SAVE INTERNATIONAL CONFERENCE PROCEEDINGS, 1996

IMPLEMENTATION OF VALUE ENGINEERING AT THE
METROPOLITAN WATER DISTRICT
OF SOUTHERN CALIFORNIA

Michael J. Rojas, P.E.

Michael J. Rojas is a registered Professional Engineer in the State of
California, with more than 14 years experience in both private and public firms.
He holds a Bachelor of Science degree in Mechanical Engineering from Texas
A & M University, and a Master of Science degree in Systems Management
from the University of Southern California. In 1993, he joined Metropolitan
Water District to manage the Quality Assurance effort in the Engineering
Division, after leaving facilities design work at a major Southern California
aerospace corporation.

ABSTRACT

This paper examines the development of a
Value Engineering (VE) Program at The Metro-
politan Water District of Southern California, a
regional water utility.

INTRODUCTION

The VE Program development began in June
1994 and concluded in June 1995. By December
1995, Metropolitan had completed the program
criteria, trained approximately 120 staff persons,
established a new organizational element, and
conducted five VE workshops. The implemented
cost savings resulting from these five studies is
estimated at $13.8 million. The average return on
investment is greater than 40:1.

The Metropolitan Water District of Southern
California (Metropolitan) is one of the world’s largest
providers of wholesale water, serving over 16 million
Southern Californians throughout a 5,200 square-mile
service area. Since the passage of the Metropolitan
Water District Act of 1928, Metropolitan has
developed the facilities to transport, store, filter, and
deliver water throughout its six-county service area.
Delivered water averaged 1.8 million gallons per day
during the past five years.

Metropolitan consists of 27 member agencies:
14 cities, 12 municipal water districts, and one
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county water authority. A 5l1-member Board of
Directors governs Metropolitan. The annual budget
for Metropolitan during 1995-96 was approximately
$860 million.

Since its inception in 1928, Metropolitan has
established a record of reliability, engineering and
construction quality, and public service while
providing Southern Californians with the water
supplies on which their livelihoods depend. As one
of the largest water districts in the world,
Metropolitan has many notable achievements
including construction of its 242-mile long Colorado
River Aqueduct. Metropolitan also played a key role
in the expansion and improvement of the California
State Water Project.

Today, Metropolitan finds its mission and
operational  practices subject to continuing
examination and appraisal. This increased oversight
results from new challenges; chief among them is
intensified competition for California’s scarce water
resources by agricultural, industrial, urban, and
environmental interests.

Other challenges include a recent prolonged
drought, a reduction in the state’s Colorado River
water rights, and the still unresolved problem of
transporting State Water Project flows through the
Sacramento-San Joaquin Delta to Southern California.

These issues combine to make Metropolitan’s
mission of providing reliable supplies of high quality
water at environmentally and economically acceptable
costs, increasingly difficult to accomplish.

One key to successfully accomplishing this
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mission is the engineering and construction of an
approximately $4.2  billion Capital Improvement
Program (CIP). CIP projects will increase local
storage flexibility, ensure against supply disruptions,
connect the State Water Project to the Colorado River
Aqueduct, and upgrade the performance of existing
water filtration plants.

Responsibility for implementing CIP projects
rests with the Engineering Division. The Division
employs approximately 450 regular staff, and is
supplemented with consultants, temporary and other
part-time staff.

A six-month review of Metropolitan’s business
practices and policies began on April 7, 1993, with
the authorization of the Blue Ribbon Task Force
(Task Force) by Metropolitan’s Board of Directors.
The Task Force included private sector community
leaders concerned with water issues in Southern
California.

Metropolitan occasionally received criticism for
over-building and being “too well prepared.”
Metropolitan balanced such critical views against the
risks inherent to its operations in the Southern
California environment--namely earthquakes and
prolonged drought, and accommodated certain worst-
case scenarios during design.’

A special Engineering and Operations Review
Committee, established by the Task Force, noted the
absence of any identified value engineering-type
program. It concluded that cost data to validate
design approach was essential to the decision making
process.

The Task Force agreed that Metropolitan project
designs are conservative. It further stated that
Engineering designs were not at present reviewed to
assess whether specifications and capabilities that may
exceed industry standards are justified.’

The Task Force concluded by recommending that
a VE Program be implemented to ensure that the
most cost-effective designs are used in Metropolitan
projects.

DEVELOPMENT OF THE VALUE
ENGINEERING PROGRAM

Development of the VE Program began during
the first half of 1994. The Chief Engineer delegated
responsibility for the program to the Quality Control
Branch of the Engineering Division.

220

MWD staff, with limited knowledge of VE,
conducted the initial research on the subject. A
number of outside resources, including SAVE and
two independent practitioners, assisted in defining
VE.

In July 1994 the Metropolitan Board of Directors
approved an implementation plan for VE. This plan
described the history and development of VE as a
practice, tied in the theory to support existing design
review practices, and laid the framework for
development of the VE Program.

Two concurrent activities within the Engineering
Division had a bearing on the VE effort. The first
activity involved the development of a series of
management and design standard manuals. This task
had been ongoing since mid-1991. Metropolitan
considered development of the manuals to be a strong
benefit to, as well as a foundation for, the VE
Program.

The second activity was the organizational study
of the Engineering Division conducted by KPMG
Peat Marwick. This study began during the fourth
quarter of 1994 and concluded in June 1995. This
study included a thorough review of the
organizational structure of the division, with
consideration to its mission, and its current and
anticipated responsibilities. The VE Program, under
development as a future organizational entity, fell
within the scope of this study.

The July 1994 presentation to the Board stressed
VE as an activity that truly pays for itself. Each VE
study to date has resulted in a positive return on its
investment cost. This area is described in more
detail further in this report.

Since VE generates a positive return on the
money invested in the study, it is important to
conduct the studies as planned. The initial cost of
VE studies must be provided within the project
budget. This is done through the normal project
planning work, which now includes a VE task for
those projects that meet the selection guidelines.

Familiarization Program

Metropolitan completed its initial investigations
and then considered two consultant firms experien-
ced in conducting VE studies to familiarize
Metropolitan staff with VE. Metropolitan hired
KCM, Inc. to conduct two one-day seminars for this

purpose.
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The one-day seminars were designed by KCM,
Inc. to deliver the following information:
General description of VE
Discussion of how VE works
Benefits of VE
Project examples
When to use VE
Team Leader and Member selection criteria
Human relations in VE
Requirements for a successful VE Program

Fifty-three Metropolitan staff members attended
the seminars. The attendees were primarily
Engineering Division engineers and managers.

Much of the staff believed they were already doing
“VE” and did not need to implement further reviews
in their projects. A shared concern among staff was
disbelief that an outside team could materially
contribute to and improve their projects.

The seminar content, and particularly the question
and answer session, was helpful in allaying some of
this concern, and in placing VE in its proper context
within a project.

Comments received from the attendees indicated
interest and support for a VE Program if it were well
planned and properly implemented. Planning the
implementation was the next step.

Summary Action Plan

In August 1994, a team of Engineering Division
managers met to develop an implementation plan for
the VE Program. This team approved the following
eight-step plan:

1. Conduct VE training to familiarize staff.

2. Retain the services of a consultant to assist with
establishing criteria for the VE Program.

3. Incorporate VE philosophy into Engineering
Standard Documents and train staff using the
documents.

4. Use objective criteria to select projects for VE
on the basis of potential benefits and
improvement of cost effectiveness.

5. Establish a budget for VE studies for the 1995-
96 fiscal year.

6. Develop a short list of approved and qualified
firms capable of providing VE studies for
Division projects.

7. Make preparations for conducting pilot VE
studies on two projects: Riverside Badlands
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Segment of the Inland Feeder, and the Oxidation
Retrofit Program for the Jensen and Mills
filtration plants.

8. Establish a periodic reporting system to monitor
savings from the VE Program and report results
to Senior Management and Board of Directors.

The Chief Engineer approved the action plan,
and Metropolitan staff began implementation.

VE Program Development

Metropolitannegotiated an agreement with KCM,
Inc. to assist with the development of criteria for the
VE Program. The scope of work involved the
following parts:

e Analyze projects, procedures and organizational
structure

e Develop guidelines and procedures to define the
VE effort on projects

e Make recommendations concerning the VE
Program structure and management

s Develop a VE Program Manual

e Create a VE Program tailored for the 1994-95
CIP

¢ Create a tentative program for the remainder of
the 10-year CIP

e Provide training for staff at three levels of detail

Coincident with the VE Program development,
the earlier described organizational study of the
Engineering Division was underway. Metropolitan
forwarded recommendations by KCM, Inc. for the
structure and management of the VE Program, to
KPMG Peat Marwick, the firm responsible for the
organizational study. These recommendations were
accepted and implemented with the reorganization of
the Engineering Division, which became effective
July 1, 1995. Figure 1 illustrates the organizational
changes that effected the VE Pragram
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The VE Program section was placed within the
Quality Control Branch of the Engineering Division.
That branch’s name was then changed to reflect the
increased scope of responsibility, and the Branch
Manager was elevated to report directly to the Chief
Engineer.

This revision in structure accommodated the VE
Program guidelines for the decision-making process.
The Chief Engineer is the responsible manager for
the division, and ultimately approves the acceptance
of all VE recommendations.

The program manual provides guidelines to handle
the decision-making process for recommendations that
cross division lines of authority.

A key component of a smooth transition to VE
was training. Specific training courses were included
in KCM, Inc.’s scope of work. The following
training sessions were developed:

1. One 2-hour Executive Seminar

Two 8-hour VE Program Guidance Manual
Seminar

Four 8-hour VE Fundamentals Seminar

Two 8-hour VE Seminar for Project Managers
5. One 40-hour VE Training Workshop

W

As of December 1995, eight of the above ten
classes have been held, and approximately 120
Engineering Division staff members have received
some form of VE training. Current plans call for
concluding all training efforts during the first quarter
1996, and reevaluating training needs on an annual
basis.

VE Projects Completed

Metropolitan proceeded with conducting VE
studies on capital projects during development of the
program. As of December 1995, Metropolitan
completed five VE studies. Details from these
studies are discussed further in this report.

Pre-Qualification of VE Consultant Firms

Metropolitan decided to implement VE without
making large staffing increases. It was concluded
that the expertise needed to support VE was available
through qualified consultants practicing in the field.

To identify consultants interested and qualified to
conduct VE studies on CIP projects, Metropolitan
issued Request for Qualifications (RFQ) No. 157 in
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July 1995. The goal of RFQ No. 157 was to create
a resource pool of pre-qualified firms readily
available to conduct VE studies on current and future
capital projects.

RFQ No. 157 was designed to solicit the
information necessary for Metropolitan to evaluate
and pre-qualify VE firms. Responses to RFQ No.
157 were evaluated upon the following factors:

. Years of experience in VE among key personnel

2. Level of education and professional licenses
among key personnel

3. Certifications held by key personnel; such as
Certified Value Specialist (CVS), Value
Methodology Practitioner, and Associate Value
Specialist

4. Total number of studies conducted by key
personnel

5. Past performance of VE studies conducted in
specific project types pertinent to Metropolitan-
typical projects

6. Financial capability of the firms

7. The availability of local personnel

Submittals from twelve firms were accepted for
evaluation. A committee of Metropolitan managers
and staff reviewed the submittals and recommended
that nine of the twelve consultant firms be pre-
qualified to submit proposals for VE on Metropolitan
projects.

Metropolitan uses these nine firms as sources for
consultant VE team leaders, qualified team members,
and support staff where required. All pre-qualified
consultant firms retain this status for a period of 24
months, after which Metropolitan may elect to issue
a new RFQ for this service.

HIGHLIGHTS OF THE VE PROGRAM

Project Selection Criteria

The VE Program was designed to provide the
widest possible benefit to Metropolitan. To that end,
the screening process to identify candidate VE
projects was initially set loosely.  The project
selection criteria states that all projects will be subject
to VE analysis unless one of the three following
conditions exists:?

1) The estimated project construction cost is less
than 90% of the current-year threshold value.
(The initial threshold value is $2 million.) The
VE  Program Manager will make the
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determination for those projects with an
estimated construction cost between $1.8 million
and $2 million.
ii) The project is in its final design phase and the
design was more than 75% complete at April 1,
1995 (the time the VE Program was formally
implemented).
Special circumstances apply which would make
it advantageous for Metropolitan not to conduct
VE. Approval by the Chief Engineer is required
for this condition to apply.

iii)

VE Plan and Budget Preparation

KCM, Inc. developed a PC-based spreadsheet
program to automate much of the work required in
setting up an initial budget and VE plan for a given
project.

Program input consists of descriptive project
information such as the project name, project
manager, project cost, and work order number.
Project type, complexity, current phase, and type of
team desired are selected from pre-defined lists and
input.

The program produces a preliminary Return on
Investment (ROI) projection. If the ROI falls within
the program target range of 8-20, the plan is
accepted. If the ROI is not acceptable, the size of
the team and the number and duration of studies are
adjusted to optimize the ROI value.

Quality

Due to the critical nature of Metropolitan’s
facilities in providing and maintaining public health
and safety, the VE Program is designed to restrict the
implementation of any recommendations that
jeopardize the quality, capability, or reliability of
completed facilities.

Certified Value Specialist Team Leaders

During the initial VE studies, Metropolitan staff
recognized the benefit of having VE Team Leaders
who are Certified Value Specialists (CVS). The
benefit results from having proven human relations-
type experience. An experienced, qualified CVS is
capable of dealing with the questions and attitudes of
project personnel.

The VE Team Leader must take care to avoid
undue criticism of project personnel. The VE
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process examines a product, in most cases this
consists of construction drawings and specifications.
The study does not examine the project team that
created the product. The Team Leader must maintain
a professional attitude during all phases of VE
studies.

Exceptions to the “only CVS” rule will be made
for Metropolitan staff interested in leading VE teams
for projects that do not meet the normal selection
criteria threshold.

Trainin

Metropolitan views training as a key element of
the overall goal of maintaining a successful VE
Program. Metropolitan uses direct and indirect
means to educate its staff..

Direct training is provided to Metropolitan staff
through a scheduled series of courses that discuss the
various aspects of VE from the perspectives of the
different roles involved.  These courses were
identified earlier in this report.

Indirect training stems from “information sharing”
activities.* Informational literature concerning VE is
regularly obtained from the Society of American
Value Engineers (SAVE).  Periodicals received
include the Journal of the Society of American Value
Engineers and Interactions. These publications are
routed to Engineering Division staff and management.

In addition to receiving outside journals,
Engineering has used its in-house newsletter, The
Pipeline as a forum for VE. Currently, a three-part
series illustrating VE is appearing in The Pipeline.

Responsibilities of the Project Manager

Metropolitan designed their VE Program to
involve the Project Manager at the earliest possible
point. The Project Manager is responsible for
reviewing the size, complexity, and schedule of his
or her project, and developing a VE plan in
accordance with the procedures outlined in the VE
Program Manual. This plan should be developed
early in the project planning process.

The VE Manager approves the plan and the
Project Manager is then responsible for
accommodating the VE task(s) in the project budget
documents and schedule.
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Prior to the first VE study, the Project Manager
must assemble the appropriate project documents for
review by the VE team. On the first day of the VE
study the Project Manager presents the project to the
VE team. At the conclusion of the study, the Project
Manager considers and responds to recommendations
from the team. The Project Manager must
implement those recommendations that are accepted.

Responsibilities of the VE Manager

Metropolitan’s VE Manager is key to successful
accomplishment of the goals of the VE Program and
the Engineering Division. The VE Manager is
responsible for reviewing and approving the plan
submitted by the Project Manager, and for
implementing that plan. When a VE study requires
consultant services, the VE Manager initiates contact
and manages the Consultant’s involvement. He or
she also coordinates and schedules all logistics
associated with VE studies, and ensures the
production of a final report.

PERFORMANCE OF THE VE PROGRAM

VE Program Results

In December 1995 a status report detailing the
performance of the VE Program was delivered to the
Metropolitan Board of Directors.  The report
summarized the status of five VE studies, completed
at a total cost of $340,000. The implemented cost
savings resulting from these studies is estimated at
$13.8 million, producing an average ROI greater than
40:1 (Implemented Savings / Cost).

Metropolitan’s average ROI is higher than
normally seen in industry due to larger than expected
returns on one high-cost project (San Bernardino
Tunnel). Metropolitan expects an average ROI in the
range of 5-20 during the lifetime of the VE Program.

VE Studies Results

As stated earlier, five VE studies have been
completed as of December 1995. The projects range
from major water conveyance tunnels, estimated at
several hundred million dollars each, to process
modifications at existing water filtration plants,
ranging in cost from $4-$60 million dollars. The
following summarizes results from each study.

San Bernardino Tunnel

This project consists of the first two segments of
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the Inland Feeder project. The project begins at the
second afterbay of the Devil Canyon Power Plant in
the hills above the city of San Bernardino. The first
leg of the Inland Feeder consists of a 12-foot-
diameter buried pipeline through the power plant
facilities, followed by a l4-foot-diameter tunnel
through the San Bernardino Mountains to Waterman
Canyon. The tunnel transitions to a 12-foot-diameter
buried pipeline through Waterman Canyon, enters a
2,000-foot deep tunnel, and exits the mountains at a
portal adjacent to Highway 330 north of the city of
Highland.  This project totals approximatcly 9.4
miles of tunnel and 1.6 miles of pipeline.

Metropolitan estimated the total project cost at
$290 million, including $200 million for construction.
The VE study was conducted at the 30% Preliminary
Design point.  KCM, Inc. led the study as
Metropolitan’s VE consultant firm.

Some of the implemented VE recommendations
included:

¢ Change to specification of sealing grout ahead of
the tunnel boring machine

* Reduction in use of steel liner

® Use of an on-site batch plant

® Need for additional geological investigations

The cost of conducting the VE study was
$110,000, and the estimated savings resulting from
the implemented recommendations is $45 million.
The ROI for this project is 91.2:1.

Riverside Tunnel Project

This project is also part of the Inland Feeder
project. The Riverside Tunnel consists of a 14-foot-
diameter tunnel extending 7.9 miles. This segment
begins near the city of Redlands, and extends south
of the Riverside Badlands to the San Jacinto Valley.

This project segment is estimated at $275
million, of which $200 million is the estimated
construction cost. This VE study was also conducted
at the 30% Preliminary Design point. Metropolitan
directed Lemley & Associates, Inc. to conduct this
study.

The principal VE recommendation accepted for
implementation into the project was a reduction in the
length of concrete encasement, which resulted in an
estimated cost savings of $700,000. The cost to
conduct this study was $75,000, and the resulting
ROl is 9.3:1



SAVE INTERNATIONAL CONFERENCE PROCEEDINGS, 1996

Diemer Plant Chlorine System Modifications

The third study was conducted during a 40-hour
VE workshop training course, designed and
conducted by KCM, Inc. This project was selected
as an exercise for students to practice VE techniques.
At the time of the workshop, the project was at the
100% complete Final Design point, and normally
would not have received a VE study.

The project consisted of the design and
construction of modifications to an existing chlorine
storage and distribution system at the Robert B.
Diemer Filtration Plant in the city of Yorba Linda.

The total project cost estimate was $3.8 million,
$2.3 million of which was designated for equipment
purchase, instailation, and construction.

Although the project was essentially complete,
the students who undertook the study contributed
valid recommendations that were incorporated into
the design. Among the VE recommendations
implemented were the following:

1. Reduction in chlorine evaporator redundancy
2. Elimination of pipe trench
3. Deletion and reduction of manhole sizes

The cost for this study was $5,000. Estimated
savings from the implemented recommendations

totaled $100,000, resulting in an ROI of 20:1.

Jensen Plant Oxidation Retrofit Project

This VE study examined a project implementing
ozone-based water treatment technology at the Joseph
Jensen Filtration Plant in the city of Granada Hills.

The project was reviewed at the 30% Preliminary
Design stage by Montgomery Watson, the VE
consultant firm. Metropolitan estimated the project
cost at $127 million, including a construction cost
estimate of $60 million.

Among the VE recommendations accepted for
implementation were the following:
1. Elimination of a basement in the oxygen

separation building
2. Modification of the ozone production building

floorplan
3. Elimination of double walls
contractors

in the ozone

The total estimated savings from the reccom-
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mendations was $2.2 million, and the cost to conduct
the study was $89,900. The resultant ROI is 24:1.

Santa Ana Wash Tunnel

The fifth VE study examined another segment of
the Inland Feeder project. This relatively short
segment of the Inland Feeder consists of an
approximately 1/2 mile long, 12-foot-diameter soft-
ground tunnel extending beneath the Santa Ana River
Wash near the Redlands Municipal Airport.

The construction cost estimate for this segment
was $45 million. The project was at the 90% Final
Design point when the study was conducted by KCM,
Inc.

Metropolitan
recommendations:

accepted the following

Elimination of de-watering requirements
Re-specification of de-watering system
Relocation of north portal

Elimination of continuous surveillance of the
tunnel heading

W N =

The estimated savings from implementing these
recommendations was $790,000. The study cost was
$61,000, and the resultant ROI was 12.9:1.

As noted earlier, the average ROI from these
five studies is greater than 40:1.

HUMAN RELATIONS IN THE VE PROGRAM

Human relations were an important consideration
during development of the VE Program. In addition
to new procedures for project personnel, VE required
a new organizational element within the Engineering
Division, and a modified chain of command.

Organizational change, while necessary for the
survival of enterprises, is sometimes difficult to
implement. While resisting change may be a part of
human nature, organizations can work to improve
attitudes toward, and acceptance of, organizational
change.’

In the field of organizational behavior analysis it
is generally agreed that change is more acceptable
when it is understood than when it is not. Change is
also more acceptable when those affected by it have
taken part to help create the change.

Metropolitan’s extensive training program was
designed to ensure understanding and maintain staff
involvement throughout the development and






