticipated conditions to indicate the level of uncertainty, unlike the 
GBR.  The report may include a discussion of geotechnical conditions for 
alternative alignments, an evaluation of subsurface conditions that would 
affect alternative approaches to project design and construction, include a 
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discussion of construction impacts on adjacent facilities and provide 
geotechnical design criteria.  The GIR is also utilized as a basis for preparing 
preliminary construction and schedule cost estimates during the planning 
stages of a project.  

The GIR shall be presented in accordance with the following outline.  
Variations in the outline will be made to address specific site issues. 
Typical Outline 

1) Introduction 
A. Scope of Work 
B. Project Organization 
C. Report Organization 

2) Project Description 
A. Project Location 

B. Project Description 

3) Geologic Characterization 
A. Sources of Geologic Data 
B. Field Investigations 
C. Geologic Setting 
D. Soil and Rock Conditions 
E. Geologic Hazards 

4) Hydrologic Characterization 
A. Groundwater Resources 
B. Ground Mass Permeability 
C. Groundwater Quality 
D. Anticipated Groundwater Inflows 

5) Pipeline Engineering Considerations 
A. Design Criteria 
B. Alignment Evaluations (if more than one alignment evaluated) 

6) Anticipated Excavation Conditions 
A. Subgrade and Backfill 
B. Seismic Considerations 
C. Other Considerations (Scour, Constructions Access, etc.) 

7)  Tunnel Engineering Considerations 
A. Design Criteria 
B. Alignment Evaluations (if more than one alignment evaluated) 
C. Evaluation of Excavation Methods  
D. Anticipated Ground Behavior 
E. Portal/Shaft Excavations 
F. Initial Support 
G. Final Lining 
H. Ground Stabilization 
I. Seismic Considerations 
J. Other Considerations (Constructions Access, Spoil Disposal, Grouting, 

Noise, etc.) 

8) Conclusions and Recommendations 
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9) Limitations 

10) References 

11) Appendices 
A. Previous Investigations and Case Histories 
B. Groundwater Inflow Evaluations 
C. Tunnel Boring Penetration Rate Estimates 
D. Database Disk 
E. Report CD 

 

6.4.1. Introduction 

The introduction section of the report will identify the project and segment 
that this report addresses as well as the scope of work, project organization 
and report organization.  Reference to the Geotechnical Data Report is to be 
made as well as any statement regarding the interpretations and discussions 
being superseded by a subsequent Geotechnical Baseline Report. 

Scope of Work 

The scope and purpose of the investigation will be discussed. 

Project Organization 

A description of the project team and the responsibility assigned to each 
organizational member will be discussed as well as the primary SRCSD 
contact for this work. 

Report Organization 

A description of the organization of the report by section as well as reference 
to supporting documentation and appendices. 

6.4.2. Project Description 

Project Location 

Include vicinity and site location maps and reference relevant maps or figures 
from other reports.  Describe topographic conditions of existing site 
improvements, surface features, and unusual conditions. 

Project Description 

Describe project features including alternative alignments evaluated, pipeline 
and tunnel segment lengths, pipe diameters, pipeline invert depths, special 
crossings, and other project features. 
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6.4.3. Geologic Characterization 

Sources of Geologic Data 

Include a discussion of previous investigations and results, reference the 
Geotechnical Data Report, and discuss previously constructed projects nearby 
or with similar site conditions. 

Field Investigations 

Include a brief discussion of the field explorations and laboratory testing 
avoiding unnecessary repetition of the Geotechnical Data Report 

Geologic Setting 

Discuss regional and local geologic setting, major soil and rock units and fault 
crossings.  

Soil and Rock Conditions 

Include a geologic profile of pipeline and tunnel segments showing 
generalized stratigraphy and the location of borings and the interceptor 
(preferably on one page if possible) exploration locations.  Include a detailed 
discussion of the anticipated soil and rock unit to be encountered, including 
the following: 

• Physical characteristics and occurrence of each distinguishable rock or 
soil unit 

• Laboratory and field test results presented in graphs or other suitable 
format with reference to tabular summaries in Geotechnical Data 
Report 

• Anticipated range of soil or rock strength, jointing, foliation, or 
bedding. 

Geologic Hazards 

Include a discussion of potential geologic hazards such as landslides, 
liquefaction, ground shaking, fault surface rupture, hazardous gas, flooding 
scour and erosion, and seismic shaking. 

 6-20 



SRCSD Interceptor Design Manual   Chapter 6 
 Geotechnical Investigations and Reports 

6.4.4. Hydrologic Characterization 

Groundwater Resources 

Provide a discussion of the hydrologic setting with cross-reference to the 
Geologic Data report.  Include discussion of current groundwater use and 
potential impacts due to tunnel or pipeline construction. 

Ground Mass Permeability 

Include discussion of soil or rock mass permeability measurements with 
reference to the Geotechnical Data Report along with measured depth to 
groundwater levels and anticipated seasonal variation. 

Groundwater Quality 

If relevant, include discussion of groundwater quality as related to 
construction water disposal or worker exposure to potentially contaminated 
groundwater. 

 Anticipated Groundwater Inflows 

Provide estimates of groundwater inflows into trench or tunnel excavations 
with discussion of the potential for large localized inflows.  Include the 
rational for selecting the inflow quantities. 

6.4.5. Pipeline Engineering Considerations  

Design Criteria 

Identify the design criteria used to establish the basis of the pipeline design. 

Alignment Evaluations 

If more than one alternative alignment has been evaluated include discussion 
of the geotechnical advantages and disadvantages of each alternative 
evaluated. 

6.4.6. Anticipated Excavation Conditions 

Include a discussion regarding site preparation and excavation, rippability of 
hard rock formations, groundwater and surface water control requirements, 
trench stability and excavation support requirements, recommended earth 
pressures, and handling and disposal of oversize material. 
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Subgrade and Backfill 

Include a discussion of the following: 

• Subgrade preparation 

• Pipe bedding and pipe zone backfill placement 

• Modulus of soil reaction (E’) 

• Trench zone backfill material placement 

Seismic Considerations 

Address liquefaction, ground shaking, and fault crossings with reference to 
Geotechnical Data Report. 

Other Considerations 

Provide evaluation of other pipeline engineering considerations including 
construction access and staging areas, corrosion potential, scour and erosion. 

6.4.7. Tunnel Engineering Considerations 

Design Criteria 

Identify the design criteria used to establish the basis of the tunnel design. 

Alignment Evaluations 

If more than one alternative alignment has been evaluated include discussion 
of the geotechnical advantages and disadvantages of each alternative 
evaluated. 

Evaluation of Excavation Methods 

Include a discussion of feasible tunnel excavation methods and the 
advantages/disadvantages of each. 

Anticipated Ground Behavior 

Include discussion of each soil or rock unit to be encountered relative to 
behavior in the tunnel heading.  Include estimated stand up time and potential 
for difficult ground conditions due to running, flowing or squeezing ground 
conditions, or fault crossings. 
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Portal/Shaft Excavations 

Provide discussion of portal/shaft layout and design criteria, excavation, and 
support methods, recommended earth pressures, construction and staging 
areas and groundwater and surface water control requirements. 

Initial Support 

Provide a discussion of alternative initial support methods and requirements 
based on anticipated ground conditions of each soil or rock unit.   

Final Lining 

Provide a discussion of the final tunnel lining, grout backfill, and the 
construction-related issues. 

Ground Stabilization 

Identify soil or rock conditions that will require ground stabilization and the 
rational for the ground improvement techniques.  Provide a discussion of the 
alternative stabilization methods and the construction related impacts. 

Seismic Considerations 

Address liquefaction, ground shaking, and fault crossings with reference to 
Geotechnical Data Report. 

Other Considerations 

Provide evaluation of other tunnel engineering considerations including 
construction access and staging areas, construction related impacts, tunnel gas 
classification, tunnel grouting, and spoil and groundwater disposal. 

6.4.8. Conclusions and Recommendation 

6.4.9. Limitations 

Include a description of limitations of the report including the fact that 
assessments contained in the report are based upon the available information 
on the site, and on limited surface and subsurface exploration data. 

6.4.10. References 

Include a list of references referred to in the report. 
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6.5 Geotechnical Baseline Report (GBR) 

A GBR is intended to set baselines for geotechnical conditions anticipated to 
be encountered during underground construction This is done in order to 
provide a basis for contract bidding and to assist in dispute resolution of 
differing site conditions claims.  A GBR is intended to: present geotechnical 
and construction considerations that formed the basis of design of the 
underground structure; assist the contractor in understanding project 
constraints and requirements that are part of the plans and specifications; to 
identify constraints that should be addressed during bidding; to help the 
contractor evaluate the requirements for tunnel excavation and initial support; 
and to help the construction manager administer and monitor the contract. 

The discussions in the GBR should include the geotechnical interpretations of 
the available data and information for the contractor on which to base bids.  
The GBR should include interpretive discussions and baseline statements.  
The GBR will establish a contractual understanding of the subsurface 
conditions (baseline).  

The GBR shall be presented in accordance with the following outline.  
Variations in the outline will be made to address specific site issues. 

6.5.1. Introduction 

The introduction section of the report will identify the project and tunnel 
segment that this report addresses as well as the scope of work, project 
organization, and report organization.  Reference to the Geotechnical Data 
Report is to be made as well as references to other available geotechnical 
reports. 

Project Organization 

A description of the project design team and the responsibility assigned to 
each organizational member will be discussed as well as the primary SRCSD 
contact for this work. 

Purpose 

The purpose and organization of the report will be discussed.  Additionally, 
the hierarchy of the GBR relative to the GDR and other available geotechnical 
information will be discussed. 
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6.5.2. Project Description 

Project Location 

Include vicinity and site location maps, and reference relevant maps or figures 
in the GDR.  Describe topographic conditions of existing site improvements, 
surface features and unusual conditions. 

Project Description 

Describe project features including alternative alignments evaluated, pipeline 
and tunnel segment lengths, pipe diameters, pipeline invert depths, special 
crossings and other project features. 

References to Contract Drawings and Documents 

List references to the contract drawings and documents. 

6.5.3. Geologic Conditions 

Sources of Geologic Data 

Reference the Geotechnical Data Report, other available geotechnical reports, 
and the historical precedence for these sources. 

Geotechnical Investigation 

Include a brief overview of site exploration and testing programs while 
avoiding unnecessary repetition of Geotechnical Data Report text. 

Geologic Setting 

Describe surface development and topographic and environmental conditions 
affecting project layout, typical exposures, and outcrops.  Include a geologic 
profile along the tunnel alignment(s) showing generalized stratigraphy and 
rock/soil units, and stick logs to indicate drill hole locations, depths, and 
orientations. 

Geologic Units 

Describe the physical characteristics and occurrences of each distinguishable 
rock or soil unit, including fill, natural soils, and bedrock.  Present laboratory 
and field test results on a histogram (or some other suitable) format, grouped 
according to each pertinent distinguishable rock or soil unit; reference tabular 
summaries contained in the Geotechnical Data Report.  Present ranges and 
values of laboratory data for baseline purposes; explanations for why the 
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histogram distributions (or other presentations) should be considered 
representative of the range of properties to be encountered, and if not, why 
not.  Include the rationale for selecting the baseline values and ranges.  
Present baseline statements of the various lengths or percentages of each 
pertinent distinguishable ground type to be encountered during excavation.  
These statements should be cross-referenced to information contained in the 
drawings or specifications. 

Groundwater Conditions 

Present a brief overview of geologic and groundwater setting, referencing the 
Geotechnical Data Report.  Present values of ground mass permeability, 
including direct and indirect measurements of permeability values, with 
reference to tabular summaries contained in the Geotechnical Data Report.  
Describe the basis for the potential occurrence of large localized inflows not 
indicated by ground mass permeability values.  Present the rationale for 
selecting baseline inflow volumes. 

Special Conditions (Gas) 

Describe the tunnel gas classification and related CalOSHA health and safety 
regulations and requirements. 

6.5.4. Previous Construction Experience 

Nearby Relevant Projects 

List relevant projects constructed in the vicinity of the project. 

Relevant Features of Past Projects 

Describe relevant features of past projects; focusing on excavation methods, 
ground behavior, groundwater conditions, and ground support methods. 

Summary of Construction Problems on Past Projects 

Describe known construction problems on past projects in the vicinity, 
focusing on geotechnical issues. 

Potentially Misleading Conditions Relative to Nearby Projects 

Describe specific issues on nearby projects, where construction issues may be 
potentially misleading if compared to the conditions expected for this project. 
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6.5.5. Surface Excavations 

Anticipated Ground Behavior 

Present the anticipated ground behavior in response to construction operations 
for each soil and rock unit.  Provide recommendations for temporary 
construction slopes.  Describe excavation support requirements and present 
recommended earth pressures for support design and acceptable shoring and 
bracing systems.  Present a brief overview of groundwater conditions and 
potential groundwater control measures.  Discuss issues related to the disposal 
of excavated materials. 

Basis for Portal/Shaft Requirements 

Present the basis of geotechnical recommendations for the portals and shafts. 

Basis for Trench Construction Requirements 

Present the same information included in the portal and shaft discussion 
described in the paragraph above, except tailor this discussion to the 
geotechnical conditions along the locations where trench construction will 
occur. 

Basis for Ground Improvement Design (if used) 

Present the rationale for ground improvement design. 

Basis for Groundwater Control Design (if used) 

Present the rationale for the groundwater control design. 

6.6 Field Investigations 

Each geotechnical field exploration has unique requirements for equipment to 
obtain the proper samples and tests.  Soil exploration drillings rigs are the 
most common equipment used for fieldwork.  The equipment can be mounted 
on all-terrain vehicles, barges, skids, and trucks.  Truck-mounted equipment is 
most common, but may not be appropriate if special access is required.  
Special equipment is available for use in confined quarters and areas with 
restricted or poor access. 

6.6.1. Soil Drilling 

A wide variety of equipment is generally available to perform borings and to 
obtain soil samples.  The method used to advance the boring should be 
compatible with the soil and groundwater conditions, or the quality of the soil 
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samples may be poor.  Particular care should be exercised to properly remove 
all slough or loose soil from the boring before sampling.  Below the 
groundwater level, drilling fluids are often needed in soft soils or cohesionless 
soils to stabilize the sidewalls and bottom of the boring (this applies to 
hollow-stem auger drilling methods in saturated granular soils, also).  Without 
stabilization, the bottom of the boring may heave or the sidewalls may 
contract either disturbing the soil prior to sampling or preventing the sampler 
from reaching the bottom of the boring.  In most geotechnical explorations, 
borings are usually advanced with 4-inch or 6-inch diameter, solid-stem 
augers, 3 1/4 to 4 1/4-inch inside diameter hollow-stem augers, or rotary wash 
boring methods using a 4 to 5-inch nominal diameter drag or roller bit.   

Continuous-Flight Auger Drilling 

Continuous-flight (solid-stem) auger drilling is generally used in cohesive 
soils where the boring walls are stable.  Careful observation of the resistance 
to penetration and the vibrations or “chatter” of the drilling bit can provide 
valuable data in interpretation of the subsurface conditions.  “Fishtail” bits are 
commonly used in stiff to soft clay and sand formations.  Carbide-tipped 
“finger” bits are commonly used where hard clay formations or interbedded 
rock or cemented layers are encountered.  The finger bits commonly leave a 
much larger amount of loose soil at the bottom of the hole and should be used 
only when necessary.  It is desirable to twist the continuous-flight augers into 
the ground with rapid advancement and to withdraw the augers without 
rotation, often termed dead-stick withdrawal, to maintain the cuttings on the 
auger flights with minimum mixing.  This drilling method aids visual 
identification of changes in the soil formations.  In all instances, the cuttings 
and the reaction of the drilling equipment should be monitored regularly to 
identify stratification changes between sample locations. 

Hollow-Stem Auger Drilling 

Hollow-stem auger methods are commonly used in cohesive soils or in 
granular soil formations above the groundwater level, where the boring walls 
may be unstable, and the augers form a temporary casing to allow sampling of 
the "undisturbed soil" below the bit.  This drilling method generally produces 
limited cuttings for visual observation, thus reducing the information available 
to detect changes between sample intervals.  As the boring is advanced to 
greater depths a considerable delay may occur before the soil cuttings appear 
at the ground surface, and the large size of the augers may limit the ability of 
the driller to detect changes in the soil conditions by monitoring the response 
of the drilling equipment.  The Field Representative must be aware of these 
limitations in identification of soil conditions between sample locations.  In 
some instances, additional samples may be needed to better identify changes 
in soil conditions. 
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The hollow-stem augers were designed to be advanced with a center bit or 
plug attached to drill rods.  This center bit is intended to prevent soil cuttings 
from entering the hollow-stem augers during drilling and is removed to allow 
soil sampling.  Many drillers prefer to advance the boring without the center 
bit, allowing a natural "plug" of compacted cuttings to form at the bit and 
avoiding the need to remove and replace the bit and drill rods at each sample 
attempt.  The extent of this plug is difficult to control and this practice is not 
acceptable. 

Significant problems can occur where hollow-stem augers are used to sample 
soils below the groundwater level.  The unbalanced water pressure acting 
against the soil at the bottom of the boring can significantly disturb the soil, 
particularly in granular soils or soft clays.  Often the soils will heave and plug 
the auger, preventing the sampler from reaching the bottom of the boring.  
Where heave or disturbance occurs, the penetration resistance or strength of 
the sample can be significantly reduced.  For these reasons, and others, it is 
considered advisable to halt the use of hollow-stem augers at the groundwater 
level and to convert to rotary wash boring methods.  Alternatively, the lead 
auger can be fitted with a basket and the center of the augers filled with water 
or drilling mud to support the soil at the bottom of the boring. 

Where conditions are suitable, continuous-flight augers (above the 
groundwater level) and rotary wash borings (below the groundwater level) are 
preferred to hollow-stem augers as a routine method to advance borings for 
geotechnical investigations. 

Rotary Wash Borings 

The rotary wash boring methods are commonly used in soil formations below 
the groundwater level where the boring walls are unstable.  The drilling fluid 
(water, bentonite, Polymer additive or other synthetic drilling products) is 
used to stabilize the boring walls and to remove the drill cuttings from the 
boring.  In soft soils, bentonite or polymer additives (Revert) are desirable to 
increase the weight of the drill fluid and to reduce the stress reduction in the 
soil at the bottom of the boring.  Drag bits are commonly used in soil 
formations, and roller bits are used to penetrate cemented zones and rock 
formations. 

Examination of the cuttings suspended in the wash water provides an 
opportunity to identify changes in the soil conditions between sample 
locations.  A strainer is held in the drill water discharge stream to catch the 
suspended material.  In some instances the drill water return will be lost or 
significantly reduced.  Open joints, fissures, cavities, or highly permeable 
zones while drilling rock formations are indicated by this action and must be 
carefully noted on the logs. 

 6-29 



SRCSD Interceptor Design Manual   Chapter 6 
 Geotechnical Investigations and Reports 

The weight and viscosity of the drilling fluid and the quantity of fluid pumped 
through the bit will determine the size of particles that can be removed from 
the boring with the circulating fluid.  In formations containing gravel, cobbles, 
or larger particles, coarse material may be left in the bottom of the boring.  In 
these instances, clearing the bottom of the boring with a larger-diameter 
sampler (such as a 3-inch OD split-barrel sampler) may be needed prior to 
obtaining a representative sample of the formation.  The level of the drilling 
fluid in the boring must be maintained at or above the ground surface while 
removing drilling rods or tools to maintain positive pressure on the soil 
formations.  The driller must add water or drilling fluid as the drilling tools 
are removed. 

Bucket Auger Borings 

Bucket auger drills are used where it is desirable to remove and/or obtain 
large volumes of disturbed soil samples or to enter the boring to make 
observations and measurements, such as for projects where slope stability is 
an issue.  In such cases, the boring is typically drilled with a 26- to 
48-inch-diameter bucket, depending on the diameter of the required lifting 
equipment for personnel.  Only trained personnel following CalOSHA 
regulations should enter a bucket auger boring for the purposes of direct 
observation, measurement, and/or sampling.  

With the possible exception of running sand, the bucket auger is appropriate 
for most soil types and soft to firm bedrock.  Drilling below the water table 
can be completed where materials are firm and not prone to large-scale 
sloughing.  Where materials are prone to sloughing, the boring can be 
advanced further by installing a casing or filling it with fluid (water or drilling 
mud), which provides a positive head and reduces the tendency for wall 
instability.  Depending on hole conditions, down-hole logging is often 
precluded below where water is encountered.  Down-hole inspection below 
zones of slow seepage through firm-to-strong bedrock can be performed, but 
must be preceded by careful inspection of hole conditions.  Otherwise, 
down-hole logging below seepage zones should not be performed unless 
special safety precautions are taken. 

The bucket auger method is particularly useful for drilling in materials 
containing gravel and cobbles, because the drilling bucket can often scoop up 
cobbles that may cause refusal for a continuous-flight auger drill.  Also, 
because this type of rig drills in 1- to 2-foot increments and is emptied after 
each of these advances, it is advantageous where it is desirable to obtain 
large-volume samples from specific subsurface locations, such as for 
aggregate studies where large-volume samples of gravelly and cobbly 
materials need to be collected. 

A rotating drilling bucket with cutting teeth mounted to the bottom advances 
the boring.  The bucket is typically 2 to 3-feet long and has a hinged bottom 
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with openings in front of the cutting teeth to collect the excavated material.  
The drilling bucket is attached to the bottom of a "Kelly Bar,” which typically 
consists of two to four square steel tubes assembled one inside another so that 
they telescope downward. 

Bucket auger borings are typically advanced in 1- to 2-foot intervals, a 
distance that usually fills the bucket with soil cuttings.  At completion of each 
1- to 2-foot advancement, the bucket is retrieved from the boring and emptied 
on the ground near the drill rig. 

If hard materials (concretions or rocks larger than can enter the bucket) are 
encountered, special-purpose buckets and attachments can be substituted for 
the standard "digging bucket.”  Examples of special attachments are: 

• Coring buckets that are simply an open steel pipe with carbide cutting 
teeth mounted along the bottom edge of the pipe- these are used to 
core through hard materials 

• Ripper bars that are used to break up very dense sandstone and 
claystone 

• Rock buckets that have heavy-duty digging teeth and wider than usual 
openings to collect broken materials 

• Single-shank breaking bars that are attached to the Kelly Bar and 
dropped to break up hard rock 

• Clam-shell buckets that are used to pick up cobbles and large rock 
fragments form the bottom of borings 

This drilling procedure facilitates obtaining good size bulk samples from 
specific locations in the boring.  This procedure also provides good control on 
logging the boring from cuttings.  Driven samples are most commonly 
obtained by removing the drilling bucket and attaching a sliding-sleeve device 
on the bottom of the Kelly Bar.  The desired drive sampler (split barrel or 
modified California) is then attached to the bottom of the sliding-sleeve 
device, and the assembly is lowered to the bottom of the hole.  The Belly Bar 
is then lifted about 12-inches (the reach of the sliding sleeve) and the bar is 
"dropped" to drive the sampler.  Because of its size, the Kelly Bar is typically 
very heavy, ranging in weight from several hundred pounds to several 
thousand pounds.  The actual weight used to drive the sampler will depend on 
the depth of the sampler and the number of segments of the Kelly Bar that are 
"dropped.”  Although Kelly Bar blow counts should be recorded, their use is 
very limited and no good conversion to standard blow counts is available.  
Because of the weight of the Kelly Bar, the sample can be easily damaged.  
Thus, due care should be given to assembly of the sampler, positioning of the 
sampler in the boring, and driving of the sampler.  Although uncommon, some 
bucket auger rigs are equipped with a cathead that can be used with rope and 
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drill rods to collect standard penetration blow counts for split-barrel samples.  
The Field Representative should be aware that the excessive width of the 
bucket auger boring does not comply with the ASTM D 1586 
recommendations.  Care must be taken to properly backfill bucket auger 
borings to reduce potential for settlement after the boring has been completed.  
This will typically require the use of a sand/cement slurry placed by tremie 
method or by compacting the soil cuttings with the bucket in lifts not 
exceeding 1 to 2-feet.  If the boring extends below the water table soil cuttings 
are generally not suitable as a backfill material. 

Exploration Pits 

Exploration pits and trenches permit detailed examination of the soil and rock 
conditions.  Exploration pits can be an important part of geotechnical 
explorations where significant variations in soil conditions occur (vertically 
and horizontally), large soil and/or nonsoil materials exist (boulders, cobbles, 
debris) that cannot be sampled with conventional methods, or buried features 
must be identified and/or measured. 

Exploration pits are generally excavated with mechanical equipment 
(backhoe, bulldozer).  The depth of the exploration pit is determined by the 
exploration requirements, but is usually limited to a few feet below the water 
table.  Exploration pit excavations are generally uneconomical at depths 
greater than about 15-feet and require suitable adjacent area for temporary soil 
storage. 

During excavation, the bottom of the holes should be kept relatively level so 
that each lift represents the corresponding portion of the deposit.  At the 
surface the excavated material should be placed in an orderly manner 
adjoining the pit with stacks to identify the depth of the material.  Shoring 
may be required depending upon soil condition and depth. 

The sides of the pit should be cleaned by chipping continuously in vertical 
bands so as to expose a clean face of rock or soil.  Other methods may also be 
appropriate for specific pit locations. 

Logging procedures should consist of making a vertical profile parallel with 
one pit wall using a natural scale.  The contacts between geologic units should 
be drawn on the profile and units identified and sampled, if considered 
appropriate by the Project Manager.  Characteristics and types of soil or 
lithologic contacts should be noted.  The normal scale for detailed logging is 
1-inch equals 2-feet or 1-inch equals 1-foot, with no vertical exaggeration.  
Justification for scales other than these should be documented.  

After the pit is logged, any shoring will be removed, and the pit shall be 
photographed with a digital camera or digital files from conventional 
photographs will be provided.  Photographs should be located with reference 
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to exploration pit log stationing and baseline elevation.  A visual scale should 
be in each photograph. 

Sample locations should be shown in the exploration pit log and their 
locations written on a sample tag showing the exploration pit station and 
elevation reference to baseline elevation.  Groundwater should also be noted 
on the exploration pit log.  

See Section 6.7.9 for a description of procedures to backfill the exploration pit 
excavations. 

6.6.2. Soil Samplers 

A wide variety of samplers are available throughout the world to obtain soil 
and rock samples for geotechnical investigation.  Four general classes of soil 
samplers are routinely used: driven thick-walled samplers, pushed 
thick-walled samplers, pushed thin-walled tube (Shelby) samplers, and bulk or 
grab samples.  Thick-walled samplers have a high area ratio and may disturb 
soft or low-density soils but can penetrate stiff subsurface conditions.  
Thin-walled samplers have a low area ratio and are used where sampling 
disturbance must be reduced. 

Modified California Sampler 

The modified California sampler is a liner sampler.  The sampler is 
thick-walled (area ratio of 77%) with a sample barrel that has an outside 
diameter of 2.50-inches and an inside diameter of 2.00-inches.  The sampler 
generally has a cutting shoe similar to the split-barrel sampler with a nominal 
inside diameter of 1.93-inches.  Four 4-inch long 1.93-inch ID brass liners are 
used to contain the sample.  The modified California sampler is driven with 
standard penetration energy.  The unadjusted blow count is recorded on the 
boring log.  The driving resistance obtained using a modified California 
sampler must be adjusted to correspond to the standard penetration test 
driving resistance. 

The following information should be written on the top cap of each sample 
liner: interceptor segment identifier, boring number, sample number, liner 
number, and depth.  See Section 6.7.5 for additional information on sample 
labeling. 

Split-Barrel Sampler 

The 2-inch OD split-barrel sampler is used to obtain a penetration resistance 
and soil sample for sands and, in some instances, is used in silt and clay.  The 
sampler is thick-walled (area ratio of 110%) with an outside diameter of 2.00-
inches, an inside diameter of 1.50-inches, and a 1.375-inch diameter cutting 
shoe (occasionally barrels with an inside diameter of 1.375-inches can be 
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found).  The sampler is generally driven without liners.  A split-barrel sampler 
designed to not contain liners should be used whenever possible.  The sampler 
and the method used to drive the sampler are described in ASTM D 1586.  
The soil sample is removed from the split-barrel sampler and placed and 
sealed in a glass jar, sealed plastic bag, or a brass liner.  Separate containers 
should be used if the sample contains different soil types.  Split-barrel 
samplers with outside diameters of 2.50 and 3.00-inches are also available and 
may be used where the soils contain large particles.  The penetration 
resistance for these larger samplers must be modified to correspond to the 
standard penetration test (SPT) using the method described by Lacroix and 
Horn (1973) summarized below: 

Nspt = N  nonstandard (K) 
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where: 

 W1 = The weight of the hammer in pounds 

 H1 = The height of free fall of the hammer in inches 

 Dl = The outside diameter of the sampler in inches 

 L1 = The depth of penetration in inches 

This correlation may also be applied when a 2-inch OD split barrel sampler is 
driven with a nonstandard hammer. 

A retainer basket formed by steel or plastic is often required to keep samples 
of clean granular soils in the split-barrel sampler.  The retainer baskets are 
permitted, but the use should be noted on the boring log. 

The following information should be written on a label attached to the sample 
container: interceptor segment identifier, boring number, sample number, and 
depth interval.  See Section 6.7.5 for additional information on sample 
labeling. 

Thin-Wall (Shelby) Tube Sampler 

The thin-wall tube (Shelby) sampler is commonly used to obtain "relatively" 
undisturbed samples of cohesive soils for strength and consolidation testing.  
This type of sampler is not suited for formations containing gravel, cobbles or 
in very dense sands or hard clays.  The sampler commonly has a 3.00-inch 
outside diameter and a 2.87-inch inside diameter and is considered thin-walled 
(area ratio of 9%).  Larger diameter sampler tubes are often used where higher 
quality samples are required and sampling disturbance must be reduced.  The 
test method for thin-walled tube sampling is described in ASTM D 1587.  The 
thin-walled tubes are manufactured using carbon steel, galvanized-coated 
carbon steel, stainless steel, and brass.  Although the carbon steel tubes are 
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often the lowest cost tubes, they are unsuitable if the samples are to be stored 
in the tubes for more than a few days or if the inside of the tubes becomes 
rusty, significantly increasing the friction between the tube and the soil 
sample.  In stiff soils, galvanized carbon steel tubes shall be used.  In soft 
soils, brass tubes may be used.  The thin-walled tube is manufactured with a 
special cutting edge for cutting a reduced-diameter sample (commonly 
2.85-inch inside diameter) that helps reduce friction between the soil sample 
and tube.  It is important that this special cutting edge be maintained in good 
condition.  In general, no thin-walled tubes should be used if the cutting edge 
has been removed or has been damaged. 

The thin-wall tubes can be pushed with a fixed head or piston head.  Where 
soft soils are to be sampled, a piston sampler is preferred. 

The thin-wall tube sampler should not be pushed more than the total length up 
to the connecting cap less 6-inches; the remaining 6-inches (minimum) of tube 
length is provided to accommodate the slough that accumulates to a greater or 
lesser extent at the bottom of the boring.  Where low density soils or soils 
sensitive to collapse are being sampled, a reduced push of 12 to 18-inches 
may be appropriate.  The thin-walled tube sampler should be pushed with a 
single, continuous motion using the drill rig's hydraulic system.  The hydraulic 
pressure required to advance the thin-walled tube sampler should be noted and 
recorded on the log in the units of pounds per square inch (psi).  The sampler 
head contains a check valve that allows water to pass through the sampling 
head into the drill rods.  This check valve must be clear of mud and sand and 
should be checked prior to each sampling attempt.  After the push is 
completed, wait at least one minute, then rotate the drill rod string through 
two complete revolutions to shear off the sample, then slowly and carefully 
bring the sample to the surface.  In stiff soils it is often unnecessary to rotate 
the sampler. 

After taking a thin-walled tube sample, remove any slough or cuttings from 
the upper end of the tube using a cleanout tool (if feasible).  Measure the 
length of sample recovered and classify the visible contents of the tube for the 
log.  It is desirable to place a plastic disk with rubber seal in the upper part of 
the tube and tighten it into place by the screw provided to contain the sample 
and maintain the sample water content.  Otherwise the sample void space 
needs to be filled with clean sand placed in plastic baggies.  Plastic end caps 
should be placed over both ends of the tube and electrician's tape should be 
placed over the joint between the collar of the cap and the tube and over the 
screw holes.  In cases where the tubes will not be quickly taken to the 
laboratory or to a location sheltered from temperature extremes and examined 
in the laboratory, it is appropriate to prevent the samples from freezing and to 
keep the samples out of contact with the sun or high temperatures to help 
reduce moisture loss.  The tubes should be maintained in an upright position at 
all times and transported in a box specially designed to keep them upright. 
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The following information should be written on the top half of the tube and on 
the top end cap: project segment identifier, boring number, sample number, 
and depth interval.  The Field Representative should also write the project 
name and the date the sample was taken on the tube.  Near the upper end of 
the tube, write the word "top" and draw an arrow from the word and pointing 
toward the top of the sample.  Putting sample information on both tube and 
end cap facilitates retrieval of tubes from laboratory storage and helps prevent 
mix-ups in the laboratory when several tubes may have their end caps 
removed at the same time. 

Continuous Soil Samplers 

Several types of thick-walled, 5-foot-long samplers are available to obtain 
"continuous" samples of soil as hollow-stem augers are advanced into 
cohesive soil formations.  The systems use bearings or fixed hexagonal rods to 
restrain or reduce rotation of the continuous sampler as the hollow-stem 
augers are advanced and the tube is pushed into undisturbed soil below the 
augers.  The continuous samples are commonly used for visual observation, 
hand penetrometer tests, and classification-type laboratory tests (moisture, 
density).  Experience shows the sampler works acceptably in firm to hard 
cohesive soils and in soils with thin sand layers.  The continuous sampler is 
not considered suitable for formations of cohesionless soil below the 
groundwater level, soft soils, or samples that swell following sampling.  

Pitcher Tube Sampler 

The Pitcher tube sampler is used in soft rocks and is well adapted to sampling 
deposits consisting of alternately hard and soft layers.  The sampler consists of 
a thin-walled tube (similar to a Shelby tube) and an outer core barrel.  At the 
top of the thin-walled tube, a spring contacts the top of the outer barrel.  In 
softer rocks, the spring compresses slightly and the cutting edge is forced into 
the soil.  As downward pressure is applied, the cutting edge advances ahead of 
the outer barrel and the outer barrel cuts away the excess soil.  In harder 
material, the spring compresses a greater amount.  The outer barrel is pushed 
beyond the cutting edge of the thin-walled tube, and the bit cuts the soft rock 
similar to a core barrel.  The outer barrel is generally rotated at the rate of 100 
to 200 revolutions per minute (rpm).  The filled sampling tube is then 
removed from the sampler and is marked, preserved, and transported in the 
same manner described for thin-walled tubes. 

Disturbed and Bulk Samples 

Samples of auger cuttings are occasionally appropriate where the soil layers 
are thin or are not easily sampled by other methods (topsoil, granular base 
below pavements, fill material).  Small volume samples for identification 
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purposes should be packaged in the same manner described for samples from 
split-barrel samplers. 

Bulk samples must be obtained if R-value, compaction, California Bearing 
Ratio (CBR), or other laboratory test methods are required.  Bulk soil samples 
may be obtained by collecting soil using hand tools without any precautions to 
minimize sample disturbance.  The sample may be taken from the sidewalls of 
a trench, from drill cuttings, from a hole dug with a shovel and other hand 
tools, or from a stockpile.  The sample should be put into a container that will 
retain all of the particle sizes.  For large samples use plastic 5-gallon buckets 
or metal 55-gallon barrels; for smaller samples use a small, heavy plastic bag 
that can be sealed to maintain the water content of the samples.  When it 
becomes necessary to obtain an undisturbed bulk sample, the procedures for 
obtaining and preserving the sample must be defined by the Project Manager.  
Each bulk sample must be identified with the following information: project 
segment identifier, boring or exploration pit number, sample depth, and 
sample number. 

6.6.3. Standard Penetration Test 

The standard penetration resistance of the soil is reflected by the number of 
blows required to drive the 2-inch OD split-barrel sampler into the soil with a 
140-pound hammer dropped 30-inches using a rope wrapped twice around a 
cathead or a mechanical device to elevate the hammer.  The standard 
penetration test is defined by ASTM D 1586.  In some instances, nonstandard 
hammers or different-sized samplers are needed.  These variations must be 
clearly identified on the boring logs so that the appropriate adjustments to the 
penetration resistance can be made using the method described by Lacroix and 
Horn (1973).  The actual blow count (without adjustment), hammer, sampler 
size, and drill rod size should be recorded on the field log.  The use of a down 
hole hammer should not be allowed unless the Project Manager agrees to the 
use.  In no case should a down hole hammer be operated below the level of 
fluid inside the boring or casing. 

Rest the dead weight of the sampler, drill rods, and hammer on the bottom of 
the boring and apply one seating blow.  If excessive cuttings are encountered 
at the bottom of the boring, remove the sampler and clean the cuttings from 
the boring before continuing.  Mark the drill rods in three successive 6-inch 
increments. 

The number of blows required to advance the modified California and 
split-barrel samplers should be counted and recorded for each 6-inch interval 
of driving.  The drop rate should be about 30 to 40 blows per minute.  The 
raising and dropping of the 140-pound hammer should be accomplished by 
using a trip, automatic, or semiautomatic hammer drop system or by using a 
cathead to pull a rope attached to the hammer.  No more than 2-1/4 rope turns 
on the cathead may be used.  Method A, ASTM D 1586, which uses 
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counterclockwise rotation of the cathead and takes the rope off the top of the 
cathead, shall be utilized. 

When the final penetration increment is less than 6-inches, the penetration of 
the final increment length should be recorded to the nearest inch.  The first 
6-inch increment is considered to be a "seating interval" in the more highly 
disturbed soils at the base of the boring and the corresponding blow count 
should not be taken into consideration unless the sampler is not driven beyond 
the seating interval.  The standard penetration test (SPT) blow count or 'N' 
value is the sum of the blows for the two 6-inch intervals after seating the 
sampling spoon 6-inches. 

In soils that are suspected of, or known to, contain gravel, a record of blow 
counts at 2-inch increments should be made to allow a better interpretation of 
the blow count in these variable materials. 

The SPT test can be halted when the number of blows exceeds 100 total, the 
number of blows exceeds 50 in any 6-inch increment, or if the sampler has not 
advanced as a result of the last 10 consecutive blows. 

The use of blow counts to describe the apparent density or consistency of the 
subsurface soils is discussed in Section 6.9.3. 

6.6.4. Sampling Interval and Appropriate Type of Sampler 

The sampling interval will vary due to site conditions.  However, the most 
common sampling frequently obtains samples at 2.5-foot intervals in the 
upper 10-feet and at 5-foot intervals below 10-feet.  A greater sample interval, 
often 10-feet, is appropriate below depths of 50 to 100-feet.  In other cases, 
continuous samples may be required for some portion of the boring.  
Continuous sampling is recommend in the tunnel zone (from 1 diameter above 
to 2 diameters below the tunnel). 

In general, SPT samples are taken in sand, modified California samples are 
taken in clays, and thin-walled tube samples are taken in soft, cohesive soils, 
from which a relatively undisturbed sample may be required.  Large bulk 
samples are taken of the soils at the depth intervals where they are relevant to 
a specific aspect of the project; for example, at the level of proposed surface 
paving improvements. 

6.6.5. Sample Labeling 

Every sample that is attempted, whether there is recovery or not, is assigned a 
unique number composed of designators for the interceptor segment identifier, 
boring number, the sequential sample attempt number (or sample depth), and 
the sequential sample container number.  
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XXXXX   -     1    -     4     - 2 
Interceptor 
Segment 
Identifier 

Boring 
Number 

Sample 
Attempt 
Number  
or Depth 

Sample 
Container 
Number 

Where modified California samples are obtained, the brass tubes are 
numbered from 1 to 4 starting at the top of the sampler.  All four tubes are 
numbered in this manner regardless of the actual distance the sampler is 
advanced or the actual recovery.  At least the two bottom sample tubes, or the 
topmost full liner, should be marked and returned to the laboratory, discarding 
any tubes that contain only slough.  Any disturbed tubes should be clearly 
marked.  The brass tubes are closed with slip-fit plastic caps.  

Standard penetration test samples are commonly placed in sealed plastic bags 
or glass olive jars, to preserve the as-sampled water content.  The samples are 
marked with the following information: 

• Interceptor Segment Identifier  

• Boring number 

• Sample number 

• Sample depth 

All other samples should be marked with an adhesive label or tag containing 
the following information: 

• Interceptor Segment Identifier 

• Sample number 

• Boring number 

• Sample depth 

6.6.6. Soil Sample Care and Preservation  

A detailed discussion of sample preservation and transportation is presented in 
ASTM D 4220.  All samples should be protected from extreme temperatures.  
Samples should be kept out of direct sunlight and should be covered with wet 
burlap or other material in extremely hot weather.  In winter months, special 
precautions should be taken to prevent samples from freezing during handling 
or shipping.  As much as is practical, the thin-walled tubes should be kept 
vertical, with the top of the sample above the bottom of the sample.  If 
available, the thin-walled tubes should be kept in a carrier with an individual 
slot for each tube.  Padding should be placed below and between the tubes to 
cushion the tubes and to prevent them from striking one another.  The entire 
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carrier should be secured with rope or cable to the body of the transporting 
vehicle so that the entire case will not tilt or tip over while the vehicle is in 
motion. 

6.6.7. Rock Drilling and Sampling 

The majority of the interceptors within the MP 2000 will be constructed in 
soft ground (soil) conditions.  There may be some construction in Mehrten 
formation.  The Mehrten formation includes a volcanic conglomerate and 
tuffaceous sandstone and siltstone derived from andesitie sources and some 
andesitic mudflow. 

The designation of a penetration of 1-inch or less by a 2-inch split-barrel 
sampler following 50 blows using standard penetration energy can be used as 
a guide that rock drilling or coring could be required.  Defining the top of rock 
from drilling operations can be difficult, especially where large boulders 
occur, and must be done with care, recognizing that claims for excess rock 
excavation or additional pile length can develop from improper identification 
of rock.  Geophysical methods can be used to assist evaluation of the top of 
rock elevations. 

Where the borings extend into weathered and unweathered rock formations, 
rock drilling, and sampling procedures are required.  This section provides an 
abbreviated discussion of rock drilling and sampling methods.  Specialized 
explorations of rock conditions may have site-specific requirements for rock 
identification that will supersede this Manual.  The International Society for 
Rock Mechanics Commission on Standardization of Laboratory and Field 
Tests guidelines are suggested for additional guidance in rock drilling and 
sampling and in logging rock cores. 

Noncore (Destructive) Drilling 

Noncore rock drilling may be used when an intact rock sample is not required 
and a boring is to be advanced relatively quickly and inexpensively.  Types of 
noncore drilling include air-track drilling, down-the-hole percussive drilling, 
rotary tricone (roller bit) drilling, rotary drag bit drilling, and auguring with 
carbide-tipped bits in very soft rocks.  Drilling fluid may be water, mud, foam, 
or compressed air.  All these methods make definition of the top of soft rock 
difficult; they proceed rapidly, cut weathered and soft rock easily, and 
frequently cause the top of rock to be defined at a lower elevation than will be 
found when excavation or pile driving occurs. 

Because intact rock samples are not recovered in noncore drilling, it is 
particularly important for the Field Representative to carefully record 
observations during drilling.  The following information pertaining to drilling 
characteristics should be recorded in the remarks section of the boring log (or 
where designated by the Project Manager): 
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• Changes in penetration rate or drilling speed in minutes or seconds per 
foot 

• Dropping of rods 

• Changes in drill operation by driller (down pressures, rotation speeds, 
etc.)  

• Changes in drill bit condition 

• Unusual drilling action (chatter, bouncing, binding, etc.) 

• Loss of drilling fluid, color change, or change in drilling pressure 

Types of Core Drilling 

A detailed discussion of diamond core drilling is presented in ASTM D 2113. 

Core barrels may be single-tube or double-tube, which offers better recovery 
by isolating the rock core from the drilling fluid stream.  For particularly 
friable or broken rock, triple-tube barrels are recommended.  Double- and 
triple-tube core barrels may have split inner tubes to allow observation and 
removal of the core with reduced disturbance. 

Wire line drilling equipment allows the inner tube to be uncoupled from the 
outer tube and raised to the surface by means of a wire line.  This equipment 
usually produces better recovery than core barrels attached to drill rods, as 
well as better production rates. 

Although NQ (1-7/8-inch core diameter) is commonly used for engineering 
explorations, the larger HQ (2-13/32-inch core diameter) is often used.  
Generally, the larger HQ core size will produce greater recovery and less 
mechanical breakage for a nominal cost increase.  Because of their effect on 
core recovery, the size and type of coring equipment used should be carefully 
recorded in the appropriate places on the boring log.  It should be noted that 
the original correlations for RQD reported by Deere (1963) were based on 
measurements made on NX-size core.  Experience in recent years reported by 
Deere and Deere (1989) indicates that diameters both slightly larger and 
smaller than NX may be used for computing RQD.  The wire line cores using 
NQ, HQ, and PQ sizes are considered acceptable.  The smaller BQ and BX 
sizes are not acceptable.  The term RQD is defined in Section 6.9.4.2. 

In many instances, clear water is used in the rock coring.  If drilling mud is 
required to advance the boring, the Project Manager should be notified to 
confirm that the type of drilling mud is acceptable.  This is particularly 
important if permeability testing is to be completed in the boring.  Avoid, as 
much as possible, water flow over the ground surface.  Discharged water (if 
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approved) should be contained in a catch basin and allowed to percolate into 
the ground, evaporate, or should be disposed off site. 

Observations during Core Drilling 

Observations of drilling characteristics and fluid characteristics (including 
water levels) should be recorded in the remarks section of the boring log, as 
described for noncore drilling. 

Core Handling and Labeling 

Cores should be handled carefully during transfer from barrel to box to 
preserve mating across fractures and fracture-filling materials.  Breaks in core 
that occur during or after the core is transferred to the core box should be 
refitted and marked with three short parallel lines across the fracture trace to 
indicate a mechanical break.  Breaks made to fit the core into the core box and 
breaks made to examine an inner core surface should be marked as such.  
These deliberate breaks should be avoided unless absolutely necessary. 

Place the core in a wooden core box from left to right, top to bottom (Figure 
6.).  For boxes with hinged lids, the upper end of the box is the side with the 
hinges.  When the upper compartment is filled, use the next lower (or 
adjoining) compartment (and so on until the box is filled), beginning in each 
case at the left-hand end.  Mark the depths of the top and bottom of the core 
and each noticeable gap in the formation by a clearly labeled wooden spacer 
block.  The depth in inclined borings is measured in linear feet drilled. 

The core box labels should be completed using an indelible black marking 
pen. 

If there is less than 100% core recovery for a run, place a cardboard or foam 
tube spacer of the same length as the core loss in the core box either at the 
depth of core loss, if known, or at the bottom of the run.  Mark depth of core 
loss, if known, or length of core loss on the spacer with a black magic marker. 

An example of recommended core box markings is given in Figure 6..  The 
core box lid should have identical markings both inside and out, and both ends 
of the box should be marked as shown. 

For angled borings, depths marked on core boxes and boring logs should be 
"nonvertical depths," i.e., measured along the axis of the boring.  The angle 
and orientation of the boring should be measured by downhole survey and 
noted on the core box and the boring log. 
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Figure 6-3:  Geotechnical Baseline Report, Typical Outline 

Typical Outline 

1) Introduction 
A. Project Owner 
B. Project Design Team, and Design Review Board 
C. Report Purpose and Organization 

2) Project Description 
A. Project Location 
B. Project Description 
C. References to Contract Drawings and Documents 

3) Geologic Conditions 
A. Sources of Geologic Data 
B. Geotechnical Investigations 
C. Geologic Setting 
D. Geologic Units 
E. Groundwater Conditions 
F. Special Conditions (Gas) 

4) Previous Construction Experience 
A. Nearby Relevant Projects 
B. Relevant Features of Past Projects 
C. Summary of Construction Problems on Past Projects 
D. Potentially Misleading Conditions Relative to Nearby Projects 

5) Surface Excavations 
A. Anticipated Ground Behavior 
B. Basis for Portal/Shaft Requirements 
C. Basis for Trench Construction Requirements 
D. Basis of Ground Improvement Design (if used) 
E. Basis of Groundwater Control Design (if used) 

6) Tunnel Construction 
A. Anticipated Ground Behavior 
B. Potential Difficulties 
C. Construction Sequencing 
D. Basis of Means and Methods Restrictions 
E. Basis of Groundwater Inflow Estimates 
F. Basis of Ground Improvement Design (if used) 
G. Basis of Groundwater Control Design (if used) 
H. Potential Sources of Delay 

7) Construction Instrumentation 
A. Instrumentation Types 
B. Instrumentation Requirements 

8) Limitations 

9) References 
 

Figure 6-3:  Geotechnical Baseline Report, Typical Outline 
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Core Photographs 

Photograph core in the split core barrel immediately upon removal from 
borehole with a digital camera (min. 2.1 mega pixel capability) or, digital files 
shall be created from conventional photos; include a label in the photograph 
identifying the borehole and the depth interval.  Labels are described below.  
For photographs of rock in core barrel, leave "Box    of     " on the label.  It 
may be desirable to get a "close-up" of interesting features in the core.  In all 
cases, it is important to include a label in the photograph identifying the 
borehole and the depth interval.  After a box has been filled with core and/or 
tube spacers (representing core loss), set box in a shaded area (if possible) on 
a stable "foundation" for photographing.  The core box should be set up to 
facilitate a camera line of site as perpendicular as possible to the surface of the 
box, not oblique. 

A tape measure or similar should be placed across the top or bottom edge of 
the box to provide a scale in the photograph.  The tape or scale should be at 
least 2-feet long, and it should have relatively large, high contrast markings to 
be visible in the photograph. 

The surface of the core should be wetted prior to photographing to enhance 
the color contrasts of the core. 

Place a completed label at the top of the core box, outside of the box.  Frame 
the box to include the bottom and side edges of the core box and the label at 
the top edge.  When having core photographs developed, request a matte 
finish (rather than glossy), and a 3 x 5 size, and a CD-ROM of the 
photographs. 

A color bar chart is often desirable in the photograph to provide indications of 
the effects of variation in film age, film processing, and the temperature of the 
ambient light source.  The photographer should strive to maintain uniform 
light conditions from day to day, and those lighting conditions should be 
compatible with the type of film selected for the project. 

Care and Preservation of Rock Samples 

A detailed discussion of sample preservation and transportation is presented in 
ASTM D 4220.  Four levels of sample protection are identified: 

• Routine care 

• Special care 

• Soil-like care  

• Critical care 
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Most geotechnical explorations will require routine care placing the rock core 
in structurally sound, wooden core boxes.  The core shall be closed in a 
loose-fitting polyethylene sleeve prior to placing the core in the core box.   

The moisture state of some rocks (especially claystone and siltstone) and even 
the moisture history can affect the sample properties, and special care is 
considered appropriate.  This same procedure can also apply if it is important 
to maintain fluids other than water in the sample.  Samples with these 
moisture considerations should be sealed with a tightly fitting wrap of plastic 
film (Saran Wrap) and a wrapping of aluminum foil.  Minimize any trapping 
of air, and fold the wrappings to seal the ends of the samples.  In some 
instances, it may be necessary to apply several coats of microcrystalline wax 
to the entire sample. 

Provide transportation of the core box by a suitable vehicle to avoid damage 
by vibration, shock, freezing, and high temperatures along the entire 
transportation route. 

6.6.8. Photographs and General Investigation Documentation 

Representative photographs will be taken during the field investigation 
activities for several reasons: (1) to help identify and locate borings; (2) to 
document a sample location’s appearance and proximity to site facilities; (3) 
to identify topographic features; (4) to document field activities or field 
observations; (5) to document existing conditions prior to the field exploration 
or activities; and (6) to document conditions after the field activities are 
complete.  Information about each photograph will be entered into the 
logbook immediately after the photograph has been taken.  Once the film has 
been developed, each slide or photographic print will be labeled with the 
name of the photographer, the time and date of the photograph, site location, 
frame, and roll number.  If available, a camera with date back capabilities will 
be used to automatically imprint the photograph with the time and date.  If 
videotape is used, the storage container and the video tape cartridge will be 
appropriately labeled.  A digital camera with at least a 2.1-mega-pixel 
capability is highly recommended.  Regardless of the camera utilized all 
photographs will be digitized and copied to CD-ROM.  The CD-ROM will be 
included with the Geotechnical Report for the investigation. 

6.6.9. Closure 

Boring Completion/ Grouting 

Following completion of all drilling, sampling, testing and water level 
measurements, the hollow stem auger/rotary wash borings will generally be 
backfilled using one of the following methods, or as directed by the Project 
Manager or Project Geologist and in accordance with local regulations. 
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Piezometer: If a piezometer is to be constructed in the boring, the Project 
Manager or Project Geologist will provide the details for its construction.  The 
piezometers will typically be 2-inch schedule 40 PVC with a 10-foot section 
of 0.020-slotted screen at the bottom of the borehole. 

Backfilling with Cement Grout Mix: The following cement/bentonite mixture 
or other acceptable grout mix shall be pumped into the borehole through a 
tremie pipe or through the hollow stem auger, which has been placed to the 
bottom of the borehole.  The tremie pipe or auger will be kept in the 
cement/bentonite mixture as it rises.  When the mixture comes to the surface, 
the auger or pipe is withdrawn.  As the auger or pipe is withdrawn, additional 
cement/bentonite mixture shall be added to make up for the volume lost. 

Mixture (approximate):  

2 sacks cement 
10 lbs. bentonite 
30 gallons water 

Mix cement and water first, slowly adding bentonite.  The amount of 
bentonite or water used may be varied somewhat to control the consistency 
and flowability of the mix.  A field record will be kept for each boring to 
document the method and procedures followed for boring backfilling. 

Survey Locations 

All borings, excavation pits and surface sample locations will be surveyed to 
establish their horizontal and vertical locations in accordance with the project 
datum.  This information shall be presented in a spreadsheet format and 
included with the Geotechnical Report. 

Exploration Pit Closure 

Exploration pit excavations will generally be backfilled with the native soils 
removed during excavation.  Following backfilling, the surface of the backfill 
should be compacted in accordance with the area’s use (the compaction of the 
upper portion of potential traffic areas will depend upon anticipated traffic 
loading).  Backfill may require placement of materials in lifts in order to 
achieve proper density.  Excess soils should be back dragged across the trench 
to form a near level surface.  Pits that are left open must be appropriately 
barricaded. 

Where possible the borings or exploration pits should be checked for 
subsidence after the project is complete. 
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Cleanup 

All remnants of the drilling process (soil, water, drilling fluids) should be 
disposed at a location designated by the owner or collected and disposed off-
site.  All drilling mud and debris must be hosed off and the drilling area 
returned to a condition similar to the original conditions before the Field 
Representative and drill crew leave the site.  Photographs shall be taken to 
document the condition of the area after completion of cleanup activities and 
included in the project photograph log.  
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Figure 6.4: Core Box 
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6.7 Groundwater Level Observations 

Observations of the groundwater level are an important part of all 
geotechnical explorations, and the identification of groundwater conditions 
should receive the same level of care as soil descriptions and care of samples.  
Many reasons can be found to not obtain groundwater level readings 
(difficulty covering open borings, time required to return for backfilling 
borings, etc.), but measurements of water entry during drilling and 
measurements of the groundwater level at least once following drilling shall 
be considered a minimum effort to obtain groundwater level data, unless 
alternate methods, such as installation of piezometers (or observation wells), 
are defined by the Project Manager.  Additional information regarding 
groundwater level observations can be obtained in ASTM D 4750 and ASTM 
D 5092. 

As noted earlier in this chapter, a permit from the Sacramento County 
Department of Environmental Health is required if any boring or excavation is 
within 10 ft. of groundwater.  It is recognized that water may be encountered 
at unexpected elevations during a field investigation and the 
boring/excavation may not be permitted.  Also, the presence of unexpected 
water may prompt the installation of piezometers for monitoring purposes.  If 
this occurs, the Sacramento County Department of Environmental Health 
must be notified.  The primary contact for this notification is: 

Sacramento County 
Environmental Management Dept. 
Environmental Health Division 
Steve Kalvelage 
(916) 875-8416 

. Open Borings 
6.7.1
The first indication of groundwater, when drilling fluids are not used to 
advance the boring, may be an observation of free water on the samplers or 
drilling equipment.  This level shall be recorded as the depth that water enters 
the boring.  The water level in the open boring shall be measured at the 
completion of each boring and, preferably, 24 hours after drilling.  Additional 
water level measurements should be obtained at the completion of the field 
exploration and at other times designated by the Project Manager.  The date 
and time of each observation should be recorded.  If drilling fluids are used to 
advance the borings, the drill crew should be instructed to bail the hole or to 
set a piezometer for groundwater observations.  It is noted that water levels 
will not be reliable unless the hole is flushed clean and a piezometer installed.  
Piezometers should be installed using revert if drilling fluids are used.  
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6.7.2. Piezometers 

The purpose of a piezometer is to allow direct measurement of the piezometric 
elevation at a distinct depth in a soil or rock formation, while a monitoring 
well allows the determination of the phreatic surface (groundwater table) 
within the zone of the screen and granular backfill.  The simplest type of 
piezometer is formed by a small-diameter poly-vinyl chloride (PVC) pipe set 
in an open hole.  The bottom of the pipe is capped, the lower part of the 
piezometer is slotted, and the annular space around the slotted pipe is 
backfilled with clean sand.  The area above the sand is sealed with bentonite, 
and the remaining annulus is filled with grout, concrete, or soil cuttings.  A 
surface seal is commonly formed with concrete.  A small vent hole should be 
placed in the top cap.  Piezometers in traveled areas should be installed below 
grade with traffic-rated box and cones that are approved by the Right-of-way 
Authority (City/County of Sacramento, Cal Trans). 

Driven well points are another common piezometer type for use in granular 
soil formations.  The piezometer is formed by a stainless steel or brass well 
point threaded to a galvanized steel pipe.  An open boring or rotary wash 
boring is advanced to a point several feet above the measurement depth and 
the well point is driven to the desired depth.  A seal is commonly required in 
the boring above the well point with a surface seal at the ground surface.  A 
log showing the details of piezometer construction shall be made.  A typical 
piezometer log is shown in Figure 6-5.  

6.7.3. Water Level Measurements 

Water level measurements in open borings are often made by sounding the 
water surface with a weighted tape.  The Field Representative should check 
the tape to confirm the tape markings and to verify that measured depth is 
correct.  Tapes with several inches or feet removed or a weight that extends 
below the "zero" mark of the tape are common. 

Where the water level is measured in a piezometer or well, common practice 
is to regularly measure the depth from a common orientation (often North) 
and to mark or notch the measurement point on the well casing. 

Water level measurement made with a weighted tape should be measured and 
recorded to the nearest 0.05-foot.  Water level measurements made with an 
electronic water level indicator in a piezometer indicator should be measured 
and recorded to the nearest 0.01-foot. 
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 Log 

 6-51 



SRCSD Interceptor Design Manual   Chapter 6 
 Geotechnical Investigations and Reports 

6.7.4. Field Permeability Tests 

In many instances, pump or packer tests are used to make field measurements 
of the hydraulic conductivity of soil or rock formations.  A useful technique 
for the design of a construction dewatering system for an excavation is a field 
pump test.  In this type of test, the groundwater is pumped from a properly 
constructed well while the groundwater level in piezometers located at various 
distances from the pumping well are monitored.  This test, called a drawdown 
test, is then followed by a recovery test, where the pump is turned off, and the 
recovery of the water table is noted in the pumping well and piezometers 
(Freeze and Cherry, 1979).  These tests will more effectively assess aquifer 
parameters such as hydraulic conductivity, storativity, transmissivity, and 
radius of influence, each of which is important in the planning, design, and 
operation of a dewatering system for groundwater control.  Site-specific 
operating procedures are generally prepared for pump tests, packer tests, slug 
tests, and constant head permeability tests. 

6.8 Boring Logs 

6.8.1. General 

The boring log is the basic record of almost every geotechnical exploration.  It 
is important that a detailed record of all aspects of the subsurface exploration 
be maintained.  The log should be written or printed legibly using a pen or soft 
lead pencil.  The logs should be kept as clean as is practical.  All appropriate 
portions of the logs should be completed in the field prior to completion of the 
field exploration. 

A “Key to Log of Soil Boring” is shown on Figure 6-6 and on example of a 
soil boring log is shown on Figure 6-7.  The following sections present 
guidelines for completion of the boring log forms, preparation of soil 
descriptions and classifications, and preparation of rock descriptions and 
classifications (a boring log form is shown on Figure 6-8). 

6.8.2. Project Information 

The top of each boring log provides a space for project specific information: 
drilling contractor, type of drilling equipment, date and time of work, drilling 
methods, hammer weight and fall, name of personnel logging the boring, a 
description of any unusual weather, groundwater levels observed, surface 
elevation, and location and coordinates of the borehole.  All information 
should be provided on the first sheet of each boring log. 
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Figure 6.6: Key to Log of Soil Boring 
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Figure 6.7: Log of Boring B-1 Sheet 1 of 2 
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Figure 6-7 Log of Boring B-1 Sheet 2 of 2 
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Figure 6.8: Blank Boring  
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6.8.3. Description of Soils 

Soils should be classified and described in general accordance with ASTM 
D2487 and D2488, respectively.  A soil description should include, as a 
minimum: 

• Consistency (for cohesive soils) or relative density (for granular soils) 
Moisture condition • 

• 

• 

• 

• 

• 

Color 
Type of soil 
The Unified Soil Classification Symbol appropriate for the soil 
type 
Grain size 
Cementation 

The various elements of the soil description should always be stated in the 
order given above.  For example: 

• Soft, wet, gray- Fat CLAY (CH) 

• Dense, moist, brown SILTY SAND (SM), fine-grained 

Consistency or Relative Density of Soils 

In the field, a semi-quantitative assessment of the relative density of sandy 
soils and the consistency of cohesive soils can be made using blow counts 
from Standard Penetration Tests (SPTs).  On the boring logs, the degree of 
relative density of granular soils is generally correlated to blow counts as 
shown in Table 6-3.  The degree of consistency of cohesive soils is generally 
correlated to blow counts as shown in Table 6-4. 

The relative density and consistency descriptions may deviate from the 
published correlations for a number of reasons, including reliance on other test 
results or the engineer’s judgment based on observations of and/or manual 
manipulation of the sample.  Manual tests for the consistency of fine-grained 
soils are shown in Table 6-5.  In the case where the sampler passes from one 
soil type into another of markedly different properties, for example, from a 
dense sand into a soft clay, it should be recognized that the sampler 
performance may begin to reflect the presence of the lower layer before it 
reaches it.  Therefore, care is required in the assessment of blow counts 
obtained from strata interfaces. 

Moisture Condition 

The amount of moisture present in the soil sample should be described as wet, 
moist or dry.  Soils that have visible free water are described as “wet” and 
usually come from below the water table.  The descriptor “dry” is used when 
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the soil appears to be air-dry, dusty, or dry to the touch.  Soil samples that are 
damp but do not contain visible free water should be described as “moist.”  
The term “saturated” is not used because it is difficult to determine whether a 
sample is truly saturated. 

Color 

Soil color should be described when the sample is first retrieved, at the natural 
moisture content. 

Soil Classification 

The Unified Soil Classification System (USCS) is the nucleus of the ASTM 
soil description system.  It is presented in summary form on Table 6-6.  
Certain ASTM soil groups require a “dual” symbol and are written with a 
hyphen: For example, SP-SM or CL-ML.  A “borderline” symbol, written 
with a slash, is used when, using the visual-manual procedure (ASTM D 
2488), the soil has been identified as having properties that do not distinctly 
place the soil into a specific group.  For example, CL/CH, GM/SM, or SW/SP. 
Borderline symbols may also be used when classification is uncertain, based 
on visual classification alone.  A borderline symbol uniting extremely 
different soil groups should not be used.  For example, GW/CH would not be 
an acceptable classification.  The group name for a soil assigned a borderline 
symbol should be the group name for the first symbol, except: 

• CL/CH: LEAN to FAT CLAY 

• ML/CL: CLAYEY SILT 

• CL/ML: SILTY CLAY 

Grain Size 

The constituent parts of a given soil type are defined on the basis of texture in 
accordance with particle-size designators.  The dominant particle size is used 
to describe the soil as coarse grained, fine grained, or highly organic.  Soil 
with more than 50% of the particles larger than the (U.S. Standard) No. 200 
sieve (0.074 mm) is designated as being coarse grained.  Soil (inorganic and 
organic) with 50% or more of the particles finer than the No. 200 sieve is 
designated as being fine grained.  The gravel and sand components of soils are 
further defined on the basis of particle size as follows: 
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Soil Component Grain Size 

Cobbles* 3-inch to 12-inch 

Coarse-grained gravel  ¾-inch to 3-inch 

Fine-grained gravel  No. 4 sieve to ¾-inch 

Coarse-grained sand No. 10 to No. 4 sieve 

Medium-grained sand No. 40 to No. 10 sieve 

Fine-grained sand  No. 200 to No. 40 sieve 

Boulders* 12-inch + 

*Boulders and cobbles are not considered soil or part of the soil's classification or description, except 
under miscellaneous descriptions, i.e. with cobbles at about 5% (volume). 

Cementation 

The following criteria should be used for describing cementation: 
Descriptive Term Criteria 

 
Weak cementation for weekly cemented Crumbles or breaks with handling or little 

finger pressure. 
 

Moderate cementation (or strongly 
cemented) 

Crumbles or breaks with considerable finger 
pressure 
 

Strong cementation (or strongly cemented) Will not crumble or break with finger 
pressure 

 

Laboratory testing should be performed on cemented samples to determine the 
range of anticipated strengths. 

6.8.4. Core Boring Log Designation and Description 

The rock core shall be logged on forms similar to the log presented in Figure 
6-7 and in accordance to the key to the log of core boring in Figure 6-6 (a 
blank form is presented in Figure 6-8). 

Field information that is relevant, but for which there is no space on the log, 
should be recorded in a project field book maintained by each logger.  For 
example, notes about the drillers’ production (feet per minute) and down time 
should be recorded in the project field book, with only the average production 
per run, in feet per hour, transferred to the appropriate column of the log form.  
Computations of drillers’ production should exclude time during a run that is 
not actually used for advancing the drill bit. 

Measurements of core lengths or borehole depths should be made to the 
nearest 0.05-foot.  Use a tape measure or scale that has 0.10- or 0.05-foot 
graduations; inches shall not be used. 
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Additionally, natural and man-made exposures of rock, samples from these 
exposures, and samples retrieved from subsurface explorations shall be 
described in field notes and on boring logs in the following order: 

Rock type, color, texture, grain-size, mineral composition, weathering, 
strength, hardness, and other relevant notes. 

Recovery 

The recovery ratio is the ratio of the length of core recovered to the total 
length of the core drilled on a given run, expressed as either a fraction or a 
percentage.  Core length should be measured along centerline.  Non-recovery 
should be assumed to be at the end of the run unless there is reason to suspect 
otherwise (e.g. weathered zone, drop of rods, plugging during drilling, loss of 
fluid, and rolled or recut pieces of core).  Non-recovery should be marked as 
NCR (no core recovery) on the boring log, and entries should not be made for 
bedding, fracturing, or weathering in that interval. 

Recoveries greater than 100% may occur if core that was not recovered during 
a run is subsequently recovered by a later run.  These should be recorded as 
such; adjustments to data should not be made in the field. 

Rock Quality Designation (RQD) 

The RQD is a modified core recovery percentage in which all the pieces of 
sound core over 4 inches long (100 mm) are summed and divided by the 
length of the core run.  The correct procedure for measuring RQD is 
illustrated in Figure 6-9.  The RQD is an index of rock quality in that 
problematic rock that is highly weathered, soft, fractured, sheared, and jointed 
is counted against the rock mass.  Thus, it is simply a measurement of the 
percentage of “good” rock recovered from an interval of a borehole. 

Length Measurements of Core Pieces 

The recommended procedure is to measure the core length along the 
centerline (Figure 6-10).  The centerline measurement is equivalent to a scan 
line along the core axis.  

Core breaks caused by the drilling process should be fitted together and 
counted as one piece.  Drilling breaks are usually evidenced by rough fresh 
surfaces.  For schistose and laminated rocks, it is often difficult to discern the 
difference between natural breaks and drilling breaks.  When in doubt about a 
break, it should be considered as natural in order to be conservative in the 
calculation of RQD for most uses.  This practice would not be conservative 
when the RQD is used as part of a ripping estimate.  
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Assessment of Soundness 

Pieces of core, which are not “hard and sound,” should not be counted for the 
RQD even though they possess the requisite 4-inch (100 mm) length.  The 
purpose of the soundness requirement is to downgrade the rock quality where 
the rock has been altered and weakened either by agents of surface weathering 
or by hydrothermal activity.  Obviously, in many instances, a judgment 
decision must be made as to whether or not the degree of chemical alteration 
is sufficient to reject the core piece. 

Percent Drilling Fluid Recovery 

The volume of fluid losses and the interval over which they occur should be 
recorded.  For example, “no fluid loss” means that no fluid was lost except 
through spillage and filling the hole.  “Partial fluid loss” means that a return 
was achieved, but the amount of return was significantly less than the amount 
being pumped.  “Complete water loss” means that no fluid returned to the 
surface during the pumping operation.  A combination of opinions from the 
field personnel and the driller on this matter will result in the best estimate. 

Drilling Rate, Time 

The drilling rate should be identified in the units of feet per hour.  Only time 
spent advancing the boring should be used to determine the drilling rate. 

Rock Type 

The rock type refers to the rock name (i.e., tonalite, gabbro, quartzite, etc.) 
will initially be based on previous geologic mapping and modified as a result 
of field descriptions and petrographic analyses. 

Color 

Colors should be assigned per the GSA Rock Color Chart, and for wet 
conditions. 

Texture 

The texture or “fabric” of a rock refers to arrangement of minerals, grains or 
voids in a rock mass.  A few examples of terms used to describe texture 
include: foliated, lineated, massive, laminated, fissile, porphyritic, vesicular. 
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Grain Size 

Grain size descriptions for igneous and metamorphic rock are different from 
those used for sedimentary rocks and soil and are defined as shown on Table 
6-7. 

Mineral Composition 

The mineral composition should be identified by a geologist based on 
experience and use of appropriate references.  The most abundant mineral 
should be listed first followed by minerals in decreasing order of abundance. 

Weathering and Alteration 

Weathering as defined here is due to physical disintegration of the minerals in 
the rock by atmospheric processes, while alteration is defined here as due to 
chemical processes.  Terms used to describe weathering or alteration are 
shown on Table 6-8. 

Strength 

Physical tests with hand tools and/or point load tests may be conducted to 
obtain data with which to comparatively assess uniaxial compressive strength.  
The rock strength descriptors corresponding to the physical test results and 
point load index (“IS”) are shown on Table 6-9. 

Scratch Hardness 

Rock hardness (scratch hardness), which is partially dependent on mineralogy, 
should be differentiated from rock strength.  If it is desirable to describe rock 
hardness, descriptors that should be used are: 

• Soft: Reserved for plastic material. 

• Friable: Easily crumbled by hand, pulverized or reduced to powder 
and is too soft to be cut with a pocketknife. 

• Low Hardness: Can be gouged deeply or carved with a pocketknife. 

• Moderately Hard: Can be readily scratched by a knife blade; scratch 
leaves heavy trace of dust and scratch is readily visible after the 
powder has been blown away. 

• Hard: Can be scratched with difficulty; scratch produces little powder 
and is often faintly visible; traces of the knife steel may be visible. 

• Very Hard: Cannot be scratched with pocketknife.  Leave knife steel 
marks on surface. 
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Discontinuity Type 

The abbreviations to be used to represent the rock mass discontinuity type on 
the boring log, or during mapping of rock exposures are as follows: 

• Fault (F): A brittle deformation in rock in which displacement of the 
neighboring rock mass is apparent.  The evidence for such 
displacements can be juxtaposed rock types, brecciation and/or gouge 
and slickensides.  A brittle shear with significant continuity, which can 
be correlated between observation locations, can be termed a fault. 

• Joint (J): A natural parting in rock exhibiting no evidence of 
displacement. 

• Shear (Sh): A structural break where differential movement has 
occurred along a surface or zone of failure by shear.  Often direction 
and amounts of displacement cannot be determined. 

• Foliation (Fo): A general term that refers to any planar fabric or 
layering in metamorphic rocks with the implication that the rock did 
not lose cohesion along foliation planes during formation of the 
foliation; discontinuities parallel to foliation are referred to as foliation 
controlled partings or foliation shears, depending on the nature of the 
discontinuities. 

• Vein (V): A discontinuity, which has been infilled or mineralized with 
a material different than the surrounding rock. 

• Bedding (B): A natural layering formed in sedimentary rock produced 
by differences in texture, color, or composition of the original 
sediments. 

Spacing of Discontinuities 

The fracture frequency, or number of discontinuities per foot, irrespective if 
their orientation, should be counted for each foot of rock. This value will be 
obtained for the rock core borings or from joint-line surveys completed at 
outcrops during geologic mapping. 

Aperture of Discontinuity 

The recommended terms to describe the aperture of discontinuities, such as 
thickness of veins, fault gouge, or width of joint openings, are listed on Sheet 
2 of 2 of the Key to Log of Core Boring, on Figure 6-9. 

For faults or shears that are greater than 2-inches thick, record the measured 
thickness in feet, to the nearest tenth of a foot. 
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Discontinuity Planarity (Surface Shape of Joint) 

Discontinuity planarity refers to the large-scale shape of discontinuities over a 
distance of several feet or meters.  Discontinuity planarity is normally 
assessed in outcrop mapping.  However, it is possible to get insights into 
planarity by observation of rock cores.  The following terms and abbreviations 
should be used to describe the planarity of discontinuities: 

• Wa – Wavey  

• PI – Planar 

• St – Stepped 

• Ir – Irregular 

Where described, the amplitude (A) and wavelength (Y) of wavy 
discontinuities should be measured in feet. 

Discontinuity Surface Roughness 

Discontinuity surface roughness refers to the small-scale roughness of 
discontinuity surfaces, over a distance of several inches or centimeters. The 
recommended terms and abbreviations to describe the surface roughness of 
discontinuities are listed on Sheet 2 of 2 of the Key to Log of Core Boring on 
Figure 6-6. 

Type of Discontinuity Infilling  

The recommended terms and abbreviations to describe the infilling material 
between the adjacent rock walls of a discontinuity are listed on Sheet 2 of 2 of 
the Key to Log of Core Boring, on Figure 6-6. 

Amount of Infilling in Discontinuity Key to Log of Core Boring 

The amount of discontinuity infilling should be described using the terms and 
abbreviations listed on Sheet 2 of 2 of the Key to Log of Core Boring, on 
Figure 6-6. 

Typical equipment for field mapping includes, but is not limited to: air 
photographs; base maps; existing geologic mapping information; field 
notebooks for recording observations; pocket transit, rock hammer, knife, acid 
bottle; and camera.  The geologists will visit specific locations of interest or 
make traverses across larger areas (as directed by the Project Geologist) 
during which they will document their observations and findings.  Field 
locations for observations and measurements should be estimated based on: 
landmarks on aerial photography; topography and cultural features shown on 
base maps; and triangulation with the pocket transit.  
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The geologists should make observations on the distribution, and 
characteristics of the various geologic units present.  In addition to rock types, 
they should note characteristics such as: degree of weathering; orientation and 
character of joints, shears, faults, foliation and bedding: In addition, the 
geologists should field-check lineaments identified during the aerial 
photograph analyses.  The observable characteristics of each lineament visited 
should be documented, and a preliminary interpretation of its origin should be 
noted.  

As information is collected by the field geologist, it should be added to 
compilation maps, cross-sections and the project database as appropriate. 

Table 6.3: Blow Count/Density Relationship for Granular Soils 

Blow Count Description 

0 – 4 Very loose 
4 – 10 Loose 

10 – 30 Medium dense 
30 – 50 Dense 

> 50 Very dense 
 

Table 6.4: Blow Count/Density Relationship For Fine-Grained Soils 

Blow Count Description 

0 – 2 Very soft 
2 – 4  Soft 
4 – 8 Medium stiff 

8 – 15 Stiff 
15 – 30 Very Stiff 

> 30 Hard 
 

Table 6.5: Manual Test of Consistency for Fine-Grained Soils 

Results of Manual Manipulation Consistency 

Specimen (height = twice the diameter) sags under its own weight Very soft 
Specimen can be pinched in two between the thumb and forefinger Soft 
Can be imprinted easily with fingers Medium stiff 
Can be imprinted with considerable pressure from fingers Stiff 
Can barely be imprinted by pressure from fingers Very Stiff 
Cannot be imprinted by fingers Hard 
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Table 6.6: Unified Soil Classification System Soil Classification Chart 

SOIL CLASSIFICATION CRITERIA FOR ASSIGNING GROUP NAMES USING LABORATORY TESTS 

GROUP SYMBOL GROUP NAME 

CU ≥ 4 and  

1 ≤ Cc ≤ 3 

GW Well-graded 
GRAVEL 

CLEAN 
GRAVELS 
Less than 5% fines 

Cu < 4 and/or  

1 > Cc  > 3 

GP Poorly graded 
GRAVEL 

Fines classify as ML 
or MH 

GM Silty GRAVEL 

COARSE- 
GRAINED  
SOILS 
More than 50% 
retained on No. 200 
sieve 

GRAVELS 
More than 50% of 
coarse fraction 
retained on No. 4 
sieve 

GRAVELS 

WITH FINES 

More than 12% fines Fines classify as CL 
or CH 

GC Clayey GRAVEL 

Cu ≥ 6 and  

1≤ Cc ≤ 3 

SW Well-graded SAND CLEAN SANDS 

Less than 5% fines 

Cu < 6 and/or   

1 > Cc  > 3 

SP Poorly graded 
SAND 

Fines classify as ML 
or MH 

SM Silty SAND 

 SANDS 

50% or more of 
coarse fraction 
passes No. 4 Sieve 

SANDS WITH 
FINES 

More Than 12% 
fines 

Fines classify as CL 
or CH 

SC Clayey SAND 

PI > 7 and plots on 
or above “A” line 

CL Lean Clay Inorganic 

PI < 4 or plots below 
“A” line 

ML Silt 

Organic Liquid limit- oven 
dried  

< 0.75 

Liquid limit- not 
dried 

OL ORGANIC CLAY 

ORGANIC SILT 

PI plots on or above 
“A” line 

CH Fat Clay 

FINE 
GRAINED 
50% or more passes 
the No. 200 sieve 

SILTS AND 
CLAYS 

Liquid limit less than 
50% 

 

 

 

SILTS AND 
CLAYS 

Liquid limit 40% or 
more Inorganic 

PI plots below “A” 
line 

MH Elastic SILT 

  Organic Liquid limit- oven 
dried  

< 0.75 

Liquid limit- not 
dried 

OH ORGANIC CLAY 

ORGANIC SILT 

Highly organic soils Primarily organic matter, dark in color, and 
organic odor 

PT PEAT 

Notes: 

Cu = D60/D10 (Uniformity coefficient) 

           (D30)2 
Cc=   (Coefficient of curvature) D10 x D66  
PI = Plasticity index 
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Table 6.7: Igneous and Metamorphic Rock Grain Size Descriptors 

Descriptor 
Size Range 

(mm/inches)* Recognition 
Very coarse-grained or pegmatitic >10 / >3/8 Grains measurable 
Coarse grained 5-10 / 3/16-3/8 Grains measurable 
Medium grained 1-5 / 1/32-3/16 Grains measurable 
Fine grained 0.1-1 / 0.04-1/32 Grains visible with hand lens 
Aphanitic <0.1 / <0.04 Not distinguishable with hand lens 

 

Table 6.8: Rock Weathering/Alteration 

Description Recognition 
Residual Soil Original minerals of rock have been entirely decomposed to secondary 

minerals, and original rock fabric is not apparent; material can be easily 
broken by hand 

Extremely Weathered/ Altered Original minerals of rock have been almost entirely decomposed to 
secondary minerals, although original fabric may be intact; material can be 
granulated by hand 

Highly Weathered/ Altered More than half of the rock is decomposed; rock is weakened so that a 
minimum 2-inch-diameter sample can be broken readily by hand across 
rock fabric 

Moderately Weathered/ Altered Rock is discolored and noticeably weakened, but less than half is 
decomposed; a minimum 2-inch-diameter sample cannot be broken readily 
by hand across rock fabric 

Slightly Weathered/ Altered Rock is slightly discolored, but not noticeably lower in strength than fresh 
rock 

Fresh Rock shows no discoloration, loss of strength, or other effect of 
weathering/alteration 

 

Table 6.9: Rock Strength 

Description Recognition 
Point Load Index 

(psi) 
Extremely Weak Rock Can be indented by thumbnail 1 – 6 
Very Weak Rock Can be peeled by pocket knife 6 – 28 
Weak Rock Can be peeled with difficulty by 

pocket knife 
28 – 140 

Moderately Strong Rock Can be indented 5 mm with sharp 
end of pick 

140 – 280 

Strong Rock Requires one hammer blow to 
fracture 

280 – 580 

Very Strong Rock Requires many hammer blows to 
fracture 

580 – 1400 

Extremely Strong Rock Can only be chipped with hammer 
blows 

>1400 
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6.9  Laboratory Testing 

A laboratory testing program is essential in determining the physical (and 
chemical) properties of the soils and rock that are present in the alignment 
corridor and must be considered in the interceptor design elements such as 
bedding, backfill, trench completion, paving, compaction requirements, etc.  
This data can also be used to estimate the behavior of the soils during 
construction to define construction techniques and Right-of-way requirements 
and to design supporting devices such as trench and pit shoring, dewatering 
systems, grouting, etc.  

6.9.1. Typical Laboratory Testing Recommendations 

The types of laboratory test that should be performed depends on whether the 
soils are cohesive (silts and Clays), cohesionless (sands and gravels) or rock.  
Geotechnical laboratory tests that should be considered and are typically 
performed are presented in Table 6.10. 

The corrosive properties of the soil and groundwater conditions anticipated to 
be encountered can be determined from evaluations to determine the chemical 
(pH, chloride, sulfate) and electrical conductivity properties of the soils (see 
section 6.10.3). 

Other tests to evaluate special conditions that can be encountered in the 
Sacramento area include shrink-swell testing to evaluate potentially expansive 
clays and consolidation tests on potentially weak, cohesive soils to evaluate 
compressibility characteristics.  Additional testing of rock samples could 
include testing to determine additional strength characteristics desirable to 
evaluate the use of particular boring equipment (punch tests, linear cutting 
tests, point load tests, etc. 
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Table 6.10: Typical Geotechnical Laboratory Testing Recommendations for Trenching 
and Boring 

Laboratory Tests 
Cohesive Soils 

(Silts and Clays) 
Cohesionless Soils 

(Sands and Gravels) Rock 
Moisture Content and Unit 
Weight 
(ASTM D 2216 and D 2937) 

X X X 

Grain Size Analyses 
(ASTM D 422 and D 1140) 

 X  

Hydrometer Analyses of Fine 
Fraction 
(ASTM D 422) 

X   

Atterberg Limits 
(ASTM D 4318) 

X   

Specific Gravity 
(ASTM D 845) 

X X  

Unconfined 
Compressive Strength 

X 
(ASTM D 2166) 

 X 
(ASTM D 2938) 

Permeability Tests 
(ASTM D 2434) 

 X  

R-Value and Expansive 
Pressure 
(ASTM D 2844) 

X   

Consolidation Tests 
(ASTM D 2435) 

X   

Swell Potential 
(ASTM D 4546) 

X   

Expansion Index 
(ASTM D 4829) 

X   
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6.9.2. In Situ Testing 

Extensive in situ testing is not normally associated with a typical trenching 
project, but as a laboratory program, coupled with field data such as SPT 
below counts, field observations, Rock Quality Designations (RQD), etc., it 
will help provide sufficient design data.  However, there are several tests that 
may be considered to obtain additional soil properties such as plate load 
pressuremeter and cone penetrometer testing (CPT).  Plate load tests are 
conducted in shallow excavations made into the soil or rock to measure the in 
situ deformation modulus of material at the site.  The procedures to be 
followed during testing are outlined in ASTM D 4394-84 and may be used to 
evaluate jacking support requirements. 

Pressuremeter Tests 

Pressuremeter tests are conducted to measure the in situ deformation of soil in 
cavities made by 3-inch OD, thin-walled tube samplers and weak rock in ‘N’-
size or 3-inch-diameter and ‘B’-size or 2½-inch-diameter boreholes at the site.  
The pressuremeter will be operated using the ASTM D 4719 and involves 
advancing a probe to the test depth and then expanding the probe 
incrementally with either liquid or gas pressure.  During expansion, the 
volume of the expanding probe is measured to define a volume versus 
pressure relationship that can be used to estimate the stress, stress-strain 
behavior, and strength properties of the in situ soil.  This type of information 
may be useful for estimating the deformations that a thrust block might 
experience under high jacking forces. 

Cone Penetrometer Testing (CPT) 

CPT can be a good technique for rapidly obtaining field data in soils regarding 
the soil type, strength, and stratigraphy between boreholes.  CPT probes 
should be conducted in accordance with ASTM D 3441.  The cone 
penetrometer consists of a cone-shaped probe, which is pushed into the soil at 
a continuous rate while the tip resistance and frictional resistance are 
measured.  The tip and frictional resistance values can be correlated with soil 
characteristics such as the soil type, strength, and compressibility.  CPT 
investigations should always be performed in conjunction with a soil-boring 
program to obtain confirmatory and calibration data. 

6.9.3. Corrosion Testing 

The soil conditions within the proposed pipeline alignment will be 
investigated to predict the effect of corrosion associated with the types of 
materials anticipated to be installed during the interceptor construction.  This 
will include determination both concrete and metal corrosion potential.  At a 
minimum, the following field and laboratory testing will be performed along 
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the proposed alignment and on selected soil samples from the drilling 
investigation to adequately characterize the corrosion potential: 

• Field  

• Resistivity 
Laboratory  • 

• 

• 

• 

• 

Resistivity (existing and saturated conditions) 
Water Soluble Chloride Concentration 
Water Soluble Sulfate Concentration 
pH 
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6.11 Standards 

6.11.1. ASTM 
The following ASTM apply to standard field boring explorations: 
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Number Title 

C 294-86 (1991) Standard Descriptive Nomenclature for Constituents of Natural Mineral Aggregates 

D 420-87 Standard Guide for Investigating and Sampling Soil and Rock 

D 1452-80 (1990) Standard Practice for Soil Investigation and Sampling by Auger Borings 

D 1586-84 (1992) Standard Method for Penetration Test and Split-Barrel Sampling of Soils 

D 1587-83 Standard Practice for Thin-Walled Tube Sampling of Soils 

D 2113-83 (1987) Standard Practice for Diamond Core Drilling for Site Investigation  

D 2488-90 Standard Practice for Description and Identification of Soils (Visual-Manual 
Procedure) 

D 2573-72 (1987) Standard Test Method for Field Vane Shear Test in Cohesive soil 

D 2607-69 Standard Classification of Peats, Mosses, Humus, and Residual Products 
(Discontinued 1993) 

D 3441-86 Standard Test Method for Deep, Quasi-Static, Cone and Friction-Cone Penetration 
Test of Soils 

D 3550-84 (1991) Standard Practice for Ring-Lined Barrel Sampling of Soils 

D 4220-89 Standard Practice for Preserving and Transporting Soil Samples 

D 4544-86 (1990) Standard Practice for Estimating Peat Deposit Thickness 

D 4719-87 Standard Test Method for Pressuremeter Testing in Soils 

D 4750-87 Standard Test Method for Determining Subsurface Liquid Levels in a Borehole or 
Monitoring Well (Observation Well) 

D 5079-90 Standard Practices for Preserving and Transporting Rock Core Samples 

  

6.11.2. SRCSD Data Management System 

At the present time, the SRCSD does not have a specific requirement for the 
format of digital data for inclusion into a data management system (i.e., 
Geographical Information System - GIS).  However, systems are currently 
being evaluated and a specific requirement may be in force at the time of the 
investigation.  In order to prepare for the inclusion of a digital data 
management system in the future, the geotechnical consultant should be able 
to present all data in a digital format.  This will typically be presented in a 
standard spreadsheet and the procedures for this are discussed in a subsequent 
section (Reports) of this design manual.  
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Chapter 7. Environmental and Permit 
Concerns…………………………………7.1 

7.1 Introduction 

A list of references used for development of this chapter is contained in Section 
7.4. 

This chapter provides environmental compliance guidance to the consultants 
involved in the design of project(s) for the County of Sacramento and possible 
projects through Yolo and Placer Counties. Design consultants are responsible 
for ensuring that project engineering meet the requirements identified in 
environmental and permitting documents developed for the project. Designers 
are expected to work closely with the Sacramento County Department of 
Environmental Review and Assessment (DERA) in addressing and complying 
with environmental requirements. 

The DERA prepares or assists in preparing and processing environmental 
documents for all projects initiated by the various county departments. 
Coordination with DERA in planning and environmental compliance is necessary 
at the onset of the project for environmental documentation, and regulatory 
processes for California Environmental Quality Act (CEQA) compliance. 

In addition to environmental documentation and assessment for CEQA 
compliance, numerous local, state, and federal environmental standards require 
agency consultation, approvals, or permits. Preliminary efforts to identify and 
schedule these regulatory requirements and permits during the design phase 
eliminate costly delays during the construction phase. Summaries of these 
requirements are provided, with a flow chart and timetable for regulatory 
compliance, to aid the user in identifying the environmental information 
necessary for document compliance. The summaries include a discussion of the 
purpose for each permit requirement and a synopsis of each agency’s permitting 
review and approval process. A summary of the permitting agencies and the 
permit-processing timetable with conservative timeframes is provided in Table 7-
1. 

Associated with the interceptor design are nonenvironmental permits and 
approvals frequently encountered for preconstruction activities or required due to 
unique design features. The requirements most likely to be encountered are 
referenced in chapters relevant to the requirement(s) or the unique design 
features. Such work and nonenvironmental permit requirements include: 

• Surveys and geotechnical operations within the right-of-way (ROW). 
ROW requirements are presented in Chapter 5 – Right-of-Way 
Requirements.  
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• Encroachment permits within municipalities, state property, or a utility 
jurisdiction. Encroachment permits are encompassed by a larger issue of 
ROW requirements and are presented in Chapter 5 – Right-of-Way 
Requirements. 

• Gas or vapors classification in underground operations (tunneling). 
Tunneling specifications complying with the occupational health and 
safety orders are presented in Chapter 6 – Geotechnical Investigations. 

Table 7.1: Environmental Permits and Timetable 

Permitting Agency/Contact 
Environmental Review 

and Permits Permitting Timetable 
Sacramento County Department of 
Environmental Review and Assessment 
827 7th Street, Suite 200 
Sacramento, CA 95814 
Phone 916-874-7914 
FAX 916-874-8343 

California Environmental 
Quality Act 

Coordinate with DERA on compliance with 
CEQA. 

U. S. Army Corps of Engineers 
Sacramento District 
Construction-Operation Division 
Regulatory Branch 
1325 J Street 
Sacramento, CA 95814-2922 
Phone 916-557-5250 

Clean Water Act Section 404 
Permit 

Rivers and Harbor Act 
Section 10 Permit 

Nationwide Permit 
Day 0.  Application (with biological opinion and 
cultural survey) and Pre-Construction 
Notification submitted for Nationwide Permits. 

Day 30.  Corp acknowledges complete 
application. 

Day 120.  Corps District Engineer issues 
acceptance of completed application and 
authorizes construction. 

U.S. Fish and Wildlife Office 
2800 Cottage Way, Room W-2605 
Sacramento, California 95825 
Phone 916-414-6600 
FAX 916-414-6710 

National Marine Fisheries Service 
Southwest Region 
Sacramento Office 
650 Capitol Mall, Suite 6070 
Sacramento, California 95814-4706 
Phone 916-498-6491 

Endangered Species Act 
Section 7 Consultation (e.g., 
project involving action from 
a federal agency) 

Endangered Species Act 
Section 10 Consultation 
(project, or portion of a 
project, not involving action 
from a federal agency) 

Section 7 Consultation 
Day 1. Formal consultation 

Day 30. Concur with biological assessment. 

Day 90. Formal consultation completed. 

Day 135. Biological Opinion issued. 

Section 10 Consultation 

Develop Habitat Conservation Plan.  Permit 
process and approval may take from 90 days to a 
year to complete (see Section 7.3.4). 

Central Valley Regional Water Quality 
Control Board 
3443 Routier Road, Suite A 
Sacramento, California 95827-3003 
Phone 916-255-3000 
FAX 916-255-3015 

Clean Water Act Section 401 
Water Quality Certification 

Day 0. Application and Notice of Intent 
submitted. 

Day 30. Determination of application completion.  
Application submitted for 21-day public review 
period. 

Day 90.  Certification issued. 

State Water Resources Control Board 
Division of Water Quality 
P.O. Box 1977 
Sacramento, California 95812-1977 

CWA Section 402 National 
Pollutant Discharge and 
Elimination System Permit - 
Construction Storm Water 

Day 0.  Notice of Intent submitted.   
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Permitting Agency/Contact 
Environmental Review 

and Permits Permitting Timetable 
Phone 916-341-5537 Permit 

Central Valley Regional Water Quality 
Control Board 
3443 Routier Road, Suite A 
Sacramento, California 95827-3003 
Phone 916-255-3000 
FAX 916-255-3015 

National Pollutant Discharge 
and Elimination System 
Permit - Point Source 
Dewatering and Other Low 
Threat Discharges to Surface 
Waters 

Day 0.  Notice of Intent and Pollution Prevention 
and Monitoring Reporting Plan submitted.  
Comply with General Order No. 5-00-175, 
NPDES No.  CAG995001. 

Central Valley Regional Water Quality 
Control Board 
3443 Routier Road, Suite A 
Sacramento, California 95827-3003 
Phone 916-255-3000 
FAX 916-255-3015 

National Pollutant Discharge 
and Elimination System 
Permit - Point Source 
Dewatering and Other Low 
Threat Discharges to Surface 
Waters 

Day 0.  Notice of Intent and Pollution Prevention 
and Monitoring Reporting Plan submitted.  
Comply with General Order No. 5-00-175, 
NPDES No.  CAG995001. 

Central Valley Regional Water Quality 
Control Board 
3443 Routier Road, Suite A 
Sacramento, California 95827-3003 
Phone 916-255-3000 
FAX 916-255-3015 

Waste Discharge 
Requirements Permit for 
Discharges to Land 

Day 0.  Application submitted. 

Day 30.  RWQCB accepts application.  Begin 30-
day public comment period. 

Day 60.  Public hearing. 

Day 90.  WDR permit issued. 

California Department of Fish and 
Game 
1416 Ninth Street 
Sacramento, California 95814 
Phone 916-653-7664 
FAX 916-653-1856 

California Fish and Game 
Code 1600-1607 Lake or 
Streambed Alteration 
Agreement 

Day 0.  Completed application submitted. 

Day 30.  CDFG accepts or denies application 
with conditions. 

Sacramento County Environmental 
Management Department 
Hazardous Materials Division 
8475 Jackson Road, Suite 240 
Sacramento, California 95826 
Phone 916-875-8469 
FAX 916-875-8513 

Well Construction and 
Destruction (Exploratory 
Hole) Permit 

Day 0.  Completed application submitted. 

Day 14.  SCEMD accepts or denies application. 

Sacramento County Department of 
Water Resources 
Storm Water Program 
827 7th Street, Room 301 
Sacramento, California 95814 
Phone 916-874-8396 
FAX 916-874-4706 

Land Grading and Erosion 
Control Permit 

Permit exemption provided for underground 
utilities.  Erosion and Sediment Control Plan 
required. 

Yolo County Environmental Health 
Division 
10 Cottonwood Street 
Woodland, California 95695-2515 
Phone 530-666-8646 
FAX 530-666-8664 

Well Construction and 
Destruction Permit 

Day 0.  Complete application submitted. 

Day 14.  YCEMD accepts or denies application. 
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7.2 California Environmental Quality Act 

7.2.1 Background 

The basic purpose of CEQA is to: 

• Inform the governmental decision makers and the public about the 
potential significant environmental effects of their proposed actions; 
avoid or significantly reduce environmental damage 

• Prevent significant, avoidable damage to the environment by requiring 
changes in the project using alternatives or mitigation measures, where 
feasible 

• Provide public disclosure why an agency approved the project if 
significant environmental effects are involved (Public Resources Code 
§21000 et seq.). 

As the lead agency, SRCSD must complete the environmental review process 
required by CEQA. The basic steps of the environmental review process are to:  

• Determine if the activity meets the definition of a "project" and is subject 
to CEQA 

• Determine if the "project" is exempt from CEQA 

• Perform an Initial Study to identify the environmental impacts of the 
project and determine whether the identified impacts are "significant." 

Based on findings of "significance," DERA prepares one of the following 
environmental review documents: 

• Negative Declaration (finds no "significant" impacts) 

• Mitigated Negative Declaration (finds "significant" impacts but revises 
the project to avoid or mitigate those significant impacts) 

• Environmental Impact Report (EIR) (finds "significant" impacts).  

The purpose of an EIR is to provide state and local agencies and the general 
public with detailed information on the potentially significant environmental 
effects that a proposed project is likely to have, list ways that the significant 
environmental effects may be minimized, and indicate alternatives to the project. 
Figure 7-1 is a flowchart providing an overview of the CEQA compliance 
process (California Resource Agency, 2001). 

7.2.2 SRCSD Methods for Compliance with CEQA 

Compliance with CEQA for the county sewerage expansions is documented in 
the Sacramento Sewerage Expansion Master Plan and Bradshaw, Sunrise, and 
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Folsom East Interceptor Project Final EIR, Sacramento County 1996 (Master 
Plan EIR). The Master Plan EIR served as a program EIR identifying basic issues 
and broad policy alternatives relevant to future interceptor expansion areas. The 
document also served to evaluate near-term project-specific environmental 
document for the Bradshaw, Sunrise, and Folsom East Interceptor projects. 

Subsequent future expansions described within the scope of the Master Plan EIR 
would have project-specific environmental documents prepared to tier off the 
Master Plan EIR complying with the conditions and mitigation measures. The 
tiered environmental documents would provide the project-specific specifications 
and alignment details to assess the environmental impacts. Environmental 
concerns for addressing and complying with environmental requirements 
regarding which mitigation measures must be followed during the design of the 
project are provided in the Master Plan EIR and the tiered project-specific 
environmental document. 

For future projects tiering from the Master Plan EIR, an Interceptor Design 
Report is prepared, and alternatives are developed for a constraint analysis for 
initial environmental review. The initial environmental review is conducted using 
the design features associated with the project. These design features may 
include hydraulics, construction techniques, and construction sequencing and are 
evaluated for environmental impacts for the proposed project. This information is 
provided by the SRCSD to DERA for review; determining if the analysis is 
sufficient to complete an Initial Study, additional environmental analysis is 
required to complete an Initial Study, or an EIR is required. 
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Figure 7.1: CEQA Process Flow Chart 
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Figure 7.2: Business Plan Development 

Source: Sacramento County CEQA 
Handbook 

7.1.1. DERA Coordination 

In order to clarify the time constraints and existing policies used to comply with 
CEQA for public projects in Sacramento County, a CEQA guidance document 
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was prepared by a Sacramento County task force consisting of the Sacramento 
County Department of Public Works, Department of Airports, and DERA 
(Sacramento County, 1999). SRCSD complies with CEQA guidance from the 
CEQA document. The document provides the design consultant with a 
comprehensive understanding and insight to the Sacramento County’s CEQA 
process and administrative procedures. The principal component to the guidance 
document is a flow chart providing graphic details to the timing, decision points, 
documentation process, information needs, and applicant’s responsibilities 
(Figure 7-2) and the CEQA handbook. A summary of the Sacramento County 
CEQA process is identified in the previous flow chart. 

CEQA Initiation Process 

Step 1.  Project Scoping – The Design Report will assess potential routes for 
interceptor and then develop a preliminary design of the selected route. A pre-
meeting with DERA is essential to assess potential routes before the preferred 
route is selected. The pre-meeting could initially focus on: 

• Identifying Project Design Elements that would preclude environmental 
mitigation 

Identifying endangered species impacts and issues • 

• 

• 

• 

Identifying other potential environmental impacts 
Developing a project and environmental permit schedule 
Identifying the CEQA environmental documentation process 

Capital improvements from other department projects may become involved with 
the SRCSD interceptor project (e.g., a road-widening project). These may be 
considered separate projects requiring separate environmental documentation. 
Although the environmental documentation and schedules may be developed 
separately, both departments should coordinate a joint pre-meetings with DERA 
to discuss mutual issue. 

Once the project is defined, a Request for Environmental Document Application 
Form is completed by SRCSD and forwarded to DERA. 

Steps 2 – 3.  Project Description - The Request for Environmental Document 
Application Form prompts the design consultant to prepare a complete written 
project description. The project description includes all the activities undertaken, 
including any right-of-way acquisitions. With the application, the design 
consultant should initiate further discussions with DERA on the project schedule. 
Document control numbers are assigned to provide the County department 
manager and the design consultant a means of tracking the project status. 

Steps 4 – 6.  Initial Review - DERA assigns an environmental project leader and 
reviews the project description for completeness. A preliminary review of the 
application is conducted followed by the DERA cultural resource specialist 
assessing the project. A record search with the North Central Information Center 
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of the California Historical Resource Information System (California State 
University - Sacramento) may be conducted at this time.  

The project progress is tracked through a status report issued to SRCSD each 
month. Each project listed in the monthly project status report will identify the 
project name, location, project engineer, DERA analyst, milestones, and the work 
completed with outstanding issues to be resolved. 

Step 7.  Exemption - At this decision point of the flow chart, DERA must review 
the complete project description for applicability to the categorical or statutory 
exemption provided in Title 14 California Code of Regulations. Because the 
Master Plan EIR was developed for the interceptor program, future sewage 
design expansion projects would tier from this EIR. It is highly unlikely that 
exemptions would apply to the future SRCSD interceptor projects, so further 
discussion of exemptions is not presented. A more detailed discussion on 
processing projects through a CEQA exemption is available in the Sacramento 
County CEQA Handbook for Public Projects (Sacramento County, 1999). 

Initial Study Process 

Steps 8 – 11.  Initial Study - As previously stated, the Master Plan EIR served as 
a program EIR identifying basic issues and broad policy alternatives relevant to 
future interceptor expansion areas. Future project-specific environmental 
documents would tier from the program EIR. For projects not exempt from 
CEQA, Title 14 of the California Codes of Regulations requires an Initial Study 
or EIR to be conducted. An Initial Study is a preliminary analysis to determine if 
there are no significant environmental effects from the project. A Negative 
Declaration is the written declaration prepared for projects where all the 
potentially significant effects can be avoided through the project design or a 
Mitigated Negative Declaration prepared to reduce impact to less than significant 
levels as agreed to by SRCSD. 

Guided by the Request for Environmental Document Application Form, the 
design consultant and DERA should discuss the scope of information required 
for the Initial Study. DERA is capable of performing the study or contracting 
outside services for all or part of the study. After the Initial Study is completed, a 
Negative Declaration/Mitigated Negative Declaration is filed with the County 
Clerk for a minimum 20-day public review. 

A Mitigation Monitoring and Reporting Program is prepared by DERA 
concurrently with the Mitigated Negative Declaration for SRCSD approval. The 
monitoring program is conducted by DERA with the assistance of SRCSD. 

SRCSD and the design consultant are responsible to prepare a staff report that 
defines the need to approve the project. The staff report should affirm the 
Negative Declaration/Mitigated Negative Declaration is adequate and complete. 
The report also recommends the SRCSD (Board of Directors) approve the 
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project, adopt the Mitigation Monitoring and Reporting Program, and certify the 
proposed Negative Declaration/Mitigated Negative Declaration. 

After project approval, a Notice of Determination is filed with the County Clerk, 
and the 30-day statute of limitation to challenge the Notice of Determination 
begins. 

EIR Process 

Step 12.  EIR – The Master Plan EIR prepared for the Sacramento County 
sewage expansion program serves as the environmental baseline for subsequent 
specific interceptor projects. When the subsequent interceptor projects are 
proposed, the Initial Study is completed to determine the appropriate CEQA 
document required to address the potential project-specific environmental effects 
not studied in the Master Plan EIR. The CEQA document may be a focused EIR 
for new significant project-specific impacts or changes in circumstances from the 
time the program EIR was developed. 

Step 13.  Notice of Preparation – To solicit comments to the project, DERA 
would prepare and file a Notice of Preparation with interested parties and the 
Office of Planning and Research. An informal scoping meeting may be requested 
by SRCSD or other involved agencies to scope the contents of the EIR. 

Steps 14 – 22.  EIR Preparation – Similar to the Initial Study, DERA may 
contract consulting services to prepare all or portions of the EIR. Special studies 
may be necessary and can also be conducted by SRCSD or an environmental 
consultant for SRCSD. If the project is on an accelerated schedule, SRCSD is 
encouraged to coordinate with DERA to gather information or initiate these 
studies in advance. 

After the Draft EIR is prepared, a Notice of Completion is filed with the Office 
of Planning and Research, and public notices are published for a 30-day 
minimum comment period. A public hearing is held at the end of the comment 
period giving interested individuals and agencies the opportunity to provide oral 
comments on the Draft EIR. 

Following the steps in the Initial Study, a Mitigation Monitoring and Reporting 
Program is prepared to reduce or eliminate the significant effects of the project. 
The document is prepared concurrently with the Draft EIR. 

Steps 23 – 31.  Final EIR – The Final EIR consists of a revised Draft EIR that 
incorporates the responses to all the oral and written comments received. In 
response to the comments, additional information may be necessary for 
incorporation into the Final EIR. 
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Final EIR Circulation – A public hearing is convened following distribution of 
the EIR to agencies and interested individuals. SRCSD will publicly notice the 
hearing. 

Steps 32 – 36.  Certification – The approval process will take a minimum of two 
public hearings. These public hearings are a part of the required CEQA process. 
Similar to the Initial Study, a staff report is prepared by SRCSD or the design 
consultant. The information is used by DERA and County Council to prepare the 
Finding of Fact and Statement of Overriding Consideration, legal documentation 
for projects with identified significant impacts requiring approval by a 
discretionary authority. 

Statement of Overriding Considerations – The Statement of Overriding 
Consideration contains the specific reasons why SRCSD will approve the project 
despite the risk of unavoidable environmental effects. Specific overriding 
economic, social, legal, technological, or other benefits of the project including 
provision of employment opportunities for highly trained workers must be 
documented based on substantial evidence in the Final EIR or elsewhere in the 
public record. 

Steps 37 – 38.  Project Approval and Notice of Determination – The SRCSD 
board adopts the Finding of Fact, Statement of Overriding Consideration, and the 
Mitigation Monitoring and Reporting Program giving final approval of the 
project. DERA will file the Notice of Determination with the State Office of 
Planning and Research and the 30-day statute of limitation period to challenge 
the Notice of Determination begins. 

7.3 Environmental Regulatory Compliance and Permits 

Table 7.2: Environmental Regulatory Compliance and Permits 

Permitting Agency/Contact 
Environmental 

Review and Permits Permitting Timetable 
Sacramento County Department of 
Environmental Review and Assessment 
827 7th Street, Suite 200 
Sacramento, CA 95814 
Phone 916-874-7914 
FAX 916-874-8343 

California Environmental 
Quality Act 

Coordinate with DERA on 
compliance with CEQA. 

U. S. Army Corps of Engineers 
Sacramento District 
Construction-Operation Division 
Regulatory Branch 
1325 J Street 
Sacramento, CA 95814-2922 
Phone 916-557-5250 

Clean Water Act Section 
404 Permit 
 
Rivers and Harbor Act 
Section 10 Permit 

Nationwide Permit 

Day 0.  Application (with biological 
opinion and cultural survey) and 
Pre-Construction Notification 
submitted for Nationwide Permits. 

Day 30.  Corp acknowledges 
complete application. 

Day 120.  Corps District Engineer 
issues acceptance of completed 
application and authorizes 
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Permitting Agency/Contact 
Environmental 

Review and Permits Permitting Timetable 
construction. 

U.S. Fish and Wildlife Office 
2800 Cottage Way, Room W-2605 
Sacramento, California 95825 
Phone 916-414-6600 
FAX 916-414-6710 

National Marine Fisheries Service 
Southwest Region 
Sacramento Office 
650 Capitol Mall, Suite 6070 
Sacramento, California 95814-4706 
Phone 916-498-6491 

Endangered Species Act 
Section 7 Consultation 
(e.g., project involving 
action from a federal 
agency) 

Endangered Species Act 
Section 10 Consultation 
(project, or portion of a 
project, not involving 
action from a federal 
agency) 

Section 7 Consultation 
Day 1. Formal consultation 

Day 30. Concur with biological 
assessment. 

Day 90. Formal consultation 
completed. 

Day 135. Biological Opinion issued. 

Section 10 Consultation 
Develop Habitat Conservation Plan. 
Permit process and approval may 
take from 90 days to a year to 
complete (see Section 7.3.4). 

Central Valley Regional Water Quality 
Control Board 
3443 Routier Road, Suite A 
Sacramento, California 95827-3003 
Phone 916-255-3000 
FAX 916-255-3015 

Clean Water Act Section 
401 Water Quality 
Certification 

Day 0. Application and Notice of 
Intent submitted. 
 
Day 30. Determination of 
application completion. Application 
submitted for 21-day public review 
period. 
 
Day 90.  Certification issued. 

State Water Resources Control Board 
Division of Water Quality 
P.O. Box 1977 
Sacramento, California 95812-1977 
Phone 916-341-5537 

CWA Section 402 National 
Pollutant Discharge and 
Elimination System Permit 
- Construction Storm 
Water Permit 

Day 0.  Notice of Intent submitted.  

Central Valley Regional Water Quality 
Control Board 
3443 Routier Road, Suite A 
Sacramento, California 95827-3003 
Phone 916-255-3000 
FAX 916-255-3015 

National Pollutant 
Discharge and Elimination 
System Permit - Point 
Source Dewatering and 
Other Low Threat 
Discharges to Surface 
Waters 

Day 0.  Notice of Intent and 
Pollution Prevention and 
Monitoring Reporting Plan 
submitted. Comply with General 
Order No. 5-00-175, NPDES No. 
CAG995001. 

Central Valley Regional Water Quality 
Control Board 
3443 Routier Road, Suite A 
Sacramento, California 95827-3003 
Phone 916-255-3000 
FAX 916-255-3015 

National Pollutant 
Discharge and Elimination 
System Permit - Point 
Source Dewatering and 
Other Low Threat 
Discharges to Surface 
Waters 

Day 0.  Notice of Intent and 
Pollution Prevention and 
Monitoring Reporting Plan 
submitted. Comply with General 
Order No. 5-00-175, NPDES No. 
CAG995001. 

Central Valley Regional Water Quality 
Control Board 
3443 Routier Road, Suite A 
Sacramento, California 95827-3003 
Phone 916-255-3000 
FAX 916-255-3015 

Waste Discharge 
Requirements Permit for 
Discharges to Land 

Day 0.  Application submitted. 

Day 30.  RWQCB accepts 
application. Begin 30-day public 
comment period. 

Day 60.  Public hearing. 

Day 90.  WDR permit issued. 
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Permitting Agency/Contact 
Environmental 

Review and Permits Permitting Timetable 
California Department of Fish and Game 
1416 Ninth Street 
Sacramento, California 95814 
Phone 916-653-7664 
FAX 916-653-1856 

California Fish and Game 
Code 1600-1607 Lake or 
Streambed Alteration 
Agreement 

Day 0.  Completed application 
submitted. 

Day 30.  CDFG accepts or denies 
application with conditions. 

Sacramento County Environmental 
Management Department 
Hazardous Materials Division 
8475 Jackson Road, Suite 240 
Sacramento, California 95826 
Phone 916-875-8469 
FAX 916-875-8513 

Well Construction and 
Destruction (Exploratory 
Hole) Permit 

Day 0.  Completed application 
submitted. 

Day 14.  SCEMD accepts or denies 
application. 

Sacramento County Department of Water 
Resources 
Storm Water Program 
827 7th Street, Room 301 
Sacramento, California 95814 
Phone 916-874-8396 
FAX 916-874-4706 

Land Grading and Erosion 
Control Permit 

Permit exemption provided for 
underground utilities. Erosion and 
Sediment Control Plan required. 

Yolo County Environmental Health 
Division 
10 Cottonwood Street 
Woodland, California 95695-2515 
Phone 530-666-8646 
FAX 530-666-8664 

Well Construction and 
Destruction Permit 

Day 0.  Complete application 
submitted. 

Day 14.  YCEMD accepts or denies 
application. 

 

7.3.1 Federal Clean Water Act Section 404 Permit 

Section 404 of the federal Clean Water Act (CWA) (formally known as the 
Federal Water Pollution Control Act) requires that any person, firm, or agency 
(including federal, state, and local government agencies) planning to work in 
navigable waters of the United States (U.S.), must first obtain a permit from the 
U.S. Army Corps of Engineers (USACE). This is required whenever locating a 
structure, excavating, or discharging of dredged or fill material, or dumping or 
placing dredged or fill material in waters of the U.S. Waters of the U.S. includes 
essentially all surface waters, such as all navigable waters and their tributaries, 
all interstate waters and their tributaries, all wetlands adjacent to these waters, 
and all impoundments of these waters (USACE, 1985). Typical activities 
requiring Section 404 permits are: 

• Deposit of fill or dredged material in waters of the U.S. or adjacent 
wetlands 

• Site development fill for residential, commercial, or recreational 
developments 

Construction of revetments, groins, breakwaters, levees, dams, dikes, 
and weirs 

• 

• Placement of riprap and road fills 
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The landward regulatory limit for non-tidal waters (in the absence of adjacent 
wetlands) is the ordinary high water mark (OHW). The OHW is the line on the 
shores established by the fluctuations of water. It is indicated by physical 
characteristics such as: 

• A clear natural line impressed on the bank 

• Shelving 

• Changes in the character of the soil; destruction of terrestrial vegetation 

• The presence of litter and debris 

• Other appropriate means that considers the characteristics of the 
surrounding areas 

Although the U.S. Environmental Protection Agency (USEPA) is the responsible 
agency for implementing the CWA, USACE is responsible for authorizing 
(permitting) a project that proposes filling of wetlands or other waters of the U.S. 
under CWA Section 404. 

USACE approvals for projects are provided through individual permits, or 
through general permits referred to as Nationwide and Regional Permits. The 
Nationwide permit is the preferable process due to its streamlined process. Other 
projects may qualify for abbreviated permit processing, with authorizations in the 
form of a Letter of Permission. 

Should the project require a permit from USACE, it may act as the “lead federal 
agency” for the project. As the lead federal agency, USACE would coordinate 
other state and federal approvals that may be required, including Central Valley 
Regional Water Quality Control Board CWA Section 401 Water Quality 
Certification and U.S. Fish and Wildlife Service (USFWS) federal Endangered 
Species Act Section 7 consultation. For projects involving possible impacts to 
federal endangered species, USACE requires a biological opinion (BO) from the 
USFWS through the federal Endangered Species Act Section 7 consultation. 
These requirements are discussed in subsequent sections. 

The permitting program is based on the amount of fill and impact on the area. 
Regardless of the permitting option, a preapplication consultation with USACE is 
available and encouraged. Pre-application consultation is highly recommended 
with USACE’s Sacramento District Regulatory Branch to provide preliminary 
identification of the type of permit necessary for the project and the timetable for 
receiving regulatory approval. 

A request for permit is conducted through the Application for a Department of 
the Army Permit (Engineer Form 4345) with the completed application 
submitted to USACE’s Sacramento District Office. The application may be 
obtained from the USACE’s Sacramento District Office Web site at 
http://www.spk.usace.army.mil. The information in the application is used to 
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evaluate the project and determine the appropriate form of authorization.  A 
flowchart depicting USACE’s permit process is provided in Figure 7-3. 

7.3.2 USACE General Permit Program. 

USACE issues general permits to the public at large. Nationwide and Regional 
Permits are forms of general permits that are issued for categories of similar 
activities that have minimal impacts. Regional general permits are issued for a 
general activity category in a specific region. These permits are valid only if the 
conditions applicable to the permits are met. If the conditions cannot be met, an 
individual permit is required. 

Permits under USACE’s Nationwide Permit Program provide a relatively 
streamlined process for select project categories. This depends on the total 
acreage affected by the project and the status of the allowable categories. Some 
Nationwide Permits require pre-construction notification to USACE as a general 
permit condition. USACE’s ENG Form 4345 can serve as notification, but it 
must clearly state that it is being used for pre-construction notification and 
contain the information as required under No. 13 of the General Conditions for a 
Nationwide Permit (33 Code of Federal Regulations §330, Appendix A). 
Following receipt of a complete pre-construction notification, USACE issues a 
Notification of Nationwide Permit with its decision on the applicability of the 
Nationwide Permit(s) within 120 days. An application checklist that may be used 
for an individual or general permits is provided in Exhibit 7-1. 

In March 2000, USACE reissued expiring nationwide permits including 
Nationwide Permit No. 12 and 14. While summaries of the Nationwide Permits 
relevant to the interceptor projects are briefly listed below, further revisions or 
new Nationwide Permits will be promulgated in the future. 

Utility Line Activities – Nationwide Permit No. 12. Permit conditions are 
established for the construction, maintenance, or repair of utility lines and the 
utility line access roads across a waterway. Discharge of bedding and backfill 
material is permitted if bottom contours are not changed. Use of this permit is not 
allowed if fill activities exceed a total of 1/2 acre loss of U.S. water. Waters 
temporarily affected by filling, flooding, excavation, or drainage, where the 
project is restored to pre-construction contours and elevations, are not included in 
the calculation of permanent loss of water of the U.S. 

Pre-construction notification is required under this permit, if: 

• Mechanized land clearing of a forested wetland 

• Section 10 permit is required 

• Utility lines in the water exceeds 500-feet 
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• The utility line is placed within a jurisdictional area (i.e., waters of the 
U.S.) and it runs parallel to a streambed 

• The discharge is associated with a utility line substation causing more 
than 1/10 acre loss of U.S. water 

• Permanent access roads are constructed above grade in water for more 
than 500-feet 

• Permanent access roads are constructed with impervious materials in 
water 

Linear Transportation Crossing – Nationwide Permit No. 14. Permit conditions 
are established for minor road crossing fills (temporary or permanent) that do not 
cause a loss greater than 1/2 acre in nontidal waters, or the fill does not cause a 
loss greater than 1/3 acre and 200 linear feet in tidal waters. The crossing must be 
bridged, or a culvert must be installed to prevent restriction of high flows. A 
PCN is required if discharge causes loss of greater than 1/10 acre of waters of the 
U.S., or if there is a discharge in a special aquatic site, including wetlands. 

Structural Discharges – Nationwide Permit 25. Permit conditions are established 
to address discharges of concrete, sand, and rock into tightly sealed forms or cells 
where the material is used to construct structural members for standard pile 
supported structures, such as bridges, transmission line footings, and walkways 
or for general navigation such as mooring cells. The structure itself may require a 
Rivers and Harbor Act Section 10 permit if located in navigable waters of the 
U.S. 

Temporary Construction, Access and Dewatering – Nationwide Permit 33. 
Permit conditions are established for construction of temporary structures, work, 
and discharges including cofferdams for construction activities, access fills, or 
dewatering of construction sites authorized by USACE or the U.S. Coast Guard. 
A PCN is required as a general condition for Nationwide Permit 33, as is a 
restoration plan of reasonable measures to avoid and minimize adverse effects to 
the aquatic resources. Structures left in-place after the cofferdam is removed 
requires a Section 10 permit 

USACE’s Individual Permit Program 

If nationwide permit condition cannot be met, individual permits are issued 
following a full public interest review of USACE’s application for permit. A 
public notice is distributed to all known interested persons. After evaluating all 
comments and information received, a final decision on the application is made. 
The permit decision is generally based on the outcome of a public interest 
balancing process, where the benefits of the project are balanced against the 
detriments. A permit is granted unless the proposal is found to be contrary to the 
public interest. Although processing time for an individual permit can be as short 
as 60 to 120 days (unless a public hearing is required or an environmental 
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statement must be prepared), the process typically takes longer (6 months to a 
year). U.S. Army Corps of Engineers Permitting Process 

Figure 7-3 
U.S. Army Corps of Engineers 

Permitting Process 
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USACE acknowledges and processes each application (ENG Form 4345) in the 
order it receives them. If the application is incomplete, USACE requests 
additional information. It notifies the applicant when an application is complete. 
After USACE completes its review of a project, determines it to be in the public 
interest, and complies with the guidelines, the applicant signs and returns the 
draft permit with the appropriate fee. The project is reviewed, balancing the need 
and expected benefits against the probable impacts of the work, taking into 
consideration all comments received and other relevant factors. 

The following general criteria are considered in the evaluation of every 
application: 

• The relative extent of the public and private need for the proposed 
activity 

• The practicability of using reasonable alternative locations and methods 
to accomplish the objective of the proposed activity 

• The extent and permanence of the beneficial and/or detrimental effects 
that the proposed activity is likely to have on the public and private uses 
to which the area is suited 

The USACE is required by federal law to consult with state and federal wildlife 
agencies regarding any impacts of a project on aquatic habitats and on federal 
endangered species.  For individual permits, the USACE informs government 
agencies, individuals, and special interest groups of most projects by circulating a 
Public Notice for 30 days.  If the USACE receives no objections to the proposed 
project, the District Engineer issues the permit within 30 to 90 days.  If 
individuals, public agencies, special interest groups, or the USACE raises major 
objections, the permit decision may be made in 90 to 120 days, or possibly 
longer. 

An individual permit may be issued as either a standard permit or as a Letter of 
Permission.  If the work is minor or routine (i.e., minimum impacts) and 
objections are unlikely, then the project may qualify for a Letter of Permission.  
A Letter of Permission can be issued much more quickly than a standard permit 
since an individual public notice is not required. 

7.3.3 Federal Endangered Species Act 

The Federal Endangered Species Act (16 USC 1531 et seq.) requires formal 
consultation if a project involving a federal agency results in the “taking” of a 
species currently listed as threatened or endangered. Section 9 of the Federal 
Endangered Species Act prohibits the “taking” of listed species.  

If a federal agency is involved in the permitting of the project (e.g., USACE 
could issue a permit for filling wetlands under a 404 permit), then the project 
must comply with Section 7 of the Federal Endangered Species Act. Under 
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Section 7 of the Act, the lead federal agency must prepare and submit to the 
USFWS a Biological Assessment if a listed species could be impacted by the 
proposed action. After review of the Biological Assessment, the USFWS issues a 
Biological Opinion (BO) which may allow incidental “take” of protected species. 
If there is no other federal agency involvement, SRCSD could be responsible for 
consultation with the USFWS regarding issues of “take” under Section 10 of the 
Act. 

Generally, consultation under Section 7 of the Act is preferred over Section 10. 
Section 10 consultation typically requires the preparation of a Habitat 
Conservation Plan to mitigate project impacts. Under Section 7, a Biological 
Opinion (BO) may be issued that contains all necessary mitigation and 
compensation for the proposed action. Formal Section 7 consultation typically 
takes 60 to 135 days from initiation. The Section 10 process can take over a year 
(depending on the size and nature of the project). However, as noted above, 
Section 7 consultation can only take place when a federal agency is funding or 
permitting a proposed action (such as USACE issuing a 404 permit). 

The National Marine Fisheries Service (NMFS), under the Federal Endangered 
Species Act, requires formal consultation similar to the USFWS consultation 
process under Sections 7 and 10 for species listed by NMFS. The NMFS 
provides consultation on the anadromous fish species. This consultation is 
independent from any USFWS consultations that would need to be conducted. It 
may result in the issuance of a BO containing actions to be taken to avoid 
jeopardizing a species or reducing the level of “take” that may occur when an 
action is implemented. NMFS protected species within the project area include 
Central Valley steelhead trout and winter-run Chinook salmon, which are both 
listed as federally endangered. 

7.3.4 National Historic Preservation Act of 1966 Section 106 

The process of reviewing projects and decisions that may impact historical 
resources is conducted under local, state, and federal laws. This law establishes a 
National Register of Historic Places and an Advisory Council on Historic Places 
(ACHP). The Act requires federal agencies to consult with the ACHP prior to 
any undertaking that would affect a property on or eligible for the National 
Registry.  The State Historic Preservation Officer (SHPO) carries out reviews 
under Section 106 of the National Historic Preservation Act of 1966 and in 
accordance with CEQA, which requires public agencies to consider the effects of 
their actions on historical resources eligible for listing in the California Register 
of Historical Resources. Consultation is also required for projects that may 
impact historical resources located on state-owned land. The Native American 
Heritage Commission is also contacted to request a sacred lands search and to 
obtain a list of interested persons who may have concerns regarding ethnographic 
or otherwise culturally sensitive Native American special use areas in the 
proposed project. 
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7.3.5 Rivers and Harbors Act Section 10 (Navigable Waters) 

Under Section 10 of the Rivers and Harbors Act of 1899, USACE regulates 
activities involving navigable waters. These include: 

• Construction of structures in, over, or under 

• Excavation of material from 

• Deposition of material 

 “Navigable waters of the United States are those waters that are subject to the 
ebb and flow of the tide and/or are presently used, or have been used, in the past, 
or may be susceptible for use to transport interstate or foreign commerce. A 
determination of navigability, once made, applies laterally over the entire surface 
of the water body, and is not extinguished by later actions or events which 
impede or destroy navigable capacity (33 CFR §329.4).” 

Navigable waters typically have the same boundaries as, or lie within the 
boundaries of, waters of the U.S. subject to jurisdiction under CWA Section 404. 
Larger streams, rivers, lakes, bays, and oceans are navigable waters that may 
represent all or a part of waters of the United States. Isolated wetlands are 
typically not part of navigable waters. 

7.3.6 Clean Water Act Section 401 Water Quality Certification 

Projects conducted under a USACE 404 permit and involving dredge and fill of 
wetlands or surface waters require water quality certification under Section 401 
of the CWA. Pursuant to federal law, the state must certify that USACE permit 
meets all state water quality standards. The nine RWQCBs are the primary 
agencies responsible for processing these certifications. The certification 
requirement applies to all USACE 404 permits, including Individual, Nationwide 
(including those Nationwide Permits that do not require notification to USACE), 
and Regional Permits.  

Within the umbrella of the California Environmental Protection Agency, the 
State Water Resources Control Board (SWRCB) administrates the statewide 
water quality program while the nine RWQCBs provide regional 
implementation. The Central Valley RWQCB issues the 401 Water Quality 
Certification in Sacramento County that governs and restricts the amount of 
pollutants that can be discharged. 

Application for a Section 401 certification is conducted concurrently with the 
404 application. Issuance of a water quality certification assures that the activity 
will not violate state and federal water quality standards. These standards are 
established as water quality objectives, or established numeric and narrative 
water quality limits, and consider the beneficial uses of water body (e.g., 
drinking water, agriculture, navigation, recreation, and fish and wildlife habitat), 
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SWRCB anti-degradation policy (SWRCB Resolution No. 68-16), and the water 
quality control basin plan for the region (i.e., Sacramento River and San Joaquin 
River Basins [5A, 5B]). 

The Central Valley RWQCB application process involves the following steps. 

• Submit an initial fee deposit of $500.00. If RWQCB becomes the Lead 
Agency for the project, additional fees are required based on staff hours 
for completion. 

• Submit a copy of USACE Section 404 application – This item is not 
required if the applicant is using a non-reporting Nationwide Permit 
number; however, this only applies to projects not located in 
environmentally sensitive areas. All dredging projects require a permit 
from USACE. The applicant is responsible to complete their project 
within the expiration date of the permit. 

• Submit an adequate description of the project – Include a location map, 
starting dates, and the expected project duration. Calculate the total area 
(in acres) of jurisdictional waters of the U.S. that will be temporarily and 
permanently impacted. State if dredging or cofferdams will be required. 
Pumping from cofferdams must meet turbidity requirements from the 
Sacramento River and San Joaquin River Basin Plan. 

• Submit a copy of the application or agreement for Lake or Streambed 
Alteration Agreement from the California Department of Fish and Game 
(CDFG) – Or include correspondence from CDFG stating that no Lake or 
Streambed Alteration Agreement is required for your project. Projects 
located on federal property are not within the CDFG jurisdiction and are 
exempt (Gillum, 2002). 

• Submit of evidence of the CEQA/National Environmental Policy Act 
(NEPA) compliance – Compliance includes a Notice of Exemption 
stating Type, Class, and Section Numbers for exemption. Questionable 
exemptions are reviewed by the Office of Chief Counsel. Include initial 
Environment Assessment with a Negative Declaration if the project will 
not impact jurisdictional waters of the U.S., including wetlands or other 
resources (i.e., fish, wildlife, and plants). If the project impacts any 
jurisdictional waters of the U.S., including wetlands, or other resources, 
include an EIR addressing mitigation measures or a Mitigated Negative 
Declaration. The EIR or Mitigated Negative Declaration must state all on- 
and off-site mitigation measures and all overseer agencies for the 
development of wetlands. 

Upon receipt of an application, the RWQCB conducts a review to determine 
completeness of the application. If the application is incomplete, the applicant 
shall be notified in writing no later than 30 days after receipt of the application, 
of any additional information or action needed. When a complete application is 
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received, the application, the federal agency, and USEPA is notified no later than 
30 days after receipt of the application. Application for 401 certification is public 
noticed on the RWQCB Web page and the regulatory agencies and interested 
parties are given 21-days to comment on the project (Gillum, 2002). 

A complete application for water quality certification need not contain 
unnecessarily duplicative information. If the copy of a federal application 
contains information requested by the RWQCB, that specific information need 
not be provided elsewhere in the application provided that the application clearly 
indicates where all required information and items are to be found (COPA, 2001; 
RWQCB, 2001). 

7.3.7 General Construction Activity Storm Water Permit – (Non-
point discharges) Clean Water Act Section 402 National 
Pollutant Discharge and Elimination System 

Municipal Storm Water Permit 

Sacramento County 

The County of Sacramento has prepared a county-wide Storm Water Quality 
Improvement Plan (SWQIP) in compliance with a NPDES municipal storm 
water permit issued by the Central Valley RWQCB. County construction 
activities comply with the SWQIP to implement best management practices 
(BMPs) to control storm water pollutant discharges and prohibit non-storm water 
discharges. The Central Valley RWQCB is revising the municipal storm water 
permit for Sacramento County, and the revised permit was expected to be issued 
in January 2002. Sacramento County will revise the SWQIP to address the storm 
water discharges and prohibited non-storm water discharges and conditions 
provided in the new NPDES municipal storm water permit (Stevens, 2001). 

To meet conditions of the municipal storm water permit, Sacramento County 
enacted two ordinances that would effectively prohibit non-storm water 
discharges and control sediment runoff from construction-related activities. The 
Storm Water Management and Discharge Control Ordinance does not establish 
an additional regulatory process but does establish discharge conditions and 
prohibitions for activities on small construction sites (i.e., less than 1 acre sites). 
The Land Grading and Erosion Control Ordinance applies to those activities on 
construction sites greater than 1 acre and establishes a permitting process. The 
Storm Water Management and Discharge Control Ordinance and Land Grading 
and Erosion Control Ordinance are discussed later in this chapter (Section 
7.3.10). 

Yolo County 

The Yolo County Public Works Department manages storm water discharges in 
the unincorporated areas of Yolo County. County construction activities are 
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required to implement BMPs to control storm water pollutant discharges and 
prohibit non-storm water discharges in accordance with the SWRCB General 
Construction Activity Storm Water Permit (General Permit). At present, there is 
no municipal storm water management plan identifying BMPs for 
implementation (Campbell, 2001). 

Located within Yolo County, the incorporated City of West Sacramento manages 
storm water discharges within its municipal boundaries. Similar to Yolo County, 
construction activities are required to implement BMPs to control storm water 
pollutant discharges and prohibit non-storm water discharges in accordance with 
the SWRCB General Permit. The city is anticipated to develop a municipal storm 
water management plan. A possible option for the city would be to implement 
any future requirement and permit through other existing programs (Wolfe, 
2001). 

SWRCB General Construction Storm Water Permit 

Additionally, County construction activities are required to comply with the 
SWRCB General Permit. The SWRCB has adopted a General Permit for storm 
water discharges associated with any construction activity, including clearing, 
grading, excavation reconstruction, and dredge and fill activities that results in 
the disturbance of at least five acres of total land area. In March 2003, the five-
acre threshold will be reduced to a one-acre threshold. The SWRCB General 
Permit requires the site owner to notify the state, to prepare and implement a 
Storm Water Pollution Prevention Plan (SWPPP), and to monitor the 
effectiveness of the plan. The SWPPP is not submitted to the RWQCB, but it 
must be maintained on site. The plan must also address post-construction control 
of pollutants in storm water. The storm water permit does not authorize 
discharges of fill or dredged material regulated by USACE under the CWA 
Section 404 and does not constitute a waiver of the CWA Section 401 Water 
Quality Certification. 

To obtain coverage under the NPDES General Construction Permit, the SRCSD 
must file a Notice of Intent (NOI) with a vicinity map and the appropriate fee to 
the SWRCB. The NOI requirements of the SWRCB General Permit are intended 
to establish a mechanism that can be used to clearly identify the responsible 
parties, locations, and scope of operations of dischargers covered by the SWRCB 
General Permit and to document the discharger’s knowledge of the requirements 
for a SWPPP. When construction is complete or ownership is transferred, 
dischargers file a Notice of Termination with the RWQCB certifying that the 
state and local requirements have been met in accordance with the SWRCB 
General Permit. 

Another major feature of the SWRCB General Permit is the development and 
implementation of a monitoring program. All dischargers, including SRCSD, are 
required to conduct inspections of the construction site prior to anticipated storm 
events and after actual storm events. Each discharger is required to certify 
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annually that the construction activities are in compliance with the requirements 
of the SWRCB General Permit. Dischargers who cannot certify annual 
compliance need to notify the appropriate RWQCB. A well-developed 
monitoring program provides a good method for checking the effectiveness of 
the SWPPP. The discharger is required to retain all monitoring records, reports 
required for the SWRCB General Permit, and records of data used to complete 
the NOI for the construction activities covered by the SWRCB General Permit 
for a period of at least three years from the date generated. Dischargers are not 
required to submit the records, except upon specific request by the RWQCB. An 
NOI checklist for a storm water permit is provided in Exhibit 7-2. 

7.3.8 General Order for Dewatering and Other Low Threat 
Discharges to Surface Water - (Point Source Permit) National 
Pollutant Discharge and Elimination System 

Entities discharging or proposing to discharge waste into waters of the state must 
obtain waste discharge requirements (WDRs). Discharges to surface waters 
require a federal NPDES Permit from the Central Valley RWQCB in Sacramento 
County. The RWQCB issues NPDES permit to protect the waters of the state for 
the use and enjoyment of the people of California. The SWRCB and the 
RWQCBs seek to attain the highest water quality reasonably attainable in the 
state (COPA, 2001). 

The RWQCB evaluates the NPDES permit application to determine whether the 
proposed discharge is consistent with the SWRCB’s and the RWQCB’s adopted 
water quality objectives, the Areawide Waste Treatment Management (“208”) 
Plan, the Water Quality Control Plan (Basin Plan) for the area in which the 
project is located, and federal effluent limitations. 

When approving an NPDES permit, the RWQCB sets pollutant limits (“effluent 
limitations”) on each discharge. These limits ensure that the discharge will not 
harm public water supplies, agricultural and industrial water use, wildlife habitat, 
any water-related recreational activity, or other beneficial uses of the receiving 
water and that the discharge will comply with the requirements of federal and 
state law.  

The RWQCB may deny an NPDES permit if the discharge contains a harmful 
biological, radiological, or chemical agent or if the discharge substantially 
impairs the anchorage and navigability of the waterway (COPA, 2001). An 
application checklist for an NPDES permit is provided in Exhibit 7-3. 

General Order for Dewatering and Other Low Threat Discharges 
to Surface Water 

Dewatering operations will often be performed for high groundwater control 
during construction. The discharge of groundwater to surface water or a storm 
water drainage system requires a point source NPDES permit issued by the 
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RWQCBs. The Central Valley RWQCB has streamlined the process by issuing a 
General Order for a general NPDES permit covering dewatering operations. The 
WDRs have been established for the Dewatering and Other Low Threat 
Discharges to Surface Waters (General Order No. 5-00-175, NPDES No. 
CAG995001) and address effluent monitoring and reporting requirements. The 
permit is confined to dewatering operations with low flow (less than 0.25 million 
gallons per day). The water quality concerns in the WDRs include settable 
matter, suspended material, temperature, pH, color, and turbidity. Metal and 
organic analyses are generally not required unless the RWQCB determines there 
is a likelihood of groundwater contamination. 

The permit process begins with the submission of a Notice of Intent (NOI) and 
fee to the Central Valley RWQCB. If more than one discharge location is being 
considered for the project, a Pollution Prevention and Monitoring and Reporting 
Plan (PPMRP) is developed and submitted with the NOI. A copy of the permit 
application is also submitted to the California Department of Fish and Game 
(CDFG). By filing this NOI, SRCSD concurs and agrees with the terms and 
conditions established in the WDRs for this general dewatering permit. The 
Central Valley RWQCB reviews the application for completeness and issues a 
Notice of Applicability for the general NPDES permit. An NOI checklist is 
provided in Exhibit 7-4 (King, 2001). The regulatory review process should be 
completed within 30 days. 

Alternatives to the General Order for Dewatering 

Discharge of groundwater from dewatering operations to an infiltration or 
evaporation pond does not require an NPDES permit but does require WDRs. 
Permit requirements for this type of discharge can be at least as strict as NPDES 
permit requirements (COPA, 2001). The owner or operator of any facility or 
activity that discharges, or proposes to discharge, waste that may affect 
groundwater quality, or from which waste may be discharged in a diffused 
manner (e.g., erosion from soil disturbance), must first obtain WDRs from the 
appropriate RWQCB. If a facility or activity discharges waste (including storm 
water run off for certain industrial or construction activities) to surface water (for 
example, from a pipe or confined channel), the owner or operator must obtain a 
NPDES permit rather than WDRs. Activities that do not pose a threat or nuisance 
to water quality may be allowed a waiver of WDRs. 

The RWQCBs adopt WDRs to protect the waters of the state for the use and 
enjoyment of the people of California. The SWRCB and RWQCBs seek to attain 
the highest possible water quality in the state.  

The discharge of waste into a municipal sanitary sewer system is not subject to 
WDRs. The USEPA, the SWRCB, the RWQCBs, and the local wastewater 
management agency may require some industries to pretreat industrial or 
hazardous wastes prior to discharge to the municipal sanitary sewer system. The 
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local wastewater management agency will notify the industry of the 
requirements. 

Report of Waste Discharge 

Anyone proposing to discharge or currently discharging wastes that may affect 
surface or ground water quality must file a complete “Report of Waste 
Discharge” with the appropriate RWQCB. Persons proposing to discharge wastes 
that may affect water quality must submit a complete Report of Waste Discharge 
at least 120 days before they intend to begin discharging waste.  

The RWQCB evaluates the “Report of Waste Discharge” to determine whether 
the proposed discharge is consistent with: 

• The SWRCB's and the RWQCB's adopted water quality objectives 

• The Areawide Waste Treatment Management Plan ("208") 

• The Water Quality Control Plan (Basin Plan) for the area in which the 
proposed activity is located 

• State policies for water quality control 

• Chapter 27 regulations, if applicable 

When adopting waste discharge requirements, the RWQCB sets pollutant limits 
(effluent limitations) or waste containment requirements on each discharge as a 
condition of approval. The limitations ensure that the discharge will not harm 
beneficial uses, such as public water supplies, agricultural and industrial water 
use, wildlife habitats, or any water-related recreational activity. 

Department of Water Resources Administrative Procedures 

After receiving the “Report of Waste Discharge,” the application is reviewed for 
completeness. The RWQCB prepares tentative requirements for the project, 
including proposed effluent limitations, special conditions, and a monitoring 
program for the discharge. The requirements may also include a proposed 
schedule for compliance, if the discharge does not comply with the adopted 
requirements. 

Tentative waste discharge requirements are made available to individuals and 
public agencies with a known interest in the project and others requesting the 
requirements. A public comment period is held for a minimum of 30 days. The 
RWQCB must hold a public meeting in a location within the region and notify 
interested parties at least 30 days in advance of the public meeting. 

At the public meeting, the RWQCB may adopt the tentative waste discharge 
requirements or modify the requirements before adopting them. Adoption of the 
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waste discharge requirements requires a majority vote of the RWQCB. Waste 
discharge requirements become effective upon adoption unless the RWQCB sets 
a different effective date in its order. 

The entire process for developing and adopting the requirements normally takes 
about three months. An application checklist for WDRs is provided in Exhibit 7-
3. 

7.3.9 California Fish and Game Code Section 1600-1607 Lake or 
Streambed Alteration Agreement 

Under Sections 1600-1607 of the California Fish and Game Code, the CDFG 
regulates activities that alter the flow, bed, channel, or bank of streams and lakes. 
The limits of CDFG jurisdiction are defined in the code as: 

“Bed, channel, or bank of any river, stream, or lake designated by the department 
in which there is at any time an existing fish or wildlife resource or from which 
these resources derive benefit...[Section 1601].” 

The CDFG’s jurisdictional boundaries are identified as the top of the stream or 
bank or at the outer edge of the riparian vegetation, whichever is widest. Since 
riparian habitats do not always support wetland hydrology or hydric soils, federal 
Section 404 wetland boundaries sometimes include only portions of the riparian 
habitat adjacent to a river, stream, or lake that fall under CDFG jurisdiction. 

Any person, governmental agency, or public utility proposing an activity that will 
divert or obstruct the natural flow or change the bed, channel, or bank of any 
river, stream, or lake, or proposing to use any material from a streambed, or 
disposing or depositing debris, waste, or other materials containing crumbled, 
flaked, or ground pavement where it can pass into any river, stream, or lake must 
first notify CDFG of such proposed activity.  

The CDFG notification requirement applies to any work undertaken within the 
100-year floodplain of a waterbody or its tributaries, including intermittent 
streams and desert washes. In practice, the notification requirement generally 
applies to any work in the riparian corridor of a wash, stream, or lake that 
contains or contained fish and wildlife or supports or supported riparian 
vegetation. 

Based on the information contained in the notification form and possible field 
inspection, CDFG may propose modifications to the proposed construction to 
allow for the protection of the fish and wildlife resources. CDFG bases 
evaluation of notification of a proposed streambed alteration on the anticipated 
impact of the proposed project on fish and wildlife resources. Consequently, 
CDFG will write the Lake or Streambed Alteration Agreement with terms and 
conditions designed to protect and/or compensate for these resources. 
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To apply and/or notify CDFG of a proposed activity within their jurisdiction, the 
applicant submits a completed form FG 2023 to the appropriate regional Fish and 
Game office. The regional office assigns the application to a local warden. The 
warden determines whether an on-site inspection is necessary in order to suggest 
modifications or conditions for the Agreement. The warden may conduct the 
inspection with the applicant and, when appropriate, with district fishery and 
wildlife biologists. The biologists may attend the inspection and provide 
recommendations or modifications for projects that could cause environmental 
damage or threaten fish or wildlife resources. 

While the warden may request additional information, recommendations are 
made on the proposed activity to the applicant within 30 days of receipt of the 
completed form FG 2023, unless extended by mutual agreement. After the 
inspection, the warden may suggest modifications and mitigation measures to 
protect fish and wildlife in the project area. The applicant has 14 days to accept 
or deny these modifications. Upon agreeing to the warden’s proposed project 
modifications, the applicant signs the Agreement and returns it to the warden. If 
rejecting the warden’s modification, the applicant must cite the reasons in writing 
or request a meeting with the warden. When the applicant and CDFG agree to the 
project modifications, they sign the Stream or Lake Alteration Agreement, and 
the application may begin the approved project. An application checklist for a 
CDFG permit is provided in Exhibit 7-5.  

7.3.10 Sacramento County Well and Pump Standards  

Sacramento County has promulgated well and pump standards to ensure “that the 
groundwater of this county will not be polluted or contaminated by improper 
well construction, modification, repair, inactivation, or destruction, or by 
improper pump installation…” (Title 6 Sacramento County Code Chapter 6.28). 
The well standards are applicable to the unincorporated and incorporated areas of 
Sacramento County. In developing this ordinance, some of the standards for the 
construction and destruction of groundwater wells were derived from the state 
well standards (California Well Standards Bulletin 74-81 and 74-90). The state 
well standards include annular sealing material and construction, well casing 
specification, and disinfection procedures. Through the County ordinance, 
dewatering operations are exempt from permits. 

The ordinance includes permit requirements for: 

• Water wells 

• Destruction of soil borings (exploratory holes) located within 10-feet of 
groundwater 

• Abandonment of Water Wells 

To prevent contaminant or low water quality water migration to lower aquifers, 
soil boring destruction is accomplished through various approved sealing 
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material specifications and methods similar to the standards provided by the 
California Department of Water Resources California Well Standards Bulletin 
74-81 (December 1981). 

Hazardous Material Contaminated Soil and Groundwater 

Local permits are not required for hazardous materials encountered in soil 
borings and trenching operations. If contaminated soil or groundwater is 
encountered, notification to the Sacramento County Environmental Health 
Department (SCEHD) is required to clarify the state and federal hazardous 
materials management and disposal requirements and options available within 
Sacramento County. 

Revisions to the Sacramento County well ordinance are in progress to establish 
“consultation zones” for known geographic areas exhibiting groundwater 
contamination. A drilling permit application or notification may be required prior 
to drilling in these zones in the future. After an applicant submits an application 
for a soil boring, the SCEHD will review the proposed drilling location with 
known contaminated locations. Drilling within these known contaminated zones 
would result in consultation with the regulatory agency on any additional 
precautions or requirements for boring destruction and the proper management 
and disposal of contaminated drill cuttings and fluids. A revised well ordinance 
addressing “consultation zones” is in the County review process and was 
expected to be available for public comment in the fall of 2001. An application 
checklist for a water well and soil boring permit is provided in Exhibit 7-6. 
 

7.3.11 Sacramento County Storm Water Related Ordinances 

Two county ordinances were enacted to prohibit non-storm water discharges and 
to control sediment discharges to waters of the state. The Storm Water 
Management and Discharge Control Ordinance prohibits non-storm water 
discharge activities while the Land Grading and Erosion Control Ordinance 
requires erosion control BMPs for construction-related activities. Both 
ordinances were necessary to implement the requirements of the Sacramento 
County Municipal NPDES Storm Water Permit (i.e., Waste Discharge 
Requirements for County of Sacramento, Cities of Sacramento, Folsom, and Galt 
Area-Wide Storm Water Discharges from Municipal Separate Storm Sewer 
Systems Sacramento County [Order No. 96-105; May 3, 1996]) issued by the 
Central Valley RWQCB. A comprehensive discussion of these complementing 
ordinances is provided in the County of Sacramento Erosion and Sediment 
Control Guidelines, November 2000 (Sacramento County, 2000). 
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Storm Water Management and Discharge Control Ordinance 
(Sacramento County Code [SCC] Title 15, Chapter 15.12) 

This ordinance does not require an application for a county permit or approval. 
However, the storm water ordinance does establish prohibitions for industrial and 
residential related activities to control nonstorm water discharges. The ordinance 
also provides an exemption for most construction-related activities. 

Exemptions for construction-related activities are based on the areal extent of the 
construction sites. The construction site size and the storm water ordinance 
exemption addressed include: 

• Greater Than 5 Acres–The site is exempt from this storm water 
ordinance.  Comply with the state SWRCB General Permit for 
construction-related activities and the Sacramento County Land Grading 
and Erosion Control Ordinance (SCC Section 15.12.040). 

• 1 and 5 Acres–Construction related activities on these sites are not 
regulated under the SWRCB General Permit.  The storm water ordinance 
considers these sites to be in compliance if the construction activities 
meet the discharge standards established in the Sacramento County Land 
Grading and Erosion Control Ordinance. 

• Less Than 1 Acre–The storm water ordinance does not provide 
exemptions for construction activities on less than 1 acre.  Comply with 
the non-storm water discharge prohibitions in the Storm Water 
Management and Discharge Control Ordinance (SCC Section 15.12.100 
et seq.). 

 

Land Grading and Erosion Control Ordinance (SCC Title 16, 
Chapter 16.44) 

The Land Grading and Erosion Control Ordinance establishes permit application 
requirements and erosion control standards for construction activities. However, 
the erosion control ordinance exempts underground utility construction activities 
from obtaining a grading and erosion control permit. However, the utility 
construction activities must comply with the erosion control requirements 
established in the ordinance. 

The requirements of the erosion control ordinance includes: 

• Documenting applicable entitlements and rights-of-entry 

• Preparing environmental documentation 

• Complying with state and federal permits 
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• Establishing site security 

• Development of an erosion control plan meeting County specifications 

An Erosion and Sediment Control (ESC) Plan should be prepared to document 
compliance with the County erosion control specifications. Because a SWMP is 
developed to meet state specifications as required in the SWRCB General Permit, 
the SWMP may serve as a substitute for the ESC Plan. However, the SWMP 
must also contain all the county specifications presented in the ordinance (SCC 
Section 16.44.090).  

To meet the county specifications, the Sacramento County Erosion and Sediment 
Control Guidelines (2000) recommends using the San Francisco Bay Region’s 
Erosion and Sediment Control Field Manual to select the appropriate sediment 
control and soil stabilization BMPs to control sediment transport from the site 
(Sacramento County, 2000). County specifications required in the ESC plan are 
provided in Exhibit 7-7. 

7.3.12 Yolo County Well Standards  

Similar to Sacramento County, Yolo County promulgated water well 
construction and destruction standards to ensure groundwater will not be polluted 
or contaminated by improperly constructed or abandoned water wells. These 
standards apply to water wells, soil borings, and dewatering wells that encounter 
groundwater within the unincorporated and incorporated areas of Yolo County. 

The specifications in the ordinance are consistent with the California Department 
of Water Resources California Water Well Standards Bulletin 74-81 and 
California Well Standards Bulletin 74-90. 

The ordinance does not regulate: 

• Dry soil borings (i.e., groundwater is not encountered) 

• Dewater wells that are less than 40-feet below ground surface 

• Wells with less than 2-inch casing 

• Trench dewatering operations 

However, Yolo County does recommend proper destruction of soil borings to 
prevent the potential for contaminant migration that may result from improperly 
destroyed soil borings. The county recommendations for the destruction of soil 
borings include a neat cement slurry similar to the standards provided in the 
California Water Well Standards Bulletin 74-81 (December 1981) (Pinnow, 
2001). 
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Hazardous Materials Contaminated Soil and Groundwater 

Local permits for contaminated soil and groundwater encountered in soil borings 
and trenching operations are not required. If contaminated soil or groundwater is 
encountered, notification to the Yolo County Environmental Health Division is 
required to clarify the state and federal hazardous materials management 
requirements and disposal options available in Yolo County. 
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EXHIBIT 7-1 
U.S. ARMY CORPS OF ENGINEERS 

404 PERMIT APPLICATION CHECKLIST (ENG Form 4345) 
        
 Permit application 

 Name, address, phone number, permittee 
 Project location information 
 Directions to the site 
 Project purpose and need 
 Type of activity 
 Acreage of disturbance   
 Adjacent property owners name and address 
 Signature of client or certified agent 

 Project description 
 Brief description of the proposed project 
 Project’s purpose 
 Direct and indirect adverse environmental effects the project would cause 
 Wetland delineation compensatory mitigation proposal to offset permanent losses of 

waters of the U.S. and a statement describing how temporary losses of waters of the U.S. 
will be minimized to the  maximum extent practicable 

 The names of any federally-listed endangered or threatened species that may be affected 
by the proposed work or that utilize the designated critical habitat that may be affected 
by the proposed work 

 Statement regarding anticipated impacts to historic properties listed in, or eligible for, 
listing in the National Register of Historic Places, with a map indicating the location of 
the historic property 

 Documentation demonstrating that the proposed work complies with the appropriate 
FEMA or FEMA-approved local floodplain construction requirements 

 Vicinity map 
 Location of activity site - arrow with exact location on map 

 Latitude, longitude, river mile, if known, and/or other location information 
 Name of waterbody and the name of the larger creek, river, bay, etc., that the waterbody is 

immediately tributary to 
 Names, descriptions and locations of landmarks 
 Name of all applicable political jurisdictions 
 Name of and distance to nearest town, community, or other identifying locations 
 Names or numbers of all roads in the vicinity of the site 
 North arrow 
 Scale 
 Plan view  
 Names of water body and river mile if known at location of activity existing shorelines 

ordinary high waterline and ordinary low waterline 
 Average water depths around the activity 
 Dimensions of the activity and distance it extends from the high waterline into the water 

location of any wetlands 
 North arrow 
 Scale 
 Elevation and cross section view 
 Water elevations as shown in the plan view 
 Water depth at waterward face of proposed activity 
 Cross section of excavation or fill, including approximate side slopes 
 Graphic or numerical scale 
 Principal dimensions of the activity 
 Notes on drawings shall include: names of adjacent property owners, legal property 

description from plot deed or tax assessment 
 Site photographs 
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EXHIBIT 7-2 

STATE WATER RESOURCES CONTROL BOARD 
NOTICE OF INTENT – STORM WATER PERMIT APPLICATION CHECKLIST 

 
 Permit Application 
 Name, address, and telephone number for the applicant, property owner, 

developer/contractor 
 Project Information 
 Size of site, total area disturbed before and after construction 
 Vicinity Map 
 Draw to scale (8 1/2 x 11) showing landmarks, site perimeter, geographic features, general 

topography 
 Longitude, latitude, tract number and/or mile post markers 
 Access roads 
 Project Description 
 Percentage of site that is impervious to water before and after construction 
 Percentage of total project to be mass graded 
 Project dates 
 Signature and Certification 
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EXHIBIT 7-3 
CENTRAL VALLEY REGIONAL WATER QUALITY CONTROL BOARD 

NPDES AND WDR PERMIT APPLICATION CHECKLIST 
 
 Permit Application 
 Proposed schedule 
 Name, address, phone # permittee 
 Project location information 
 Total size of entire project area, including area outside of jurisdictional waters of the U.S. 
 Name and title of person delineating extent of waters 
 Total amount of wetlands or U.S. waters to be filled by the proposed project (acres) 
 Name of receiving bodies that may receive a discharge 
 Type of receiving water bodies 
 Total estimated quantity of waters that may be adversely impacted by discharge or dredging 

for each water body 
 Technically accurate description with purpose and final goal of the entire activity 
 Total estimated quantity of waters identified as compensatory mitigation for any anticipated 

adverse impacts 
 Brief description with estimated adverse impacts within the last and next five years that 

might impact receiving water bodies 
 Vicinity Map 
 Road map of site with waters indicated and USGS quad map site outlined 
 Latitude, longitude, section, township, range, and/or other location information 
 Names, descriptions and locations of landmarks 
 Name of all applicable political jurisdictions 
 North arrow 
 Scale      
 Plan View 
 Name of waterbody and river mile (if known) at location of activity 
 Existing shorelines 
 Ordinary high waterline and ordinary waterline 
 Average water depths around the activity 
 Dimensions of the activity and distance it extends from the high waterline into the water 
 Location of any wetlands 
 North arrow 
 Scale 
 Elevation and Cross Section View 
 Water elevations as shown in the plan view 
 Water depth at waterward face of proposed activity 

 Cross section of excavation or fill including approximate side slopes 
 Graphic or numerical scale 
 Principal dimensions of the activity 

 Notes on drawings shall include: names of adjacent property owners, legal property 
description from plot, deed, or tax assessment 

 Site Photographs 
 CEQA Documentation 
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EXHIBIT 7-4 
REGIONAL WATER QUALITY CONTROL BOARD 

NOTICE OF INTENT – GROUNDWATER DEWATERING NPDES CHECKLIST 
 
 Permit Application 
 Name, address, and telephone number for the applicant, property owner, 

developer/contractor, water supplier 
 Discharge Information 
 Type operation 
 Discharge rate 
 Discharge start and stop dates 
 Discharge Location(s) 
 Treatment systems used (include schematic) 
 Vicinity Map 
 1:2400 (1" = 2000') showing treatment system, discharge points, and surface waters (e.g., 

7.5' topographic map)  
 Wells and residences within 1,500' 
 Receiving Water Information 
 Closest receiving water 
 Major downstream water body to receiving water 
 Primary Pollutants/Parameters 
 Settle material, suspended solids, pH, chlorine, total dissolved solids, color, turbidity, metals, 

construction materials, trace organic compounds 
 Samples collected 
 Signature and Certification 
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EXHIBIT 7-5 
CALIFORNIA DEPARTMENT OF FISH AND GAME 

LAKE OR STREAMBED ALTERATION PERMIT APPLICATION CHECKLIST 
 
 Permit Application 
 Name, address, phone number, permittee, operator, contractor, contact person, and property 

owner 
 Estimated project cost 
 Location information 
 Signature of operator 
 Project Description 
 Name of Proposed Project 
 Proposed Start and Completion Dates 
 Project Location in Reference to Landmarks 
 Type of Equipment Used 
 Anticipated Impacts on Resources 
 Site Conditions (before and after) 
 Project Completion 
 Project Map (location, distance and/or directions from nearest town/city, 

known landmarks, access roads, and other information) 
 Construction Plans (blueprints, structural designs, diagrams, or sketches) 
 Copies of all state, local, or federal permits, agreements, or other authorizations 
 CEQA Documentation 
 Site Photographs 
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EXHIBIT 7-6 
SACRAMENTO COUNTY 

WELL AND PUMP INSTALLATION PERMIT APPLICATION 
 
 Site Address 
 Parcel number 
 Phone number 
 Property Owner Name 

 Owner address 
 Phone number 

 Well Contractor 
 License number 
 Well contractor license type 
 Expiration date 
 Well/Boring identification number 
 Work Performed 
 Distance to the Nearest Utilities (sewer line, 100-year floodplain, stream, ditch, drainage 

canal) 
 Intended Use 
 Drilling Method 
 Construction Specifications 
 Borehole diameter 
 Casing type and diameter 
 Grout depth and sealing material 
 Transition seal 
 Well/Boring Destruction 

 Diameter 
 Total well/boring depth 
 Depth to water 
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EXHIBIT 7-7 

SACRAMENTO COUNTY LAND GRADING AND EROSION CONTROL 
ORDINANCE 

EROSION AND SEDIMENT CONTROL PLAN CONTENT 
 

 Vicinity Map 
 Site Delineation 
 Water Courses and Critical Areas (wetlands, environmental sensitive areas) 
 Roads and Structures 
 Site Topography (contours, vegetation, outcroppings, spot elevations) 
 Drainage System (existing, proposed, interim) 
 Clearing and Grading Delineation 

 Elevation 
 Slope 
 Fill 
 Vegetation preserved 
 Excavation volume 
 Import/export material volume 

 Best Management Practices (BMPs) 
 Project Schedule 

 Initial phase 
 Map 
 Specific BMP implemented 
 Schedule 

 Rough phase 
 Map 
 Specific BMP implemented 
 Schedule 

 Final phase 
 Map 
 Specific BMP implemented 
 Schedule 

 SWRCB WDID Number 
 Project phases start and completion dates  
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Chapter 8. Pipeline Design 
It is the function of the Interceptor System Master Plan to anticipate and plan 
for most of the required interceptor facilities within the SRCSD service area. 
The Master Plan provides design flows, sizing, preliminary alignment, and 
several other items necessary for the design of new interceptor sewers. In 
addition, most interceptors will progress through the Design Report stage, 
further refining necessary design items. However, this information is 
considered preliminary. It is the responsibility of the design consultant 
performing final design to review and verify all data and conclusions 
pertaining to the facility under design presented in previous reports. This 
chapter presents the design criteria recommended for the final design of 
sewers. It provides guidelines on alignment, configuration, hydraulic design, 
pipe material, structural requirements, and appurtenances.  
 

8.1 Design Flows 
The flows presented in the Master Plan are based on estimated unit flows, 
average land use buildout densities, and projected population data. The 
estimated unit flows are developed from historical records and flow 
monitoring in various sewer sheds. HydroWorks, a (dynamic) hydraulic 
model, was then used to simulate the conveyance of these flows to the 
SRWTP. It is the goal of the District to maintain this model and provide the 
final design consultants with the necessary updated design flow hydrographs. 
Therefore, this section will define only the components of wastewater flow 
and provide a brief discussion of how these components relate to the 
projection of flow for the interceptor system. 
 
For design reports, efforts will need to be made to correlate flow data from 
contributing agencies. 

8.1.1. Wastewater Flow Components 

Design flows for SRCSD interceptors are comprised of two components, Dry 
and Wet Weather Flows. 
 

8.1.2. Dry Weather Flow Component 
Dry Weather Flow, also referred to as Base Wastewater Flow (BWF), is 
sanitary and process flow contributed by residential, commercial, industrial, 
and other permitted users of the sewer system. BWF also includes Ground 
Water Infiltration (GWI). GWI is groundwater that enters the sanitary sewer 
system through defects in pipe, pipe joints, manholes, and structures. BWF 
rates primarily depend on development tributary to the interceptor. However, 
because BWF includes GWI, the physical condition of the sewer system and 
depth to groundwater are also factors. 
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The BWF rate in a sewer system typically varies based on time of day, area of 
contributing basin, land use of contributing area, depth to groundwater, day of 
the week, and condition of the collection system. The cumulative influence of 
each of these factors determines the relationship between minimum, average, 
and peak daily flow rates. The 24-hour average of the BWF is defined as 
Average Dry Weather Flow (ADWF). 
 
SRCSD utilizes a wastewater flow generation accounting system based on 
Equivalent Single Family Dwelling Units (ESDs). An ESD is defined as the 
average daily flow generated by a single-family household. Other types of 
development, i.e. multifamily housing and commercial development, are 
assigned an ESD value based on their flow contribution as it relates to a 
single-family dwelling unit. Currently, it is estimated that an ESD generates 
310 gallons of wastewater per day and may be reevaluated from time to time 
during Master Plan updates. Interim ESD densities are based upon population 
projections. The current conversion factor between population and ESDs is 
2.31 capita/ESD. Ultimate buildout density for the SRCSD service area is 
projected to be 6 ESD/acre. For areas without GWI, ADWF can be expressed 
as follows: 
 

C
PGADWF ×

=  

 
Where: 
 ADWF = Average Dry Weather Flow, mgd 
 G = ESD Flow Generation Factor, gpd/ESD 
 P = Basin Population in millions 
 C = ESD Conversion Factor, capita/ESD 
 
Diurnal peaking of the wastewater flow was accomplished through gathering 
of extensive flow monitoring information and subsequent model calibration. 
This produces dry weather hydrographs. 
 

8.1.3. Wet Weather Flow Component 
The Wet Weather Flow Component is commonly referred to as Rain 
Dependent Inflow/Infiltration (RDI/I). RDI/I is extraneous water that enters 
the sewer system as a direct response to rainfall. RDI/I may enter the sewer 
system by means of cross-connections between the storm drain and sanitary 
sewer systems or through illegal connections to the system such as roof drains 
and yard drains. RDI/I may also be caused by missing or poorly sealed 
cleanout caps, flusher branch covers, and manhole covers. In shallow sewer 
systems, RDI/I may enter the system similar to GWI: through cracked pipe, 
leaking joints, and poorly constructed or deteriorated manholes and structures. 
 
RDI/I flow volumes are directly related to the intensity and duration of the 
rainfall storm event. They generally rise rapidly and then recede gradually 
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after the storm event. In addition to being dependent on rainfall, RDI/I varies 
with soil moisture content and tends toward higher volumes late in the wet 
weather season or after extended periods of rainfall when the soil is highly 
saturated. Current design standards for SRCSD call for a design storm 
recurrence frequency of 10 years. Intensity and duration information for given 
recurrence frequencies can be obtained from the City/County Drainage 
Manual. 
 
RDI/I times of concentration and volumes are estimated through the use of 
flow monitoring information. Utilizing the rational method, selected storm 
events were analyzed by solving the following equation for Kp: 

 

AIKpQp ××=

Where:  
 Qp = Peak RDI/I Flowrate 
 Kp = Inflow Coefficient 
 I = Rainfall Intensity 
 A = Developed area of the contributing interceptor basin 
 
The Kp value provides a gauge of the basin response to a storm event. The 
higher the Kp value, the more RDI/I a particular basin will develop. 
 
Analysis of wet weather flow monitoring data has led to the development of 
Kp values for each interceptor basin in the existing system. Future areas of 
development with no existing sewer system have been assigned a Kp value of 
0.6%, based on the RDI/I response of a recently developed interceptor basin 
(Antelope area). It is believed future development will be similar in terms of 
land use, sewer design criteria, construction practices, and soil characteristics. 
 
Contributing agencies may use different flow generation criteria. Designers 
need to verify criteria for design. 
 

8.1.4. Total Design Flow 
An estimation of total design flow is accomplished by combining the dry 
weather and RDI/I hydrographs. The peak of the RDI/I hydrograph for each 
interceptor basin is intentionally set to coincide with that basin’s peak diurnal 
dry weather flow thereby estimating a worst-case scenario of design flows for 
that interceptor basin. The designer will be provided hydrographs for design 
flows. 
 

8.2 System Configuration 
The current Master Plan envisions the use of several flow control structures to 
best utilize existing and future interceptors. These flow control structures are 
intended to balance flows between the existing interceptor system and future 
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pipelines through flow splits. A control structure is defined as a junction of 
pipes with more than one discharge outlet. Flow control structures for the 
expanded conveyance system as forecasted by the MP2000 are presented in 
the Master Plan. Splitting at these locations is anticipated to be controlled in 
one of three ways:  weir overflows, gates, or passively based on outlet pipe 
invert and hydraulic grade line. If possible, passive operation is the preferred 
option. However, gates or weirs may be necessary, depending on sections of 
interceptor yet to be constructed. It is the responsibility of the design engineer 
to confirm flow split percentages and method. 
 

8.3 Hydraulic Design 
This section provides basic hydraulic equations together with recommended 
coefficients or constant factors. This section has been divided into two 
subsections: gravity systems and pressure systems. 
 

8.3.1. Gravity Systems 
Gravity sewers have traditionally been designed for steady flow conditions to 
carry the peak design flow without surcharging. Major factors considered in 
determining gravity system hydraulics include the design formula, roughness 
coefficient, velocity and slope, and sulfide control. 

Design Formula 
The formula used for hydraulic design shall be Manning’s Equation, which 
can be expressed as follows: 

 

12486.1

Where: 
 Q =
 n =
 A =
 R =
 S =
 

Roughness Coe
Manning’s roughn
roughness of a pa
coefficient, “n,” is
completely full for 
 
Field research by t
the “n” value of lo
pipe materials due 

 

SRA
n

Q 23 ×××=

 flow rate, cfs 
 roughness coefficient 
 cross-sectional area, ft2  
 hydraulic radius, ft 
 slope, ft/ft 

fficient 
ess coefficient, “n,” is the friction factor to describe the 
rticular pipe material or condition. Manning’s roughness 
 assumed to be constant in pipes flowing partly full or 
purposes of SRCSD interceptor design. 

he Los Angeles County Sanitation Districts concluded that 
ng-term installed sanitary sewers was about 0.013 for all 
to slime buildup and wall and joint wear. An “n” value of 

8-4 



SRCSD Interceptor Design Manual Chapter 8 
 Pipeline Design 

0.013 is also the most widely accepted value in the industry. An “n” value of 
0.013 shall be used for sizing gravity sewers regardless of the type of pipe 
selected. Although pipe manufacturers claim lower values for some pipe 
materials and linings, this slightly conservative value is intended to 
compensate for offset joints, poor alignment, grade settlement, sediment 
deposition, and the effect of slime and grease build-up in interceptor sewers. 

Velocity and Slope 
 

Small diameter sanitary sewer  

Sanitary sewers conveying municipal wastewater with its associated grit and 
solids content are commonly designed such that a minimum cleansing velocity 
of 2-feet per second is achieved at peak dry weather flow. This criterion has 
proven adequate in many municipal wastewater systems throughout the 
United States for small diameter pipes (pipes less than 36-inches in diameter). 
If deposition does accumulate in these smaller sewers, it may be removed 
using standard sewer maintenance equipment and procedures. 
 

Large diameter sewer 36”or larger.  

In larger diameter sewers (i.e. interceptor sewers), removal of deposited 
solids becomes more difficult. Therefore, for large diameter sewers the 
concept of minimum cleansing velocities is a function of re-suspension of 
particles deposited during periods of low flow with corresponding low 
velocities. It is reasonable to assume that the largest particles in the 
wastewater conveyance system will be deposited along the invert of the sewer 
during periods of low flow; periods of low flow are of primary concern, i.e., 
start-up flows. In order to move these solids, the boundary shear stress 
created by the wastewater needs to be sufficient to initiate motion of these 
particles. There are several methods that can be used to estimate this 
minimum velocity and the application of this process may not apply to all 
interceptor projects. SRCSD  
will make a determination on the applicability of this or any other minimum 
velocity methodology during design. The following explains one method using 
Camp’s Equation: 
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Where: 
 V = velocity, ft/s 
 n = roughness coefficient 
 R = hydraulic radius, ft 
 s = specific gravity of the particle 
 Dg = diameter of the particle, ft 
 f = friction factor 
 g = gravitational acceleration (32.174 ft/s2) 
 B = a dimensionless constant 
 
Values for B range from about 0.04 to start motion of clean, granular particles 
to about 0.8 for adequate self-cleansing of cohesive material. Values for Dg, s, 
and B will be determined by SRCSD. 
 
Given the pipe diameter and slope, the minimum velocity required to achieve 
cleansing under full conditions can be calculated with Camp’s Equation. 
 
Rearranging Manning’s equation, find the slope for which this velocity occurs 
at full pipe conditions: 
 

 (1) 





×

×=
R

nVSf

3
2

2

486.1
 
Using this slope, the minimum flow able to provide self-cleansing can be 
determined for the design conditions. Substituting the result from equation (1) 
into equation (2) for various values of d/D, the slope for which cleansing will 
occur at various depth conditions can be determined. Choose values of d/D 
less than 0.5 to simulate conditions at less than half full (conditions where 
self-cleansing is less likely). 
 

( )D
dSS f

8559.0

5576.0
−

×=  (2) 

 
The flow, Q, for this slope, S, can then be determined using Manning’s 
equation taking into account that the pipe is not flowing full: 
 

Sra
n

Q 2
1

3
2486.1

×××=  (3) 

Where: 
 a = area of the partially full condition 
 r = hydraulic radius of the partially full condition 
 
Using the values of S and Q determined using various values of d/D, a chart of 
S versus Q can be prepared. On the chart of Q versus S, find the slope being 
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considered for design. Draw a line upward until the curve is intersected. The 
flow at this point represents the minimum flow necessary to achieve self-
cleansing for that diameter and slope. 
 
Another consideration is the minimum slope desirable from the construction 
standpoint. Interceptors shall be designed with a minimum slope of 0.0005. 
In special circumstances the SRCSD will consider lowering this value if 
warranted. 
 
For gravity lines, there is no specific maximum velocity limitation, therefore, 
greater slopes can be used whenever feasible. It should be noted that flow at 
critical and supercritical velocity may create undesirable turbulence, solids 
separation from liquids, hydraulic jumps, etc. and will require special design 
considerations to dissipate and provide additional corrosion protection from 
sulfide releases. 
 

Sulfide Control 
Sanitary sewers are considered potentially corrosive environments where 
hydrogen sulfide (H2S) may be generated. H2S causes various problems 
including odor, hazards to maintenance and construction crews, and corrosion 
of some sanitary sewer pipe materials. H2S becomes corrosive in partially 
filled sewers when it enters the airspace above the wastewater, oxidizes to 
H2SO4, and forms an acidic condensate on the pipe wall. When designing the 
interceptor conveyance system, consideration must be given to the generation 
and control of hydrogen sulfide. 
 
Control of sulfide generation through the design of the sanitary sewer system 
requires consideration of various control measures as follows: 

• Wastewater flow velocity should be established at a level that will 
provide efficient flushing of solids, not only when ultimate design 
flows are reached, but early in the life of the interceptor as well. 

• When dissolved sulfide in the wastewater is likely to be more than 0.2 
mg/L, the system design should, whenever possible, preclude or 
minimize turbulent flow conditions. Although turbulence can affect a 
reduction in sulfide generation in the wastewater, release of dissolved 
H2S at the point of turbulence will be relatively severe. Where 
wastewater is fresh, drops and turbulence can be used to maintain a 
desirable dissolved oxygen level in the flow to prevent sulfide buildup. 
Due to the size of the interceptor basins, and associated travel time 
within the collection system, it should be assumed that the dissolved 
oxygen level in the flow is low, and therefore, turbulence should be 
avoided. 

• Various forms of chemical treatment can be used to effectively control 
hydrogen sulfide generation. However, these treatments can be 
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relatively expensive. Commonly used chemicals for sulfide control 
include: 

 Sodium hypochlorite 
 Hydrogen peroxide 
 Due to costs these two are the only ones used by the 

SRCSD. Other methods may be used if costs are 
reasonable 

 
Specific recommendations for sulfide control should be presented in the Basis 
of Design Report as described in Chapter 3. 
 
After the design consultant has determined the final interceptor size and slope, 
sulfide control measures can be evaluated. If this pipeline size or slope 
significantly affects the recommended sulfide control measures stated in the 
design report, the design consultant will re-analyze the sulfide control system 
and provide the SRCSD with new recommendations for implementation. 
 
In addition to sulfide control, interceptor design must include corrosion 
protection for all facilities subject to sulfide attack. Corrosion protection 
generally falls into the categories of linings or coatings, compositions of 
materials, and/or thickness of sewer pipe. Discussion of these topics may be 
found in the Pipe Material section 8.5. 

8.3.2. Pressure Systems 
Pressure systems, or force mains, are designed in conjunction with the 
pumping system design. SRCSD will participate in formulating 
recommendations regarding staging and force main capacity. 
 
Major factors to consider in analyzing pressure system hydraulics include: the 
design formula, roughness coefficient, velocity, pressure surges, air and 
vacuum relief, minimum and maximum flow ranges, and sulfide control. 
 

Design Formula 
Traditional static design is accomplished using the Hazen-Williams formula, 
which may be expressed as follows: 
 

ASRCQ ××××= 54.063.0318.1  

OR 
85.1

63.0318.1








××
=

RC
VS  

Where: 
 Q = flow rate, cfs 
 C = roughness coefficient 
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 R = hydraulic radius (D/4), ft 
 S = hydraulic slope (loss of head per unit length of pipe), ft/ft 
 A = cross-sectional area, ft2 
 

Roughness Coefficient 
The roughness coefficient, “C,” varies with velocity, pipe material, size, and 
age. A “C” value of 110 shall be used for all types of pipe material. This value 
is generally equivalent to a Manning’s n value of 0.013 that is used in the 
HydroWorks model. 
 

Local Losses 
Local losses from bends, valves, expansions, and contractions shall be 
accounted for as a function of velocity. The general equation may be 
expressed as follows: 
 

g
VKhl
2

2

×=  

Where: 
 hl = local headloss, ft 
 K = headloss coefficient 
 V = velocity, ft/s 
 g = gravitational acceleration, ft/s2 
 
These local losses may then simply be added to the friction losses determined 
using the Hazen Williams equation. Specific equations for various losses may 
be found in King and Brater’s Handbook of Hydraulics.   
 

Velocity 
Force mains should be designed such that maximum velocity at design peak 
flow does not exceed 8-feet per second. Acceptable operating range during 
typical flow conditions is between 3 to 6-feet per second. Over time, velocities 
lower than 2-feet per second can create excessive grease buildup and 
depositions. Velocities greater than 6-feet per second begin to create higher 
than preferred dynamic head losses in the system. Minimum velocity should 
be limited to 2.5-feet per second for the initial peak dry weather flow 
(PDWF).  

In order to meet velocity requirements at both the initial and ultimate design 
flow conditions, dual force mains may be required. Multiple force mains may 
also be constructed to allow for future inspection and rehabilitation of the 
pipes. Force Main design needs to be carefully coordinated with the design of 
the upstream pump station. Design factors such as surge control, sulfide 
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control, pipeline grade, pipeline length, minimum and maximum flows, and 
discharge elevation are all interrelated. 

Pressure Surges 
Hydraulic transients, more commonly referred to as surge or water hammer, is 
a complex topic; but, in general, a surge occurs when there is a change in fluid 
velocity. Surge pressures are directly related to the rate of change in velocity 
and the surge pressure wave return period. Therefore, the potential for 
damaging surge pressure increases as the length of the pipe increases. 
Velocity changes are usually initiated by valve operation and starting and 
stopping of pumps. 
 
Valves must be selected so that the operating time is several times the 
pressure wave return period.  Surge pressure is normally controlled 
satisfactorily if valve operating times are selected properly and if pumps start 
and stop against a closed valve.  Particular attention must be given to 
manually operated quarter turn valves, since they can be operated so quickly.  
Sometimes it is prudent to install power actuators or geared manual actuators 
that do not allow the valve to be operated quickly.   
 
Surge control is more critical for pumping station power failure conditions 
and for high specific speed pumps that cannot be operated against closed 
valves.  Various means are available to prevent damaging surges, including: 

• Automatically operated valves at the pump discharge 
• Surge relief valves 
• Surge tanks 
• Variable frequency drives 
• Check valve with a bypass 
• Surge suppressor valve 
• Air-oil cylinder actuated pump check valve 
• Two-speed, d-c motor actuated pump check valve with battery backup 
• Air chamber 

Surge protection must be considered for suction pipelines as well as discharge.   
 
If the downsurge gradient drops below the pipeline gradient, water column 
separation or vapor cavities (negative pressure) may occur at pipeline 
summits. Damaging secondary surge pressures can result when the vapor 
cavity collapses on the upsurge. Use of air release and vacuum relief 
assemblies will control secondary surges. 

Sulfide Control 
Force mains should be designed such that they are always full and that no 
point in the vertical alignment is located above the energy grade line.  Low 
and high points in the vertical alignment should be avoided; additional effort 
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and expense are justified to maintain an uphill slope from the pumping station 
to the discharge point. 
 
High points in force mains trap air that reduces the available cross-sectional 
area, thereby reducing the hydraulic capacity. High points are also potential 
locations for sulfide corrosion. If high points in the alignment are 
unavoidable, gas relief and vacuum valves shall be installed. Blowoff valves 
shall be installed at low points in the vertical alignment, and, if possible, 
discharge to sanitary sewer manholes. 

8.3.3. Hydrograph Plots from HydroWorks 
The District will maintain and update the HydroWorks model as trunk and 
interceptors progress from the initial planning phases to final design.  
Hydrographs will be provided to the design consultant depicting flow, 
velocity, and depth versus time as necessary for interceptor design.  The 
design consultant is responsible for providing to the District electronic files 
detailing inverts, lengths, slopes, depths, and manhole locations (including X 
and Y coordinates) as significant changes are made to the interceptor’s 
horizontal and vertical alignment so that model runs can be conducted and 
updated hydrographs produced. 
 
The design consultant will use these hydrographs to properly size and slope 
the interceptors and meet the design criteria presented above.  Gravity 
interceptors will be designed to convey buildout PWWF without surcharging 
(d/D=1.0) yet meet minimum velocity requirements for PDWF at startup. 
 

8.4 Interceptor Alignment 
Interceptor alignment is determined by the need for sewer service, surface 
features, environmental constraints, economic feasibility, and geologic 
conditions.  There are three major elements to a sewer alignment:  the route 
selected, the horizontal alignment, and the vertical alignment.  Each element 
needs to be considered in detail to ensure an economic alignment that provides 
the service required.  In general, the interceptor will follow the basic route as 
recommended in the design report except as modified during final design to 
resolve conflicts.  Information gathered from field investigation, soils reports, 
environmental studies, and detailed analysis of the proposed alignment may 
suggest realignment of portions of the interceptor.  Changes in interceptor 
alignment proposed by the design consultant will be supported by economic, 
technical, and environmental evaluations and are presented in the project’s 
Basis of Design Report as outlined in Chapter 3. 
  

8.4.1. Evaluation of Proposed Location 
A proposed interceptor shall be aligned in such a manner as to provide service 
to the designated area most practically and economically.  Consideration will 
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be given to the following items while evaluating the proposed interceptor 
location. 
 

Interferences 
Potential interferences to interceptor facilities are primarily underground in 
nature; however, overhead utilities, surface structures, sensitive habitat, and 
trees within the project’s construction zone need to be identified and evaluated 
as potential interferences.  Underground utilities need to be researched and 
located to determine if a conflict exists.  Major utilities and substructures must 
be positively located to ascertain the possibility of a physical conflict with the 
interceptor facility.  Reliance upon ‘as-built’ drawings may not be adequate in 
many cases.  The design consultant has several tools with which to locate 
major utilities to a reasonable degree of certainty, including:  Underground 
Services Alert (USA) or other utility marking service, the utility owner’s 
facility maps, and, for critical utilities, potholing.   
 
Possible relocation of existing utilities should be explored as an alternative to 
interceptor realignment.  Existing utility relocation must be coordinated with 
the appropriate owner.   
 
City and/or county ordinances may require an interceptor alignment to 
preserve existing trees.  The design consultant is responsible to research and 
apply necessary measures as outlined in these ordinances.   
 
A proposed sewer should be designed to go under stream or river crossings 
with sufficient clearance to avoid exposure due to scour.  For rivers and large 
streams, this will require a focused geotechnical scour analysis.  Previous 
design standards adopted by SRCSD have allowed inverted siphons or stream 
encroachments.  These are highly undesirable due to maintenance and 
operational concerns and must be avoided.  Alternatives include, but are not 
necessarily limited to: aerial crossing, separation structures, relocation of 
obstruction, relocation of sewer, low head pressure pipe, special pipe cross-
section shapes, and gravity flow beneath obstruction.  The current Master Plan 
does not call for the need of any new siphons; therefore, this Manual will not 
cover design standards for siphons.  If specific project constraints and 
economies favor the construction of a new inverted siphon, the design 
engineer will consult with SRCSD for applicable design standards however, 
the design consultant must make every effort to avoid a siphon. 
 

Separation Standards 
Except under unusual circumstances, interceptors must be located so that no 
portion of an existing utility or substructure lies closer than one foot 
(horizontally and vertically) from the limits of the construction trench.  Some 
utility owners may enforce a stricter separation requirement.  Greater 
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separation requirements may be necessary for trenchless construction methods 
to provide a better factor of safety. 
 
Proximity to parallel electrical conduits and to high-pressure water, gas and 
oil lines, and other high-pressure mains shall be avoided, if possible, because 
of the hazards involved during construction.  The proliferation of fiber optic 
lines also presents special challenges as these facilities may not follow a 
defined alignment and may be installed at depths below those expected for 
other utilities.  In addition, buried or overhead high voltage electrical 
transmission lines, electrical conduits, impressed current rail systems, or other 
utilities using induced current cathodic protection systems may present special 
challenges depending on the pipeline material due to voltage induced 
corrosion attacking the interceptor pipe walls. 
 
Potable water mains and services require special attention and must follow the 
State Department of Health Services (DHS) separation standards.  These 
standards are contained in Section 64630, Title 22, of the California Code of 
Regulations.  The design consultant is responsible for obtaining these 
regulations and ensuring their design is in conformance.  Generally, minimum 
separation requirements are ten-feet horizontal and one foot vertical with the 
sanitary sewer crossing below water lines and preferably at right angles.  
Measurements are made from the nearest edges of the pipes.  In cases where 
these standards cannot be met, special design considerations may include 
welded joints, concrete encasement, or joint placement restrictions.  Special 
designs need to be submitted to DHS for review. 
 

Right-of-Way 
Interceptors will be placed in public-right-of-way where feasible.  Title and 
easement holders of property on the project route shall be identified when 
public-right-of-way is not favorable.  Right-of-way acquisition costs, ease of 
acquisition, and the availability of encroachment permits can have a 
significant influence on final alignment.  Right-of-way requirements and 
acquisition of right-of-way is covered in Chapter 5 of this Manual. 
 

Optimization of Length and Depth Considerations 
The interceptor alignment should be the best possible combination of length 
and depth to provide cost-effective construction and operation. Increase in 
interceptor length results in flatter slopes on gravity lines (with lower 
velocities, increased corrosion and higher maintenance) and additional friction 
losses in force mains.  The alignment may be varied to accommodate utilities, 
maintain traffic safety and convenience, facilitate maintenance, or follow 
available right-of-way. 
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Depth of the interceptor should be as shallow as possible while still providing 
desirable service and adhering to the provisions of Table 8.1 where possible.  
Greater depths for large pipelines within public right-of-way (ROW) are 
required to provide clearance for other utilities.  Connection to existing or 
future trunks may mandate greater depths.  Future contributing agency 
connections to the interceptor are identified in the Design Report. Maximum 
depth is determined by a cost comparison between a gravity and pressure 
system (all cost comparisons shall include operation and maintenance 
considerations). 

Table 8.1: Desirable Depth of cover 

Interceptor Location Interceptor Diameter (inches) Minimum Depth of Cover 
(ft) 

Within Public ROW 48 and Above 8 
Within Public ROW Less than 48 5 

Other All 5 
Note: At upper ends of the system, min. depth may not be possible 
 

Maintenance and Operation  
The final interceptor alignment will be influenced by maintenance 
requirements with respect to location of manholes, location of pipe, and ease 
of access.  SRCSD M&O will review the design consultant’s recommended 
alignment and provide input on the interceptor’s maintenance access 
provisions.  General design provisions for interceptor facilities are covered 
later in Section 8.10. 

Construction Constraints 
Thorough consideration of possible construction techniques and available 
construction corridor is a key component of any design.  Potential constraints 
related to soil conditions, water table, and surface controls must be analyzed 
to refine trench widths and pipe design. 
 
Deep interceptor sewers require several large pieces of excavation equipment.  
In narrow roadways, the interceptor must be located so that the contractor will 
have sufficient room to operate an excavator, crane, trucks, and other large 
equipment.  The need and availability of temporary construction easements 
must be evaluated as part of final design. 
 

8.4.2. Traffic Control and Encroachment Permits 

Introduction 
This section identifies the encroachment permit contacts and requirements of 
the potentially affected agencies.  This section also describes the level of 
detail for the final traffic control plans. 
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Final Traffic Control Plan 
The design team is responsible for ensuring that all requirements pertaining to 
traffic control are satisfied with the various local agencies.  This includes 
obtaining approval for the traffic control plan and conforming to any special 
requirements of the reviewing agencies.  The traffic control plan is intended to 
minimize the impacts the interceptor construction will have on traffic flow.  
The designer shall review existing traffic volumes, which will help to 
determine whether lane closure is possible.  If lane closure is not an option, 
alternative methods must be explored.  Possible alternatives include removing 
parking/bike lanes temporarily, constructing temporary pavement, night or 
weekend construction, and changing existing signal timing.  Tunneling shall 
be considered at the major signalized intersections, freeway crossings, and 
railroad crossings.  In addition to the details described in Chapter 3, final 
traffic control plans shall include the following as appropriate: 
 

• Construction signs with sign codes and dimensions.  The construction 
signs shall be shown in pictorial format.  Construction signs shall 
include advance information signs to alert motorists. 

• Striping detail 
• Changeable message signs and flashing arrow signs 
• Object markers 
• Barricades 
• K-rails 
• Crash cushions 
• Surface-mounted channelizers 
• General notes 
• Legend 
• Temporary pavement 
• Interim roadway widening when combined with roadway 

improvement project 
• High level warning device (Flag trees) 
• Proposed signal operations at signalized intersections  
• Working hours 
• Detour plan if road closure is proposed. 
 

Encroachment Permit Requirements of Various Agencies 
The project designer is responsible for incorporating the requirements of the 
encroachment-permitting agency in the design.  However, the contractor  will 
obtain the actual encroachment permits and pay any necessary fees.  
 
Encroachment Permit contacts for various agencies are listed below: 
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County of Sacramento 
Encroachment Permit Contact 
Sacramento County Technical Resources Division (916) 264-8300 
 
 
City of Sacramento 
Encroachment Permit Contact 
(916) 264-7493 
 
 
City of Folsom 
Encroachment Permits Contact  
(916) 355-7337 
 
 
City of West Sacramento 
Encroachment Permits Contact 
(916) 373-5854 
 
 
City of Citrus Heights 
Encroachment Permit Contact 
(916) 727-4770 
 
 
City of Elk Grove 
Encroachment Permit Contact 
Sacramento County Technical Resources Division (916) 264-8300 
 
 

8.4.3. Horizontal Curves 

Horizontal curves are useful in a variety of situations, such as avoiding 
substructures, excessive manholes in curved or hillside streets, or to avoid 
short radius manholes where high velocity flow may overtop the channel. 
 
Any horizontal curve in the interceptor should be made with circular curves.  
Under normal conditions, the larger the radius of curve, the better the 
hydraulics and cheaper the construction costs.  However, there are instances in 
which the curve should have the smallest radius possible.  Beveled pipes and 
shorter pipe sections can aid in this design. 
 
The minimum radius of curvature attainable is dependent on the type of joint, 
pipe length, maximum bevel permitted, and by maximum separation of the 
abutting pipe ends permitted on the convex side of the curved sewer. The 
“pull” is defined to be the separation of abutting pipe ends on the convex side 
of the curve. The “pulled joint” is a joint in which there is a “pull.” 
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Deflected Straight Pipe 
Pulling a joint with straight, non-beveled pipe is one method of curving a 
pipeline.  The maximum pull varies for different joint configurations and 
should be checked with the manufacturer.   
 
The deflected straight pipe method affects the angular deflection of the axis of 
the pipe, which, for any given pull is a function of the pipe diameter.  In this 
manner, given the values of two of the four factors: pull, pipe diameter, 
length, and deflection angle, the remaining factor can be calculated.  
 
The radius of curvature increases as the length of each pipe section increases 
given equal pull for each case.  The radius of curvature can be calculated with 
the following equation: 
 

)
N

2/1(tan2

LR
∆

=

Where:  
 R = Radius of curvature, ft 
 L = Average laid length of pipe sections measured along 

centerline, ft (Length of curve, ft) 
 ∆ = Total deflection angle of curve, degrees 
 N = Number of pipes with pulled joints in the curve 
 ∆/N = Total deflection of each pipe, degrees 
 
The maximum allowable pull per joint for design purposes is 75% of the 
manufacturer’s recommended maximum.  This limitation is in addition to any 
recommended reduction imposed by the pipe manufacturer from the 
maximum physical pull that can be achieved.  The additional 75% is a safety 
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factor to allow alignment flexibility during construction.  The following 
equation reflects the minimum radius of curvature for the above constraint: 

2
..

.).(75.0
.).( DO
OJ

DOLR −=

 
Where: 
 R = Minimum radius of curvature, feet 
 L = Length of pipe section, feet 
 O.D. = Outer diameter of the spigot, inches 
 J.O.  = Manufacturer’s recommended joint opening, inches 
 

Beveled Pipe 
Beveled, or mitered, pipe can achieve sharper bends than straight pipe.  This is 
because of the deflection angle being built-in to the pipe.  The maximum 
angular deflection at a joint is a function of diameter, geometric configuration 
of the joint, and method of manufacture.  The geometry and manufacturing 
method affect the amount of drop that can be applied.  Drop is defined as the 
distance measured from the end of the pipe to achieve a bevel.  Typically, the 
maximum bevel is 5 degrees unless the manufacturer states otherwise.  
 
A simple formula for determining the radius of curvature for beveled joints is: 

θtan
LR =

Where: 
 R = Radius of curvature, feet 
 L = Length of pipe (feet) per bevel 
 θ = degrees of bevel 
 
However, the typical design problem is to determine whether or not a 
particular curve can be negotiated using a beveled pipe given the following 
information: 
 

• the total ∆ angle of the curve  
• radius of curvature required 
• diameter of the pipe 
• direction of laying of the pipe 

 
If beveled pipe will work, then the combination of pipe lengths and drop are 
determined.  The pipe manufacturer can provide information about the 
maximum permissible drop, the wall thickness, and standard lengths available.  
The drop can be any distance up to the maximum. 
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The formula below is approximate, but within required accuracy for installing 
the pipe.  The tangent of the deflection, ∆/N required at each joint is computed 
by the equation: 

t2/DR
L

N
Tan

++
=

∆

Where: 
 ∆ = Total deflection angle of curve, degrees 
 N = Number of beveled pipes 
 L = The standard pipe length being used, ft 
 R = Radius of curvature, ft 
 D = Inside diameter of the pipe, ft 
 t = Wall thickness of the pipe, ft 
 
The required drop in inches to provide the deflection angle, ∆, is computed by 
the equation: 

The number of beveled pipe sections is equal to the length of the circular 
curve in feet divided by the centerline length of the beveled pipe  (L – ½ 
Drop).  Minor changes in the radius are usually made such that the quotient 
will be a whole number. 

N
tan)2D(12Drop ∆

+=

 
If the calculated drop is greater than permissible, then the radius of curvature 
will have to be increased, or length of the pipe sections must be decreased.  If 
neither option is available, special fittings can be used. 
 
Proper orientation of the beveled pieces must be attained so that the pipe 
follows the designed alignment.  The proper orientation is to have the plane of 
the dropped joint at a right angle to the theoretical circular curve.  Care should 
be taken to mark the pipe so that the deflection angle is accurate. 
 
Field adjustments are possible with beveled pipe because it can also be pulled 
in the same way as straight pipe.   
 
Curved pipelines may be constructed by use of beveled pipe or by pulling the 
joints of straight pipes.  Both methods must conform to the requirements set 
forth in the above sections on deflected straight pipe and beveled joints. 
 

Reinforced Concrete Pipe 
Detailed information about specific bevels may be obtained from the RCP 
manufacturers.  In general, the maximum degree of bevel shall be 5 degrees, 
unless the manufacturer recommends otherwise.  
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Other Pipe 
The design consultant shall establish the types of joints required to construct a 
sewer on a curve for pipe materials other than RCP. 
 

8.4.4. Vertical Curves 
While vertical curves (VC) are not typically used in large diameter sewers, 
their use may be beneficial in avoiding obstructions or reducing turbulence.  
Vertical curves may be used for elevation changes up to five-feet.  Larger 
elevation changes will require the use of drop structures.  Where flow is 
supercritical, especially when the flow transitions from supercritical to 
subcritical, a VC may be preferable to a grade change.  Where there is a 
hydraulic jump, the use of a vertical curve shall be evaluated by the designer.  
VC’s are convenient because no additional manholes are needed. 
 
VCs are more expensive than grade changes, and the extra cost should be 
considered in the design process.  However, a VC should be provided if it will 
reduce any excess cut and/or fill.   
 
VCs may be either of two types, circular or parabolic.  Usually, they consist of 
a series of short chords.  Circular VCs are preferable to parabolic curves 
because all the joints are pulled the same amount; thus, the construction 
process is much easier.  Consequently, parabolic curves are more difficult to 
calculate insofar as each joint offset or pull, and they are more difficult to 
construct.  Another disadvantage for parabolic curves is that the length of pipe 
segments varies from manufacturer to manufacturer for many types of pipe. 
 
Parabolic curves should be used; however, in the case where the flow is super 
critical or where a hydraulic jump may occur.  This is because the parabolic 
shape more closely approximates the water surface profile in a vertical 
transition, regardless of the invert slope; the utilization of a parabolic curve 
will allow a smoother transition of the water surface profile, and thereby, 
minimize turbulence and other hydraulic losses.  It also may eliminate, or at 
least, reduce the effects of a hydraulic jump. 
 
In large sewers or interceptors utilizing a cast-in-place box section, a parabolic 
curve is preferable, because there is no problem in pulling joints, and the flow 
is sufficiently large to warrant the extra protection of a parabolic curve for 
minimizing turbulence and hydraulic losses. 
 
The equation for calculating any elevation at a given distance along a 
parabolic vertical curve is as follows: 
 

xgx
L2

ggy 1
21 +

−
= 2
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Where: 
 y = Vertical distance along the curve, ft 
 x = Horizontal distance along the curve, ft 
 L = Length of vertical curve, ft 
 g1 = First pipeline gradient, ft/ft 
 g2 = Second pipeline gradient, ft/ft 
 BVC = Beginning of vertical curve 
 EVC = End of vertical curve 
 PVI = Point of vertical intersection 
 
Figure 8.1 illustrates these variables. 
 

 
Figure 8.1: Parabolic Vertical Curve 

 
The vertical curve profile shall show invert elevations at 10-foot stations for 
grade changes greater than 1% and at 25-foot stations for grade changes of 1% 
or less. 
 

8.4.5. Review of Final Alignment 

Consideration and evaluation of the above items will lead to the development 
of a preferred final alignment.  The review and acceptance of this alignment 
may be necessary from several agencies other than SRCSD, depending on 
location of the interceptor.  These other agencies will review the portions of 
the interceptor alignment within their jurisdiction to ensure conformance with 
design standards, separation requirements, traffic safety and control, 
environmental requirements, or city ordinances.  The design consultant is 
responsible for identifying the required agency reviews and coordination 
thereof. 
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8.5 Pipe Materials 
Pipe materials are grouped into gravity and pressure systems.  The use of 
these materials is generally required.  The use of other piping materials is not 
precluded.  The design consultant may encounter circumstances where other 
materials may be deemed more appropriate.  Only one type of pipe material 
should be used between structures or connection points.  
 
Several factors are involved in the selection of which material to use.  These 
factors include:  

• Flow conditions, including scour and amount of grit in the 
wastewater. 

• Corrosion conditions, both external and internal. 

• Flow requirements. 

• Cost effectiveness. 

• Strength and stiffness of the pipe. 

• Surrounding soil conditions. 

 
Special consideration should also be given to places where unusual conditions 
could occur.  Examples of these conditions include but are not limited to: 

• Points of turbulence such as major junction structures and sharp 
changes in slope. 

• Angle points in the pipeline. 

• The pipeline downstream of a force main or inverted siphon. 

• High points in a force main where air can accumulate. 

• Unusual load conditions, such as railways and very deep 
excavations. 

• Need for corrosion protection. 

• Railroad, road, and river crossings. 
 

8.5.1. Gravity Pipe Materials 

Table 8.2: Pipe Materials For Gravity Interceptors 

Pipe Material Allowable Sizes 
Vitrified Clay/Calcareous RCP Up to 48-inches 
Reinforced Concrete T-Lock Up to 120-inches 
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Vitrified Clay Pipe (VCP) 
This pipe comes in sizes up to 48-inches in diameter and 10-feet in length and 
is made by fusing clay particles together at high temperatures.  The pipe is 
chemically inert and is therefore highly resistant to corrosion.  The material 
resists abrasion and has a history of use spanning 100 years.  The material is 
subject to shear and beam breakage if improperly bedded or handled. 
 

Reinforced Concrete Pipe (RCP) 
This pipe comes in various lengths with a wide range of strengths. The pipe 
material is subject to internal corrosion from hydrogen sulfide and must be 
lined with T-lock PVC liner for corrosion protection. Calcareous aggregate 
mix designs without T-lock lining could be used for sizes up to 48-inches 
because of the limited ability for man entry into the pipe to weld and inspect 
the PVC liner. Above this size, standard RCP mix designs are allowed, but the 
pipe must be lined with T-lock liner for a minimum of 270° and a maximum 
of 300°. 
 

8.5.2. Force Main Materials 

Table 8.3: Pipe Materials For Force Mains 

Pipe Material Allowable Sizes 

Ductile Iron (DIP) Up to 60-inches 
Reinforced Concrete Cylinder 
(AWWA C300) Up to 120-inches 

Polyvinyl Chloride (PVC) Up to 36-inches 

High Density Polyethylene (HDPE) Up to 36-inches 

 

Ductile Iron Pipe (DIP) 
This pipe is available in sizes up to 60-inches in diameter and between 18 and 
20-feet in length.  The pipe has high strength and impact resistance but is 
subject to corrosion.  Therefore corrosion protection must be provided.  In 
aggressive soils, the pipe shall be encased in polyethylene. 
 
Force mains must use fused epoxy for the internal lining.  The pipe comes in 
pressure ratings up to 350 psi.  In a force main, the pipe needs to have a 
restraint at all bends.  This restraint can be provided by either thrust blocks or 
by using a calculated length of restrained joints on either side of the bends. 
 

Reinforced Concrete Cylinder Pipe (AWWA C300) 
This pipe is similar to RCP in 8.5.1, however a steel cylinder replaces one of 
the reinforcing steel cages.  This pipe may be used in sizes up to 120-inches 
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and is available in lengths up to 24-feet.  As with all concrete materials this 
pipe is subject to corrosion by aggressive soils and water.  The normal joints 
are unrestrained and thrust blocks must be constructed or welded joints 
specified at all bends.  AWWA C303 is an alternative that may be used with 
SRCSD approval. Corrosion protection is required. 
 

Polyvinyl Chloride Pipe (PVC) 
The pipe is allowed up to 36-inches in diameter and 20-feet in length.  The 
pipe has a limited pressure rating with a maximum for 36-inch pipe of 125 psi.  
The joints are unrestrained and thrust blocks must be constructed or a 
calculated length of restrained joints utilized at all bends. 
 

High Density Polyethylene Pipe (HDPE) 
This pipe is allowed up to 36-inches in diameter, is available in iron pipe 
sizes, and is limited in pressure rating to 100 psi.  As with PVC the pipe is 
very flexible and needs to be properly backfilled to avoid excessive deflection 
of the pipe.  The joints for HDPE are thermal butt-fused and do not require 
restraint at bends. HDPE shall have the internal bead removed. 
 

Other Pipe Materials 
The district will consider and review other pipe materials on a project to 
project basis  

8.6 Structural Design of Gravity Sewers 
The structural design of a gravity sewer requires that the supporting strength 
of the pipe, divided by an appropriate factor of safety, resist the external loads.  
The equations for determining loads vary by type of installation, namely 
trench, embankment (positive and negative projecting), and tunnel.  Figure 8.2 
illustrates the various types of installation.  This section will present the 
method of determining loads and supporting strength for rigid conduits 
installed in a trench condition.  For trench-installed flexible gravity conduits 
such as ductile iron and PVC, please refer to the flexible pipe sections 8.7.2 
and 8.7.3 in Structural Design of Force Mains.  The structural requirements 
for other types of installations are not covered by this Manual, nor will 
information on reinforced concrete design or design of the sewer pipe cross 
section.  For design of the pipe cross-section, please refer to the standard 
specifications, applicable ASTM standards, and manufacturer literature. 
 

8.6.1. Loads on Rigid Pipe 
Rigid pipe in applications for gravity sewers is commonly RCP; however, 
VCP pipe is also considered a rigid conduit.  Loads on rigid pipe installed 
underground are categorized as dead and live loads with separate calculations 
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for each.  Important variables that must be considered in the establishment of 
imposed loads include: 

• Weight of soil 

• Soil friction factors 

• Depth of Trench 

• Trench width at top of pipe 

• Live load values and impact factors 

• Construction methods 

• Tunnel pipeline installation shall assume a trench condition for D-load 
design 

 
Figure 8.2: Classification of Construction Conditions 

 

Dead Loads 
The formula used to calculate dead loads (gravity earth loads) on rigid 
conduits was developed by Marston: 
 

2
ddC wBCW =  

Where: 
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 WC = Dead load on pipe, lb/ft 
 Cd = Load Coefficient 
 w = Unit weight of soil, lb/ft3 
 Bd = Trench width at top of pipe, ft 
 
The value of Cd is a function of the ratio of height of fill to width of trench 
and of the friction coefficient between the backfill and the sides of the trench.  
The equation for Cd is: 
 

µ

µ

′
−

=
′−

k
eC dB

Hk

d 2
1 2

 

Where: 
 K = Rankine’s ratio of lateral pressure to vertical pressure 
 µ′ = Coefficient of friction between backfill material and 

sides of trench 
 H = Height of backfill above the top of pipe, ft 
 
The values of w, k, and µ′ vary from soil to soil and should be defined in the 
project’s geotechnical report.  The height of backfill is available from the 
design drawings.  The value for trench width is estimated by the design 
engineer using reasonable assumptions about the anticipated trench control 
method utilized by the contractor (shoring), clearance needed between the 
pipe outside diameter and wall of trench (or shoring, if used) for placement of 
bedding material, and outside diameter of pipe (at bell).  However, as trench 
width is increased for any given size of pipe, type of backfill material, and 
height of backfill, a limiting width is reached beyond which the pipe endures 
no increase in load.  The trench width at which this condition occurs is 
defined as the transition width (Bdt).  At trench widths greater than transition, 
the installation simulates a positive projecting embankment condition.  Once 
the transition width is realized, the backfill load is a maximum and remains 
constant regardless of any further increase in the trench width.   
 
Figure 8.3 presents transition widths for circular pipe with sand and gravel 
backfill material.  The values for this transition width chart were calculated 
using the Marston/Spangler equations assuming the use of RCP with class B 
walls, a soil friction factor (kµ’) of 0.165, a unit weight of soil (w) of 120 
lb/ft3, and a settlement/projection ratio product (rsdp) of 0.5.  Knowing pipe 
size and height of backfill, an approximation of the transition width can be 
determined from Figure 8.3.  The design engineer should review the 
assumptions listed above and compare with the project specific soils 
information in conjunction with the proposed bedding material and trench 
configuration to determine the applicability of this resource.  For any given 
size of pipe and height of backfill, the transition width is dependent on the 
type of backfill material.  However, variations in the transition width for 
different types of backfill material are such that in normal design work, it is 
sufficiently accurate to use sand and gravel backfill material for the evaluation 
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of transition widths.  Using trench widths greater than Bdt will overestimate 
dead loads and should not be used with the trench design method outlined 
above, but rather should be designed for the embankment condition. 
 

Live Loads 
Live loads are generally categorized into concentrated and distributed loads.  
The following sections describe the methods for calculating these loads as 
derived by Holl and Newmark from Boussinesq. 
 

Concentrated Loads 
The equation for a concentrated live load such as H-20 vehicle loading is: 
 

L
PFCW SSC =  

Where: 
 WSC = Concentrated live load on the pipe, lb/ft 
 CS = Load coefficient 
 P = Concentrated load, lb 
 F = Impact Factor 
 L = Effective length of pipe, ft 
 
The load coefficient, CS, can be obtained from Table 8.4 for a given pipe OD 
(BC), height of backfill, and effective pipe length (see Figure 8.4.). The 
effective pipe length is the length of the conduit up to a maximum of 3. 
Impact factors are listed in Table 8.5. 
 

Distributed Loads 
For distributed live loads such as Cooper E-80 railroad loads, the equation is: 

CSSD pFBCW =  
Where: 
 WSD = Distributed live load on the pipe, lb/ft 
 CS = Load Coefficient 
 p = Intensity of distributed load, lb/ft2 
 F = Impact Factor 
 BC = Pipe outside diameter, ft 
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.Figure 8.3 Transition Widths for Sand and Gravel Backfill Material 
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Table 8.4: Values of Load Coefficients, Cs, for Concentrated and Distributed 

Superimposed Loads Vertically Centered Over Conduit* 

 

 
Figure 8.4: Concentrated Load 
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Traffic Type F 
Highway 1.50 
Railroad 1.75 
Airport Runway 1.00 
Airport Taxiway 1.50 

Table 8.5: Live Load Impact Factors 

 
 
For distributed loads, CS is a function of the area over which the load is 
distributed on the ground surface (see Figure 8.5) and can be obtained from 
Table 8.4. 
 

 
Figure 8.5: Distributed Load 

 

8.6.2. Application to Detailed Design 

With the loads on the pipe determined, the design consultant can determine 
what D-Load to specify.  Major considerations in determining the D-Load to 
specify for rigid pipes are the bedding factor and the safety factor.  Bedding 
factors vary by type of material, compaction methods, and requirements, and 
depth of bedding material.  Bedding material and factors are covered in 
Section 8.8, Trench Excavation, Bedding, and Backfill.  The safety factor for 
RCP is 1.25 and 1.50 for all other types of pipe.  The formula to calculate the 
required D-Load for a given load condition is: 
 

DBF
SFWWWLoadD SDSCC

×
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Where: 
 D-Load = Three-edge bearing strength in pounds per linear per 

foot of diameter 
 WC = Dead load, lb/ft 
 WSC = Concentrated live load, lb/ft 
 WSD = Distributed live load, lb/ft 
 SF = Safety factor 
 BF = Bedding Factor 
 D = Nominal inside diameter of pipe, ft 
 
The calculated D-Load should be rounded up to the next even increment of 
250.  The D-Load is related to the pipe manufacturer’s three-edge bearing 
tests as outlined in the appropriate ASTM standard by the formula: 
 

DLoadDTEB ×−=  
 
Where: 
 TEB = Three-edge bearing strength, lb/ft 
 D = Nominal inside diameter of pipe, ft 
 
The D-Load at transition width with the best possible bedding factor should be 
included in the event the contractor loses positive trench control. 

8.7 Structural Design of Force Mains 
Design of a force main differs from the design of a gravity line in that internal 
pressures need to be considered.  Internal pressure includes static and dynamic 
heads plus allowances for surge.  SRCSD has enacted a design philosophy of 
joining the design of force mains with the design of the upstream pump station 
to ensure that the pipelines will be capable of withstanding the output 
pressures of the pumps and an overall surge prevention methodology can be 
incorporated.  Pipes used in force mains shall be capable of withstanding the 
maximum internal pressure and the maximum external loading configuration 
acting independently.  No reduction of external loads due to internal pressure 
will be allowed. 
  
In addition to differences of pressure, most approved materials for 
construction of force mains are not considered rigid conduits, but rather 
flexible and semi-rigid due to their ability to safely deflect under imposed 
loads.  Pipe materials considered semi-rigid are reinforced and pretensioned 
concrete cylinder pipe.  Approved materials within the flexible category are 
ductile iron, PVC, and high-density polyethylene (HDPE). 
 

8.7.1. Unbalanced Thrust Forces 

Force mains are subject to hydraulic thrust forces at the locations of change in 
direction or diameter, wyes, tees, or termination at a plug or valve.  Thrust is 
generated by internal hydrostatic pressure and dynamic forces.  Dynamic 
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forces are usually not significant in pipelines unless velocity head is large in 
comparison with hydrostatic pressure.  In high velocity pipelines, however, 
dynamic thrust may be sizeable.  Hydrostatic pressure will usually be the 
greatest pressure the pipeline is subjected to (test pressure) and govern the 
design of thrust anchorage.  However, transient pressures (surge) must also be 
considered as thrust generating forces if potential exists for exceeding test 
pressure.  The magnitude of hydrostatic thrust for bends is determined as 
follows: 
 

)
2

(sin2 ∆
= PAT  

 
Where: 
 T = Thrust, lbs 
 P = Maximum internal pressure, psi 
 A = Pipe cross-sectional area, πr2, ft2 
 ∆ = Deflection angle of bend, degrees 
 
The equation for thrust at a dead end, branch, or closed valve simplifies to: 
 

PAT =  
 
Anchorage of pipelines to withstand thrust forces is accomplished through the 
use of concrete thrust blocks or restrained joints.  Thrust blocks increase the 
effective bearing area of the pipe on the soil to accomplish the load transfer.  
Restrained joints rely on the transfer of thrust to the soil by friction between 
the pipe surface and the soil.  Design of thrust blocks and restrained joint 
systems are not covered by this Manual; however, most pipe manufacturers 
provide literature on the subject for use with their pipe materials.  In addition, 
several soil factors will need to be identified in the project’s geotechnical 
report, including safe bearing load of undisturbed in situ soil, soil cohesion, 
angle of internal friction, and soil unit weight. 
 

8.7.2. Loads on Flexible Pipe 
Load calculation for flexible pipes is similar to that used for rigid conduits. 
However, due to pipe flexibility and its effect on differential settlement of the 
soil column over the pipe, computation of the dead load is simplified. 
Common conservative design practice is to calculate dead loads on flexible 
pipes for the positive projecting embankment condition, i.e., at transition 
width. The formula for calculating flexible pipe dead load, commonly referred 
to as prism load, is: 
 

CC HwBW =  
 
Where: 
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 WC = Dead load, lb/ft 
 H = Height of backfill above the top of pipe, ft 
 w = Unit weight of soil, lb/ft3 
 BC = Pipe outside diameter, ft 
 
The unit weight of soil is as identified in the geotechnical report. Backfill 
height and pipe size can be obtained from the drawings. 
 
Computation of live loads for flexible pipe shall be as described under section 
8.6.1., Live Loads on Rigid Pipe. 
 

8.7.3. Allowable Loads on Flexible Pipe 
For the design of flexible pipe, allowable loads are based on the allowable 
deflection.  The Modified Iowa Formula for deflection of flexible buried pipe 
is: 
 

)0614.0( 3

3

rEEI
rKWDX TL

′+
=∆  

 
Where: 
 ∆X = Horizontal pipe deflection (can be considered the same 

as vertical), in 
 DL = Deflection lag factor 
 K = Bedding constant 
 WT = Total external load on pipe (WC+WSC+WSD), lb/in 
 r = Mean radius of pipe, in 
 E = Modulus of elasticity of pipe material, psi 
 I = Moment of inertia of the pipe wall per unit length, 

in4/in (in3) 
 E′ = Modulus of soil reaction, psi 
 
The deflection lag factor to be used shall be 1.5 and the bedding constant shall 
be 0.1.  Values for the modulus of soil reaction are presented in Table 8.6. 
E’ should be recommended by a Geotechnical Engineer. 
 

Table 8.6: Bureau of Reclamation Average Values of E’ for Modified Iowa Formula 

E’ for Degree of Bedding Compaction, lb/in2 

Soil type-pipe bedding material 
(Unified Classification System)1 

Dumped Slight, 
<85% 
Proctor, 
<40% 
relative 
density 

Moderate, 
85%-95% 
Proctor, 
40%-70% 
relative 
density 

High, 
>95% 
Proctor, 
>70% 
relative 
density 
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Fine-grained Soils (LL > 50)2 
Soils with medium to high plasticity 
CH, MH, CH-MH 

No data available: consult a competent soils 
engineer; otherwise, use E’ = 0. 

Fine-grained Soils (LL < 50) 
Soils with medium to no plasticity 
CL, ML, ML-CL, with less than 25% coarse grained particles 

50 200 400 1,000 

Fine-grained Soils (LL < 50) 
Soils with medium to no plasticity 
CL, ML, ML-CL, with more than 25% coarse-grained particles 
Coarse-grained Soils with Fines 
GM, GC, SM, SC3 contains more than 12% fines 

100 400 1,000 2,000 

Coarse-grained soils with Little or No Fines 
 GW, GP, SW, SP3 contains less than 12% fines 

200 1,000 2,000 3,000 

Crushed rock 1,000 3,000 3,000 3,000 

Accuracy in Terms of Percentage Deflection4 ±2% ±2% ±1% ±0.5% 
 

1 ASTM D-2487, USBR Designation E-3 
2 LL = Liquid Limit 
3 Or any borderline soil beginning with one of these symbols (i.e., GM-GC, GC-SC). 
4 For ±1% accuracy and predicted deflection of 3%, actual deflection would be between 2% and 4%.   

 
 Note:  Values applicable only for fills less than 50 ft (15 m).  Table does not include 

any safety factor.  For use in predicting initial deflections only; appropriate 
Deflection Lag Factor must be applied for long-term deflections.  If bedding falls on 
the borderline between two compaction categories, select lower E’ value, or average 
the two values.  Percentage Proctor based on laboratory maximum dry density from 
test standards using 12,500 ft-lb/cu ft (598,000 J/m2) (ASTM D-698, AASHTO T-
99, USBR Designation E-11).  1 psi = 6.9 Kpa. 
 

The application of the deflection formula differs for thermoplastic and mortar-
lined metal pipe systems.  For mortar-lined pipes, the deflection must not 
exceed a value that will produce a 0.01-inch wide crack in the coating or 
cause separation of the coating from the pipe.  Based on tests, this limit can be 
expressed as: 

2CDX =∆  
 
D is the inside pipe diameter in inches, and the constant C is a factor 
dependent on the probability of occurrence of a 0.01-inch crack in the coating. 
A value of C equal to 0.000235 shall be used for design purposes.  For mortar-
lined pipes, ∆X=0.000235D2 can be substituted into the Modified Iowa 
deflection formula and rearranged to solve for the allowable vertical load on 
the pipe.  By also substituting DL=1.5, K=0.1, and converting WT to pounds 
per foot, the equation becomes: 
 

3
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Where: 
 WTA = Total allowable external load on pipe lb/ft 
 D = Inside pipe diameter, in 
 
Wall stiffness (product of E x I) and mean radius information can be obtained 
from manufacturer literature.   
 
For thermoplastic pipe (HDPE and PVC) applications, the Modified Iowa 
formula is commonly used to compute a ratio of ∆X over the mean diameter, 
which represents the percent deflection of the pipe.  Manufacturers typically 
recommend a maximum deflection percentage.  Other factors important to 
consider in the design of a thermoplastic force main and not covered by this 
Manual are:  internal pressure limits, thermal effects, groundwater flotation 
effects, and ring bending strain limits.  The design consultant is responsible 
for addressing these factors. 
 

8.7.4. Loads on Semi-rigid Pipe 
Loads on semi-rigid pipes shall be computed in the same manner as described 
under Section 8.6.1, Loads on Rigid Pipe. 
 

8.7.5. Allowable Loads on Semi-rigid Pipe 

Guidelines for computing allowable loads on semi-rigid pipes are not detailed 
in this Manual.  The design calculations shall be left to the pipe manufacturer 
to perform and submit to the design consultant for review during construction.  
The contract documents shall specify the dead and live loads calculated in 
Section 8.7.4, the bedding configuration, and the desired safety factor, if any.  
The pipe manufacturer shall perform the design in accordance with the 
applicable approved ASTM/AWWA standard. 
 

8.8 Trench Excavation, Bedding, and Backfill 

8.8.1. Trenching 

Configuration 

Open trench configurations will generally be constrained by available space 
necessary for construction.  Factors to be considered when designing trenches 
will include ease of excavation, available area for backfill staging and trench 
access for pipe placement, surrounding material competency, existing 
improvements (including maintenance of access across and through the 
construction area), and the easement constraints. 
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Generally, the bottom of the trench should be wide enough to allow adequate 
compaction of the bedding and haunch backfill.  This is typically assumed to 
be a minimum dimension equal to:  

TWMIN = 1.25 (BC) + 1 
 

where:  
 TWMIN = Min. Trench Width, and 

 BC = Outside diameter of the pipe 

The trench dimensions are an integral part of the pipe design, and the design 
must identify the limitations on the trench-excavated dimensions on the plans.  
The design procedure that will be used for the majority of the interceptor 
design will be the Marston/Spangler design procedure as presented by the 
American Concrete Pipe Association. 
 
Typical Trench configurations utilized in this design procedure are presented 
in Figure 8.2. 
 
It is noted that in narrow or moderate trench width conditions, the resulting 
earth load is equal to the weight of the soil within the trench, minus the 
shearing (frictional) forces on the sides of the trench.  Since the newly 
installed backfill material will settle more than the existing soil on the sides of 
the trench, the friction along the trench walls will relieve the pipe of some of 
its soil burden.   
 
As trench width increases, the reduction in load from the frictional forces is 
offset by the increase in soil weight within the trench.  As the trench width 
increases, it starts to behave like an embankment, where the soil on the side of 
the pipe settles more than the soil above the pipe.  Eventually, the 
embankment condition is reached when the trench walls are too far away from 
the pipe to help support the soil immediately adjacent to it.  The transition 
width is the width of a trench at a particular depth where the trench load 
equals the embankment load.  Once transition width is reached, there is no 
longer any benefit from frictional forces along the wall of the trench.  Any 
pipe installed in a trench width equal to or greater than transition width should 
be designed for the embankment condition. 

Support 
If area and other factors mentioned above allow, trench walls may be sloped 
in accordance with the stable slope criteria that is established by the 
geotechnical engineer based upon the soils encountered.  However, it is 
anticipated that the majority of the trenching must utilize some form of 
mechanical support or shoring.  The shoring system shall be comprised of 
some or all of the following major items: 
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• Steel soldier piles-Installed in pre-drilled holes, plumbed vertically, 
and grouted in place with lean concrete. 

• Steel wales-Horizontal steel members installed across the inside face 
of the braced excavation. 

• Timber, concrete, or steel lagging-Supports installed to span between 
individual soldier piles or steel rings. 

• Steel cross bracing or struts-Horizontal steel members installed across 
open excavation from wale to wale to brace shoring wall and to reduce 
horizontal wale spans. 

• Steel liner plates. 

• Steel sheet piles. 

• Tie rods, butt plates, bolts, and other ancillary items as necessary. 

• Slide rail solid wall “tight” shoring. 

• “Trench box” style shoring systems that provide active support to 
native ground. 

• Internal trench struts that provide pressure through the use of hydraulic 
jacks to provide internal bracing pressure. 

The design of support systems are typically the responsibility of the contractor 
(subject to the Engineer’s review), as the particular system selected will 
become an integral part of the contractor’s installation operation and will be 
bid as such.  However, the engineer must review the site conditions and 
provide limitations on the allowable restraint systems that may be suitable, if 
appropriate.  For instance, “Trench box” style systems are not appropriate for 
cohesionless “running” soils. 

Groundwater  
Other factors that must be considered during the trench design include the 
presence of groundwater and the anticipated need for dewatering.  This 
situation will require consideration for dewatering systems that include well 
points and dewatering points within the trench.  The need for access around 
the pipe to include other equipment associated with dewatering activities as 
well as potential stability issues can affect the trench design. Buoyancy forces 
acting on an empty pipe should also be incorporated into the design. 

Base Integrity 
The trench base must be able to accept the specified bedding and provide a 
firm foundation.  The designers must consider the possibility of unsuitable soil 
conditions that may be identified during the geotechnical investigation and, if 
necessary, provide special foundation treatment.  Unsuitable soil conditions 

 8-37 



SRCSD Interceptor Design Manual Chapter 8 
 Pipeline Design 

may be either soft or overly rocky trench bottoms, usually addressed through 
over-excavation and replacement with suitable material.  The installation of 
geotextiles to increase foundation strength may also be appropriate.  Attention 
is directed to section 19-1.07 in the County of Sacramento, Standard 
Construction Specifications, September 2001, for additional information. 

8.8.2. Bedding 

Final design teams should check with SRCSD for updates to the bedding 
configurations presented below. 

Bedding Configurations 

Pipe bedding configurations utilized in the Marston/Spangler design 
procedure are identified as Class A, B, C, and D, and are shown in Figure 8.6 
and Figure 8.7 for trench and embankment configurations, respectively. 
Additional bedding configurations are shown in Standard Drawing 7-4, 
County of Sacramento, Standard Configuration Specifications, September 
2001. Class A, B, C, and D beddings are described as follows: 

 Class A Bedding 
Concrete Cradle:  Used only with circular pipe, the pipe is bedded in non-
reinforced or reinforced concrete having a thickness, d, as listed, and 
extending up the sides for a height equal to ¼ the outside diameter.  The 
cradle should have a minimum width at least equal to the outside diameter of 
the pipe plus 200 mm (8 in).  The backfill above the cradle is densely 
compacted and extends 300 mm (12 in) above the crown of the pipe.  In rock, 
especially where blasting is likely in the adjacent vicinity, the concrete cradle 
should be cushioned from the shock of the blasting which can be transmitted 
through the rock. Buoyancy forces acting on an empty pipe need to be 
checked and incorporated into the design. 

Concrete Arch:  An alternate to the concrete cradle for trench installations, the 
pipe is bedded in carefully compacted granular material having the minimum 
thickness shown and extending halfway up the sides of the pipe.  The top half 
of the pipe is covered with non-reinforced or reinforced concrete having a 
minimum thickness over the top of the pipe of ¼ the inside pipe diameter.  
The arch should have a minimum width at least equal to the outside diameter 
of the pipe plus 200 mm (8 in). 

Class B Bedding 

Shaped Granular Foundation:  For a shaped Subgrade with granular 
foundation, the bottom of the excavation is shaped to conform to the pipe 
surface but at least 50 mm (2 in) greater than the outside dimensions of the 
pipe.  The width should be sufficient to allow 6/10 of the outside pipe 
diameter for circular pipe, 7/10 of the outside span for arch and elliptical pipe, 
and the full bottom width of box sections to be bedded in fine granular fill 
placed in the shaped excavation.  Densely compacted backfill should be 
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placed at the sides of the pipe to a depth of at least 300 mm (12 in) above the 
top of the pipe. 

Unshaped Granular Foundation:  A granular foundation without shaping is 
used only with circular pipe.  The pipe is bedded in compacted granular 
material placed on the flat trench bottom.  The granular bedding has a 
minimum thickness, d, as listed and should extend at least halfway at the 
sides.  The remainder of the side fills, and a minimum depth of 300 mm (12 
in) over the top of the pipe, should be filled with densely compacted material. 

Class C Bedding 

Shaped Subgrade:  The pipe is bedded with ordinary care in a soil foundation, 
shaped to fit the lower part of the pipe exterior with reasonable closeness for a 
width of at least 50% of the outside diameter for a circular pipe, and 1/10 of 
the outside pipe rise for arch pipe, elliptical pipe, and box sections.  For trench 
installations, the sides and area over the pipe are filled with lightly compacted 
backfill to a minimum depth of 150 mm (6 in) above the top of the pipe.  For 
embankment installations to pipe should not project more than 90% of the 
vertical height of the pipe above the bedding. 

Granular Foundation:  Used only with circular pipe, the pipe is bedded in 
compacted granular material or densely compacted backfill placed on a flat 
bottom trench.  The bedding material should have a minimum thickness as 
indicated and should extend up the sides for a height of at least 1/6 the outside 
diameter.  For trench installations, the sidefill and area over the pipe to a 
minimum depth of 150 mm (6 in) should be filled with lightly compacted 
backfill. 

Class D Bedding 

Used only with circular pipe, little or no care is exercised either to shape the 
foundation surface to fit the lower part of the pipe exterior, or to fill all spaces 
under and around the pipe with granular materials.  However, the gradient of 
the bed should be smooth and true to the established grade.  This class of 
bedding also includes the case of  pipe on rock foundations in which an earth 
cushion is provided under the pipe but is so shallow that the pipe, as it settles 
under the influence of vertical load, approaches contact with the rock. 

Other Bedding 
Other bedding configurations (such as the use of Controlled Density Fill as 
shown on Type III) are shown in Standard Drawing 7-4, County of 
Sacramento, Standard Construction Specifications, September 2001. 

Selection of Bedding 
A bedding is provided to distribute the vertical reaction around the lower 
exterior surface of the pipe and reduce stress concentrations within the pipe 
wall.  The load that a concrete pipe will support depends on the width of the 
bedding contact area and the quality of the contact between the pipe and 
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bedding.  An important consideration in selecting a material for bedding is to 
ensure that positive contact can be obtained between the bed and the pipe.  
Since most granular materials will shift to attain positive contact as the pipe 
settles and ideal load distribution can be attained through the use of clean 
coarse sand, well-rounded pea gravel or uniformly-graded crushed rock is 
recommended.  In addition, granular, non-cohesive materials can achieve 
compaction with less effort and do not require as much access room to do so, 
thereby enabling the use of a narrower trench design.  The recommended 
bedding material for this program will typically consist of ¾” crushed 
aggregate, #6 sieve size, although other material may be proposed and may 
vary according to pipe size, pipe material, availability of bedding materials 
and existing trench conditions. 
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Figure 8.6 Trench Beddings Circular Pipe 
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Figure 8.7 Embankment Beddings Circular Pipe 
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Bedding Factors 
Under installed conditions, the vertical load on a pipe is distributed over its 
width and the reaction is distributed in accordance with the type of bedding.  
When the pipe strength used in design has been determined by plant testing, 
bedding factors must be developed to relate the in-place supporting strength to 
the more severe plant test strength.  The bedding factor is the ratio of the 
strength of the pipe under the installed condition of loading and bedding to the 
strength of the pipe in the plant test.  This same ratio was defined originally by 
Spangler as the load factor.  This latter term, however, was subsequently 
defined in the ultimate strength method reinforced concrete design with an 
entirely different meaning.  Therefore, to avoid confusion, Spangler’s term 
was renamed the bedding factor for use in the indirect design method.  The 
three-edge bearing test is the normally accepted plant test so that all bedding 
factors described in the following relate the in-place supporting strength to the 
three-edge bearing strength.   

FIELD

TEST
f M

MB =  

where: 

  = bedding factor fB
  = maximum moment in pipe wall under three-edge 

bearing test load, inch-pounds 
TESTM

  = maximum moment in pipe wall  under field loads, inch-
pounds 

FIELDM

Determination of Bedding Factor 
For trench installations as discussed previously, experience indicates that 
active lateral pressure increases as trench width increases to the transition 
width, provided the sidefill is compacted.  The maximum allowable bedding 
factors to be utilized in the design procedure are shown for the various trench 
and embankment conditions as presented in Figure 8.6 and Figure 8.7.  It is 
noted that additional bedding configuration and factors that may be utilized in 
the design are shown on Figure 7-4 of the Sacramento County Standard 
Specifications.  However, the design engineer shall present calculations and 
justification for all design bedding configurations that are proposed to be used 
in the design. 

Bedding Depth 
The minimum thickness of bedding to be utilized in the design of interceptor 
sewer shall be 6-inches min. 

Backfill, or overfill soil, shall conform to the requirements specified in 
Sacramento County, Standard Construction Specifications, September 2001, 
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and will typically consist of native material excavated at the work site.  
Special backfill may be specified if necessary, to meet certain traffic loadings 
or to reduce the potential for settlement, depending upon the installation.  
Compaction requirements will be determined by the material, trench location, 
and traffic loading, but generally, trench backfill material shall be compacted 
to a relative compaction of not less than 90%, as determined by ASTM 
Designation: D 1557.  The top 6-inches below the sub-grade shall be 
compacted to a relative compaction of 95%, except that trenches in easements 
outside the street rights-of-way may be compacted to 90% relative compaction 
throughout the depth. 

8.8.3. Geotextile 

In areas where the migration of soil fines is possible and the stability of the 
trench walls and bedding could be affected, the application of a geotextile 
should be considered.  The geotextile should surround the granular bedding to 
at least 12-inches above the pipe, or as necessary to address the conditions that 
could contribute to migration. 

8.9 Pavement Restoration  
Sacramento County and local municipalities have established requirements for 
the pavement restoration. The local agency having jurisdiction should be 
contacted and their specific requirements incorporated into the construction 
documents.  
 

8.10 Appurtenant Structures 

8.10.1. Manhole Criteria 

General 
Manholes shall be placed at the intersections of all sanitary sewer lines, 
changes in horizontal or vertical alignment, at pipe diameter or material 
changes, and at the end of any terminating line.  All manholes from which 
sewer line extensions are anticipated shall have a pipe stub installed at the 
grade and in the direction of the anticipated extension.  To facilitate access for 
maintenance, manholes shall be placed outside traffic lanes where feasible to 
minimize traffic disruptions and increase worker safety.  It is also preferable 
that manholes, blowoffs, and air/vacuum release valves be located where they 
do not straddle traffic lanes which would require the closure of both lanes for 
maintenance access.  When manholes are located in open country, provisions 
for all-weather access with sufficient room for a hoist or vacuum truck to turn 
around need to be included in the design.  If possible, it is preferred that 
manhole depth not exceed 35-feet. 
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Manhole Construction 
Manholes shall be per SRCSD Standard Interceptor Manhole Drawings 
located at the end of this Chapter. 

Spacing 
Typical maximum spacing of interceptor manholes shall be 1,000-feet for all 
straight lines. Reverse curves require a manhole at the point of tangency 
between the curves. A manhole shall be required at any change in vertical 
alignment, except for vertical curves, which require manholes at the beginning 
and end only.  A manhole shall also be placed at any change in horizontal 
alignment.   

Elevation Criteria 
When two interceptors of the same size enter a manhole such that the flow of 
one must change direction by more than 20 degrees or if flow in a single line 
must change direction more than that amount, the invert grade at the exit must 
be at least 0.10-foot below that of the entrance pipe.  If the interceptors 
entering and exiting any manhole are not of the same size, the minimum invert 
elevation differential shall be that which occurs when the pipes are matched 
crown-to-crown and the maximum invert elevation differential shall be based 
on the invert of the entering pipe matching the crown of the exit pipe. 

8.10.2. Metering Stations 
These stations either consist of a flume in the bottom of a structure or area-
velocity transducers mounted in the pipe near a manhole.  Both types require 
measurement devices to measure the water surface level.  Flow measurements 
are either transmitted to a central station or recorded.  Instrumentation 
equipment can be placed outside of the vault or manhole to escape the humid 
environment.  The stations should be placed where there is non-turbulent 
flow.  Prior to commencing design of these facilities, the design consultant 
should consult with the SRCSD Flow Monitoring Group for a current list of 
preferred equipment, installation techniques, and SCADA requirements. 
 

Flumes 
District preferences are for Venturi Flumes such as the Palmer-Bowlus.  A 
discussion of this flume follows: 
 

Palmer-Bowlus-This flume was developed in the 1930s by two 
engineers at the Los Angeles County Sanitation District.  The flume is 
basically trapezoidal in form and designed to be placed in a circular 
pipe.  The flume allows the flow to back up into the pipe and produces 
a hydraulic control point in the throat of the flume.  With the control 

 8-45 



SRCSD Interceptor Design Manual Chapter 8 
 Pipeline Design 

point, the upstream level can be measured and equated to flow in the 
pipe.  The flume has a flat bottom so that head losses are minimized 
and it is self-cleaning.  

 

Flume Construction 
The flumes can be made of fiberglass, plastics, or concrete.  When designing a 
flume, care should be taken for the design of the entrances to the flume.  The 
sidewalls into the throat of the flume should slope at no more 45 degrees and 
the bottom at a 3:1 to 4:1 slope. 
 

Area-Velocity Meters  
In general, an area-velocity meter is a device that measures the flow rate of a 
fluid by applying the equation Flow rate = Area x Velocity, where area is 
defined as the cross-sectional area of fluid, and the velocity is the average 
velocity of the fluid. 
 
There are many different types of area-velocity meters on the market with a 
variety of techniques used to measure the velocity and area.  The velocity is 
commonly measured through ultrasonic Doppler technology.  One method to 
determine the cross-sectional area is to determine the level of fluid in the pipe 
with a liquid level measurement device (as discussed below). 
 

Liquid Level Measurement Devices 
Several devices can be used to measure the liquid level and use this 
information in flow estimation.  Some of these devices include pressure 
transducers, bubblers, various floats, and ultrasonic level transmitters.  Of 
these it is recommended that an ultrasonic level transmitter type be used.  The 
ultrasonic is the only type that does not require a component to be placed in 
the flow stream.  This eliminates the fouling of the various probes that can 
occur with the other types of level sensors.  This fouling gives inaccurate 
readings and is a maintenance issue. 
 
In a permanent installation, an ultrasonic probe is mounted above the flow 
stream.  The probe sends out an ultrasonic signal that returns to the probe, and 
the liquid level is determined from the time it takes for the signal to return to 
the probe.  The ultrasonic sensor sends out a cone-shaped signal that may give 
erroneous level readings if the probe is set too high and the signal returns from 
the side of the pipe.  The probe also has a dead zone where the flow cannot be 
measured.  An error in the level reading can also be produced by floating 
debris or grit in the bottom of the channel.  Therefore, it is important to 
consult with the device manufacturer and coordinate anticipated low and high 
flow scenarios for proper transducer placement.  
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Overall Metering Station Structure 
A metering station can be made either from standard concrete manhole 
materials or prefabricated fiberglass.  
 

Standard manhole materials-If standard manholes materials are used, 
the flume must be grouted into a smooth channel so that no water can 
bypass the flume.  A place within the structure should be provided for 
placement of the recording instrumentation.  
 
Prefabricated metering manholes-These are mainly made from 
fiberglass and come with integral flumes.  Being fiberglass, they are 
light, and corrosion resistant. 

 

8.10.3. Gate Structures 

Gate structures as they pertain to interceptors are usually used to isolate 
pipeline sections for maintenance; however, some structures may be designed 
as separation structures or as semi-permanent flow diversion structures with 
side-overflow weirs to remove pipelines from service for prolonged periods.  
Whatever the use, the design of special structures should include placement of 
manholes upstream and downstream or on the structure for access.  The recent 
construction of new interceptors with gate structures has led to the 
development of design preferences.  The design of future gate structures 
should include consideration for the following items: 
 

• Gate design should incorporate the use of an overflow weir to relieve 
surplus backwater impounded upstream of the gate.  Weir elevation is 
set to avoid overflow of wastewater from upstream manholes. 

• Provisions need to be made to store the gates at the structure site when 
not in use.  Previous structure designs have included underground 
“pockets” attached to the structure for on-site storage.  An important 
consideration is proper drainage of underground storage areas to 
prevent the gates from sitting in accumulated water. 

• Gates need to be designed so that the gate seals do not come into 
contact with the sealing surface until the gate is in place.  Seals that 
rub on the sealing surface as the gates are raised or lowered have a 
shorter useful life.  Placement of the rails within the gate channels 
needs to be adjustable, either through the use of removable spacers or 
by some other means.  Adjustment of rails enhances the gate’s ability 
to properly seal against the sealing surface. 

• The structural design of the structures should include considerations 
for crane loads and flotation. 

 8-47 



SRCSD Interceptor Design Manual Chapter 8 
 Pipeline Design 

• Design details need to incorporate the use of block-outs in the 
formwork for the gate channels.  The guide channels should then be 
mortared in after the concrete structure has cured. 

• Consideration should be given to deepening the structure to provide 
more clearance for concrete fill between the pipe inverts and the inside 
bottom of the structure.  This thicker layer of concrete fill will allow 
for better channelization and prevent the spalling that typically occurs 
with thin layers of concrete fill.  It is also preferred that the concrete 
fill be specified as calcareous for added corrosion protection and to 
protect areas of complex geometry that cannot be T-Lock lined. 

• If maintenance access is located over a horizontal shelf in the 
structure, the T-Lock lining needs to be specified as non-slip.  
Designers should also confirm that there is adequate clearance 
between the shelf and manway access for maintenance personnel. 

• Bell ring wall insert details should incorporate the use of PVC lining to 
join the T-Lock lining inside the pipe with the PVC lining inside the 
structure.  Epoxy-coated metal wall inserts are subject to significant 
corrosion over time. 

• Structures should be located outside traveled ways to facilitate crane 
access for gate setting. 

• Gates and appurtenant hardware should be constructed of corrosion-
resistant material with integral lifting lugs and rollers. 

 

8.11  Description of Tunnel Construction Methods  
A number of tunneling methods are feasible for installation of the interceptors 
required by Master Plan 2000. The following principal tunneling methods are 
discussed in this Manual:  

• Conventional soft ground tunneling  

• Microtunneling  

• Pipe jacking  

• Rock tunneling 

Design considerations associated with these construction methods are 
summarized in the following sections.  Depending on the size of the 
interceptor, length of the tunnel and other geotechnical and civil design 
considerations, other specialized construction methods such as hand mining, 
horizontal directional drilling (HDD) and pipe ramming may also be feasible, 
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but these other methods have limited application so they are beyond the scope 
of this Manual. 
 
A key issue in developing recommended tunneling methods is groundwater 
control.  Dewatering methods for groundwater control may not be desirable in 
some locations because of the potential for surface settlement due to 
drawdown of groundwater levels. 
 

8.11.1. Conventional Soft Ground Tunneling 
Conventional soft ground tunneling involves the use of a tunnel shield or soft 
ground tunnel boring machine (TBM), the installation of an initial support 
system to support the surrounding ground, and then placement or installation 
of a final lining (interceptor pipe).  The initial support and final lining can also 
be combined into a one-pass support and lining system.  A tunnel shield, or 
shielded TBM, is beneficial in providing support to the ground during 
excavation, providing a safe place to erect the tunnel initial support, and help 
controlling loss of ground and associated surface settlement due to tunneling 
operations.  The shield or TBM is advanced with hydraulic jacks that push 
against the initial supports or one-pass lining that is erected in the tail of the 
shield.  Above the groundwater level, open or closed face shields are 
commonly used.  Closed face and more sophisticated pressurized face shields 
can be used for tunnel excavation below the groundwater level. 
 

8.11.2. Tunnel Initial Support and Final Lining 
Alternatives for initial support for interceptor sewer tunnels include circular 
steel ribs and lagging or expanded precast concrete segments, and steel liner 
plate.  The options for final lining include either cast-in-place concrete or pipe 
placed within the tunnel (reinforced concrete pipe or fiberglass pipe).  Another 
option is a one-pass precast concrete segmental lining that is bolted and 
gasketed to minimize leakage and infiltration.  The one-pass segmental lining 
usually uses 4 to 5 pieces to make a ring of lining 4 to 6-feet long. 
 
CalOSHA, CalTrans, local fire marshal and the railroads have requirements 
and preferences that have an impact on allowable and preferred initial support 
systems.  The following documents should be referenced when reviewing 
support options for tunnels: 
 

• Fire Department  

• California Code of Regulation, Title 8, Tunnel Safety Orders 

• CalTrans Encroachment Permit Requirements (For crossing CalTrans 
ROW) 

• AREMA Manual (for crossing Railroad ROW) 
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Initial Supports 
Steel Ribs and Lagging-Steel rib initial supports are erected within the tail 
end of the shield or TBM.  Once the machine is advanced and shove jacks are 
retracted, the rib can be expanded against the soil.  Typically, two steel 
spacers (also known as “Dutchmen”) are used to increase the circumference of 
the rib so that it is tight against the ground., In addition to the cost advantages 
and ease of assembly, this type of initial support offers rapid support of the 
ground, limiting the time the soil is required to stand up unsupported, and thus 
minimizing potential loss of ground and surface settlement.  Expanded steel 
ribs and lagging support is particularly suitable for projects where the tunnel 
invert is above the groundwater level. 
 
Expanded Precast Concrete Segments–Precast concrete segments can be 
installed within the tail end of the shield or TBM and expanded once the 
shield advances in the same manner that steel ribs are expanded.  This support 
method is suitable under the same conditions as steel ribs and lagging.   
 
Steel Liner Plate–Steel liner plate would likely be used only if required by a 
permitting agency such as a railroad or CalTrans.  The liner plate would be 
flanged on all four sides, and either 16 or 24-inches wide, typically.  Multiple 
liner plates are joined to make up each ring, which would be of a fixed 
diameter that typically cannot be expanded once the shield advances.  Grout is 
pumped through holes in the liner plates to fill the annular space between the 
liner plates and the excavated surface. 
 

Final Lining 
The final tunnel lining could consist of cast-in-place concrete lining, one-pass 
precast concrete segments, or any of the types of pipe discussed previously in 
Section 8.5. 
 
Pipe-in-Tunnel–Following tunnel excavation and the installation of initial 
support, pipe (typically RCP) would be carried into the tunnel and set in place 
with a pipe carrier.  The annular space between the pipe and the initial support 
system, typically about 6 or 8-inches, would be backfilled with low density 
cellular concrete placed through the lift holes or threaded grout holes in the 
pipe sections.  Contact grout is typically the final operation that fills any 
remaining small voids with a pumpable cement slurry or mortar. 
 
Cast-in-Place Concrete–Construction of a cast-in-place concrete tunnel 
lining involves erecting specially made forms inside the tunnel, pumping 
concrete through a steel pipe extended from the pumping location to the 
forms, stripping and removing the forms after the concrete has set, and contact 
grouting of small voids outside of the lining.  For constructability reasons, a 
minimum lining thickness of about 10-inches is usually recommended to 
allow for good flow of concrete around the forms during placement.  Steel 
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reinforcement would be provided based on structural requirements for the 
lining and requirements to control infiltration, exfiltration and cracking during 
concrete curing.  Corrosion protection of cast-in-place concrete interceptor 
lining is a key design consideration.  Use of sulfate resistant cement and 
pozzolan, and use of an internal membrane or coating, should be evaluated.  
Although other types of linings or coatings may be used for internal corrosion 
protection, use of T-lock is usually preferred.  However, the T-lock lining has 
not always worked well in conjunction with a cast-in-place concrete lining 
because in some cases the lining has detached and blocked the tunnel, causing 
sewage overflows.  This is the disadvantage of using a cast-in-place concrete 
tunnel lining for the interceptor tunnels. 
 
One-Pass Precast Concrete Segments–Each ring of segments is typically 4 
to 6-feet wide and comprised of 4 or 5 concrete segments each about 9 to 12-
inches thick.  The joints between each segment are provided with synthetic 
rubber gaskets to minimize leakage and infiltration.  The transverse and 
longitudinal joints can be bolted together within an over-excavated annulus.  
This annulus can be filled after installation with pea gravel and then grouted 
later or filled with grout only.  Each segment can be cast with an interior T-
lock lining, however, there would be many T-lock joints to weld following 
segment erection and bolting.  Other potential drawbacks are: there is a 
significant potential for damage to the interior lining during construction 
because the segments are installed as the tunnel is excavated; and line-and-
grade deviations cannot be corrected following tunnel excavation (as opposed 
to the cast-in-place concrete or pipe in tunnel alternatives). 
 

8.11.3. Pipe Jacking 
Pipe jacking involves installing a pipeline by pushing pipe sections through 
the ground with hydraulic jacks assembled in a jacking frame typically located 
in a shaft excavation called a jacking pit.  A shield or tunneling machine is 
typically located in front of the leading pipe segment and is thrust forward by 
the advancing pipe or by hydraulic jacks on tunneling machines.  After 
pushing a full pipe section into the ground, a new pipe section is lowered into 
the jacking pit with a crane, then it is connected to the previous pipe section.  
The process is then repeated until the shield or tunneling machine reaches the 
receiving pit.  Typically, shields or tunneling machines used for pipe jacking 
have limited face support capabilities, i.e., the machines do not exert a 
positive stabilizing pressure at the tunnel face.  Digger shields and cutterwheel 
machines are examples of this type of equipment.  An exception to this is the 
earth pressure balance (EPB) shield, which is a closed-face machine that has 
the capability to exert a positive pressure at the face, controlling loss of 
ground and surface settlement. 
 
Hydraulic jacks provided between the shield and the lead pipe or at an 
articulation joint within the shield can be used to steer the shield in 
accordance with required tolerances.  The shield or tunneling machine 
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typically cuts an excavation that is slightly larger in diameter than the outside 
diameter of the pipe (i.e., an overcut).  This overcut reduces frictional 
resistance between the pipe and soil during jacking and improves the 
steerability of the shield or tunneling machine.  To further reduce friction, the 
resulting annular space between the soil and the pipe (due to the overcut) is 
typically filled with bentonite slurry.  Convergence of the void created by the 
overcut is a contributing factor in surface settlement associated with pipe 
jacking. 
 
Using pipe jacking methods, a pipeline is constructed in a number of straight-
line drives from jacking pit to receiving pit.  Typical drive lengths for a pipe 
over 42-inches in diameter range from 500 to 2,000-feet.  When drive lengths 
exceed about 500-feet, intermediate-jacking stations may be required.  An 
intermediate jacking station consists of a series of hydraulic jacks spaced 
evenly around the pipe circumference within a steel casing whose diameter is 
comparable to that of the outside diameter of the pipe.  The casing and jacks 
are positioned between two pipe segments, and when extended, can push a 
section of the pipe string forward, special pipe segments are typically required 
for intermediate jacking stations.  Pipe jacking methods are frequently more 
economical than conventional tunneling methods because the carrier pipe (i.e., 
interceptor pipe) can be installed directly by jacking without the need for a 
prior initial support system. 
 
The main difference in the design of a casing or pipe to be installed by pipe 
jacking methods, as opposed to open cut trenching methods, is that the pipe 
must also be designed to withstand the axial forces applied to the pipe or 
casing during installation.  These axial jacking forces can be substantial, 
approaching 1,000 tons or more depending on the pipe/casing size being 
installed.  Typically, these axial forces are the controlling load case in design 
of the pipe or casing.  In addition to the jacking forces, the pipe or casing must 
be designed for external forces due to soil and groundwater pressures and any 
live loads.  Live loads that need to be addressed in design include surcharge 
pressures due to highway or railroad traffic.  Other important factors in 
casing/jacking pipe design are dimensional tolerances and a joint design that 
allows the jacking forces to be transferred efficiently from one pipe to the next. 
 

8.11.4. Microtunneling 

Microtunneling is a specialized form of pipe jacking using a remotely 
controlled, laser-guided, steerable boring machine with a remotely operated 
spoil removal system (either slurry or auger casing).  Pipe is installed behind 
the microtunneling machine, using pipe jacking methods.  The typical size 
range of microtunneling machines is 10 to 128-inches in diameter.  
Microtunneling machines typically use slurry methods to facilitate the 
removal of spoil for pipelines greater than about 50-inches in diameter. 
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Pressurized face tunneling methods, such as slurry microtunneling machines, 
will avoid the need for dewatering along the tunnel alignment, although not 
necessarily at jacking and receiving shafts.  A number of factors should be 
considered when comparing microtunneling methods and conventional 
tunneling methods for a project.  Some of the main factors include the 
following:  

• The number of pipes required, pipe spacing, and pipe sizes 

• Available construction staging areas 

• The need to control surface settlement to avoid damaging existing 

• Groundwater control 

• Locations of existing utilities 

• Cost 

 

8.11.5. Rock Tunneling 
The majority of tunnels that are planned are anticipated to be constructed in 
soft ground (soil) conditions.  There may be some isolated instances where 
tunneling is required in Mehrten Formation.  The Mehrten is a highly variable 
formation that includes volcanic conglomerate and tuffaceous sandstone and 
siltstone derived from andesitic sources and some andesitic mudflow.  
(Harwood and Helley, 1985) 
 

Tunnel Excavation Methods 
Three tunnel excavation methods considered technically feasible for tunnels in 
weak rock are: 

• Tunnel Boring Machine (TBM) 

• Roadheader 

• Drill-and-Blast 

These methods are briefly discussed below: 
 
Tunnel Boring Machine–TBMs designed for rock and mixed face conditions 
utilize a full face rotating cutterhead to excavate.  The TBM can be equipped 
with disc cutters for excavating rock or drag teeth for excavating soil and soft 
rock.  There are open TBMs and shielded TBMs.  Open TBMs are used 
mainly for excavating hard rock formations.  The cutterhead of the open TBM 
is thrust forward with hydraulic rams supported by grippers that bear against 
the tunnel walls.  In weak rock formations, the rock is not strong enough to 
withstand the bearing pressure of the grippers and a shielded TBM would 
normally be used.  Shielded TBMs advance by thrusting against the tunnel 
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initial support system, requiring an initial support system that can withstand 
both ground loads and the TBM thrust forces.      
 
Roadheader–Roadheaders are tunneling machines that were first developed 
for excavating underground access adits into coalmines through coal and other 
soft rock.  Increasingly, roadheaders have been used for underground civil 
construction.  A roadheader is comprised of a small rotating cutting head 
mounted at the end of a boom and typically attached to a crawler frame.  The 
cutterhead has teeth or bits and is rotated up against the tunnel face, chiseling 
the rock away.  The boom is controlled with hydraulics and can be raised, 
lowered, and moved from side to side.  The crawler frame carries the power 
source, muck removal system, and conveyor.  The conveyor is used to 
transport the muck to the back of the machine where it is picked up and 
hauled out of the tunnel. 
 
Because roadheaders can be delivered to the site relatively quickly and they 
have a relatively low capital cost, roadheaders can be more economical than 
other methods for drives in soft rock that are less than about 2 miles in length.  
A roadheader offers versatility in terms of the size and shape of the tunnel.  It 
can excavate a horseshoe or other shape of tunnel cross-section and provide a 
flat invert for back up muck transport systems.  It is also possible to excavate 
a larger tunnel cross section in areas where heavier initial support is required. 
 
Drill-and-Blast–The drill and blast tunnel method is more than 100 years old 
and is a proven technique for excavating rock tunnels.  Since this method was 
first introduced there have been many improvements in drilling equipment and 
techniques as well as in explosives and blasting methods.  The drill-and-blast 
method is a cyclic operation.  Each cycle, referred to as a round, consists of 
four successive operations: drilling horizontal holes into the tunnel face and 
loading explosives into the holes, blasting the round, mucking the round to 
permit access to the new tunnel face, and installing initial support for the 
excavation.  For tunnels of the size contemplated within the Master Plan, the 
full tunnel cross section can be excavated in one round.  The drill and blast 
method is versatile.  Operations are tailored to suit the ground conditions 
encountered; for example, the round length is adjusted to suit ground 
conditions, longer rounds in good ground, shorter in poor ground. 
 
The main disadvantage of using drill and blast methods to excavate tunnels in 
weak rock masses is that blasting can result in additional disturbance and 
loosening of the rock mass.  This can cause over-break beyond intended 
excavation lines, and can increase the ground loads to be supported.  Blasting 
noise and vibrations can be noticeable and disturbing to nearby residents and 
potentially damaging to structures above or adjacent to the tunnel.  Blast 
vibration can also disturb sensitive soils. 
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Tunnel Initial Support and Final Lining 
Initial Support–There are a number of approaches to supporting tunnel 
excavations in weak rock that would be technically feasible and cost 
competitive, depending upon the method of excavation.  One approach is to 
install steel ribs with timber or shotcrete used as lagging support in between 
the ribs.  Another approach would be to rely on a continuous shotcrete 
stabilization system with lattice girders or steel channels and welded wire 
fabric to provide additional support where required.  A third alternative would 
be to use rock reinforcement and shotcrete, however the use of rock dowels 
may not be compatible with the weak rock conditions. 
 
Final Lining – The final lining alternatives are the same as discussed above 
for soft ground tunnels. 
 
For more detailed information on rock tunnel excavation and support refer to 
any of the following references: 
 
1. Barton, N., Lien, R., and Lunde, J. 1974, Engineering Classification of Rock Masses for 

the Design of Tunnel Support, Rock Mechanics, Vol. 6, No. 4, pp 189-236. 
 
2. Bieniawski, Z.T., 1989, Engineering Rock Mass Classification, John Wiley and Sons, 

New York, NY, 249p. 
 
3. Hoek and Brown, 1988, The Hoek-Brown Failure Criterion – a 1988 Update, 

Proceedings 15th Canadian Rock Mechanics Symposium, Toronto, University of 
Toronto. 

 
4. Hoek, E., Kaiser, P.K., and Bawdon, W.F., 1995, Support of Underground Excavations 

is Hard Rock, A.A. Balkeme, Brookfield, VT, 215p. 
 
5. Proctor and White, 1946, Rock Tunneling with Steel Supports, Commercial Shearing 

and Stamping Company, Youngstown, Ohio.   
 

8.12  Tunnel Design Considerations 
Regardless of the tunnel construction method, there are common tunnel design 
considerations discussed in the following paragraphs that should be taken into 
account by the engineer.  The discussions have been limited to considerations 
for soft ground tunneling, pipe jacking, and microtunneling. 
 

8.12.1. Vertical Cover 

Vertical cover is a design and constructability issue as it relates to the 
construction method used, the feature being crossed, allowable surface 
settlement, and containment of pressures exerted on the face of the tunnel 
excavation by tunneling equipment.  In addition, adequate vertical cover is 
required beneath rivers to protect the interceptor against scour during floods.  
Because pressurized face tunneling machines (slurry microtunneling or EPB 
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machines) apply a positive pressure at the tunnel face, it is important to 
provide enough cover above the pipe to avoid heave of the ground surface and 
slurry loss.  Excessive heave can damage overlying utilities, paved streets and 
highways, railroad tracks, and other structures and improvements.  If slurry 
pressures used are sufficiently high, hydraulic fracturing of the ground can 
occur, which will result in conduits for slurry discharge up to the ground 
surface, into rivers or canals, or into gravel bedding of adjacent utilities.   

Typically, when using a pressurized face microtunneling machine, a minimum 
vertical cover above the installed pipeline of three times the outside pipe 
diameter but not less than about six-feet should be provided, depending on 
soil and groundwater conditions.  Where unfavorable geotechnical conditions 
exist, the design pipe invert elevation can be adjusted so that it will proceed 
through ground more favorable to the microtunneling process.   
 
To minimize movement of slurry into utility backfill, five-feet of cover is 
typically provided between the outside diameter of the microtunneling 
machine and nearby utilities that cross the pipeline alignment.  Exceptions to 
this can be made if an alignment closer to existing utilities would facilitate 
construction.  In areas where a tunneled crossing and an existing utility are 
extremely close, the utility location should be confirmed by potholing.  
Additionally, ground improvement may be considered to minimize the risk of 
disturbance to existing utilities.  In areas where unusually large or critically 
important utilities are located, additional cover between the interceptor and 
the utility may be desired to minimize the risk of disturbance. 
 

8.12.2. River Crossings 
The area served by SRCSD currently includes the Sacramento and American 
Rivers.  When interceptor alignments proceed beneath these rivers, vertical 
cover is generally controlled by river scour rather than slurry breakout.  The 
evaluation of potential scour depths depends on characteristics of the river 
(potential flow magnitudes, river slope, bank conditions, and soil conditions) 
and should be evaluated by an experienced hydraulics engineer.  An adequate 
level of scour protection (i.e., 100-year or higher) should be selected by the 
designer in conjunction with SRCSD.   
 

8.12.3. Horizontal Separation Between Tunnels 

In the case of dual or triple barrel pipelines, a minimum clearance also applies 
to lateral spacing between adjacent tunnel bores.  Two pipe diameters between 
each bore are ideal for preliminary design purposes because this allows each 
pipe installation to be independent from the other.  It is worthwhile noting that 
a separation of at least two diameters is currently required by CalTrans 
beneath freeways.  A design clearance of less than two diameters causes the 
stresses around the first pipe to be modified when the second pipe is installed.  
This interaction can produce eccentric loading on the pipe.  The separation 
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between bores should be evaluated during the design process to determine 
whether there is any significant advantage to installing the bores closer than 
two diameters. 
 

8.12.4. Groundwater Control 
Groundwater control is necessary to maintain a dry excavation and control 
groundwater related ground instability that could lead to excessive surface 
settlement.  Groundwater hydrostatic pressures can be balanced by using a 
pressurized face-tunneling machine (slurry or EPB).  Pressurized face 
equipment minimizes loss of ground and surface settlement without the need 
for dewatering or other groundwater control measures (grouting, ground 
freezing, compressed air, etc.).  Dewatering methods are feasible for granular 
soils where recharge is limited, but dewatering becomes difficult where 
granular soils have a fines content greater than about 25% or are interlayered 
with silt and clay layers.  A limited source of recharge is also essential.  
Dewatering methods can cause consolidation of soft and medium stiff clays 
above and below the pipeline leading to subsidence at the ground surface. 
 
Groundwater control is an alternative to a “watertight” shoring system for 
shaft excavations that extend below the groundwater level. 
 

8.12.5. Surface Settlement 

Surface settlement due to tunneling is usually a consequence of loss of ground 
at the heading, or consolidation of compressible soils due to dewatering.  Such 
loss of ground occurs mainly when tunnels are excavated in soil or soft 
ground conditions.  Because earth pressure balance (EPB) and slurry 
tunneling machines can exert a stabilizing pressure at the tunnel face 
balancing the in situ soil and groundwater pressures, they can significantly 
reduce the potential for surface settlement.  
 
Empirical methods can be employed for estimating surface settlement due to 
loss of ground during soft ground tunneling (Peck, 1969).  The settlement 
pattern that typically develops above a soft ground tunnel is a trough-shaped 
depression approximated as an inverted normal (bell shaped) probability 
curve, with the maximum settlement occurring above the tunnel centerline.  
The maximum surface settlement, δmax, can be estimated from the following 
equations based on the volume of the settlement trough, Vs  (Peck, 1969; and 
Schmidt, 1974): 
 

δmax  =  
i

Vs

5.2
 

 
 where: 
 i = R ( Z/2R )0.8 
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 δmax = maximum settlement 

 Z = Depth to pipe spring line 

 R = Pipe radius 
 

The actual volume of lost ground will depend on the specific details of the 
tunneling equipment selected for the project, as well as the contractor’s 
methods and workmanship.  For cohesive soil conditions (i.e., silts and clays), 
the settlement trough volume (Vs) depends on the overload factor (OF) and Vs 
can be estimated as about 1% of the excavated volume when the OF is less 
than 4 (Cording et al., 1975).  Earth pressure balance tunneling equipment that 
is operated properly in cohesive ground should reduce loss of ground 
significantly, possibly to 0.5% or less.   
 
For cohesionless soil conditions (i.e., sands and gravels), Vs can also be 
estimated as 1% of the excavated volume provided heading stability is 
maintained and groundwater conditions are positively controlled (Cording et 
al., 1975).  Tunneling equipment that does not utilize earth pressure balance 
stabilization methods will generally result in larger surface settlements than if 
EPB methods are employed.  These settlements could possibly be as high as 
3% of the excavated volume, or higher if the equipment is not properly 
operated.  Regardless of the installation method used, additional settlement 
can occur if obstructions or unanticipated ground conditions are encountered.  

The approach presented in this section is generally suitable for preliminary 
estimates of the settlement pattern above a pipeline constructed using 
tunneling methods.  If settlement is a critical issue, more extensive evaluations 
should be completed, including comparisons of these estimates with available 
data from projects constructed in similar soil conditions with similar 
equipment. 
 

8.12.6. Pipe Friction 
An important microtunneling and pipe jacking design consideration is the 
amount of friction generated when the pipe is pushed into the ground.  Pipe 
friction is the main component of jacking resistance and will determine 
jacking force requirements, design loads that will be applied to the pipe, 
maximum possible drive lengths, and whether intermediate jacking stations 
will be required.  The jacking forces applied to the pipe are very important for 
pipe design since these compressive forces will likely be the critical loading 
case in structural design of the pipe.  The magnitude of the pipe friction 
depends on the pipe material, type of soil, the depth of cover, and the 
effectiveness of the lubrication system, as well as the details of the 
microtunneling or pipe jacking equipment and construction methods.  
Construction details, such as the amount of overcut by the tunneling machine, 
misalignment of the pipes, steering corrections, excavation methods, 
dewatering of the shaft excavations, and duration of work stoppages, can 
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greatly influence observed pipe friction and jacking forces.  The frictional 
resistance for a given drive can be estimated using the following relationship 
(Stein et al., 1989): 
 
  R LODN = ⋅⋅⋅⋅ πµ   
 
  where:  

 R = Frictional resistance, lbs. 
 µ = Coefficient of friction. 
 N = Average normal stress acting on pipe wall, psf. 
 OD = Pipe outside diameter, ft. 
 L = Drive length, ft. 

 
The coefficient of friction depends on the type of pipe, soil conditions, and 
lubrication system details.  Table 8.7 indicates values for concrete pipe and 
two general soil conditions; sand and gravel, and clay.  The sliding friction 
values can be used to estimate jacking forces during microtunneling or pipe 
jacking, and the static friction values would apply after a work stoppage when 
restarting the drive.  Stein et al. (1989) indicate that friction values will be 
reduced to about 0.10 to 0.30 if an effective lubrication system is used.  Pipe 
lubricants are much more effective if the soils are stable enough to maintain 
the annular void outside the pipe.  Weaker squeezing clays that exhibit an 
overload factor greater than about 5 or high plasticity swelling clays will not 
maintain the annular void around the pipe and will most likely exhibit higher 
friction values. 

Table 8.7: Friction Values for Concrete Pipe 

Soil Conditions Static Friction Value, µ Sliding Friction Value, µ 
Sand or Gravel 0.50 to 0.60 0.30 to 0.40 
Clay 0.30 to 0.40 0.20 to 0.30 

(after Stein et al., 1989) 
 
The term N used by Stein et al. 1989 can be estimated using the following 
equation developed by Bennett and Cording (1999): 

N   = C · γ · OD 
  where: 

 C  = Arching factor (discussed below) 
 γ  = Total unit weight of soil, pound per cubic foot (pcf) 
 OD = Pipe outside diameter, foot (ft) 

 
Based on field data from case histories, the arching factor, C, was found to 
range from about 1/2 to 1-1/2 for sands, from about 1/3 to 1 for stiff clays, and 
from about 2/3 to 1-1/2 for soft clays and silts (Bennett and Cording, 1999).  
The lower values for stiff clays represent a firm ground condition and a stable 
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annular void, whereas, the higher values for soft clays and silts represent 
squeezing ground conditions. 
 
Coller et al. (1996a and b) evaluated jacking forces from ten microtunneling 
projects and estimated the normalized jacking force, JF, which is defined as 
the total jacking force divided by the surface area of the pipe.  These estimates 
are summarized in Table 8.8 for sand and clay soil conditions.  It should be 
noted that the maximum value of 0.125 tsf is assumed to be anomalous 
because it is so much higher than the other values for clay.  The average 
normalized jacking force in clay would be reduced to about 0.03 tsf or about 
50% of the average pipe friction observed in sand soil conditions (Coller et 
al., 1996b). 
 

Table 8.8: Estimated Pipe Friction Values for Case Histories 

Normalized Jacking Force (tsf)* Soil Type 
Range Average Value 

Sand 0.025 - 0.110 0.057 
Clay 0.008 - 0.125 0.043 

*tsf - tons per square foot 
 
Lubrication of the annular space outside the pipe during microtunneling is the 
most effective way of reducing jacking loads during construction.  Lubrication 
techniques include the use of bentonite, polymers, and bentonite/polymer 
mixtures.  The choice of the proper lubricant depends on the ground 
conditions.  
 

8.12.7. Ground Characterization 
After subsurface profiles have been prepared for each tunnel segment based 
on site conditions, the subsurface conditions at each tunnel should be 
characterized.  To assist in the characterization, soil properties, including 
laboratory test data, anticipated subsurface conditions, and anticipated ground 
conditions, should be summarized at each tunnel segment, or reach.  

Ground conditions should be selected based on generalized types of ground 
behavior similar to those shown on Table 8.9.  Ground behavior in cohesive 
materials should be characterized as either firm, squeezing, or swelling in 
accordance with the definitions shown on Table 8.9.  Evaluations can be made 
to estimate the overload factor (OF), which compares the vertical overburden 
pressure at tunnel depth (συ) to the shear average strength (Su,AV) of the soils. 

OF = 
AV,Su

νσ  

This factor is a measure of the degree of overstressing caused by the tunnel 
excavation.  Overload factors used in the assessment of anticipated ground 
behavior should be presented in the Geotechnical Report. 
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Overload factors of 2 to 3 generally result in small, essentially elastic ground 
movements in response to tunneling (Deere et al., 1969).  Larger overload 
factors indicate squeezing ground conditions.  Experience indicates that 
tunneling may be carried out in cohesive soils without unusual difficulties if 
the overload factor does not exceed about 5 to 6 (Peck, 1969).  When the 
overload factor exceeds these values, the soil around the tunnel excavation is 
significantly overstressed and will squeeze rapidly into the heading and the 
annular space around the pipe.  This process will increase the pipe friction and 
jacking loads and increase surface settlement caused by tunneling.  If the 
tunnel face is unsupported, such squeezing results in loss of ground and 
additional surface settlement.  Swelling potential can be evaluated by 
reviewing results of Atterberg Limits tests.  Heuer (1974) indicates that 
materials exhibiting plasticity index values exceeding 30 are expected to 
exhibit a significant swelling potential. 
 
Ground behavior for granular materials should be classified as either raveling, 
running, or flowing in accordance with the definitions shown on Table 8.9.  
Raveling ground is moderately coherent and friable.  Examples of materials 
exhibiting this behavior include moist sand and sands and gravels with clay 
binder (Deere, 1969).  Flowing ground can be encountered in tunnels located 
beneath the water table.  Flowing ground is associated with seepage in the 
working face in otherwise raveling or running material.  Silt without a high 
clay content, clean sand, and clean gravel below the water table would be 
classified as flowing ground if seepage develops at the working face. 
 

8.12.8. Tunnel Instrumentation and Monitoring 
Monitoring requirements for protection of existing utilities, other facilities, 
and structures will depend on the potential for damage due to settlement.  Pre-
construction conditions should be documented, to provide an objective basis 
for determining if damage has occurred as a result of microtunneling.  
Commonly used types of instrumentation include the following: 

• Survey Control Points 

• Inclinometers 

• Extensometers 

• Piezometers 

• Monitoring Wells 

Settlement monuments may be installed to monitor actual settlement during 
construction.  Inclinometers and extensometers may be installed to measure 
ground movement, particularly near shafts or portals.  Water level 
measurements are important in areas where dewatering may occur and in 
areas near shafts.  Piezometers and monitoring wells are used to measure 
groundwater pressures and levels, respectively.  Occasionally, monitoring 
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wells installed during the geotechnical exploration phase can be left in place 
and monitored during construction. 
 

8.13  Shaft Design and Construction 
Appropriate shaft design and construction is essential because inadequate 
shaft design can affect the quality of the pipeline installation, result in unsafe 
working conditions, and adversely impact existing facilities.  Shaft 
construction methods, excavation support systems, and groundwater control 
methods must be compatible with anticipated geotechnical conditions.  Shaft 
or portal excavations are required at the ends of each tunnel segment, and they 
should be located where they can facilitate the construction activities without 
disrupting adjacent facilities, traffic flow, environmentally sensitive areas, 
commercial businesses, or nearby residents, thus shaft sitting considerations 
influence the interceptor alignment.  Important design and construction 
considerations for shaft excavations include: 

• Sizing the shafts to efficiently perform the work 

• Selecting appropriate shaft excavation support methods 

• Determining groundwater control systems that will provide a dry, 
stable shaft excavation 

• Lateral earth, groundwater, and surcharge pressures for design of shaft 
excavation support systems 

• Lateral resistance for the jacking pit thrust block 

• Limits on allowable adjacent ground and structure movements 

• Evaluating break-in and break-out shaft seal requirements 

• Shaft bottom stability and control of groundwater seepage through 
bottom plugs 

 

8.13.1. Shaft Sizes 
The shaft excavations need to be sized to accommodate the tunneling 
equipment, future permanent access structures, and the length of the pipe or 
casing sections to be installed.  In the case of multiple pipe barrel tunnel 
segments, the overall width of the shaft may need to accommodate the spacing 
between the pipes.  The bottom of the shaft is usually located about 2 to 4-feet 
below the invert of the pipe to be installed to allow for guide rails (or a 
jacking frame), a working slab, and a subdrain system.  The actual shaft size 
and shape of the shaft used should be determined by the contractor to be 
compatible with the selected tunneling equipment and construction methods.  
Temporary shoring design is typically the Contractor’s responsibility with 
minimum requirements often established by the designer.  Design 
requirements should be provided to require that the shafts be sized for the 
structures (i.e., pipe transitions, pigging facilities, manholes etc.).   
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Typically, shaft excavations for microtunneling or pipe jacking, for a single 
pipeline, would be 12 to 15-feet wide by 20 to 40-feet long.  For conventional 
tunneling, larger shafts may be required.  Factors influencing the size of the 
shaft include the pipe/casing size, the length of pipe/casing sections to be 
installed, the size of the jacking frame, thrust ring, and main jacks, and the 
thickness of the thrust block and launching seal.  Receiving pits (used only to 
retrieve the tunneling shield or TBM) can be smaller, and are usually about 10 
to 15-feet wide by 12 to 18-feet long, depending on the length of the tunneling 
machine.  Either circular or rectangular shaft excavations can be used, 
depending on the available staging area, the pipeline alignment, and other 
project requirements.  Enlargements to accommodate permanent structures 
must also be considered. 
 

8.13.2. Feasible Shaft Construction Methods 

In general, both soldier piles and lagging sheetpile systems are considered 
applicable for the interceptors, except where deep shafts may be required to 
construct the river crossings.  Dewatering prior to shaft excavation would be 
required for the soldier pile and lagging system if granular soils are present.  
Dewatering in advance of excavation would not be required for the sheetpile 
system, provided a stable invert is established.  Both cast-in-place concrete 
caisson and slurry wall construction methods are considered feasible for the 
deeper shafts for the river crossings.  The feasible shaft construction methods 
are discussed below. 
 
Soldier Piles and Lagging–Soldier piles and lagging usually consist of steel 
H-piles that are either driven into the ground or placed into drilled holes prior 
to excavating the shafts.  Typically, lagging consists of timber or steel plates 
that are installed between the flanges of the piles to retain the earth as the 
excavation progresses.  This system is appropriate for a wide range of soil 
conditions; however, it is not appropriate in cohesionless soils below the 
groundwater level without adequate dewatering prior to excavation.  If soldier 
piles and lagging systems are used with slurry microtunneling operations a 
concrete entrance wall should be provided to prevent slurry leaks into the 
shaft during tunneling.  In addition, dewatering would be required. 
 
Sheetpiles–Steel sheetpiles used to support shaft excavations consist of 
interlocked steel sheets vibrated or driven into the ground prior to excavation.  
Special sealants may be applied or injected into the joints between adjacent 
sheets to form watertight interlocks.  Sheetpile systems provide full 
excavation support prior to exposing the soils and can be used to construct 
circular or rectangular shafts.  This system is appropriate for weak soil 
conditions below the groundwater level where the sheets can easily penetrate.  
Dewatering is not required if the sheetpiles can be driven far enough into an 
impervious soil layer to establish a groundwater cutoff provided shaft bottom 
stability can be achieved.  Driving sheetpiles through stiff to hard clay and 
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dense to very dense gravelly material anticipated in some areas of the LNWI 
may be difficult, requiring heavy sheetpiles with a driving shoe and a large 
pile-driving hammer.  Long lead times for delivery of heavy sheet piles should 
be evaluated if heavy sheet piles are required. 
 
Caissons–Caisson construction involves sinking a circular precast or cast-in-
place concrete caisson into the ground under its own weight while excavating 
inside the caisson with a clamshell.  One advantage of this approach is that 
excavation can be performed in the wet without dewatering in advance of 
excavation.  In order to obtain a watertight seal below the groundwater level, a 
tremie concrete slab, designed to withstand hydrostatic uplift pressures, may 
be constructed at the bottom of the shaft.  Another approach is a jet grout 
bottom seal.  After the tremie concrete slab is placed and cured, the caisson 
can be dewatered to provide a dry working space.  This approach is generally 
used where dewatering is either not feasible or not permitted to construct large 
deep shafts below the groundwater level in potentially unstable soils. 
 
Slurry Walls–Slurry walls can be used to provide lateral support for shaft 
excavations using structural concrete diaphragm walls.  Slurry walls are 
constructed using a special clamshell or cutting tool in a trench supported with 
drilling mud.  After a slurry wall panel has been excavated to its full depth, 
concrete is tremied into the trench displacing the slurry upward.  
Reinforcement for the wall, if required, is provided by steel H-beams, or 
reinforcing steel cages lowered into the trench prior to concrete placement.  
The wall is generally impervious to groundwater inflows and is applicable in 
most soil conditions below the groundwater level.  A bottom seal consisting of 
a tremie concrete slab or jet grouted zone will need to be provided similar to 
the type required with a caisson method. 
 

8.14 Operation and Maintenance Design considerations 

8.14.1. Introduction 
Proper operation and maintenance of an interceptor is required for the 
efficient flow of wastewater to the Sacramento Regional Wastewater 
Treatment Plant.  

 
This section is intended to be a guideline for the following topics: 

• Basis of Design 

• Maintenance 

• Emergency Operations, Maintenance and Repairs 

• Safety 
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8.14.2. Basis of Design 

The Basis of Design Report should have a section discussing the 
considerations made for the operation and maintenance of the interceptor.  
The section should include considerations for the following: 

• Dewatering the pipelines and structures  

• Compliance of interceptor design with SRCSD standards. 

• Manhole access 
 

8.14.3. Maintenance 

Pipeline Maintenance 
A common problem of sewers is blockage.  However, most blockages occur in 
small diameter sewers.  The nature of the blockage can vary from sand and 
gravel to illegal taps that protrude into the pipe.  Design efforts to reduce the 
probability of blockages include: 
 

• Channelization of manhole inverts 

• Use of large radius curves for deflections between 45 and 90 degrees 

 
Because of the necessity to manually clean the pipeline, the District has 
adopted a maximum spacing between manholes for an interceptor of 1,000-
feet, unless otherwise approved. 
 
Other problems in a pipe system include odors, root intrusions, corrosion, 
grease deposits, and insect and rodent infestation.   
 
Chemicals can be an effective controller of the non-blockage problems 
associated with sewers.  However, chemicals have their drawbacks, and an 
evaluation of their usefulness should be considered.  The following facts 
should be noted about the chemical maintenance of sewers: 
 

• Chemical costs are high. 

• Chemicals are hazardous to employees, treatment processes, and the 
environment. 

• Vendors may make unsubstantiated claims about their chemicals. 

 
Most odors can be controlled by proper maintenance of the sewer line.  
However, if proper maintenance is not sufficient, there are a few different 
chemical treatments available to the engineer.  The most common chemical 
used has been chlorine.  While it is very effective at controlling odor and 
killing organisms in the water, it is also very corrosive and expensive.  
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Another proven chemical is hydrogen peroxide.  While it is less harmful to the 
pipes and treatment process, it is also expensive.    
 
The best method of controlling insects and rodents is to design and construct a 
tightly sealed pipeline.  If infestation occurs, assistance from the Public Health 
Department is recommended. 
 
Similarly, a tightly sealed pipeline is also the best method for controlling 
roots.  When root intrusion occurs, chemical treatment is possible. 
 
Grease deposits can be remedied through chemical treatment, but are 
sufficiently controlled through mechanical methods, effective and consistent 
enforcement of public discharge ordinances, and public education.  
 

Maintenance of Special Structures 
Special structures include junction structures, metering structures, diversion 
structures, and ventilation structures. 
 
Junction structures are usually cast-in-place reinforced concrete chambers 
with manhole shafts built in.  The potential problem with junction structures is 
the deposition of sludge and debris.  Maintenance of the junction structures 
would require the same tools as used in the sewers.   
 
The design of the junction structure can reduce maintenance problems by 
incorporating the following: 
 

• Widening of the main channel at the junction should not be excessive 

• Match crowns of dissimilar pipe sizes at junctions.  If pipes are 
significantly different in size, the invert of the smaller pipe should be 
no deeper than the crown of the larger pipe. 

• Incorporate the placement of manholes upstream and downstream of 
the special structure 

 
Metering structures are used for measuring flow.  Various types of metering 
methods are available, thus there are many different kinds of potential 
problems that can be incurred.  Common problems include clogged inlet 
pipes, sludge deposits, and corrosion to metal parts. 
 

Roller Gates 
Diversion, or overflow, structures can have problems such as debris build-up, 
limited access, and difficulty in replacing gates.  Preventive maintenance 
includes removing debris and oiling or greasing the stem of the gate (if so 
equipped). 
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The following design recommendations will provide easier maintenance and 
should be followed: 
 

• Design the manhole large enough for access 

• Alternative diversion when sluice gate is under repair should be 
considered 

• In case the gate breaks loose, provision of a cable hook-up bracket 

• Consideration of the gate’s removal under positive head conditions 
 

8.14.4. Safety 
There are always physical, chemical, and biological hazards associated with 
working in an interceptor.  An effective safety program will minimize those 
hazards.  The purpose of including this subject is to incorporate safety policies 
into the design process.  While the District may have some safety policies 
already in place, the following is a guide. 
 

• Eliminate unsafe acts of individuals, unsafe structures, and unsafe working 
conditions. 

• Organize and supervise a safety information and training program 
regarding: 

 Correct use of tools and equipment 

 Safe work methods 

 Safety precautions 

 Accident prevention 

 Orientation for new employees 

• Maintain records of safety performance and accidents so that the safety 
program can be continually improved. 

 
Preventive measures can be taken by the design engineer.  The following 
measures should be considered during design: 

• Provide adequate protection against hazardous gases.  Facilities which 
are at risk include: 

 Large trunk sewers 

 Sewers in the vicinity of gas mains and gasoline storage tanks 
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 Sewers on flat grades (solids may settle and decompose) 

 Sewers where manholes are closed 

 All manholes more than five-feet deep or excavations where the 
sewer is more than five-feet deep 

 Deep tanks and pump station wet wells 

 Sewers in heavily industrialized areas 

• Require contractors to provide safety barricades and traffic safety 
during construction 

• Locate manholes outside the traveled way 

• Specify shoring requirements 

• Provide guard railings when appropriate 

• Provide adequate lighting when appropriate 

• Use explosion proof switches when appropriate 

• Provide safety guards for all moving parts 

 
Further safety precautions should be taken in confined spaces.  Manholes, 
sewers, pump station wet wells, and small, unattended lift stations are 
common confined spaces. 
 

Manhole Safety 
Designers should attempt to locate manholes outside traveled ways where 
feasible.  Manholes located within roadways increase the risk to maintenance 
personnel.  Manholes within bike lanes or outside (slow) lanes are preferable 
to those located on inside lanes.  When selecting pipeline alignments, 
designers should anticipate and provide adequate space for maintenance 
personnel and equipment.  The size of a crew required to work in a manhole is 
at least three persons.  One monitors the gas detector and air blower, and one 
holds the lifeline attached to the third person as he I entering the manhole.  
This crew is to be used only for work on a single manhole, without the 
possibility for work between two manholes. 
 

Traffic Safety 
Working in traffic should always be guided by Local Transportation Authority 
for traffic control.   
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Trench Safety 
Trench shoring requirements should be in compliance with the CalOSHA 
shoring requirements. 
 

Safety Training 
CalOSHA training requires that a safety-training program be established.  The 
program can be highly organized or as simple as a tailgate safety meeting.  
The safety-training program should identify hazards that may have been 
overlooked previously.  The OSHA Bulletin “Safety and Health Training 
Guidelines for General Industry” is available to help identify standards that 
relate to training. 
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Chapter 9. Contract Documents 
The contract documents establish the nature and extent of the construction 
work to be performed. The contract documents consist of drawings and 
specifications as well as other related documents including legal and 
procedural documents, general conditions, and addenda. The drawings convey 
graphically the work to be done while the specifications and related 
documents describe in words the work to be done. Drawings and 
specifications are intended to supplement each other, and all work conveyed 
in either is part of the construction contract work. 

This chapter provides a general description of the preparation and content of 
the plans and specifications. A set of guide “standard technical specifications” 
has been developed and is included in a separate document. 

9.1 Preparation of Specifications 

Much of the information included in the specifications and related documents 
will be similar for all interceptor projects. The standard specifications can be 
utilized in preparing the contract documents for each project. The standard 
specifications are on compact disk for use by Consultants. 

It is the design consultant’s responsibility to make additions and deletions to 
the standard specifications as required for his or her particular interceptor 
project. These changes should be made on a copy of the standard documents. 
All changes should be made as Special Provisions to contract documents and 
will be prepared by the design consultant in accordance with procedures set 
forth in the  

9.2 Content 

The contract documents consist of five major parts: Notice to Contractor 
bidding/contract documents, standard construction specifications and special 
provisions, technical specifications, drawings, and addenda (if issued). The 
contents of the contract documents for each particular interceptor project may 
vary somewhat from this standard in order to suit project specific constraints 
and requirements. 

9.3 Drawings 

Drawings are graphic information organized and intended to provide 
sufficient information so that the project being designed can be bid and 
constructed according to the intent of the engineer and the client. This chapter 
will provide a standard for the development of the interceptor drawings. This 
includes information such as drawing format, software requirements, and 
AutoCAD standards. 

 9-1 



SRCSD Interceptor Design Manual Chapter 9 
 Contract Documents  

9.4 Drawing Format 

This section will contain the minimum drawings required for an acceptable 
interceptor drawing set. Beginning with the title sheet, this section will list the 
required sheets and include a small description on what should be 
incorporated on each sheet. Sample Drawings will be included for use in 
assisting with preparation of the documents.  

9.4.1. Title Sheet 

The title sheet establishes the name of the interceptor sewer project and the 
date of issue. Additional information shown includes the name of the agency 
as well as public officials. The name and/or logo of the consulting firm 
responsible for the drawings and project designations will also be shown. 

An example of a title sheet is included. 

9.4.2. Vicinity Map, Location Map, Index of Sheets and Plan and 
Profile Sheet Map 

Vicinity Map 

The vicinity map is intended to show the general location of Sacramento 
County within the State of California. A map of the state with Sacramento 
County outlined will be sufficient. The vicinity map can be shown either to 
scale using a bar scale or labeled not to scale (NTS). A North arrow is 
required. 

Location Map 

The location map shows the area around the interceptor sewer alignment, 
including major freeways roads, waterways, cities, and any other information 
that gives an overall view of the project. The general location of the 
interceptor sewer is referenced to attract attention of the viewer. The scale of 
the location map should also be a bar scale and varies according to the project 
ranging from approximately 1" = l,000' to 1" = 10,000'. A North arrow is 
required. 

The index of sheets  

If the number of drawings for the interceptor sewer project is not large, the 
location map and vicinity map along with the plan and profile sheet index may 
be combined into two sheets. However, where the number of drawings for the 
project is rather large, the index of drawings is shown in a separate sheet. 

A sample of the Vicinity Map, Location Map, Index of Sheets, and the Plan 
and Profile Sheet Map is included. 
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9.4.3. Abbreviations and Symbols sheet 

A sample of this drawing is contained in the Appendix. 

9.4.4. General Notes sheet 

A sample of this drawing is contained in the Appendix. 

9.4.5. Plan and Profile 

A sample of this drawing is contained in the Appendix. 

The plan and profile sheet shall consist of topographic (parcel map 
information as used on assessor parcel maps is for taxation purposes and is 
typically not of a quality or accuracy suitable for P&P drawings) information 
covering the entire project area. The interceptor alignment and key project 
surface features should be shown. An index of plan and profile sheets showing 
the entire interceptor alignment, will be included. The scale of this map will 
vary depending on the size of the project. (Typically 1-inch = 50-feet unless 
roadway plans, then use 40-scale or 1-inch = 50-feet. Major streets and other 
geographic features should be identified. Please note that all maps should 
include a North arrow and a scale notation. 

Plan 

The plan view of the plan and profile drawings is intended to locate the 
interceptor and adjacent physical features. The plan view consists of an 
orthophoto with orthotopo information superimposed. The plan also includes 
all existing surface features pertinent to the design or construction of the 
interceptor. The design consultant adds the sewer interceptor alignment, in 
plan and profile, in addition to all pertinent construction information. All 
topographic information is screened (Requires some attention and care 
because the aerial is under the topo. Topo tends to fade out and is hard to see. 
The screening and topo/surface feature line weights need to be 
selected/coordinated so that they are legible. The screening must be sufficient 
to produce a clear, legible print after the original is reduced to one-half size. 
Information shown in plan view required to construct the interceptor shall 
include the following: 

• All visible surface features 

• Grid coordinates (California Coordinate System Zone II) 

• One-foot contours 

• Photo date 
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• Interceptor alignment identified by stationing, curve data, bearings, 
and coordinates; placing both coordinates and bearings can sometimes 
pose problems. (This is done to help identify clearance/interference 
problems since large pipes require all interceptor pipelines to be “double-
lined,” i.e., show pipe walls, as opposed to showing centerline only.) 

• Manholes and other appurtenances 

• Survey monuments with designation, elevation, TBMs, and 
benchmarks 

• Pertinent property lines 

• Names of streets and identifying features 

• Surface features including buildings, roads, utilities, crossings, trees, 
structures, culverts, and other features pertinent to design or 
construction 

• Subsurface features such as utilities, footings, foundations, and other 
buried features that may affect the interceptor 

• Pipe size 

• Connections 

• Permanent pipeline and construction easements with their relationship 
to the interceptor 

• Construction call-outs at the sewer line, crossings, utility interferences, 
etc. 

• Notes and references to general notes 

• Detail call-outs 

• Match line call-outs 

• Tunneling locations 

Profile 

Profile information is displayed on a grid, which shows stationing 
horizontally, and depth vertically. The profile must show the following: 

• Surface profile along interceptor centerline. Call-out as approximate 
ground surface. This helps reduce contractors claiming costs for just 
one more foot of elevation difference more excavation and backfill. 

• Sewer profile. (Show as double line) 
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• Flow line elevations and pipe slope and distances between structures 

• Manholes and other appurtenances 

• Intersecting utilities above and below the sewer with their respective 
elevations 

• Pipeline crossings at roadways, railroads, waterways, and others 

• Pipe material, including any alternatives for the pipe material shown, 
and structural classification. Use a pipe material schedule if several 
alternatives are allowed. This is a less cluttered approach. 

• Pipeline bedding requirements. (Typically the trench section detail is 
relied upon; a possible exception is to call-out special foundation 
requirement limits, but the standard bedding and backfill would still be 
based on the trench section). 

• Construction call-outs regarding special backfill, pipeline crossing, 
interferences, paving restoration, connections, etc. Also areas where 
sheet piling or other mandatory solid shoring is needed. 

• Locations requiring tunneling 

Other information shown on the plan and profile sheet includes a North arrow, 
scales, match lines, etc. 

A sample plan and profile sheet is included in the Appendix. 

 

9.4.6. Details 

Detail sheets can be as simple as that required to show standard manhole and 
backfill details or as extensive as those required to show waterway crossings, 
multipipe connections, special junction or diversion structures, siphons, 
special outlet structures, special pipe trench sections, and any other special or 
unusual appurtenances, (i.e., there are District standard details and specially 
developed project specific special details.) The detail sheets may include plan 
views at different elevations, sectional views, and specific details as required. 
Construction call-outs should be clear, explicit, and non-repetitive. Since the 
details are for appurtenances shown in the plan and profile drawings, it is 
important to avoid repetition of information in both sheets. All pertinent 
information is shown on the detail sheet, and detail is simply called out on the 
plan and profile sheets. 

Samples of detail sheets are included. 

Standard details prepared by the District will be used unless project 
requirements dictate otherwise. Deviation from District standards shall be 
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approved by the District’s DPM in writing. These details are published 
separately and are available upon request. 

9.4.7. Media 

Final hard copy drawings will be plotted on Mylar 22-inches by 34-inches in 
size and an electronic file provided. 

Drafts may be produced on half-size 11-inches x 17-inches. 

9.5 AutoCAD Standards 

AutoCAD standards have been adopted by SRCSD for the preparation all 
electronic drawings. These standards refer to layer names, fonts, line-types, 
and other AutoCAD-related operations. These standards are intended to assure 
uniformity of the electronic drawings. Any substantive deviation from the 
standards is to be approved by SRCSD. 

The AutoCAD standards are published separately and are available upon 
request. 
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Chapter 10. Cost Estimates 
**This Section is under review by SRCSD. 
Designers should talk to the District Project 
Manager for directions** 
 

This chapter presents criteria to be used to estimate the cost of new interceptor 
facilities required to meet existing and projected sewer flows for the SRCSD 
service area. The SRCSD Master Plan 2000 includes interceptors that range in 
size from 36-inches to 120-inches in diameter. Projects of this size inherently 
have a variety of components that must be evaluated in order to estimate the 
overall cost of construction. These components relate to cost of materials, 
labor, equipment, environmental mitigation, ROW and other identifiable costs 
and are impacted by the interceptor route because of site and surface features, 
differing soils, groundwater, narrow construction corridors, crossings, existing 
utilities, and other factors. 

10.1  Development of Estimated Costs 

Cost estimates for large diameter pipelines are typically developed using unit 
cost tables. A model has been developed to be used to estimate construction 
costs directly from materials, labor, and equipment costs. All interceptor 
projects will be required to use this model to estimate the cost of construction 
of large diameter pipelines. In order to do this, assumptions were made 
regarding type of construction and production rates. 

For the purposes of cost estimating, two techniques were chosen and used. 
These techniques are the most commonly used construction methods for 
installation of large diameter pipeline in this region, and therefore were 
considered to be appropriate for use in cost estimating (see Figure 10.1).  The 
first method includes benched construction with layback of the trench 
(Construction Technique 1), this method requires a wide construction 
corridor. This type of construction is applicable to areas that are generally 
outside of the roadway in open fields. The second construction technique 
utilizes a vertical trench (Construction Technique 8), this technique is most 
applicable within constrained areas such as roadways where lanes of travel 
must be kept in service, thereby limiting the width of the corridor. 

Development of costs for construction of interceptors requires assumptions 
made regarding elements of construction used to install the interceptor. These 
assumptions relate to the level of development within the area that the 
interceptor is to be constructed, the type of soils that will be encountered, and 
whether there will be a need for dewatering, pavement replacement, solid 
shoring, tunneling, among other considerations. Preliminary geotechnical 
studies, ground water mapping, growth projections, and research into methods 
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of construction should support the assumptions. These elements affect the 
overall cost of each interceptor project. For example, interceptors constructed 
within paved sections must include pavement restoration costs. Interceptors 
constructed in highly developed areas will generally have numerous utilities 
that must be protected during excavation prior to placing the interceptor in the 
trench. Both of these examples affect the rate at which a contractor can 
physically install the pipe. Project costs for construction are related to how 
many feet per day of interceptor can be installed. Rate of production is key to 
interceptor construction, and can vary significantly depending on the size of 
pipe, depth of construction, presence of groundwater, soils, and location of the 
pipeline corridor. Rate of production for the differing construction cases were 
carefully established based on recent SRCSD interceptor projects. The costing 
model has built-in production rates for all of the anticipated combinations of 
variable involved in construction. Production rates can also be adjusted 
manually if sufficient information is available for a change to the previously 
established default production rates.   

The model relies on material costs combined with the construction technique 
and rate of production to estimate the material cost per foot for the specific 
diameter. Similarly, the model calculates labor and equipment costs based on 
manually entered labor rates and equipment rental rates, which are converted 
to cost per foot. The summation of material, labor, and rental equipment costs 
comprise the Base Pipeline Cost. The labor and equipment rates were 
referenced from the CalTrans Labor and Surcharge and CalTrans Rental Cost 
publications, respectively. Material, labor, and equipment rates will require 
confirmation for each interceptor project when a consultant begins design. 
(The model developed estimates ONLY piping and NOT structures or any 
other appurtenances.  

Using the model, the project cost for each interceptor project will be 
developed based on the following components; associated costs should be 
applied where determined applicable. 

Base Construction Cost 

Base Pipeline Costs  
Labor and Equipment Costs 

 SWPPP/Environmental Mitigation  
Sheeting and Shoring/Trench box 

 Mobilization/Demobilization 
 Manholes 
 Overhead and Profit 
 Bonds and Insurance 
 
 Additional Construction Cost 

 Special Structures 
Traffic Control 
Dewatering Cost 
ROW 
Tunneling 
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River, canal, railroad, and other crossings 
 
 Contingencies 

Engineering/Administration/Legal 
 
Total Construction Cost = Base Construction Costs + Additional Construction Costs 
 

10.2 Base Construction Costs 

Unit costs require development using the cost model for the applicable pipe 
diameters for the interceptor project. These diameters should then be 
evaluated for open cut construction using the methods of construction 
described above. 

10.2.1. Base Pipeline Costs 

Baseline pipe costs should be evaluated based on 1) review of local 
manufacturers’ information, 2) review of recent construction bids, 3) prior 
SRCSD Master Plans using planning level costs and 4) interviews with local 
contractors. The baseline pipe costs include costs for installation of the pipe as 
follows: 

• Pipe material for Interceptors is Reinforced Concrete Pipe, T-Lock-
Lined, Double Gasketed 

• Pipe material for force mains include ductile iron pipe (DIP has a size 
limitation), cement mortar lined steel pipe, or concrete cylinder pipe 

• Backfill will be select imported backfill in the pipe zone (which 
extends both above and below the pipe) and native backfill above to 
the structural base of the pavement section. Pipes with diameters of 
66-inch and larger have Controlled Density Fill (1/2 sack mix) used as 
backfill to just below the spring line. Spoil removal is dependent on 
construction method, under a benched section. Scrapers typically will 
excavate the benched portion and take it to an offsite storage location 
with the remainder of the spoil stored adjacent to the trench. Under the 
vertical wall trench method, spoil will be trucked to offsite storage and 
returned prior to backfilling trench. Hauling of spoil depends on how 
much space is available at the site. 

• Manholes will be located at point of intersection on interceptor 
alignments; within straight sections manholes are located at a 
minimum of 1,000-foot intervals and at change in pipe diameter or 
material. 

• Minimum depth to crown of 5-feet 

• Restoration of all types of surfaces to pre-construction conditions 

 10-3 



SRSCD Interceptor Design Manual Chapter 10 
 Cost Estimates 

10.2.2. Labor and Equipment Costs 

For development of the costing model, Labor Costs were taken from the 
General Prevailing Wage Determination made by the Director of Industrial 
Relations Pursuant to California Labor Code Part 7, Chapter 1 Article 2, 
Sections 1770, 1773, and 1773.1. Review of the General Prevailing Wage 
Determination was completed for construction crewmembers and operator 
hourly wages as they relate to the methods of construction previously 
discussed. Crew size and equipment for pipeline construction were confirmed 
with various local contractors and Black & Veatch staff. Local equipment 
manufacturers were contacted for equipment rental rates for use with the 
costing model. 

10.2.3. SWPPP/Environmental Mitigation 

Environmental Mitigation costs should be added where it was determined 
there are sensitive areas such as creeks, wetlands, etc., that are in the 
proximity of the interceptor alignment. In some cases, construction of the 
interceptor should be evaluated as special construction, which for planning 
purposes assumes that the areas would not be crossed using conventional open 
cut construction. Storm Water Pollution Prevention Plan (SWPPP) costs 
should also be included in this item. The costing model does not account for 
SWPPP/Environmental Mitigation; these costs will need to be added 
separately.   

10.2.4. Sheeting and Shoring/Trench Box 

The requirement and applied cost for sheeting and shoring is based on the type 
of construction that was assigned for the interceptor. It was assumed that the 
contractor would use a trench box for benched construction. For the case of 
vertical trench wall construction, the soil type determined whether cost for a 
continuous shoring system was applied or a trench box. For soils that were 
determined unable to hold a vertical face, a continuous shoring system was 
used in evaluation of construction costs. A cost of $4/sq. ft. was used for a 
continuous shoring system. 

10.2.5. Mobilization and Demobilization 

Contractor Mobilization and Demobilization includes move in and out cost 
that the contractor incurs to set up and remove the interceptor construction 
operation. These costs are generally taken as a percent of the overall 
construction cost and are therefore dependent on the diameter, length, and 
location of the interceptor. For the purposes of Master Planning, a cost of 
$1,000/dia. inch/mile was used for mobilization and demobilization. For 
example, a 96-inch diameter, 10,000-foot long interceptor project would have 
allocated $182,000 for Mobilization and Demobilization. The costing model 
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does not account for mobilization and demobilization; this will need to be 
added separately. 

10.2.6. Manholes 

Manhole locations were as required for angle points along the interceptor 
route based on roadway alignments. In addition, manholes were located at 
change in diameter (where needed), junction structures, drop structures, and at 
1,000-foot intervals in general. Cost for manhole construction was included in 
the Base Pipeline Costs. Manhole costs were evaluated based on diameter and 
depth of interceptor; these costs were also calibrated against recent District 
projects. 

10.2.7. Overhead and Profit 

Overhead and Profit percentages were as referenced in the County of 
Sacramento Department of Public Works Standard Construction 
Specifications for change order work and force account. These percentages 
were applied to the material, labor, and equipment costs for overall contractor 
Overhead and Profit. The following represent the current county policy for 
Overhead and Profit percentages: 
  Labor   25%  
  Materials  15%  
  Equipment Rental 15%  

10.2.8. Bonds and Insurance 

The percentage for Contractor Bonds required for performing the work was 
referenced in the County of Sacramento Department of Public Works 
Standard Construction Specifications for change order work and force 
account. The percentage for Bonds as listed in the county document is 2% of 
the material, labor, and equipment used on the project. That figure was 
increased from 2 to 3% to include Bonds and Insurance for MP2000. 

10.3 Additional Construction Costs 

10.3.1. Special Structures 

Special Structures include junction structures, diversion structures, and drop 
structures along interceptor routes or for transfer of flow to and from 
interceptors. These structures should be evaluated based on interceptor 
junctions and deep crossings that necessitated pipe raising or lowering. These 
structures should be inventoried and categorized according to depth of 
structure and diameters of flow through and connecting pipes. Bid results 
from several local interceptor projects should be used to gain a level of 
confidence for assigning cost to the structures anticipated for the interceptor 
system. The costing model does not account for structures; these costs should 
be added separately. 
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10.3.2. Traffic Control 

Traffic control needs for interceptor construction should be assessed based on 
the selected pipeline corridors, expected method of construction, and existing 
and future road right-of-way width. Evaluation of the minimum requirement 
to maintain at least one lane of travel in each direction is required and should 
have SRCSD approval based on roadways impacted. Associated costs for 
Traffic Control should be based on this minimum requirement and 
development of an acceptable traffic control plan. The costing model does not 
account for traffic control; these costs will need to be added separately. 

10.3.3. Dewatering Costs 

Groundwater mapping and geotechnical resources should be used for 
determination of the need to provide dewatering for the applicable interceptor 
projects. The variation in geologic conditions within the SRCSD service area 
made it necessary to evaluate the cost of dewatering in general terms in the 
costing model. Local drillers were contacted for input on these costs, and an 
average cost was used for the model. The cost for dewatering consists of 
drilling well points at 50-foot on center at a cost of $1,200/well plus a $700/ 
pump package. Based on 1,000-foot of trench, the cost was evaluated as 
$1,200 x 20 wells plus $700 x 20 wells = $38,000, or $38/ft. This information 
is embedded in the costing model; in the event that alternate costs are 
developed, modification to the model will be required. 

10.3.4. Right-of-Way 

Right-of-Way (ROW) for the interceptor should include evaluation of the 
required ROW for both construction of the interceptor and for future 
operations and maintenance activities. ROW is separated into Temporary 
Construction Easement (TCE) and Permanent Right-of-way (PRW). The TCE 
is the right-of-way width required for construction of the interceptor. The 
PRW is the permanent width along the interceptor required for maintenance 
and repair. ROW widths required are directly affected by the construction 
technique used for installing the interceptor. Cost for land acquisition was 
assumed based on anticipated development. The construction corridor will 
require evaluation of land use and current cost associated with land 
acquisition and the applicable width necessary for either TCE or PRW. Costs 
for land acquisition depend on existing and future land use for the areas 
impacted by construction. The land use categories evaluated included 
agricultural, industrial, commercial, and residential. Costs associated with 
each category of land use were converted to a cost per square foot of 
interceptor and are as follows: 
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10.3.5. Contingency 

Contingency is generally separated into three categories to include projects in 
the construction stage, projects in the Design Report stage, and projects in the 
conceptual layout stage. Contingency for each of these categories was 
weighed according to the level of development of each. The percentage 
applied as contingency for each is as follows: 
 Construction stage 10% 
 Design Report stage 15% 
 Conceptual layout stage 25% 
 Bid Phase   0% 

10.3.6. Regulatory Permits 

Large-scale construction projects, as is the case with interceptor construction, 
require permits to be procured prior to commencement of work. Various 
agencies have jurisdiction over underground construction and require that 
proper procedures be followed before, during, and after construction to ensure 
minimal impact to the area involved in construction. Table 10-1 summarizes 
various agencies and permits that are often required for interceptor 
construction. The number and type of permits required for construction 
depend on where the interceptor is to be installed. Construction in an 
established road ROW with creek, railroad, or highway crossing will normally 
require more permits than construction without crossings. The cost for permits 
is included in the costs for Engineering, Administration, and Legal. These 
costs are discussed in Section 10.3.9. 

Table 10.1: Regulatory Permits 

Agency Permit 
County Encroachment Permit Transportation 

Permit 
City Encroachment Permit 
CalTrans Encroachment Permit 
CalOSHA Underground Classification Permit 
RWQCB NPDES General Construction Activity 

Stormwater Permit 
State Park Access Permit 
Regional Transit ROW License Agreement 
Army Corps of Engineers Section 404 Permit 
Department of Fish and Game Streambed Alteration, Agreement, 

Incidental Take Permit 
 

10.3.7. Public Outreach 

Public Outreach for interceptor construction involves communication to area 
and business residents regarding the status of the project design and/or 
construction. This effort is primarily intended to keep the public informed of 
anticipated changes in service to their area and to provide an avenue for 
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feedback from area constituents. Historically, the cost of the Public Outreach 
Program has been included in the cost for consultant services, which is 
included in Item 10.3.9 below. 

10.3.8. Engineering/Administrative/Legal 

Engineering, Administrative, and Legal costs are those costs incurred in 
design, plan check, bid, award, inspection, and construction management of 
interceptor projects. These costs are often divided between Design 
Consultants and District staff for design and construction management of the 
interceptors. Inclusion of a 25% multiplier on the Base and Additional 
Construction Costs comprises the cost for Engineering, Administrative, and 
Legal. The costing model does not account for engineering, administrative, 
and legal costs; these costs will need to be added separately. 

10.4 Alternative Construction Method Costs 

10.4.1. Special Construction – Trenchless Construction 

There exist numerous physical constraints along the interceptor routes that 
may require a contractor to utilize special techniques of construction in order 
to install the interceptor in the designated route. Bore and Jack of a carrier 
pipe for insertion of the conveyance pipe is one standard technique that may 
be required at railroad crossings, creek crossings, canal crossings, major street 
crossings, highway crossings, and potentially to avoid sensitive habitat. 
Similar to the cost assigned for Special Structures, the cost for Bore and Jack 
construction is a function of the diameter of pipe and the length of the 
crossing. The cost for Bore and Jack construction was estimated at $20/dia-
inch/ft in the SRCSD Master Plan. Bore and Jack construction may not be 
suitable for locations with groundwater and/or weak/running soils conditions. 
The costing model does not account for trenchless construction; these costs 
need to be added separately. 

10.4.2. Nighttime and Weekend Construction 

Construction of interceptors through specific areas within city limits often has 
the potential to create community and business impacts. There is the 
possibility that construction can temporarily   affect the ability of the public to 
access certain areas. When those areas include businesses, public reaction to 
avoid such construction zones can keep potential clients or consumers away 
from these businesses. When a definite need is established, the time of 
construction can be altered to after business hours, thereby reducing the 
impact that a business may suffer due to daytime construction. Nighttime 
construction is more expensive; contractors must pay additional fees for 
lighting, generators, and overtime for the pipeline installation crews and 
equipment. The cost for materials remains the same but labor and equipment 
costs increase for nighttime and weekend construction. The costing model 
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does not account for nighttime or weekend construction; modification to the 
model will be required for evaluation of these costs.   

10.4.3. Special Backfill Requirements 

During interceptor construction, there exist conditions that require alternate 
materials for backfill of the trench prior to project completion. Some of those 
conditions include the inability to meet compaction requirements (beneath 
pipe haunches). These conditions may require that imported material such as 
structural fill or controlled density fill be brought in from offsite for 
completion of the trench section. In addition, there are cases where the 
percentage of compaction required is higher than achievable for a native 
material. Depending on the native material used as backfill, it is possible that 
chemical assistance will be needed in order to obtain set percentages for 
backfill compaction. Under this condition, extra compactors and chemicals 
required to obtain set compaction requirements add additional cost for 
interceptor installation. 

10.5  Cost Criteria Summary 

Costs presented in this section for design and construction of new facilities 
reflect current price levels. Probable costs for major structures and equipment 
are based on construction costs for similar projects and on information 
provided by equipment suppliers. Probable costs include allowances for 
contingencies and general requirements (contractor mobilization, supervision, 
and equipment rental) and for rate of production based on the anticipated 
construction technique, soil type, and ground water level. Specific unit costs 
for bedding, pipe, controlled density fill (CDF), concrete, sheeting, trench 
boxes, etc., were developed based on recent District projects, vendor quotes, 
and Black & Veatch inspection staff. These costs require confirmation for 
each interceptor project to be designed. 

As discussed previously, analysis and the resulting costs should focus 
primarily on Construction Techniques 1 and 8. These techniques were 
evaluated for the various master planned pipelines. The cost of installation is 
directly related to anticipated soils, production rate, and ease of construction. 
Assumptions were made for the methods of construction for each 
Construction Technique (see Table 10.2). 

Table 10.2: Cost Criteria Summary 

Item Unit Cost Factor 

Planning Period years 20-30 
Land Cost acres Varies 
Interceptor Pipelines 36-inch to 120-inch $123/lf to $438/lf 
Right-of-way Easements Varies 
Dewatering lf $38 
Manholes n/a Previous projects 
Bedding cubic yards $8.18 
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Crushed Rock cubic yards $14.36 
Concrete cubic yards $100/cy 
(CDF) cubic yards $70/cy 
Asphalt square feet $3.62. 
Labor $/hr CalTrans Labor Surcharge 
Rental Costs $/month CalTrans Rental Cost 
 

The costs developed in Table 10.2 reflect construction only for interceptors 
and do not include O&M costs. These costs take into account the area of 
construction, soil type, depth of interceptor, diameter of interceptor, manholes, 
and depth to groundwater. As the interceptor projects move further into the 
Design Phase, more information will be available, allowing for a more 
accurate estimate for overall construction of each specific interceptor project. 
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Chapter 11. Engineering Services During 
Construction (“Construction Phase 
Services”) 

In general, the construction phase services of an interceptor project include 
three major tasks: Task Series 100 – SRCSD Staff responsibilities during 
construction, Task Series 200 – Design Consultant Engineer Services during 
Construction, and Task Series 300 – Construction Management Services.  
Each task includes several subtasks as outlined below: 

11.1 Task Series 100 – SRCSD Staff Responsibilities 
During Construction 

The role of the DPM and support staff during construction is to represent the 
SRCSD as the project owner.  As the project owner, the DPM is responsible 
for making sure the construction of the project meets the needs of the SRCSD 
and that the end product of the construction will function properly, with 
minimal maintenance, and with limited nuisance to the public.  In general, the 
DPM is tasked with following the construction progress, responding to 
technical aspects of the project, coordinating with appropriate SRCSD staff, 
looking out for the needs of the public during construction, directing efforts of 
the consultant, and monitoring activities of construction management staff. 

Task 101 - SRCSD Representative:  The DPM is the project owner 
representative.  As such, the DPM is responsible for making decisions and 
taking actions that support the best interests of the SRCSD.  Where decisions 
and actions are controversial, political or include significant cost, the DPM 
will confer with management, and will provide direction to the construction 
management team consistent with SRCSD management decisions. The DPM 
should focus on making sure the needs of the end user (O&M Staff) are met, 
public impact is minimized, the SRCSD liability is kept to a minimum, and in 
some cases, the political aspects of the project are addressed. 

Except in rare circumstances, all direction to the construction contractor from 
the DPM should be communicated through the Construction Management 
Staff. 

Task 102 - Oversee preparation of the Construction Management Plan:  The 
DPM will oversee the preparation of the Construction Management Plan by 
the Design Consultant. The Construction Management Staff will assist the 
Design Consultants. 

Task 103 - Pre-construction Conference or Kick-off Meeting:  The Resident 
Engineer is the lead in conducting this meeting (see Task 304).  The DPM role 
is to participate in this meeting as the project owner representative, and to 
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identify and stress specific concerns and needs of the SRCSD.  Items typically 
stressed by the DPM include schedule, public impact, traffic concerns, 
construction impacts on businesses, etc.  

Task 104 - Project Information Management System:  The DPM will make 
available an electronic information management system (system) that allows 
storage of construction contract documentation, and provides a quick means 
of document transfer.  The system should be accessible by all parties of the 
construction contract, excluding the construction contractor.  As of the writing 
of this Interceptor Design Manual, the favored system implemented by the 
SRCSD is a web based product called “E-Room”.   

All participants representing the SRCSD during construction should make use 
of the system for information transfer and storage. The majority of the 
information populating the system is information submitted by the contractor.  
The Resident Engineer is tasked with uploading electronic versions of the 
documents and maintaining a organized electronic file system.   

Task 105 - Project Hard Copy Files:  The DPM is tasked with configuring and 
maintaining a hard copy file system within the SRCSD office.  The file system 
should be available for SRCSD staff to view project documentation when 
needed.  The file system should have an updated file system index for staff to 
locate information about the project. 

Task 106 - Obtain Permits: The DPM is responsible for obtaining all permits 
for the project.  Most permits must be acquired well in advance of bidding the 
construction contract and are part of the services provided by the design 
engineer.  Permits that must be obtained following bid are either acquired by 
the DPM or written into the construction bid documents as a requirement of 
the construction contractor. 

At a minimum, the DPM is responsible for acquiring coverage under the State 
General Storm Water Permit associated with Construction Activity by 
contacting the State Regional Water Quality Control Board and submitting a 
Notice of Intent. 

Task 107 - Project Status Reports:  The DPM is responsible for updating a 
project status report for the SRCSD Management.  This report should be a 
continuation of reporting performed during design of the project and should 
include project milestones, construction cost, public outreach efforts, and 
significant issues regarding construction. 

Task 108 - Project Financial Reports:  The DPM is responsible for tracking 
the overall project cost and reporting financial balances with the project 
budget. 
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Task 109 - Public Outreach:  The DPM, with assistance from the Resident 
Engineer and the SRCSD Communication Media Office (CMO), is 
responsible for coordinating construction activities with public outreach 
efforts.  The DPM will communicate the status of construction with the CMO 
and make decisions on outreach activities.  The DPM and CMO will work 
together with a Public Relations consultant to keep the public informed of 
construction activities that affect them. 

Task 110 - Construction Document Review:  The DPM is responsible for 
distributing construction documents (submittals, RFI’s, etc.) for review and 
comment by the design engineer and appropriate SRCSD staff.  The DPM will 
make decisions about who should review and comment on the documents, and 
ensure a timely response to the Resident Engineer.  All comments returned to 
the Resident Engineer, which would then be forwarded to the construction 
contractor, should be reviewed and approved by the DPM. 

Task 111 - Coordination with Operation and Maintenance Staff:  The DPM 
should keep in regular communication with the O&M Staff during 
construction of the project.  Issues that arise, and have the potential to affect 
the operation of the installation, must me coordinated with O&M staff.  In 
addition, the DPM should identify appropriate times during construction to 
invite O&M staff to the construction site to provide O&M Staff the 
opportunity to see the facilities prior to backfill. 

Task 112 - Final Project Inspection:  Prior to the Resident Engineer granting 
Field Acceptance of the project, an inspection of the installation will be 
requested by the Resident Engineer.  The DPM will arrange a site visit with 
O&M staff and the design engineer to inspect the installed facility.  The 
Resident Engineer will coordinate with the construction contractor to arrange 
safe access to the installed facility.  The Resident Engineer will record issues 
identified during the inspection, and direct the contractor to make corrections 
requested. 

Task 113 - As-built Documentation:  The Resident Engineer is responsible for 
making sure the construction contractor is maintaining accurate as-built 
documentation during construction.  The DPM should request an occasional 
review of the as-built documents as the construction progresses.  Following 
field acceptance of the project, the Resident Engineer will request submission 
of the as-built documentation from the construction contractor.  The Resident 
Engineer will have lead responsibility in reviewing the as-built documents to 
ensure they are an accurate representation of the project as constructed.  The 
DPM will receive the as-built documents from the Resident Engineer, and 
perform an additional review for accuracy and final approval.  The DPM will 
then request the field marked as-built documents be converted to AutoCAD 
drafted documents.  This is performed by either the SRCSD documentation 
group, or the design engineer if this effort is carried in the design engineer’s 
scope of services.  Following final review and approval, the DPM will turn 
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over the as-built documentation to the SRCSD documentation group to be 
filed as Record Drawings. 

Task 114 - Construction Files:  The Resident Engineer is responsible for 
creating and maintaining the legal set of construction contract files.  For some 
time following construction, the Resident Engineer will store the legal 
construction files.  When the Resident Engineer is confident that activities 
with the construction contractor are complete and all remaining contracting 
issues have been resolved, the construction files will be turned over to the 
DPM.  The DPM will insert any pertinent files kept by the DPM, and forward 
the construction files to the SRCSD documentation group for archiving. 

11.2   Task Series 200 – Design Consultant 
Engineering Services during Construction 

The Engineering Services provided during construction will support the 
Project Management and the CM Staff by addressing design-related aspects of 
the construction.  For continuity, the design engineers who originally designed 
the project will provide Engineering Services during construction.  This will 
maintain continuity and responsibility and will expedite the review of 
submittals and response to RFIs (Request for Information) and other requests.  
The general nature of their duties includes: 

1.  Submittal and RFI review 

2. Drawing and specification interpretation 

3. Resolution of engineering problems/technical change order preparation 

4. Assistance with testing and startup 

5. Participation in final walkthrough inspection/punch-listing 

6. Finalize project “As-Built”' records.  Typically the contractor and the 
CM staff maintain redlined drawings, during the course of 
construction. The designer prepares the final record drawings from 
redline drawings. 

As the holders of the Design Intent for the Project, common tasks they might 
perform include: 

Task 201 - Prepare Construction Management Plan:  The Design Consultant 
has the responsibility for preparing the plan.  The Design Consultant will meet 
with the Construction Management Staff, with oversight by the DPM, to 
develop procedures to be implemented through the construction process. The 
plan shall address roles and responsibilities, chain of command, submittals, 
progress payments, contract changes, RFIs, reports and construction schedule, 
communications, partnering, meetings, QA and testing procedures, standard 
forms, and claims mitigation. 
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Task 202 - Submittals Review: Submittals from the contractor, including Shop 
Drawings, O&M Manuals, and other items as required by the contract 
specifications will be reviewed to ensure conformance with design documents. 

Task 203 - Interpretation and Clarification: Engineer will clarify or interpret 
the intent of the design documents when requested by the Contractor.   

Task 204 - Change requested by contractors: Prepare changes to the design 
documents and cost estimates for contract changes when requested by the 
SRCSD for an increase or credit to the project cost (may also be no cost 
changes).  Change request by the contractor could be result of construction 
errors or desire changes by the contractor.  If the Contractor requested 
changes are submitted to resident Engineer. The Design Engineer will review 
the requested the changes in the light of the contract documents to determine 
if they are legitimate and priced correctly.  The Resident Engineer will 
perform the change order negotiation. 

Task 205 - Changes requested by SRCSD: The DPM and Design Engineer 
will prepare a “Proposed Contract Modification” (see Appendix). The Design 
Engineer will provide Design changes, justification and cost estimate. 

Task 206 - Periodic Site Visits: Make site visits at various stages of 
construction to ensure the progress and quality of the executed work of 
Contractor is in conformance with the design documents.  

Task 207 - Geotechnical Support: Provide geotechnical support services 
throughout the contract period. 

Task 208 - Reload Drawings 

Task 209 - Start up service D. E. will provide staff for oversight start up 
procedures. 

11.3 Task Series 300 –Construction Management Services 
Construction Management consists of construction contract administration 
and inspection.  The Construction Management staff serves as the focal point 
and facilitator for the overall project team.  Typical tasks performed by the 
Construction Management staff include: 

Task 301 - Assist with the preparation of the Construction Management Plan :  
Construction Management Staff will assist the Design Consultant with 
preparation of the Construction Management Plan (see Task 201) 

Task 302 - Liaison: The Resident Engineer will serve as SRCSD’s 
representative and liaison between the SRCSD and contractor.  In this 
capacity the District and Resident Engineer will work with all parties and 
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assist with the clarification of the intent of the documents.  The Resident 
Engineer will provide direction to the contractor. 

Task 303 - Administer a site safety program for construction: Review 
Contractor prepared site safety program to verify that a program has been 
prepared before construction begins.  The Resident Engineer will monitor the 
contractor’s work for compliance with the accepted safety plan and applicable 
OSHA and District safety requirements. 

Task 304 - Conduct a Pre-construction Conference: The pre-construction 
conference is a key meeting between all the stakeholders including the 
District, Design Team, Contractors and Subcontractors. This meeting is 
critical to establishing roles, responsibilities, and procedures to ensure a 
smooth and successful project.  

Task 305 - Administer the Construction Schedule: As part of this task, the 
Resident Engineer will monitor the progress of the project with respect to the 
original construction schedule prepared by the Contractor.   

Construction Management scheduling personnel are responsible for: 

1. Review of the original baseline schedule and all subsequent project 
schedule updates submitted by the contractor 

2. Review and approval of any recovery schedules 

3. Providing schedule information for -progress and status reporting to 
the SRCSD 

4. Incorporating and analyzing the impacts of change orders 

5. Attend monthly progress meetings and other meetings with SRCSD 
and the Contractor when necessary, review and discuss construction 
procedures and the impacts to the project schedule 

6. Review the progress schedule, schedule of shop drawings submissions, 
submittal schedules, and schedule of values prepared by the 
Contractor, and provide comments concerning their acceptability 

7. Assist with review of monthly progress payment requests 

Task 306 - Contract Administration: Contract administration consists of field 
inspection and management of the processes and procedures used to ensure 
the work is performed in accordance with the contract documents.  Field 
Inspection is the heart of Resident Engineering effort to ensure the 
construction is occurring as stipulated in the contract documents.  These 
activities include: 

1. Management of the physical construction through coordinating and 
interfacing with the construction contractor.  This includes thorough 
documentation of site conditions and construction activities. 
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2. Set up and maintain a Quality Assurance (CM does QA, contractor 
does QC) Inspection Program. This program helps ensure that the 
Contractor’s quality control procedures are adequately implemented 
and compliance is achieved.  The Resident Engineer will ensure the 
following tasks are carried out: 

• Establish quality assurance responsibilities 

• Review Contractor’s quality control program 

• Review Contractor’s QC test data 

• Administer testing contracts as required 

• Maintain full-time quality assurance inspection 

• Soil Testing 

• Concrete Testing 

• Factory Witness Testing 

• PVC Lining Inspection (Welding, Holiday Testing) 

• Pipe Joint Test Witness 

• Check grades 

• Pressure Test (F.M.) 

• Deflection (F.M.) 

• Manhole Leak Test  

3. Construction Progress monitoring and reporting.  The Resident 
Engineer’s activities will include review and upkeep of:   

•  Progress reporting 

• Schedule status summary 

• Analysis of schedule deviations 

• Procurement status reports (for District supplied materials) 

• Meeting summaries 

• Daily, weekly and monthly construction status reports and testing 
logs 

• Photographs 

4. Monthly Construction Progress Report: The Resident Engineer will 
prepare monthly progress reports including a summary of the 
Contractor's progress, percent complete, status of milestone activities 
and deviations of critical path items.  These reports will also include 
cost reports and progress payments indicating expenditures to date and 
projected cost to complete, contract change orders and claims, 
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document tracking and processing status, procurement activity, 
delivery and installation of SRCSD-furnished materials and 
equipment, quality control activities and the general condition of the 
work.  Significant items requiring resolution, the responsible party, 
problems, and resolutions or proposed resolutions to problems will 
also be included. 

5. Non-Compliance Notification: The Resident Engineer will inform the 
SRCSD and Contractor of work known to be defective, or which fails 
any required inspections, tests, or approvals, or has been damaged 
prior to final payment; and advise the District whether the work should 
be corrected or rejected or should be uncovered for observation, or 
requires special testing, inspection or approval. 

6. Certification/O&M Materials: The Resident Engineer will verify that 
specified certificates, operation and maintenance information manuals 
and other data to be submitted by the Contractor are complete and 
adequate.  The Resident Engineer will deliver this material to the 
SRCSD prior to final acceptance of the work. 

7. Certified Inspections & Tests: The Resident Engineer will review 
certificates of inspections, tests, and related approvals submitted by the 
Contractor as required by laws, rules, regulations, ordinances, codes, 
orders or the Contract Documents (but only to verify that their content 
complies with the requirements of, and the results certified indicate 
compliance with, the construction contract documents). 

8. Weekly Progress Meetings: The Resident Engineer will conduct 
scheduled, weekly meetings with the District, Construction Manager, 
design engineering representatives and Contractor to discuss submittal 
and RFI status, potential change orders and change orders, 
coordination of construction activities, system outages, partnering 
status, public relations/information, project progress and other 
outstanding issues.  Resident Engineer will provide minutes of these 
meeting, including any action items, to the District and other 
participants. 

 
9. Review/Process Progress Payment: The Resident Engineer will 

conduct monthly progress meetings, with the District, Design Team 
and Contractor to serve as a forum to discuss progress, progress 
payment and other issues. The Resident Engineer will approve the 
Contractor’s schedule of values after necessary corrections.  The 
monthly schedule update, schedule of values established by the 
Contractor’s bid proposal on the project, in combination with the 
Resident Engineer’s field observation of the contractor’s progress will 
be used to determine the appropriateness of the Contractor’s request 
for payment.  The Resident Engineer will complete the following: 
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• Review the Contractor’s applications for payment and forward 
them with recommendations to SRCSD, noting particularly their 
relation to the schedule of values, work completed and materials 
and equipment delivered at the site but not incorporated into the 
work. 

• Review and approve contract change orders for inclusion with 
progress payments for payment 

• Withhold monies from the progress payment in accordance with 
applicable Stop Payment Notices 

• Receive and review certified payrolls 
 

10. Administration of Claims: The Resident Engineer will also incorporate 
effective administrative procedures for handling Contractor claims into 
the project field instructions.  These procedures will provide the 
following: 

• A method of validating basis of claims through review of 
appropriate documentation 

• Procedures for claims negotiations including alternate dispute 
resolution 

• Claims approval processing where appropriate 

• Assistance with the preparation of legal defense for disputes during 
the construction process 

 
11. Final Completion Certification: The Resident Engineer, design team, 

District and contractor will conduct an inspection at the contractor’s 
request for substantial completion to determine if the project or the 
work is complete in accordance with the contract documents.  The 
Resident Engineer will compile and deliver to the District and 
Contractor a punch list; schedule for punch list completion and 
schedule for follow up inspection.  Upon completion of all items in the 
list and certification by the Resident Engineer, the facility will be 
ready for filing of the Notice of Completion, initiation of lien filing 
period and final payment processing/release of retention. 

 
12. Coordination of Shop Drawings, RFIs, and Changes:  The Resident 

Engineer will coordinate the shop drawing review, request for 
information and change orders between the Contractor, Design 
Engineer, and the District.  The Resident Engineer will log all 
documents and samples submitted by the Contractor.  In addition, the 
Resident Engineer will maintain a marked set of drawings and 
specifications at the jobsite based on data provided by the Contractor.  
This information will be combined with information from the record 
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documents maintained by the Contractor, to produce draft record 
drawings. 

 
13. Maintain Records: The Resident Engineer will maintain detailed 

records of each document related to construction with a log number 
assigned to each document.  Original construction contract documents 
will be maintained offsite at the CMD SRWTP field offices.  A 
duplicate of each document will be provided to the District.  
Responsibilities under this task include: 

• Maintaining the following documents at the jobsite: 

a. Correspondence and RFI/Design Clarification files 

b. Reports of jobsite conferences, meetings and discussions 
among the Construction Manager, SRCSD and Contractor 

c. Submittals of shop drawings and samples 

d. Original construction contract documents-/ OFFSITE 
RECORD (LEGAL FILES) 

e. Addenda 

f. Potential Change Orders and Change orders 

g. Field Instructions  

h. Additional drawings issued subsequent to execution of the 
construction contract documents 

i. Progress reports 

j. Progress payment requests, progress payments and certified 
payrolls 

k. Testing logs 

l. Non-compliance reports and logs 

m. Names, addresses and telephone numbers of all Contractors, 
subcontractors and major suppliers of materials and 
equipment/Emergency telephone contact list 

• Maintaining a daily diary or logbook of events at the jobsite, 
including the following information: 

a. Days the Contractor worked on the jobsite 

b. Contractor and subcontractor personnel on jobsite 

c. Construction equipment on the jobsite 

d. Observed delays and causes 

e. Weather conditions 

f. Data relative to claims for extras or deductions 
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g. Daily activities 

h. Accident Reports 

i. Observations pertaining to the progress of the work 

j. Materials received on jobsite 

• Maintain a log of milestone completion dates, dates of substantial 
completion, field acceptance and final acceptance, dates of start of 
warranty. 

• Establishing a system for indexing, control and maintenance of 
project records 

• Documenting control and clerical services required to effectively 
support the construction operations 

14. Construction Photographs: Take photographs at different stages of 
construction. This will enable the District to record significantly more 
information for a lower cost.  This will also supplement the As-Built 
drawings when information that is more detailed is required.  This can 
be extremely useful when laying each pipe, to show the location and 
depth of pipe. 

 
15. Construction Permits: Track the contractors’ progress in obtaining 

their construction permits from applicable agencies 

Task 307 - Public Information Services and Public Response. 

1. Coordinate activities with SRCSD Public information officer as 
required. 

2. Accompany visiting inspectors representing public or other agencies 
having jurisdiction over the project.  Record the names of the 
inspectors, and the results of the inspections. 

3. Provide personnel and facilities for dealing with telephoned or written 
communications regarding the construction of the project. 

4. Provide, or direct Contractor to provide, notifications to local residents 
and business owners of construction impacts and schedule of work. 

5. Maintain a log of Public inquiries and complaints including Name, 
Address, phone number, date of contact, nature of inquiry, response, 
required actions and close out date. 

Task 308 - Factory Witness Testing and Quality Assurance (QA) Testing: 
Engineer will visit the factory for witness testing when required by contract 
documents and provide for testing services as required during the contract.  
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Typically, the CM staff, supported by a materials testing firm, does field-
testing. 
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Department Abbreviations 
 
Electrical Engineering = WQ Electrical Engineer 
Civil Engineering = WQ Civil Engineer 
Communications Media Office = CMO 
Radio = Radio Shop 
Operations and Maintenance = WQ O&M 
Management Information Systems = MIS 
Water Resources Department = WRD 
Electric Shop = Elec. Shop 
Sacramento Regional Wastewater Treatment Plant = SRWTP 
Construction Management Division = CMD 
Control Systems = Cont. Sys. 
Administration = WQ Administration 
Transdyn = Transdyn 
Environmental Management Agency = EMA 
Amelco = Amelco 
Misc. Contractor = Contractor’s name 
Misc. Consultant = Consultant’s name 
Misc. Departments/Division = Department/Division name 
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City of Citrus Heights Encroachment Permits (Well Permit conditions, if necessary, will be 
included in the Encroachment Permit) 

6237 Fountain Square Drive 

Citrus Heights, CA 95621 

Attn:  Felix Ajayi  (916) 727-4770 

 
City of Folsom Permitting/Encroachment Permits 

50 Natoma Street 

Folsom, CA 95630 

 

City of Galt Department of Public Works 

Encroachment Permits 

495 Industrial Drive 

Galt, CA 95632 

Attn:  Dave Tucker (209) 745-0575 

 

City of Rancho Cordova 

3121 Gold Canal Drive 

Rancho Cordova, CA 95670 
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City of Sacramento Public Works Department 

Encroachment and Excavation Permits 

1231 I Street, Room 200 

Sacramento, CA 

(916) 264-7995 

 

City of West Sacramento Engineering/Encroachment Permits 

1110 West Capitol Ave 

West Sacramento, CA  95691 

 
County of Sacramento Environmental Management Department 

Environmental Health Division (Well Permit) 

8475 Jackson Road, Suite 240 

Sacramento, CA 

Attn: Steve Kalvelage (916) 875-8416 

 

County of Sacramento Environmental Management Department 

Hazardous Materials Division (Well Permit) 

8475 Jackson Road, Suite 230 

Sacramento, CA 

Attn: Dana Booth (916) 875-8519 

 

County of Sacramento Public Works Agency 

Encroachment and Transportation Permits 

827 7th Street 

Sacramento, CA 

(916) 874-6544 

 

State of California Department of Transportation – CalTrans 

Permits (Encroachment Permit) 

1120 N Street 

Sacramento, CA 

 9 of 12  



(916) 654-4961 

 
 
Yolo County Department of Environmental Health 

Monitoring Well/Soil Boring Installation and Closing Permit (Including Investigations within the 
City of West Sacramento) 

292 W. Beamer Street 

Woodland, CA  95695 

Attn:  Jeff Pinnow (530) 666-8646 

 

Yolo County Department of Public Works  

Encroachment Permits (not required if Encroachment Permit is issued by the City of West 
Sacramento) 

292 W. Beamer Street 

Woodland, CA  95695 

Attn:  Jim Campbell (530) 666-8847 

 

 

 
Encroachment Permit Contacts 
 

City of Citrus Heights Encroachment Permit Contact 

(916) 727-4770 
 
Encroachment Permit Requirement 

The City of Citrus Heights requires the design engineer to apply for an encroachment permit at 
the City’s Public Works Department.  The plan-checking fee will be a nominal fee of $2,500 that 
is used as a general deposit to charge to for the inspection of the pavement and traffic control.  
Additional monies may be required from the contractor if costs exceed the $2,500 deposit.  

 

 

City of Elk Grove Encroachment Permit Contact 

Sacramento County Technical Resources Division (916) 264-8300 
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City of Folsom Encroachment Permits Contact  

(916) 355-7337 

 

Encroachment Permit Requirements 

The City of Folsom requires the design engineer to apply for an encroachment permit at the 
City’s Public Works Department.  The plan-checking fee and inspection fee will be 4% of the 
construction cost for backfilling, paving, and traffic control. 

 

 

City of Sacramento Encroachment Permit Contact 

(916) 264-7995 

 

Encroachment Permit Requirements 

The City of Sacramento requires the design engineer to apply for an encroachment permit at the 
City’s Public Works Department.  The City will not charge SRCSD a plan-checking fee.  
However, the City will charge SRCSD an inspection fee based on a percentage of the 
construction cost for backfilling and paving.  The City’s inspector would inspect only the 
backfilling and paving of the streets.  The SRCSD inspector will inspect the interceptor 
installation. 

 

 

City of West Sacramento Encroachment Permits Contact 

1110 West Capitol Ave 

West Sacramento, CA  95691 

 

Encroachment Permit Requirements 

The City of West Sacramento requires the design engineer to apply for an encroachment permit 
at the City’s Engineering Department.  The plan checking and inspection fees will be based on 
the time and materials cost for field inspection activities and are paid by the District’s contractor 
as part of the construction.   
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County of Placer Encroachment Permits Contact 

(530) 889-7528 

 
Encroachment Permit Requirements 

The design engineer is required to submit 10 sets of plans and specifications to the Land 
Development Office of the Public Works Department to apply for the encroachment permit.  The 
design engineer shall make an appointment with the County's plan-checker prior to the formal 
submittal.  The traffic control plan is to be submitted with the plan set. 

 

County of Sacramento Encroachment Permit Contact 

Sacramento County Construction Management Division (916) 875-2782 

 
Encroachment Permit Requirements 

The design engineer is not required to apply for an encroachment during the design stage.  The 
Contractor must apply for the encroachment permit before construction begins. 
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000 Master List of Files Upper Northwest 5&6
100.101.01 General Project Information Meeting Notes
100.101.02 General Project Information Workshops/Hearings
100.101.03 General Project Information Photos
100.101.04 General Project Information Reports
100.101.05 General Project Information Reference Data/Materials
100.101.06 General Project Information Site Investigations/Trips
100.101.07 General Project Information Vicinity Maps
100.102.01 Presentations/Meetings Board Presentations
100.102.02 Presentations/Meetings Board Letters
200.201.01.01 Engineering Design Services RFP-Draft
200.201.01.02 Engineering Design Services RFP-Final
200.201.01.03 Engineering Design Services Solicitation/Advertisement
200.201.01.04 Engineering Design Services Clarification Requests
200.201.02.01 Engineering Design Services Proposals-Submitted
200.201.02.02 Engineering Design Services Proposals-Evaluation
200.201.02.03 Engineering Design Services Proposals-Selection
200.201.03 Engineering Design Services Board Items
200.201.04 Engineering Design Services Agreement/Amendment
200.201.05 Engineering Design Services Certificates of Insurance
200.202.01.01 Construction Management Services RFP-Draft
200.202.01.02 Construction Management Services RFP-Final
200.202.01.03 Construction Management Services Solicitation/Advertisement
200.202.01.04 Construction Management Services Clarification Requests
200.202.02.01 Construction Management Services Proposals-Submitted
200.202.02.02 Construction Management Services Proposals-Evaluations
200.202.02.03 Construction Management Services Proposals-Selection
200.202.03 Construction Management Services Board Items
200.202.04 Construction Management Services Agreement/Amendment
200.202.05 Construction Management Services Invoices (CM)
200.202.06 Construction Management Services Certificates of Insurance
300.301.01 General Project Correspondence Brown and Caldwell
300.301.02 General Project Correspondence TSD
300.301.03 General Project Correspondence Board of Supervisors
300.301.04 General Project Correspondence CalOSHA
300.301.05 General Project Correspondence CalTrans
300.301.06 General Project Correspondence Interoffice Correspondence
300.301.07 General Project Correspondence Transportation
300.301.08 General Project Correspondence PIO
300.302.01 Progress Meetings B&C/SRCSD
300.302.02 Progress Meetings B&C/Other Agency Officials

Upper Northwest Interceptor
Sections 5 & 6

Master List of Files



300.302.03 Progress Meetings B&C/Board of Supervisors
300.302.04 Progress Meetings B&C/Public
300.302.05 Progress Meetings B&C/Other Affected Entities
300.303 Invoices for Brown & Caldwell
300.304 Project Schedule
300.305 Monthly Progress Reports
300.306 Decision Log
300.307.01 Memorandums of Understanding MOU with Transportation
300.308 Project Website
400.401.01 Building Codes Standard Specs
400.402 Water Quality AutoCAD Standards
400.403 Geotechnical/Resource Information
400.404 Site/Facility Visits
400.405 Vendor Information
500.501.01 Design Phase Public Outreach Plan Draft Submission
500.501.02 Design Phase Public Outreach Plan Review Comments
500.501.03 Design Phase Public Outreach Plan Final
500.502.01 Public Outreach Meetings Meeting w/ Village School
500.502.02 Public Outreach Meetings Correspondence w/Residents
500.503.01 Public Access Website Base Information
500.503.02 Public Access Website Updates
500.504.01 Construction Phase Public Outreach Draft Submission
500.504.02 Construction Phase Public Outreach Review Comments
500.504.03 Construction Phase Public Outreach Final
500.505.01 Emergency Response Plan Draft Submission
500.505.02 Emergency Response Plan Review Comments
500.505.03 Emergency Response Plan Final
500.506 Newsletters/News Releases
500.507 Mailing Lists
500.508 Constituent Files
600.601.01 Project Design Report Draft Submission
600.601.01.01 Design Report-Pumping Station Pre-Design Report
600.601.02 Project Design Report Review Comments
600.601.03 Project Design Report Final
600.602 Technical Memorandums
600.603.01 Mapping/Aerial Topographic Surveys Data Collection/Review
600.603.02 Mapping/Aerial Topographic Surveys Draft Submission
600.603.03 Mapping/Aerial Topographic Surveys Review Comments
600.603.04 Mapping/Aerial Topographic Surveys Final
600.604.01 Plans & Specifications 60% Submittal
600.604.01.01 Plans & Specifications 60% Submittal-Review Comments
600.604.02 Plans & Specifications 90% Submittal
600.604.02.01 Plans & Specifications 90% Submittal-Review Comments
600.604.03 Plans & Specifications 100% Submittal
600.604.03.01 Plans & Specifications 100% Submittal-Review Comments
600.605.01 Geotechnical Report/Investigations Preliminary Geotech Investigation
600.605.02 Geotechnical Report/Investigations Draft Submission
600.605.03 Geotechnical Report/Investigations Review Comments



600.605.04 Geotechnical Report/Investigations Final
600.606.01 Environmental Mitigation Analysis Data Collection/Review
600.606.02 Environmental Mitigation Analysis Hazardous Materials Assessment
600.606.03 Environmental Mitigation Analysis Draft Submission
600.606.04 Environmental Mitigation Analysis Review Comments
600.606.05 Environmental Mitigation Analysis Final
600.607.01 Permits Data Collection/Review
600.607.02.01 Permits Army Corps (404)
600.607.02.02 Permits Discharge Permit (RWQB)
600.607.02.03 Permits Encroachment Permit/Trench Cut Fees
600.608 Trenchless Technology
600.609.01 Engineer's Cost Estimate 60% Submittal
600.609.01.01 Engineer's Cost Estimate 60% Submittal-Review Comments
600.609.02 Engineer's Cost Estimate 90% Submittal
600.609.02.01 Engineer's Cost Estimate 90% Submittal-Review Comments
600.609.03 Engineer's Cost Estimate 100% Submittal
600.609.03.01 Engineer's Cost Estimate 100% Submittal-Review Comments
600.610.01 Traffic Control Plans Transportation Correspondence
600.610.02 Traffic Control Plans Traffic Studies/Traffic Counts
600.610.03.01 Traffic Control Plans Traffic Control Plan-Draft
600.610.03.02 Traffic Control Plans Traffic Control Plan-Review Comments
600.610.03.03 Traffic Control Plans Traffic Control Plan-Final
600.611.01 Utility Coordination Data Collection/Review
600.611.02.01 Utility Coordination Pothole Data
600.611.03.01 Utility Coordination Conflicts Report-Draft
600.611.03.02 Utility Coordination Conflicts Report-Review Comments
600.611.03.03 Utility Coordination Conflicts report-Final
600.611.04.01 Utility Coordination Plans-'A' Plans
600.611.04.02 Utility Coordination Plans-'B' Plans
600.611.04.03 Utility Coordination Plans-'C' Plans
600.612.01 Right-of-Way Engineering Easement Analysis
600.612.02 Right-of-Way Engineering Plats & Legals
600.613.01 Construction Issues Proposed Construction Approach
600.613.02 Construction Issues Proposed Construction Schedule
600.614.01 Construction Management Plan Draft Submission
600.614.02 Construction Management Plan Review Comments
600.614.03 Construction Management Plan Final
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SACRAMENTO REGIONAL COUNTY SANITATION DISTRICT 
REQUEST FOR PROPOSAL 

for ENGINEERING DESIGN SERVICES 
 

BRADSHAW INTERCEPTOR SEWER – SECTION 8 
JUNE 13, 2002 

 

 
 
I. INTRODUCTION 
 

The Sacramento Regional County Sanitation District (SRCSD) is undertaking an 
interceptor sewer system expansion program. This program is to provide relief capacity for 
the existing interceptor system and also provide for projected growth within the portions of 
the District that are being scheduled for urban development over the next 20 years. 
 
The first interceptor system to be constructed under this expansion program is the 31-mile 
Bradshaw/Folsom Interceptor. This system will convey flows from the northeast area of 
Sacramento County, including the Cities of Folsom and Citrus Heights, to the Sacramento 
Regional Wastewater Treatment Plant in southwest Sacramento County. Currently, Sections 
2A, 2B and 3A of the Folsom East Interceptor, and Sections 1, 2, 3, 4, 5A, and 5B of the 
Bradshaw Interceptor, have been constructed. Bradshaw Interceptor Section 6A, 6B, and 
Folsom East Interceptor Sections 1B, 3B and 3C are either under design or in construction. 

 
This Request for Proposal is for Section 8 of the Bradshaw/Folsom Interceptor System as 
described within. It is anticipated to be the final section of the Interceptor to be constructed 
and therefore allow the entire Bradshaw/Folsom Interceptor System to go on-line. 
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II. PROJECT DESCRIPTION 
 

According to the Bradshaw/Folsom Interceptor System Design Report, the Bradshaw 
Interceptor -- Section 8 extends along International Drive from Reserve Drive to Kilgore 
Road.  The proposed interceptor alignment then turns north and follows Kilgore Road to a 
point approximately 900 feet north of Sun Center Drive where it turns east and travels cross 
country to the intersection of Sunrise Boulevard and Citrus Road. The alignment proceeds 
north on Citrus Road and terminates at the intersection of Citrus Road and Trade Center 
Drive.    
 
However, due to changes or modification to Bradshaw Interceptor –Section 7, the starting 
location of the Bradshaw Interceptor -- Section 8 has been tentatively revised to begin at the 
intersection of International Drive and Kilgore Road.  Based on the latest alignment of 
Folsom East Interceptor 1B, the Bradshaw Interceptor -- Section 8 will terminate at the 
intersection of Citrus Road and Trade Center Drive. The consultant will be required to 
coordinate and analyze this route and other proposed routes for a preferred alignment. 
 
The Project will be composed of approximately 8,350 feet of 72 inch Interceptor at an 
average invert depth of 35 feet. The Project alignment is adjacent to an operational fire 
station and a number of busy commercial properties. The pipe will also be constructed in 
soil previously dredged for gold. 
 
The Project is scheduled to be ready to advertise for construction in June 30, 2003 
 

III. INFORMATION AND MATERIALS PROVIDED TO THE CONSULTANTS 
 
A number of preliminary studies, reports, and surveys conducted on behalf of SRCSD are 
available to assist in the proposal preparation and the design effort.  The following 
information and materials are available. 
 
1. The "Bradshaw/Folsom Interceptor System Design Report" that includes: 

a) Plan and profile sheets of the preferred project route. 
b) Pipe diameter, slope and capacity. 
c) Existing utilities (10-inch diameter and larger). 
d) Route and alignment evaluation and selection information. 
e) Final design considerations. 
 

2. The Final Environmental Impact Report for the Sacramento Sewerage Expansion 
Master Plan and Bradshaw, Sunrise and Folsom East Interceptor Projects. 

3. A survey report prepared for the "Bradshaw/Folsom Interceptor System Design 
Report" containing locations of permanent monuments set for the design and 
construction of the Bradshaw Interceptor. 

4. County of Sacramento, Water Quality Division AutoCAD Standards. 
5. Sacramento County GIS Utility Base Maps. 
6. MP2000 (Draft), Black & Veatch 
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IV. SCOPE OF SERVICES 

 
This Request for Proposal (RFP) is for the engineering design and construction related 
services for Section 8 of the Bradshaw/Folsom Interceptor Sewer System.  The scope of 
services will include the following activities: 
 
A. Project Management 

 
1. The Consultant will conduct regularly scheduled progress meetings with the 

SRCSD design review team throughout the course of design.  These meetings are 
generally held on a bi-weekly basis unless otherwise agreed upon.  The 
Consultant will provide meeting agenda’s and minutes for each meeting.  In 
addition, the Consultant will produce and maintain a decision log to record details 
of decision making on important design issues. 

 
2. The Consultant will submit and maintain a schedule showing engineering service 

tasks and milestones for deliverables.   
 
3. The Consultant will submit a monthly progress report with their monthly progress 

payment requests that includes a description of current key activities, a list of 
tasks for the following month, and an engineering budget bar graph showing 
cumulative totals and monthly totals broken down by task.  Each monthly 
progress report will include an updated schedule for currently active tasks and 
subtasks. 

 
4. The Consultant will establish a proactive Public Outreach Program to facilitate 

communications between the Consultant team, SRCSD, residents, businesses, and 
community interest groups.  The program will include the creation and 
maintenance of a project stakeholder data base, preparation of newsletters, 
conduct public workshops, prepare news releases and feature news articles, etc.  
In addition, the Consultant will produce and update maps, schedules, meeting 
announcements, agendas, meeting minutes, etc. to be posted on the SRCSD public 
access web site.   

 
5. The Consultant will coordinate and participate in meetings with affected 

businesses and property owners, community interest groups and associations, 
utilities, and governmental agencies.  The Consultant will provide meeting 
agendas and minutes of meetings to meeting attendees. 

 
6. The Consultant will coordinate with Sacramento County Department of 

Transportation on all issues related to installation of interceptor in and around 
roads including; trench cut fees, encroachment permits, trench zone road 
replacement, construction traffic control, etc. 

 
7. The Consultant will participate in “E-Room”, a protected web site hosted by 

SRCSD for the transfer of project documents between design team members and 
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SRCSD staff. Consultant will be required to transmit all electronic data to E-
Room. 

 
8. The Consultant shall institute and maintain a Quality Assurance/Quality Control 

(QA/QC) program for the work performed on this project. 
 

DELIVERABLES: 
 

• Monthly progress reports and schedules. 
 
B. Special Design Considerations 

 
1. KILGORE ROAD TO CITRUS ROAD SECTION: 

 
The section of interceptor from Kilgore Road to Citrus Road will require special 
consideration in terms of the alignment and construction method(s). The 
Consultant will analyze options in relation to these issues and incorporate them 
into the construction documents so as to ensure the most economical and the least 
disruption solutions. 

 
2. ALTERNATIVE ALIGNMENTS: 

 
Alternative alignments not identified in the Bradshaw/Folsom Design Report shall 
be identified and analyzed.  The Consultant will coordinate and analyze an 
alternative alignment which is adjacent and parallel to Folsom South Canal.  This 
alignment will be the continuation of a potential route for Bradshaw Interceptor 
Section 7 adjacent and along the west side of Folsom South Canal. 

 
3. MITIGATION MONITORING AND REPORTING PROGRAM (MMRP): 

 
As a result of the Environmental Impact Report, SRCSD is required to comply 
with all conditions of the MMRP. The MMRP for Bradshaw 8 is attached to this 
Request for Proposal. 
 

4. TRAFFIC CONTROL AND ACCESS TO ADJACENT PROPERTIES: 
 

Traffic congestion, traffic signal operation, and access to properties in and around 
the construction area are a major concern. Sunrise Boulevard is a significant 
thoroughfare, as are International Drive and Kilgore Road. These, along with the 
cross-country section of the alignment, are adjacent to many businesses, busy 
commercial zones, and an emergency facility. Traffic control plans will be 
reviewed with the transportation agencies responsible for safe and effective traffic 
control and during public workshops to solicit comments from stakeholders.   
 
 
 

4 of 11 

matthewsl
4 of 11



5. INTERAGENCY COORDINATION: 
 
The Consultant will identify all the agencies impacted by this project and bring 
them on as stakeholders early in the design process.  This outreach effort will also 
include coordination with the SRCSD Consultants designing the Bradshaw 
Section 7 and Folsom East 1B projects, the Master Plan Update, the County 
Department of Transportation and the County Department of Environmental 
Review and Assessment. 

 
 

C. Preliminary Design Services  
 

The Consultant shall develop all criteria and analysis necessary to proceed with the 
final design of the interceptor including the following items of work: 

 
1. Review pertinent sections of the Bradshaw/Folsom Interceptor Design Report 

prepared by Montgomery Watson. 
 
2. Review available geotechnical data and conduct geotechnical investigations along 

the selected Interceptor route including depth of strata, classification, and all 
appropriate soils testing necessary for design and construction. 

 
3. Prepare a preliminary geotechnical report that includes recommendations for 

trenching, shoring, and tunneling where appropriate.  
 
4. Review Bradshaw 8 Mitigation Monitoring and Reporting Program (MMRP). 

Prepare necessary permits, mitigation plans, reports, and recommendations. 
 
5. Review the preliminary hydraulic analysis in the Bradshaw/Folsom Design 

Report and SRCSD Interceptor Master Plan 2000.  Acquire flow information from 
the Consultant and Project Manager for the CSD-1 Master Plan 2000.  Conduct a 
detailed hydraulic analysis of the proposed interceptor and structures to verify 
proper operation at start up and at build out peak wet weather flow. 

 
6. Review available field-survey data and establish a vertical and horizontal control 

for the entire Bradshaw Interceptor Section 8. 
 
7. Conduct field and aerial topographic surveys and prepare digital 

orthophotographs for project design and preparation of construction plans and 
project illustrations.  County survey monuments will be set at locations approved 
by SRCSD in accordance with County standards. 

 
8. Conduct a search of available utility information and pothole the location of 

utilities with potential grade and alignment conflicts. 
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9. Review past road improvements to determine location, date and type of road 
improvements along International Drive, Kilgore Rd, Sunrise Boulevard and 
Citrus Road. 
 

10. Recommend interceptor alignment, size and grade.  Include limits of proposed 
right-of-way. 

 
11. Provide a conceptual approach to construction including trench conditions, 

tunneling approach, construction equipment layout, sequence, location and 
extents of proposed construction easements, etc.  
 

12. Prepare conceptual construction traffic control plan for the interceptor alignment.   
 
13. Prepare a Basis of Design Report.  The purpose of this report is to present the 

preliminary design analysis criteria and recommendations for the final interceptor 
and structures design.  The Basis of Design Report will include the following: 

 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 

All alignment options reviewed for the interceptor, the selection process, and 
the recommended interceptor alignment.  Include an evaluation of the 
appropriateness of using trenchless technologies at relevant locations. 
Environmental analysis and mitigation recommendations. 
A hydraulic analysis of the interceptor and all structures. 
A proposed start-up plan. 
Pipe bedding, backfill and D-load requirements. 
Right-of-way requirements, temporary construction easement 
recommendations, and approximate staging area dimensions 
Utility information, include pothole data 
Structural calculations. 
Conceptual traffic control plan 
All other necessary criteria required to proceed with final design. 

 
Any design changes that occur during final design shall be incorporated into an 
addendum that will be made part of the final Basis of Design Report. 

 
14. Prepare preliminary plan and profiles of the interceptor and sectional views of the 

structures. 
 

15. Prepare a public outreach plan and conduct a public pre-design workshop. 
 
16. Develop a plan to accommodate flows within the existing sewage connections 

that may be interrupted by construction. 
 

DELIVERABLES: 
 

• Preliminary Geotechnical Report 
• Reports specified in MMRP 
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• Preliminary Hydraulic Analysis 
• Digital Orthophotographs 
• Conceptual Construction Traffic Control Plan 
• Basis of Design Report 
• Public Outreach Plan 

 
 

D. Final Design 
 

1. Conduct engineering design: Prepare D size (22-inch by 34-inch) plan and profile 
sheets at a scale of 1"=50'.  The plan view of the interceptor alignment shall 
overlay digital orthophotographs, showing the physical features along the 
alignment.  All drafting work shall be done in accordance with the County of 
Sacramento, Department of Water Quality AutoCAD Standards, and formal 
submittals shall be in both electronic and hard copy forms.  Formal submittals 
shall be made at 60%, 90% and 100% final design completion points. 

 
2. Geotechnical Investigation Report: This report should determine the feasibility to 

construct this project with respect to the site soil and geological characteristics.  It 
should also provide recommendations and opinions concerning: 

 
• 
• 
• 
• 
• 
• 
• 
• 

Subsurface soil conditions 
Groundwater 
Pipe-soil load parameters 
Temporary open excavation 
Stability and shoring considerations 
Tunneling recommendations where appropriate 
Pipe bedding and trench backfill 
Appropriateness of native soil to be used as backfill, including any anticipated 
soil conditioning needs 

  
 If substantial tunneling is needed, a geotechnical baseline report will be required.  
 

3. Conduct structural design and perform structural analysis.  Specify the 
appropriate D-Load for the Interceptor Pipe.  Formal submittals shall be made at 
60%, 90%, and 100% final design completion points. 

 
4. Prepare a construction traffic control plan in compliance with the appropriate 

transportation agency requirements. 
 
5. Prepare project specifications.  Review and modify the approved SRCSD General 

Specifications, Standard Specifications and Standard Form Specifications.  
Prepare Special Provisions and Technical Specifications (CSI format).  Formal 
submittals shall be in electronic and hard copy formats and made at the 60%, 
90%, and 100% final design completion points. 
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6. Prepare engineer's cost estimate.  Formal submittals shall accompany the 60%, 
90% and 100% design submittals. 

 
7. Contact all utilities and agencies having jurisdiction within the project area to 

determine the permit requirements.  Submit preliminary plans to these utilities and 
agencies to solicit comments on the project design.  Prepare permit applications, 
supporting documentation, and submit a complete application package to the 
SRCSD.  Assist the SRCSD in obtaining necessary permits. 

 
8. Prepare rights-of-way legal descriptions and plat maps showing the metes and 

bounds descriptions of the required parcels and provide preliminary title reports 
for the affected properties.  Plat maps, legal descriptions and preliminary title 
reports will be forwarded to Sacramento County Real Estate Division for the 
right-of-way acquisition process.     

 
9. Assist SRCSD during the acquisition of project right-of-way. 
 
10. Prepare a construction management plan that describes contract management 

personnel roles, responsibilities, expertise and staffing levels. 
 

11. Provide contract documents for construction advertisement and bidding purposes. 
 

DELIVERABLES: 
 

• Geotechnical Report 
• Structural Design Analysis and Calculations 
• Construction Traffic Control Plan 
• Engineers Cost Estimate 
• Utility and Agency Comments 
• Operation and Maintenance Manuals for Structures (if any) 
• Contract Documents 
• Reports specified in MMRP 
• Right-of-way and easement legal descriptions, plats, and preliminary title reports. 

 
E. Public Outreach Program 

 
The Consultant shall develop and institute a public outreach program throughout the 
design of Bradshaw Interceptor Section 8.  The general purpose of the public outreach 
program is to reach out and identify project stakeholders and keep them informed 
throughout the design process.  The Consultant will provide professional outreach 
services during the design phase only.  Public outreach during construction will be 
contracted separately by the SRCSD.  The following services will be provided:  

 
1. Preparation of a public outreach plan for the design and construction of the 

interceptor. 
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2. Create a database of stakeholders for the project including a mailing list of all 
local property and business owners, community groups, and associations affected 
by construction activities. 

 
3. Provide support services for public meetings and workshops including: 

 
• 
• 
• 

• 

• 
• 

Prepare and distribute meeting announcements and fliers. 
Media news releases and articles for publication in local press. 
Contact impacted stakeholders, agencies staff, and elected officials when 
appropriate. 
Provide for meeting accommodations including meeting space, equipment set 
up, recording and producing meeting minutes, list of attendees, establishing 
action items, and assisting in response to action items. 
Arrange for presentations to stakeholder groups and associations. 
Prepare graphical representations of the major features of the project including 
approximate limits of impact on each abutting property and traffic impacts for 
presentation during public meetings. 

 
4. Produce fliers, newsletters, news releases, news articles, etc. for distribution to the 

local media. 
 
5. Produce an emergency response plan for the construction phase. 

 
6. Prepare a package including maps of construction areas, emergency contacts, 

description of construction activities, etc. to be distributed to local emergency 
response officials. 

 
F. Bid And Award Services 

 
1. Answer questions and prepare contract addenda during the bidding period. 
 
2. Participate in the Pre-Bid Conference. 

 
3. Attend the bid opening and review bid tabulation summary prepared by SRCSD. 

 
4. Assist SRCSD staff in making a recommendation for contract award. 

 
5. Produce Conformed Contract Documents. 

 
G. Engineering Services During Construction 

 
1. Participate in the Pre-Construction Conference. 
 
2. Review and comment on Contractor's submittals in a timely manner, including 

expedited reviews for time sensitive submittals. 
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3. Review Requests for Information (RFI’s) and provide response options and 
recommendations in a timely manner, including expedited reviews for time 
sensitive RFI’s. 

 
4. Make site visits to verify design and attend regularly scheduled progress meetings 

(assume weekly meetings). 
 

5. Prepare Proposed Contract Modifications (PCM's) for design changes including 
design calculations, drawings, justification and cost estimates. 

 
6. Review proposed change orders for conformance with design intent and 

verification of proposed cost. 
 

7. Assist in claims avoidance and dispute resolution. 
 

8. Provide AutoCAD generated As-Builts from the contractor’s red line As-Builts, 
electronic and D size mylars. 

 
V. PROJECT DELIVERABLES 
 

The following quantities of project deliverables will be included in the scope of 
engineering services: 

 
1. Geotechnical Investigation Report:  

• Preliminary and draft submittals:   10 copies 
• Final submittals:    10 copies 

2. Reports and Plans Required by MMRP:  
• Preliminary and draft submittals:   10  copies 
• Final submittals:    10 copies 

3. Basis of Design Report:  
• Preliminary and draft submittals:   10  copies 
• Final submittals:    10 copies 

4. Public Outreach Program: 
• Preliminary and draft submittals:   10 copies 
• Final submittals:    20 copies 

5. Preliminary Design Submittals:  
• 60 percent submittal:   10 copies, 1 electronic 
• 90 percent submittal:   10 copies, 1 electronic 
• 100 percent submittal:   10 copies, 1 electronic 

6. Contract Documents:  
• Construction bidding    75 copies 
• Record drawings       2 copies, 1 electronic  

7. Conformed Contract Documents:  
• Full size sets    30copies, 1 electronic 
• Half-size sets    30 copies 
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8. Engineer's Estimate: 
• 60 percent submittal:   10 copies 
• 90 percent submittal:   10 copies 
• 100 percent submittal:   10 copies 

9. Electronic Project Files:  
• Each file     1 creation software file 
• Each file     1 indexed and searchable .pdf file  

10. Construction Management Plan:  
• Preliminary and draft submittals:   10 copies 
• Final submittals:    10 copies 

 
VI. DUE DATE AND NUMBER OF PROPOSALS 
 

Five copies of the proposal are due at the Sacramento County Water Quality Office, 10545 
Armstrong Avenue, Sacramento, CA 95655 no later than 3:00p.m. Pacific Standard Time 
on July 5, 2002.  The proposals are to be addressed to Mr. Mike Maggi.  
 

VII. CONSULTANT SELECTION SCHEDULE 
 

The following table contains the anticipated dates of activities involved with the consultant 
selection: 

 
CONSULTANT SELECTION SCHEDULE 
 
Milestone Date 
Issue RFP June 13, 2002 
Pre-proposal Meeting at the SRCSD Wastewater 
Treatment Plant June 19, 2002 
Proposal Due Date July  5, 2002 
Board Approval of Consultant Selection and 
Contract Agreement August 14, 2002 

 
Notes: 

1. Attendance at the Pre-proposal Meeting is strongly encouraged.  PM staff will provide overview 
of  all portions of the project. 

2. The Pre-proposal Meeting will be held on June 19, 2002 from 1:00p.m. to 3:30p.m. in the 
SRCSD Wastewater Treatment Plant at 8521 Laguna Station Road—Elk Grove. 

3. Additional information may be distributed at the meeting.  If the Consultant is unable to 
attend and intends to submit a proposal, it is the Consultant’s responsibility to request 
and obtain the information from the PM. 

4. Consultant shall provide specific preliminary indemnification language and insurance 
requirement comments/feedback with the cost proposal.   
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SACRAMENTO REGIONAL COUNTY SANITATION DISTRICT 
 
 

AGREEMENT FOR 
Lower Northwest Interceptor Construction Management Services – 

PUMP STATIONS 
 
 
THIS AGREEMENT is made and entered into as of this ____ day of ________, 2003, 
by and between the SACRAMENTO REGIONAL COUNTY SANITATION DISTRICT, a 
sanitation district organized under the laws of the State of California, hereinafter 
referred to as "DISTRICT", and [NAME OF CONTRACTOR], a [nature of business], 
hereinafter referred to as "CONTRACTOR." 
 

RECITALS 
 
WHEREAS, DISTRICT has determined that it is necessary to provide professional 
consulting services for _________; and 
 
WHEREAS, DISTRICT and CONTRACTOR desire to enter into this Agreement on the 
terms and conditions set forth herein. 
 
NOW, THEREFORE, in consideration of the mutual promises hereinafter set forth, 
DISTRICT and CONTRACTOR agree as follows: 
 
I. SCOPE OF SERVICES 

 
CONTRACTOR shall provide services in the amount, type and manner described in Exhibit A, 
which is attached hereto and incorporated herein. 

 
II. TERM 

 
This Agreement shall be effective and commence as of the date first written above and shall end 
on [DATE].  The contract shall continue until the completion of all construction work on the two 
pump stations has been completed and final compensation, including all claims, if any, filed 
against the District have been paid.   
 

III. NOTICE 
 
Any notice, demand, request, consent, or approval that either party hereto may 
or is required to give the other pursuant to this Agreement shall be in writing and 
shall be either personally delivered or sent by mail, addressed as follows: 
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TO DISTRICT  
 
County of Sacramento 

Public Works Agency 
Water Quality Department 
Attn:  Marcia Maurer  
10545 Armstrong Avenue, Suite 101 
Mather, CA  95655 
 

TO CONTRACTOR 
 
[Name] 
 
 

 
Either party may change the address to which subsequent notice and/or other 
communications can be sent by giving written notice designating a change of 
address to the other party, which shall be effective upon receipt. 
 

IV. COMPLIANCE WITH LAWS 
 
CONTRACTOR shall observe and comply with all applicable Federal, State, County and District 
laws, regulations and ordinances. 

 
V. GOVERNING LAWS AND JURISDICTION 

 
This Agreement shall be deemed to have been executed and to be performed 
within the State of California and shall be construed and governed by the internal 
laws of the State of California.  Any legal proceedings arising out of or relating to 
this Agreement shall be brought in Sacramento County, California. 
 

VI. LICENSES AND PERMITS 
 
CONTRACTOR shall possess and maintain all necessary licenses, permits, 
certificates and credentials required by the laws of the United States, the State of 
California, County of Sacramento and all other appropriate governmental 
agencies, including any certification and credentials required by DISTRICT.  
Failure to maintain the licenses, permits, certificates, and credentials shall be 
deemed a breach of this Agreement and constitutes grounds for the termination 
of this Agreement by DISTRICT. 

 
VII. PERFORMANCE STANDARDS 

 
CONTRACTOR shall perform its services under this Agreement in accordance 
with the industry and/or professional standards applicable to CONTRACTOR'S 
services. 

 
VIII. OWNERSHIP OF WORK PRODUCT 

 
All technical data, evaluations, plans, specifications, reports, documents, or other 
work products of CONTRACTOR provided hereunder shall become the property 

 Page 38 of 57 
 

matthewsl
Page 38 of 57



 

of DISTRICT and shall be delivered to DISTRICT upon completion of the 
services authorized hereunder.  CONTRACTOR may retain copies thereof for its 
files and internal use.  Publication of the information directly derived from work 
performed or data obtained in connection with services rendered under this 
Agreement must first be approved in writing by DISTRICT.  DISTRICT 
recognizes that all technical data, evaluations, plans, specifications, reports, and 
other work products are instruments of CONTRACTOR'S services and are not 
designed for use other than what is intended by this Agreement. 

 
IX. STATUS OF CONTRACTOR 
 

A. It is understood and agreed that CONTRACTOR (including 
CONTRACTOR’s employees) is an independent CONTRACTOR and that 
no relationship of employer-employee exists between the parties hereto.  
CONTRACTOR’s assigned personnel shall not be entitled to any benefits 
payable to employees of DISTRICT. DISTRICT is not required to make 
any deductions or withholdings from the compensation payable to 
CONTRACTOR under the provisions of this agreement; and as an 
independent CONTRACTOR, CONTRACTOR hereby indemnifies and 
holds DISTRICT harmless from any and all claims that may be made 
against DISTRICT based upon any contention by any third party that an 
employer-employee relationship exists by reason of this agreement. 

 
B. It is further understood and agreed by the parties hereto that 

CONTRACTOR in the performance of its obligation hereunder is subject 
to the control or direction of DISTRICT as to the designation of tasks to be 
performed, the results to be accomplished by the services hereunder 
agreed to be rendered and performed, and not the means, methods, or 
sequence used by CONTRACTOR for accomplishing the results. 

 
C. If, in the performance of this agreement, any third persons are employed 

by CONTRACTOR, such person shall be entirely and exclusively under 
the direction, supervision, and control of CONTRACTOR. All terms of 
employment, including hours, wages, working conditions, discipline, hiring, 
and discharging, or any other terms of employment or requirements of 
law, shall be determined by CONTRACTOR, and the DISTRICT shall 
have no right or authority over such persons or the terms of such 
employment. 

 
D. It is further understood and agreed that as an independent 

CONTRACTOR and not an employee of DISTRICT, neither the 
CONTRACTOR nor CONTRACTOR’s assigned personnel shall have any 
entitlement as a DISTRICT employee, right to act on behalf of DISTRICT 
in any capacity whatsoever as agent, nor to bind DISTRICT to any 
obligation whatsoever.  CONTRACTOR shall not be covered by worker’s 
compensation; nor shall CONTRACTOR be entitled to compensated sick 
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leave, vacation leave, retirement entitlement, participation in group health, 
dental, life and other insurance programs, or entitled to other fringe 
benefits payable by the DISTRICT to employees of the DISTRICT. 

 
E. It is further understood and agreed that CONTRACTOR must issue W-2 

and 941 Forms for income and employment tax purposes, for all of 
CONTRACTOR’S assigned personnel under the terms and conditions of 
this agreement. 

 
X. CONTRACTOR IDENTIFICATION 

 
CONTRACTOR shall provide the DISTRICT with the following information for the 
purpose of compliance with California Unemployment Insurance Code section 
1088.8: CONTRACTOR’S name, address, and social security number. 

 
XI. BENEFITS WAIVER  

 
If CONTRACTOR is unincorporated, CONTRACTOR acknowledges and agrees 
that CONTRACTOR is not entitled to receive the following benefits and/or 
compensation from DISTRICT:  medical, dental, vision and retirement benefits, 
life and disability insurance, sick leave, bereavement leave, jury duty leave, 
parental leave, or any other similar benefits or compensation otherwise provided 
to permanent civil service employees pursuant to the County Charter, the County 
Code, the Civil Service Rule, the Sacramento County Employees’ Retirement 
System and/or any and all memoranda of understanding between DISTRICT and 
its employee organizations.  Should CONTRACTOR or any employee or agent of 
CONTRACTOR seek to obtain such benefits from DISTRICT, CONTRACTOR 
agrees to indemnify and hold harmless DISTRICT from any and all claims that 
may be made against DISTRICT for such benefits. 
 

XII. CONFLICT OF INTEREST 
  

CONTRACTOR and CONTRACTOR’s officers and employees shall not have a 
financial interest, or acquire any financial interest, direct or indirect, in any 
business, property, or source of income which could be financially affected by or 
otherwise conflict in any manner or degree with the performance of services 
required under this Agreement. 

 
XIII. USE OF FUNDS 
  

It is understood and agreed that no funds provided by DISTRICT pursuant to this 
Agreement shall be used by CONTRACTOR for any political activity or political 
contribution. 

 
XIV. NONDISCRIMINATION IN EMPLOYMENT, SERVICES, BENEFITS AND 

FACILITIES 
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A. CONTRACTOR agrees and assures DISTRICT that CONTRACTOR and 

any subcontractors shall comply with all applicable federal, state, and local 
Anti-discrimination laws, regulations, and ordinances and to not unlawfully 
discriminate, harass, or allow harassment against any employee, applicant 
for employment, employee or agent of DISTRICT, or recipient of services 
contemplated to be provided or provided under this Agreement, because 
of race, ancestry, marital status, color, religious creed, political belief, 
national origin, ethnic group identification, sex, sexual orientation, age 
(over 40), medical condition (including HIV and AIDS), or physical or 
mental disability.  CONTRACTOR shall ensure that the evaluation and 
treatment of its employees and applicants for employment, the treatment 
of DISTRICT employees and agents, and recipients of services are free 
from such discrimination and harassment. 

 
B. CONTRACTOR represents that it is in compliance with and agrees that it 

shall continue to comply with the Americans with Disabilities Act of 1990 
(42 U.S.C. § 12101 et seq.) and regulations and guidelines issued 
pursuant thereto. 

 
C. CONTRACTOR agrees to compile data, maintain records and submit 

reports to permit effective enforcement of all applicable antidiscrimination 
laws and this provision. 

 
D. CONTRACTOR shall include this nondiscrimination provision in all 

subcontracts related to this Agreement.  
 

XV. INDEMNIFICATION 
 
For work or services provided under this Agreement which are not professional 
services, CONTRACTOR shall indemnify, defend, and hold harmless DISTRICT, 
its Board of Directors, officers, directors, agents, employees and volunteers from 
and against any and all claims, demands, actions, losses, liabilities, damages, 
and costs, including reasonable attorneys' fees, arising out of or resulting from 
the performance of this Agreement, regardless of whether caused in part by a 
party indemnified hereunder, except for loss caused by the sole negligence of 
DISTRICT, its Board of Directors, officers, directors, agents, employees and 
volunteers. 
 
For professional services provided under this Agreement, CONTRACTOR shall 
defend, indemnify, and hold harmless DISTRICT, its Board of Directors, officers, 
directors, agents, employees and volunteers from and against any and all 
demands, claims, actions, liabilities, losses, damages, and costs, including 
reasonable attorneys’ fees, arising out of or resulting from the negligent 
performance of the professional services provided under this Agreement. 
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XVI. INSURANCE 
  

Without limiting CONTRACTOR’S indemnification, CONTRACTOR shall maintain 
in force at all times during the term of this Agreement and any extensions or 
modifications thereto, insurance as specified in Exhibit B.  It is the responsibility 
of the CONTRACTOR to notify its insurance advisor or insurance carrier(s) 
regarding coverage, limits, forms and other insurance requirements specified in 
exhibit B.  It is understood and agreed that DISTRICT shall not pay any sum to 
CONTRACTOR under this Agreement unless and until DISTRICT is satisfied that 
all insurance required by this Agreement is in force at the time services 
hereunder are rendered. 

 
XVII. INFORMATION TECHNOLOGY ASSURANCES 

 
CONTRACTOR warrants that any hardware, software, and/or embedded chip 
devices used by CONTRACTOR in the performance of services under this 
Agreement, other than those owned or provided by DISTRICT, shall be free from 
viruses and date related issues, and shall accurately process without error 
date/time data (including, but not limited to, calculating, comparing, and 
sequencing) from, into, and between the twentieth and twenty-first centuries, the 
years 1999 and 2000, and leap year calculations.  CONTRACTOR’S 
indemnification obligations to DISTRICT under this Agreement shall apply to 
claims, liability, loss, injury, or damage resulting from the failure of any such 
hardware, software, and/or embedded chip devices to perform in compliance with 
this standard.  Nothing in this provision shall be construed to limit any rights or 
remedies otherwise available to DISTRICT under this Agreement. 

 
XVIII. COMPENSATION AND PAYMENT OF INVOICES LIMITATIONS 

 
A. Compensation under this Agreement shall be limited to the Maximum 

Total Payment Amount set forth in Exhibit C, or Exhibit C as modified by 
DISTRICT in accordance with express provisions in this Agreement.   

 
B. CONTRACTOR shall submit an invoice on the forms and in accordance 

with the procedures prescribed by DISTRICT on a monthly basis.  
Invoices shall be submitted to DISTRICT no later than the fifteenth (15th) 
day of the month following the invoice period, and DISTRICT shall pay 
CONTRACTOR within thirty (30) days after receipt of an appropriate and 
correct invoice. 

 
C. DISTRICT operates on a July through June fiscal year.  Invoices for 

services provided in any fiscal year must be submitted no later than July 
31, one month after the end of the fiscal year.  Invoices submitted after 
July 31 for the prior fiscal year shall not be honored by DISTRICT unless 
CONTRACTOR has obtained prior written DISTRICT approval to the 
contrary. 
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D. CONTRACTOR shall maintain for four years following termination of this 

agreement full and complete documentation of all services and 
expenditures associated with performing the services covered under this 
Agreement.  Expense documentation shall include:  time sheets or payroll 
records for each employee; receipts for supplies; applicable subcontract 
expenditures; applicable overhead and indirect expenditures. 

 
E. In the event CONTRACTOR fails to comply with any provisions of this 

Agreement, DISTRICT may withhold payment until such non-compliance 
has been corrected. 

 
XIX. LEGAL TRAINING INFORMATION  

 
If under this Agreement CONTRACTOR is to provide training of DISTRICT 
personnel on legal issues, then CONTRACTOR shall submit all training and 
program material for prior review and written approval by County Counsel.  Only 
those materials approved by County Counsel shall be utilized. 

 
XX. SUBCONTRACTS, ASSIGNMENT 

 
A. CONTRACTOR shall obtain prior written approval from DISTRICT before 

subcontracting any of the services delivered under this Agreement.  
CONTRACTOR remains legally responsible for the performance of all 
contract terms including work performed by third parties under 
subcontracts.  Any subcontracting shall be subject to all applicable 
provisions of this Agreement.  CONTRACTOR shall be held responsible 
by DISTRICT for the performance of any subcontractor whether approved 
by DISTRICT or not. 

 
B. This Agreement is not assignable by CONTRACTOR in whole or in part, 

without the prior written consent of DISTRICT. 
 

XXI. AMENDMENT AND WAIVER 
 
Except as provided herein, no alteration, amendment, variation, or waiver of the 
terms of this Agreement shall be valid unless made in writing and signed by both 
parties.  Waiver by either party of any default, breach or condition precedent shall 
not be construed as a waiver of any other default, breach or condition precedent, 
or any other right hereunder. No interpretation of any provision of this Agreement 
shall be binding upon DISTRICT unless agreed in writing by DISTRICT 
ENGINEER and counsel for DISTRICT. 
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XXII. SUCCESSORS 
 
This Agreement shall bind the successors of DISTRICT and CONTRACTOR in 
the same manner as if they were expressly named. 

 
XXIII. TIME 

 
Time is of the essence of this Agreement. 

 
XXIV. INTERPRETATION 

 
This Agreement shall be deemed to have been prepared equally by both of the 
parties, and the Agreement and its individual provisions shall not be construed or 
interpreted more favorably for one party on the basis that the other party 
prepared it.  
 

XXV. DISTRICT ENGINEER 
 
As used in this Agreement, "DISTRICT ENGINEER" shall mean the Director of 
the Department of Water Quality, or his/her designee. 

 
XXVI. DISPUTES 

 
Any dispute arising under this Agreement shall be decided by DISTRICT 
ENGINEER, who shall put his decision in writing and mail a copy thereof to the 
address for notice to CONTRACTOR.  The decision of DISTRICT ENGINEER 
shall be final unless within thirty (30) days from the date of mailing of such copy 
CONTRACTOR appeals the decision in writing to the Sacramento Regional 
County Sanitation District Board of Directors.  In connection with any appeal 
proceeding under this paragraph, CONTRACTOR shall be afforded the 
opportunity to be heard and offer evidence in support of its appeal.  Pending a 
final decision of dispute hereunder CONTRACTOR shall proceed diligently with 
the performance of the Agreement and in accordance with DISTRICT 
ENGINEER’S decision, unless the DISTRICT ENGINEER’S decision states 
otherwise.  The decision of the Board of Directors on the appeal shall be the 
DISTRICT'S final decision. 

 
XXVII. TERMINATION 

 
A. DISTRICT may terminate this Agreement without cause upon fourteen 

(14) days written notice to CONTRACTOR.  Notice shall be deemed 
served on the date of mailing. 

 
B. DISTRICT may terminate this Agreement for cause immediately upon 

giving written notice to CONTRACTOR should CONTRACTOR materially 
fail to perform any of the covenants contained in this Agreement in the 
time and/or manner specified.  In the event of such termination, DISTRICT 
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may proceed with the work in any manner deemed proper by DISTRICT. If 
notice of termination for cause is given by DISTRICT to CONTRACTOR 
and it is later determined that CONTRACTOR was not in default or the 
default was excusable, then the notice of termination shall be deemed to 
have been given without cause pursuant to paragraph (A) above. 

 
C. DISTRICT may terminate or amend this Agreement immediately upon 

giving written notice to CONTRACTOR, if DISTRICT determines that 
funds are not available from external sources for this Agreement or for any 
portion hereof, or if funds in DISTRICT’S yearly proposed and final budget 
are not appropriated by DISTRICT for this Agreement or any portion 
hereof. 

 
D. If this Agreement is terminated by DISTRICT: 
 

1. CONTRACTOR shall cease rendering services pursuant to this 
Agreement as of the termination date. 

 
2. CONTRACTOR shall deliver to DISTRICT copies of all writings 

prepared pursuant to this Agreement.  The term "writings" shall be 
construed to mean and include:  handwriting, typewriting, drawings, 
blueprints, printing, electronic media, photostatting, photographing, 
and every other means of recording upon any tangible thing, any 
form of communication or representation, including letters, words, 
pictures, sounds, or symbols, or combinations thereof. 

 
3. CONTRACTOR shall not incur any expenses under this Agreement 

after notice of termination and shall cancel any outstanding 
obligations to any and all third parties that CONTRACTOR can 
legally cancel.  

 
E. If this Agreement is terminated under paragraphs (A) or (C), above, 

CONTRACTOR shall be paid for authorized and approved services 
performed prior to the termination date in accordance with the provisions 
of paragraph XVIII of this Agreement. 

 
XXVIII. REPORTS 

 
CONTRACTOR shall, without additional compensation therefor, make fiscal, 
program evaluation, progress, and such other reports as may be reasonably 
required by DISTRICT ENGINEER concerning CONTRACTOR's activities as 
they affect the contract duties and purposes herein.  DISTRICT shall explain 
procedures for reporting the required information. 
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XXIX. AUDITS AND RECORDS 
 
Upon DISTRICT’S request, DISTRICT or its designee shall have the right at 
reasonable times and intervals to audit, at CONTRACTOR'S premises, 
CONTRACTOR'S financial and program records as DISTRICT deems necessary 
to determined CONTRACTOR'S compliance with legal and contractual 
requirements and the correctness of claims submitted by CONTRACTOR.  
CONTRACTOR shall maintain such records for a period of four years following 
termination of the Agreement, and shall make them available for copying upon 
DISTRICT'S request at DISTRICT'S expense.  

 
XXX. PRIOR AGREEMENTS 
  

This Agreement constitutes the entire contract between DISTRICT and 
CONTRACTOR regarding the subject matter of this Agreement.  Any prior 
agreements, whether oral or written, between DISTRICT and CONTRACTOR 
regarding the subject matter of this Agreement are hereby terminated effective 
immediately upon full execution of this Agreement. 

 
XXXI. DUPLICATE COUNTERPARTS 
  

This Agreement may be executed in duplicate counterparts.  The Agreement 
shall be deemed executed when it has been signed by both parties. 
 
 

(SIGNATURE PAGE FOLLOWS) 
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IN WITNESS WHEREOF, the parties hereto have caused this Agreement to be duly 
executed as of the day and year first written above. 
 
 
SACRAMENTO REGIONAL COUNTY 
SANITATION DISTRICT, a sanitation district 
organized under the laws of the State of California 

(Name of CONTRACTOR and type of 
business) 

 
 
 
By   

Chair of the Board of Directors of 
Sacramento Regional  

County Sanitation District 
 

Date:   
 

 
 
 
By  
 
Title:   

 
 
Date:   

(SEAL) 
 
 
 
ATTEST: 
 
 
  
Clerk of the Board of Supervisors of 
Sacramento County, California, and  
ex-officio Secretary of the Board of 
Directors of the Sacramento Regional 
County Sanitation District 
 

 

 
 
Prepared by:   
 Gary S. Summers 
 Contract Services Section 
 
APPROVED BY COUNTY COUNSEL 
 
 
By: _____________________________  Date: _______________________ 
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EXHIBIT A  
to Agreement between the SACRAMENTO REGIONAL COUNTY 
SANITATION DISTRICT, hereinafter referred to as "DISTRICT", 

and [CONTRACTOR’S NAME], hereinafter referred to as 
"CONTRACTOR" 

 
SCOPE OF SERVICES 

 
 
I. REQUEST FOR PROPOSAL AND CONTRACTOR’S PROPOSAL 
 

A. The scope of services to be provided by this Agreement are those 
services identified in DISTRICT’S Request for Proposal (RFP) 
dated _____________, and CONTRACTOR’S Proposal dated 
_________.  Both the RFP and the Proposal are hereby 
incorporated into this Agreement as Attachments 1 and 2, 
respectively, and made a part of this Agreement.  In the event of 
any inconsistencies or ambiguities, the Proposal shall govern over 
the RFP, and this Agreement shall govern over all.  CONTRACTOR 
agrees to perform all services stated in this Agreement for the 
compensation described herein. 

 
B. The DISTRICT’S DISTRICT ENGINEER or designee, may 

negotiate with CONTRACTOR and approve reasonable 
modifications in tasks, work products, schedules, milestones, and 
staff assignments so long as such modifications are within the 
general scope of services provided under this Agreement, do not 
exceed the Maximum Total Payment Amount, and are determined 
to be in the best interest of DISTRICT. 

 
II. SCHEDULE 
 

CONTRACTOR shall complete the services in an expeditious manner and 
transmit all applicable materials to the DISTRICT as stated in the 
CONTRACTOR’S Proposal or in accordance with a mutually acceptable 
schedule developed between DISTRICT and CONTRACTOR. 
 

IV. RESPONSIBILITIES OF DISTRICT AND CONTRACTOR FOR SCOPE 
OF WORK 

 
A. DISTRICT, or its authorized representatives, shall review all 

documents submitted by CONTRACTOR and render decisions 
pertaining thereto as promptly as is reasonable under the 
circumstances at the time in order to avoid unreasonable delay of 
the progress of CONTRACTOR.  DISTRICT shall furnish 

 Page 48 of 57 
 

matthewsl
Page 48 of 57



 

information and services as required by this Agreement and shall 
render approvals and decisions as expeditiously as is reasonably 
necessary under the circumstances at the time for the orderly 
progress of the CONTRACTOR’S services and of the project. 

 
B. CONTRACTOR shall be solely responsible for the quality and 

accuracy of its work and the work of its subconsultants performed 
in connection with this Agreement.  Any review, approval, or 
concurrence therewith by the DISTRICT shall not be deemed to 
constitute acceptance or waiver by the DISTRICT of any error or 
omission as to such work.  CONTRACTOR shall act as the 
District’s agent to monitor the project construction including 
performing construction contract administration and inspection 
tasks to help ensure compliance with the Contract Document 
requirements and shall coordinate between adjacent construction 
contracts working through the PM and adjacent CM firms. 

 
V. AUTHORITY OF CONTRACTOR PERFORMING SCOPE OF WORK 
  

CONTRACTOR is retained to provide and perform the scope of services 
covered by this Agreement.  CONTRACTOR, including CONTRACTOR’S 
assigned personnel, shall have no authority to represent DISTRICT or 
DISTRICT staff at any meetings of public or private agencies unless an 
appropriate DISTRICT official provides prior written authorization for such 
representation which outlines the purpose, scope and duration of such 
representation.  CONTRACTOR shall possess no authority or right to act 
on behalf of DISTRICT in any capacity whatsoever as agent, nor to bind 
DISTRICT to any obligations whatsoever.  DISTRICT is responsible for 
making all policy and governmental decisions related to the work covered 
by this Agreement. 

 
VI. PUBLICATION OF DOCUMENTS AND DATA 
  
 CONTRACTOR shall not publish, or disclose to any third party, 

documents, data, or any confidential information relative to the work of the 
DISTRICT without the prior written consent of DISTRICT.  However, 
submission or distribution to meet official regulatory requirements, or for 
other purposes authorized by this Agreement, shall not be construed as 
publication in derogation of the rights of either the DISTRICT or 
CONTRACTOR. 

 
VII. PROJECT PERSONNEL 
 
 In the performance of the services hereunder, CONSULTANT shall 

provide the personnel as set forth in the Proposal.  Any change in such 
personnel or reassignment in their project responsibilities must be agreed 
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to in writing by the District Engineer or his authorized representative 
before any such change may be made. 

 
 Key contacts for this project shall be as follows: 
 

DISTRICT: NAME 
PHONE 
FAX 
E-MAIL 
 

CONSULTANT: NAME 
PHONE 
FAX 
E-MAIL 
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EXHIBIT B 
 to Agreement between the SACRAMENTO REGIONAL COUNTY 

SANITATION DISTRICT, hereinafter referred to as "DISTRICT", and 
[CONTRACTOR’S NAME], hereinafter referred to as "CONTRACTOR" 

 
SACRAMENTO COUNTY SANITATION DISTRICT 

INSURANCE REQUIREMENTS FOR CONTRACTORS 
 
Without limiting Contractor's indemnification, Contractor shall procure and maintain for the duration of the 
Agreement, insurance against claims for injuries to persons or damages to property which may arise from 
or in connection with the performance of the Agreement by the Contractor, its agents, representatives or 
employees.  District shall retain the right at any time to review the coverage, form, and amount of the 
insurance required hereby.  If in the opinion of the District Risk Manager, insurance provisions in these 
requirements do not provide adequate protection for County and for members of the public, District may 
require Contractor to obtain insurance sufficient in coverage, form and amount to provide adequate 
protection.  District's requirements shall be reasonable but shall be imposed to assure protection from and 
against the kind and extent of risks that exist at the time a change in insurance is required. 
 
Verification of Coverage 
 
Contractor shall furnish the District with certificates evidencing coverage required below.  Copies of 
required endorsements must be attached to provided certificates.  The District Risk Manager may 
approve self-insurance programs in lieu of required policies of insurance if, in the opinion of the Risk 
Manager, the interests of the District and the general public are adequately protected.  All certificates, 
evidences of self-insurance, and additional insured endorsements are to be received and approved by the 
District before performance commences.  The District reserves the right to require that Contractor provide 
complete, certified copies of any policy of insurance including endorsements offered in compliance with 
these specifications.    

Minimum Scope of Insurance 
 
Coverage shall be at least as broad as: 
 

1. GENERAL LIABILITY:  Insurance Services Office’s Commercial General Liability occurrence 
coverage form CG 0001.  Including, but not limited to Premises/Operations, 
Products/Completed Operations, Contractual, and Personal & Advertising Injury, without 
additional exclusions or limitations, unless approved by the County Risk Manager. 

 
2. AUTOMOBILE LIABILITY: Insurance Services Office’s Commercial Automobile Liability 

coverage form CA 000.  
a. Commercial Automobile Liability: auto coverage symbol   “1”  (any auto) for corporate/business 

owned vehicles.  If there are no owned or leased vehicles, symbols 8 and 9 for non-owned and hired 
autos shall apply.  

b. Personal Lines automobile insurance shall apply if vehicles are individually owned. 
 

3. WORKERS’ COMPENSATION: Statutory requirements of the State of California and 
Employer's Liability Insurance. 

 
4. PROFESSIONAL LIABILITY or Errors and Omissions Liability insurance appropriate to the 

Contractor's profession or services. 
 
5. UMBRELLA or Excess Liability policies are acceptable where the need for higher liability limits 

is noted in the Minimum Limits of Insurance and shall provide liability coverages that at least 
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follow form over the underlying insurance requirements where necessary for Commercial 
General Liability, Commercial Automobile Liability, Employers’ Liability, and any other liability 
coverage (other than Professional Liability) designated under the Minimum Scope of 
Insurance. 

 
 

Minimum Limits of Insurance 
 
Contractor shall maintain limits no less than: 
 

1. General Liability shall be on an Occurrence basis (as opposed to Claims Made basis). 
Minimum limits and structure shall be:  

 
  General Aggregate:   $3,000,000 
  Products Comp/Op Aggregate: $3,000,000 
  Personal & Adv. Injury: $1,000,000 
  Each Occurrence:  $3,000,000 
  Fire Damage:  $   100,000 

 
Building Trades Contractors and Contractors engaged in other projects of construction shall 
have their general liability Aggregate Limit of Insurance endorsed to apply separately to each 
job site or project, as provided for by Insurance Services Office form CG-2503 Amendment-
Aggregate Limits of Insurance (Per Project) or equivalent form. 

   
2. Automobile Liability:  

a. Commercial Automobile Liability for Corporate/business owned vehicles including non-
owned and hired, $1,000,000 Combined Single Limit.  

b. Personal Lines Automobile Liability for Individually owned vehicles, $250,000 per person, 
$500,000 each accident, $100,000 property damage. 

 
3. Workers' Compensation:  Statutory. 

 
4. Employer's Liability:  $1,000,000 per accident for bodily injury or disease. 

 
5. Professional Liability or Errors and Omissions Liability:  $3,000,000 per claim and aggregate. 

 

Deductibles and Self-Insured Retention 
 
Any deductibles or self-insured retention that apply to any insurance required by this Agreement 
must be declared and approved in writing by the County.    
 
Claims Made Professional Liability Insurance 
 
If professional liability coverage is written on a Claims Made form: 
 

1. The "Retro Date" must be shown, and must be on or before the date of the Agreement or the 
beginning of Agreement performance by Contractor. 

 
2. Insurance must be maintained and evidence of insurance must be provided for at least one (1) 

year after completion of the Agreement. 
 

3. If coverage is cancelled or non-renewed, and not replaced with another claims made policy form 
with a "Retro Date" prior to the contract effective date, the Contractor must purchase "extended 
reporting" coverage for a minimum of one (1) year after completion of the Agreement. 
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Other Insurance Provisions 
 
The insurance policies required in this Agreement are to contain, or be endorsed to contain, as 
applicable, the following provisions: 
 

All Policies: 
 

1. ACCEPTABILITY OF INSURERS:  Insurance is to be placed with insurers with a 
current A.M. Best's rating of no less than    A-:VII. The County Risk Manager may 
waive or alter this requirement, or accept self-insurance in lieu of any required policy 
of insurance if, in the opinion of the Risk Manager, the interests of the County and the 
general public are adequately protected. 

 
2.  MAINTENANCE OF INSURANCE COVERAGE:  The Contractor shall maintain all 

insurance coverages in place at all times and provide the District with evidence of 
each policy's renewal ten (10) days in advance of its anniversary date.  Each 
insurance policy required by this Agreement shall be endorsed to state that coverage 
shall not be canceled by either party except after thirty (30) days' written notice for 
cancellation or sixty (60) days’ written notice for non-renewal has been given to the 
District.  For non-payment of premium 10 days prior written notice of cancellation is 
required.    

 
 

 Commercial General Liability and/or Commercial Automobile Liability: 
 
 

1. ADDITIONAL INSURED STATUS:  The District, its officers, directors, officials, 
employees, and volunteers are to be endorsed as additional insureds as respects:  
liability arising out of activities performed by or on behalf of the Contractor; products 
and completed operations of the Contractor; premises owned, occupied or used by the 
Contractor; or automobiles owned, leased, hired or borrowed by the Contractor.  The 
coverage shall contain no endorsed limitations on the scope of protection afforded to 
the District, its officers, directors, officials, employees, or volunteers.    

 
2. CIVIL CODE PROVISION:  Coverage shall not extend to any indemnity coverage for 

the active negligence of the additional insured in any case where an agreement to 
indemnify the additional insured would be invalid under Subdivision (b) of Section 
2782 of the Civil Code. 

 
3. PRIMARY INSURANCE:  For any claims related to this agreement, the Contractor's 

insurance coverage shall be endorsed to be primary insurance as respects the 
District, its officers, officials, employees and volunteers.  Any insurance or self-
insurance maintained by the District, its officers, directors, officials, employees, or 
volunteers shall be excess of the Contractor's insurance and shall not contribute with 
it. 

 
4. SEVERABILITY OF INTEREST:  The Contractor's insurance shall apply separately to 

each insured against whom claim is made or suit is brought, except with respect to the 
limits of the insurer's liability.    

 
5. SUBCONTRACTORS:  Contractor shall be responsible for the acts and omissions of 

all its subcontractors and shall require all its subcontractors to maintain adequate 
insurance  
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Professional Liability: 
 

PROFESSIONAL LIABILITY PROVISION:  Any professional liability or errors and 
omissions policy required hereunder shall apply to any claims, losses, liabilities, or 
damages, demands and actions arising out of or resulting from professional services 
provided under this Agreement. 
  

Workers’ Compensation: 
 

WORKERS’ COMPENSATION WAIVER OF SUBROGATION:  The workers' compensation 
policy required hereunder shall be endorsed to state that the workers' compensation carrier 
waives its right of subrogation against the District, its officers, directors, officials, employees, 
agents or volunteers, which might arise by reason of payment under such policy in connection 
with performance under this Agreement by the Contractor. 
 

Property: 
 

COURSE OF CONSTRUCTION (COC) WAIVER OF SUBROGATION:  Any Course of 
Construction (COC) policies maintained by the Contractor in performance of the Agreement 
shall contain the following provisions: 

 
    1.  The District shall be named as loss payee. 
    2. The insurer shall waive all rights of subrogation against the District. 

 
INLAND MARINE WAIVER OF SUBROGATION:  Any Inland Marine insurance policies 
maintained by the Contractor in performance of the Agreement shall be endorsed to state that 
the insurer shall waive all rights of subrogation against the District.  

 
 

Notification of Claim  
 

If any claim for damages is filed with Contractor or if any lawsuit is instituted 
against Contractor, that arise out of or are in any way connected with 
Contractor’s performance under this Agreement and that in any way, directly or 
indirectly, contingently or otherwise, affect or might reasonably affect District, 
Contractor shall give prompt and timely notice thereof to District. Notice shall 
not be considered prompt and timely if not given within thirty (30) days following 
the date of receipt of a claim or ten (10) days following the date of service of 
process of a lawsuit. 
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EXHIBIT C 
to Agreement between the SACRAMENTO REGIONAL COUNTY 

SANITATION DISTRICT, hereinafter referred to as "DISTRICT", and 
[CONTRACTOR’S NAME], hereinafter referred to as "CONTRACTOR" 

 
 
COMPENSATION 
 
 
I. MAXIMUM PAYMENT TO CONTRACTOR 
 

The Maximum Total Payment Amount under this Agreement is XX DOLLARS ($__). 
 
II. COMPENSATION COMPONENTS 
 

A. Cost Plus Fixed Fee: Compensation for services rendered under this 
Agreement shall be on a cost plus fixed fee basis, as set forth in 
Attachment 1 to this Exhibit.  These costs of service shall apply for all 
services provided throughout the term of this Agreement. 

 
B. Contingency:  An additional contingency in the amount of $XX is hereby 

established for possible additional services that may be identified during 
performance of the work covered by this Agreement and which are within 
the general work parameters of this Agreement.  Such contingency may 
only be released upon written authorization by the DISTRICT ENGINEER.  
If use of a contingency is negotiated at time and expense, the rates stated 
in CONTRACTOR’S Proposal, attached hereto as Attachment XX shall 
apply, and the rates stated shall apply throughout the term of this 
Agreement. 

 
III. ITEMIZED TASKS AND SUBTASKS 

 
If the CONTRACTOR’S Proposal contains a schedule of tasks or subtasks with 
identified levels of effort such as estimated hours and/or estimated costs, or 
identifiable work products, milestones, or other events, then compensation for 
these individual tasks or activities shall not exceed the identified estimate or other 
limiting factors without the written approval of the DISTRICT’S Project Manager.  
CONTRACTOR shall promptly notify the DISTRICT’S Project Manager in writing of 
any tasks, subtasks, work products, or milestones that need to be reevaluated and 
indicate the reason and/or justification for such reevaluation.  The DISTRICT’S 
Project Manager is authorized to negotiate adjustments of individual tasks so long 
as the work is within the general scope of the project and the total compensation 
does not exceed the Maximum Total Payment Amount under this Agreement listed 
above. 

 
IV. WORK NOT IN SCOPE OF SERVICES 

 
CONTRACTOR shall immediately notify the DISTRICT’S Project Manager in writing 
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of any work that the DISTRICT requests to be performed that CONTRACTOR 
believes is outside of the original scope of work covered by this Agreement.  If it 
is determined that said request is outside of the scope of work, such work shall 
not be performed unless and until the DISTRICT ENGINEER approves such 
request in writing and authorizes the use of any contingency funds for such work, 
or an amendment providing for an adjustment in CONTRACTOR’S compensation 
is approved and executed by both parties. 

 
V. NOTIFICATION OF 75% EXPENDITURE OF COMPENSATION 
 

CONTRACTOR shall notify DISTRICT’S Project Manager in writing upon 
expenditure of seventy-five percent (75%) of the authorized Agreement amount.  
Such notice shall identify the percentage of funds expended, the percentage of 
work completed, an explanation of any variation between these two (2) 
percentages, and an assessment of the cost of the remaining work to be 
performed. 
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ID Task Name Duration Start Finish
1 Final Basis of Design Report 0 days 7/1/03 7/1/03

2 Final Design Services 88 days 7/1/03 10/30/03
3 Conduct Engineering Design 78 days 7/1/03 10/16/03
4 Prepare 60% Design Submittal 8 days 7/1/03 7/10/03

5 Prepare 60% Geotechnical Baseline Report 8 days 7/1/03 7/10/03

6 SRCSD Review of 60% Submittal 3 wks 7/11/03 7/31/03

7 Prepare 90% Design Submittal 4 wks 8/1/03 8/28/03

8 Prepare 90% Geotechnical Baseline Report 5 wks 8/1/03 9/4/03

9 SRCSD Review of 90% Submittal 2 wks 9/5/03 9/18/03

10 Prepare 100% Design Submittal 4 wks 9/19/03 10/16/03

11 Prepare 100% Geotechnical Baseline Report 4 wks 9/19/03 10/16/03

12 SRCSD Review of 100% Submittal 2 wks 10/17/03 10/30/03

13 Prepare Final Geotechnical Data Report 11 wks 7/1/03 9/15/03

14 Prepare Construction Management Plan 3 wks 8/29/03 9/18/03

15 Finalize Contract Documents 2 wks 10/31/03 11/13/03

16 Prepare Project Permits (CEQA) 14 wks 7/1/03 10/6/03

17 Secure Title Reports 6 wks 4/16/03 5/27/03

18 Prepare ROW Descriptions and assist with Acquisition 9 wks 5/28/03 7/29/03

19 SRCSD Right-of-Way Valuation 8 wks 7/30/03 9/23/03

20 SRCSD Right-of-Way Acquisition 12 wks 10/7/03 12/29/03

21 SRCSD Approval to Advertise 0 days 12/29/03 12/29/03

22 Bid and Award Services 40 days 12/30/03 2/23/04
23 Services During Bid Period 5 wks 12/30/03 2/2/04

24 Prepare Conformed Contract Documents 2 wks 2/3/04 2/16/04

25 Evaluate Bids 3 wks 2/3/04 2/23/04

26 SRCSD Approval of Construction Contract 0 days 2/23/04 2/23/04

27 Construction Phase 295 days 2/24/04 4/11/05
28 Contractor Submits Necessary Bonds, Insurances, Wage Information 3 wks 2/24/04 3/15/04

29 Contractor Mobilization 2 wks 3/16/04 3/29/04

30 Contractor Signs agreements with Subcontractors 1 wk 3/16/04 3/22/04

31 Main Portal Construction 240 days 3/30/04 2/28/05
32 Prepare and Approve Portal Submittals 3 wks 3/30/04 4/19/04

33 Portal Construction 3 wks 4/20/04 5/10/04

34 Construct Turning Structure and Backfill Shaft 4 wks 2/1/05 2/28/05

35 Tunnel Construction (Tunnel No. 1) 115 days 3/16/04 8/23/04
36 Prepare and Approve TBM Submittals 4 wks 3/16/04 4/12/04

37 Construct and Mobilize TBM 5 wks 4/13/04 5/17/04

38 Prepare and Approve Ground Support Submittals 4 wks 3/30/04 4/26/04
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Rolled Up Progress
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ID Task Name Duration Start Finish
39 Mine Tunnel No. 1 14 wks 5/18/04 8/23/04

40 Kilgore/International Shaft Construction 225 days 3/30/04 2/7/05
41 Prepare and Approve Excavation and Shoring Plan 4 wks 3/30/04 4/26/04

42 Construct Reception Shaft 3 wks 8/10/04 8/30/04

43 Construct Closure Manhole and Backfill Shaft 4 wks 1/11/05 2/7/05

44 Remobilize TBM 1 wk 8/31/04 9/6/04
45 Tunnel Construction (Tunnel No. 2) 20 days 9/7/04 10/4/04
46 Mine Tunnel No. 2 4 wks 9/7/04 10/4/04

47 Citrus Tunnel Shaft Construction 240 days 3/30/04 2/28/05
48 Prepare and Approve Excavation and Shoring Plan 4 wks 3/30/04 4/26/04

49 Construct Reception Shaft 3 wks 9/21/04 10/11/04

50 Construct Turning Structure and Backfill Shaft 4 wks 2/1/05 2/28/05

51 Tunnel Construction (Tunnel No. 3) 15 days 10/12/04 11/1/04
52 Mobilize Equipment to Citrus Shaft 1 wk 10/12/04 10/18/04

53 Mine Tunnel No. 3 2 wks 10/19/04 11/1/04

54 Citrus/Trade Center Tunnel Shaft Construction 250 days 3/30/04 3/14/05
55 Prepare and Approve Excavation and Shoring Plan 4 wks 3/30/04 4/26/04

56 Construct Reception Shaft 3 wks 4/27/04 5/17/04

57 Construct Closure Manhole and Backfill Shaft 4 wks 2/15/05 3/14/05

58 Pipe Installation 230 days 3/30/04 2/14/05
59 Pipe Production 125 days 3/30/04 9/20/04
60 Prepare and Approve Required Pipe Submittals 5 wks 3/30/04 5/3/04

61 Pipe Production 20 wks 5/4/04 9/20/04

62 Install Pipe in Tunnel No. 1 60 days 10/19/04 1/10/05
63 Install Pipe in Tunnel, Set to Grade, and Block in Place 10 wks 10/19/04 12/27/04

64 Backfill Grout 2 wks 12/28/04 1/10/05

65 Install Pipe in Tunnel No. 2 15 days 1/11/05 1/31/05
66 Install Pipe in Tunnel, Set to Grade, and Block in Place 2 wks 1/11/05 1/24/05

67 Backfill Grout 1 wk 1/25/05 1/31/05

68 Install Pipe in Tunnel No. 3 10 days 2/1/05 2/14/05
69 Install Pipe in Tunnel, Set to Grade, and Block in Place 1 wk 2/1/05 2/7/05

70 Backfill Grout 1 wk 2/8/05 2/14/05

71 Construct Interceptor Manholes 231 days 3/30/04 2/15/05
72 Prepare and Approve Traffic, Excavation, and Shoring Plan for Manholes 3 wks 3/30/04 4/19/04

73 Construct Manhole No. 2 10 days 1/11/05 1/24/05
74 Excavate and Shore 4 days 1/11/05 1/14/05

75 Construct Manhole and Backfill 6 days 1/17/05 1/24/05

76 Construct Manhole No. 3 10 days 1/17/05 1/28/05
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ID Task Name Duration Start Finish
77 Excavate and Shore 4 days 1/17/05 1/20/05

78 Construct Manhole and Backfill 6 days 1/21/05 1/28/05

79 Construct Manhole No. 4 10 days 1/21/05 2/3/05
80 Excavate and Shore 4 days 1/21/05 1/26/05

81 Construct Manhole and Backfill 6 days 1/27/05 2/3/05

82 Construct Manhole No. 5 10 days 1/27/05 2/9/05
83 Excavate and Shore 4 days 1/27/05 2/1/05

84 Construct Manhole and Backfill 6 days 2/2/05 2/9/05

85 Construct Manhole No. 6 10 days 2/2/05 2/15/05
86 Excavate and Shore 4 days 2/2/05 2/7/05

87 Construct Manhole and Backfill 6 days 2/8/05 2/15/05

88 Construct Manhole No. 8 10 days 2/2/05 2/15/05
89 Excavate and Shore 4 days 2/2/05 2/7/05

90 Construct Manhole and Backfill 6 days 2/8/05 2/15/05

91 Cleanup and Demobilization 20 days 3/15/05 4/11/05
92 Perform Punch list Items 4 wks 3/15/05 4/11/05

93 Remove Field Offices and Restore Site 3 wks 3/15/05 4/4/05

94 Initial Project Acceptance 0 days 4/11/05 4/11/05
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Bi-Weekly Progress Meeting Minutes 
Brown and Caldwell 

Southport Gravity Sewer 
  
Meeting Location: LNWI, Program Office 
Meeting Date/Time: 6/26/2003 9:00 AM Meeting Number: 23 
 Name Representing 
Attendees: Dan Breg LNWI 
 Pat Schroeder District 
 Charlie Joyce BC 
 John Burris BC 
 Dave Morrow BC 

• Bulleted items represent results of meeting discussions 

Indicate Action Items on Right Responsible Party Date Due 

A. Sign-in  All 

B. Approval of prior meeting minutes/corrections/revisions 
23.1 Discussion of Meeting Minutes from 06/12/2003 All  

• No comments  

C. Old business/on-going items/review action items from prior meeting 
12.2 Property owner meeting, update  
 How many owners still require contact? BC  

• No comments 
12.3 Plats and Legals - Status update  
How many remain? BC  

• No comments 
15.3 PCN status update  
 Additional Information Required? BC/PM  

• Waiting for BC 
20.4 Condemnation procedure update  
 When can we expect to get started? PM  

• Still undetermined 
21.2 Transition Structure relocation  
 When will the location be finalized? PM  

• Coordinate with Ch2m Hill 
22.4 Possible SRPS Relocation 
 What is the timing for Redesign? PM  

• Should be determined by PM 7/1/03 
22.5 AST Phase II Investigation BC  

• No comments 

D. Progress update/new business 
23.2 MMRP Implementation MZ  

• Review of Southport implementation 
• review final implementation plan when available 

23.3 Traffic Control Detour, Shoo-fly at Gregory Road BC  
• No comments 

23.4 Easement update 
 1.  Transition Structure Relocation 
 2.  South River Pump Station Relocation 
 3.  Shoo-fly at Gregory BC/PM  

• Provide as acquired, do not wait for completed easement changes 
23.5 Modified GBR Outline Approval by District PM  

• District has approved modified Outline 
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23.6   Access Road Design TM for District Approval BC  
• On hold until next meeting 

23.7   Review of Easements and Right-of-Way SCRSD  
• Minor adjustments were recommended by the District 
• All alterations will be added to the current design 

 

E. Coordination with adjacent LNWI or other projects(s) 
Coordinate with CH2M Hill for TS Relocation BC 
Coordinate with HDR for PS Relocation BC 

F. Deliverables/Consultant QA/QC 

G. Need for SRCSD and/or PM input (if any) 

H. Scope, schedule and/or cost changes (Program Change Notices) 
23.7  Schedule update. CJ 

I. Work Planned next period/Two week look ahead schedule 
 90% Submittal Design Drawings BC 
 Easement/ROW support and review BC 
 Draft MMRP Review and Incorporation BC 

J. Next meeting date/time/location 
 July 10, 2003, 9:00 a.m., LNWI Program Office 

 Page 2 





Task #

Authorized Budget 
($)                
(1)

Scheduled To Date 
(%)               
(2)

Billed To Date ($)   
(3)

Billed To Date (%)   
(4)=(3)/(1)

Authorized Budget 
Amount Remaining 

($)                
(5)=(1)-(3)

Actual Progress To 
Date (%)           

(6)
Task 1 Project Management/Administration

1.1C Biweekly Progress Meetings $103,243 93% $75,492 73% $27,751 93%
1.2C Progress Reports $77,381 26% $16,722 22% $60,659 26%
1.3C Monthly Invoices $45,797 26% $10,119 22% $35,678 26%
1.4C Other Mgmt $158,513 26% $38,380 24% $120,133 26%
1.5C Agency Coordination $50,756 93% $44,882 88% $5,874 93%
1.6C e-Room Participation $23,326 100% $16,938 73% $6,388 93%
1.7C QA/QC $182,891 80% $106,711 58% $76,180 80%
1.8C Coordination w/ Designers $24,317 85% $15,842 65% $8,475 85%
1.9W Develop Risk Mgmt Strategy $13,772 100% $4,687 34% $9,085 75%

Total Task 1 $679,996 62% $329,773 48% $350,223 61%

Task 2 Preliminary Design Services
2.1C Review Design Report $31,225 100% $31,225 100% $0 100%
2.2C Attend Kick-Off Mtg $8,308 100% $8,308 100% $0 100%
2.3C Geotech Investigation $720,291 100% $735,677 102% -$15,386 100%
2.4C Prepare GIR $116,326 100% $129,349 111% -$13,023 100%
2.5W Settlement Monitoring/Recommendations $4,181 100% $5,432 130% -$1,251 100%
2.6W Prepare Phase I ESA $50,838 100% $55,983 110% -$5,145 100%
2.7C Review Hydraulics $23,280 100% $26,880 115% -$3,600 100%
2.7B  Evaluate Risk Management Alts $14,571 100% $13,177 90% $1,394 100%
2.8W Evaluating Modulating Valves $25,868 100% $33,483 129% -$7,615 100%
2.9C Review Survey Data $21,033 100% $23,804 113% -$2,771 100%
2.10C Conduct Utility Search $127,593 100% $131,962 103% -$4,369 100%
2.11W Evaluate RCHS Crossing $25,862 100% $30,790 119% -$4,928 100%
2.12W Preliminary Traffic Control Plan $26,110 100% $26,110 100% $0 100%
2.13C Alignment Studies $76,587 100% $80,231 105% -$3,644 100%
2.14W Evaluate Pipe Materials $9,054 100% $31,515 348% -$22,461 100%
2.15W ROW Recommendations $22,636 100% $24,133 107% -$1,497 100%
2.16W Staging Area Evaluations $17,715 100% $17,715 100% $0 100%
2.17C Prepare BODR $230,280 100% $344,487 150% -$114,207 100%
2.18C Prepare Conceptual Construction Plan $50,129 100% $55,726 111% -$5,597 100%
2.19C Prepare Preliminary P&P Dwgs $64,685 100% $69,562 108% -$4,877 100%
2.20W Develop Prelim. Bypass Pumping/Diversion Plan $10,294 100% $42,761 415% -$32,467 100%
2.21C VE Study $43,611 100% $52,174 120% -$8,563 100%
2.22W Gas Certification Classification $18,877 0% $0 0% $18,877 0%

Total Task 2 $1,739,354 99% $1,970,484 113% -$231,130 99%

Task 3 Final Design
3.1C P&P Drawings/Engineering Design $650,305 74% $569,701 88% $80,604 70%
3.2C Prepare GBR $148,642 49% $97,834 66% $50,808 60%
3.3C Structural Drawings $300,924 74% $216,313 72% $84,611 70%
3.4C Traffic Control Plan $117,596 90% $83,342 71% $34,254 70%
3.5C Final Corrosion Report $33,115 100% $26,731 81% $6,384 75%
3.6C Prepare Specifications $153,427 74% $92,216 60% $61,211 65%
3.7C Prepare Cost Estimates $112,981 74% $63,399 56% $49,582 60%
3.8C Assist w/ Construction Mgmt Plan $20,956 38% $0 0% $20,956 0%
3.9W Assist w/ Permit Acquisition $14,928 57% $11,842 79% $3,086 70%
3.10W Assist w/ ROW Acquisition $21,435 100% $21,208 99% $227 100%
3.10B  Conduct Construction Inspection Workshop $11,478 0% $0 0% $11,478 0%
3.11W Prepare Mitigation Plans $48,495 100% $39,461 81% $9,034 80%
3.11B  Assist with PRD $15,966 100% $8,361 52% $7,605 50%
3.12C Print Contract Docs $33,791 0% $0 0% $33,791 0%

Total Task 3 $1,684,039 72% $1,230,408 73% $453,631 66%

Task 4 Easement and Property Acquisition
4.1C Submit Final ROW Locations $9,529 100% $8,832 93% $697 100%
4.2C Attend Property Owner Mtgs $32,635 100% $12,106 37% $20,529 70%
4.3C Submit ROW Suitability Comments $3,817 100% $2,398 63% $1,419 100%
4.4C Submit Staging and Laydown Area Comments $7,012 100% $4,118 59% $2,894 100%
4.5C Review Plats $29,421 100% $7,459 25% $21,962 100%
4.6C Review ROW Agreements $54,715 70% $0 0% $54,715 0%

Total Task 4 $137,129 88% $34,913 25% $102,216 53%

Task 5 Surveying and Mapping
5.1C Review Parcel Basemaps $10,574 100% $7,315 69% $3,259 90%
5.2C Coordinate Datum and Coordinate w/ PM $2,510 100% $1,883 75% $627 100%
5.3C Review 30% plans with PM $3,169 100% $2,450 77% $719 100%
5.4C Provide Supplemental Surveys $71,262 100% $38,226 54% $33,036 100%

Total Task 5 $87,515 100% $49,874 57% $37,641 99%

Task 6 Permitting
6.1C Provide Project Descriptions $39,140 100% $37,397 96% $1,743 96%
6.2C Attend Agency Meetings $8,996 100% $8,917 99% $79 95%
6.3C Incorporate Permit Conditions $27,070 76% $15,703 58% $11,367 65%
6.4B  Permit Geotechnical Borings $9,633 100% $5,916 61% $3,717 100%

Total Task 6 $84,839 92% $67,933 80% $16,906 86%

Task 7 Environmental Support
7.1C Provide Support Data $27,217 100% $20,136 74% $7,081 75%
7.1B  Conduct Phase I ESA $13,242 100% $5,687 43% $7,555 100%
7.2C Review Draft EIR and MMRP $18,964 76% $16,235 86% $2,729 85%
7.3C Attend Meetings $11,539 100% $9,732 84% $1,807 85%
7.4C Incorporate EIR Requirements $15,320 0% $7,692 50% $7,628 70%
7.5C Review Final EIR $7,815 0% $0 0% $7,815 0%

Total Task 7 $94,097 71% $59,482 63% $34,615 75%

Contract: Engineering Services For Lower Northwest Interceptor - West Sacramento Force Main & Barge Canal Crossing

Period Ending: DATE
Firm: NAME

Contract No. : #
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Task #

Authorized Budget 
($)                
(1)

Scheduled To Date 
(%)               
(2)

Billed To Date ($)   
(3)

Billed To Date (%)   
(4)=(3)/(1)

Authorized Budget 
Amount Remaining 

($)                
(5)=(1)-(3)

Actual Progress To 
Date (%)           

(6)

Contract: Engineering Services For Lower Northwest Interceptor - West Sacramento Force Main & Barge Canal Crossing

Period Ending: DATE
Firm: NAME

Contract No. : #

Task 8 Public Outreach Program
8.1C Prepare Exhibits $16,081 54% $4,323 27% $11,758 27%
8.2C Attend Public Meetings $8,971 48% $2,371 26% $6,600 50%
8.3C Attend Meetings w/ Individuals $9,678 48% $0 0% $9,678 0%

Total Task 8 $34,730 51% $6,694 19% $28,036 25%

Task 9 Bid and Award Services
9.1C Answer Questions During Bidding $29,199 0% $0 0% $29,199 0%
9.2C Attend Pre-Bid Conference $4,324 0% $0 0% $4,324 0%
9.3C Attend Bid Opening $3,358 0% $0 0% $3,358 0%
9.4C Assist w/ Bid Award $2,170 0% $0 0% $2,170 0%
9.5C Prepare Conformed Documents $34,548 0% $0 0% $34,548 0%

Total Task 9 $73,599 0% $0 0% $73,599 0%

Task 10 Engineering Services During Construction (ESDC)
10.1C Attend Pre-Con Conference $6,688 0% $0 0% $6,688 0%
10.2C Review Submittals $138,548 0% $0 0% $138,548 0%
10.3C Review RFIs $55,734 0% $0 0% $55,734 0%
10.4C Prepare Design Clarifications $29,786 0% $0 0% $29,786 0%
10.5C Site Visits and Weekly Meetings $142,449 0% $0 0% $142,449 0%
10.6C Prepare Proposed Contract Modifications $32,188 0% $0 0% $32,188 0%
10.7C Review Proposed Change Orders $17,715 0% $0 0% $17,715 0%
10.8W Review Contractor VE Proposals $11,355 0% $0 0% $11,355 0%
10.9C Assist w/ Claims Avoidance $31,025 0% $0 0% $31,025 0%
10.10C Prepare Record Drawings $52,365 0% $0 0% $52,365 0%

Total Task 10 $517,853 0% $0 0% $517,853 0%

Task 11 O & M and Start-Up Services
11.1C Assist in Preparing Testing & Start-Up Plan $21,143 0% $0 0% $21,143 0%
11.2C Assist w/ Overall LNWI Ops Plan $14,685 0% $0 0% $14,685 0%
11.3C  Assist with O&M Manual $43,351 0% $0 0% $43,351 0%
11.4C Assist PM/CM w/ Start-Up and Testing Plan $14,885 0% $0 0% $14,885 0%
11.5C Assist PM/CM w/ O&M Training $20,391 0% $0 0% $20,391 0%
11.6C Attend Meetings for O&M and Start-Up $14,821 0% $0 0% $14,821 0%
11.7C Assist in Evaluating and Correcting Ops Problems $18,547 0% $0 0% $18,547 0%

Total Task 11 $147,823 0% $0 0% $147,823 0%

Task 12 Supplemental Services
Additional dewatering efforts $33,520 90% $33,981 101% -$461 90%
Eval. of Inclined vs Vertical Risers $56,508 100% $53,113 94% $3,395 100%
Supplemental BCC BODR and associated efforts $121,484 90% $41,767 34% $79,717 90%
Evergreen Sewer design $33,363 70% $31,810 95% $1,553 83%
Geotechnical Investigation at WSFM Tunnels $60,515 5% $2,239 4% $58,276 5%
Other additional scope charged to Task 12 $0 100% $20,056 NA -$20,056 100%

Total Task 12 $305,390 72% $182,966 60% $122,425 73%

Subtotal $5,586,364 71% $3,932,527 70% $1,653,838 68%
Fixed Fee $431,474 71% $294,132 68% $137,342 66%

Total $6,017,838 71% $4,226,659 70% $1,791,180 68%
Scheduled Billed Progress

71% 70% 68%

Task # Key:
#.## C = Combined task (both WSFM and BCC)
#.## W = WSFM only task
#.## B = BCC only task

NOTE:  Task budgets have been revised to include Amendment No. 1 and Contingency Release No. 1

Total Contract To Date Status Overview

71% 70% 68%
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---------------------------------------------------------------------------------------------------------------------------------------------
   

COMMENT SHEET FOR THE INTERCEPTOR DESIGN MANUAL 
If you have any comments on the manual (ex.: information you think should be included, misspellings,  
information not accurately referenced, etc.) please write them on this comment sheet, fold on the dotted 
lines, tape closed, and mail to the address shown.   
   
Send to: Patrick Schroeder 
 10545 Armstrong Avenue, Suite 101 
 Mather, CA 95655 
 Tel: (916) 876-6066 

ITEM NO. LOCATION COMMENTS 

1     

2     

3     

Reviewer Contact Information: Name:                                                        Phone: 
Address:                                                                     Email: 
-------------------------------------------------------------------------------------------------------------------------------------------
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Patrick Schroeder 
10545 Armstrong Avenue, Suite 101
Mather, CA 95655 
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