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TECHNICAL MEMORANDUM

TM-P-4

TO: Andy Hauge (HBA)
Robin Cort (Parsons ES)

FROM: Therese Wooding (Parsons ES)
Rich Maurer (Parsons ES)

DATE: 21 July 1995

RE: Santa Rosa Subregional Long-Term Wastewater Project, Transmission Pipelines to
Storage, Tunnel Length Optimization Analysis
Ref. No. 723129.31006

INTRODUCTION

The purpose of this memorandum is to 1) present the approach used to evaluate the relative
economic benefit of tunneling to lower the pumping head into Tolay C, Two Rock, Sears Point,
Bloomfield, Carroll Road, Valley Ford, and Huntley reservoirs, and 2) recommend the tunnel
length, if appropriate, for use in an overall present worth analysis.  Tunneling was not
recommended at the other three reservoir sites (Tolay A, Adobe Road and Lakeville) because 1)
the transmission line high point is the water surface in the reservoir or 2) the tunnel depth would
be less than 50 ft.  (See Figures 4 through 13 for pipeline profiles and hydraulic profiles of the
tunnels.)  Flows used in this analysis are based on those determined in TM-P-6.  Pipe material
costs are not included in the analysis as they are common to all alternatives.

TUNNELING ECONOMIC ANALYSIS

The pipeline routes used in the tunneling analysis are shown in the attached figures.  Map OV-1
shows the overall project area, pipeline alignments and reservoir locations relative to the
treatment plant.  Figures 1 through 3 provide a more detailed layout of the tunnels’ locations.
Hydraulic profiles for the recommended alignments are provided in Figures 4 through 13.
Assumptions used in the analysis are shown in Table 1 in boldface type.  Note that the present
worth costs in the tables are relative costs for comparison purposes only.  Tunnel length at
specific elevations was measured from topographical maps.  For example, at Two Rock at a
ground elevation of 500 ft. the proposed tunnel length is 250 ft.  Assuming an 8-foot tunnel
diameter, a construction cost of $1,300/LF, the estimated construction cost of the tunnel would
be approximately $325,000.
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Material costs were obtained from recent vendor quotes, the Means cost estimate guide and a
review of tunnel construction costs from past projects.  Present worth assumptions are based on
recommendations from the project economist, EPS.

Pumping energy costs were calculated based on static head at specific elevations.  At Tolay C,
Two Rock, Carroll Road and Valley Ford the static head and tunnel length is based on the
reservoir water surface.  For example, at Two Rock, for a ground elevation of 500 ft., given that
the pump station elevation is 80 ft., the static head is 420 ft.  The static head is calculated as the
difference between the water surface elevation at the reservoir and the pump station.  Energy
costs and pump station housepower become larger as the static head increases.  The static head
will vary depending on the water surface in the reservoir.  To be conservative, the maximum
water surface in the reservoir was used in the analysis.  At Sears Point, Bloomfield, and Huntley
the static head and length of the tunnel is limited by the topography around the dam site.  At
Sears Point for example, the maximum reservoir water surface El. is 140 ft.  However, the base
of the 420 ft. high ridge occurs at El. 270 ft.  The ground then slopes down to the maximum
reservoir water surface El of 140 ft.  Thus, 270 ft was used as the high point in the static head
calculation.

Friction losses between the pump station (at the treatment plant) and the tunnel (alignment high
point) are considered common to all alternatives and were not included in the calculations.
Between the high point and the reservoirs it is assumed that gravity flow occurs for the no tunnel
option and that pumped flow occurs for the tunnel option.  Friction losses and related pump
station construction and operation costs for the tunnel options are included in the present worth
costs.  This is conservative as a majority of the tunnel option alignment downstream of the
tunnel will most likely be gravity flow.

CONCLUSIONS

Tunnels are recommended for the transmission pipeline to Two Rock, Sears Point and Tolay C
reservoirs.  Results of the tunneling analysis is shown in Table 1.  Graphical results of the
analysis are shown on Figures 14 through 20.  In general, topographical elevation and tunnel
length have a significant impact on the total present worth of each project. A short tunnel which
provides a large reduction in pumping head is the most economically feasible configuration.  For
example, use of a tunnel at Two Rock reservoir lowers the total present worth cost due to the
150 ft. decrease in pumping head and relatively short, 2,700 ft length.  However, a tunnel for
Valley Ford reservoir is not recommended.  In spite of the 165 ft. reduction in pumping head
(similar to Two Rock) the cost of the tunnel due to its length (almost 10 times that of Two Rock)
outweighs the energy cost savings.  Tunneling is not recommended at Huntley because the
estimated cost savings is not within the accuracy of the analysis.  Also, the tunnel depth is only
50 ft.  It may be possible to obtain a reduction in pumping head by trenching and installing the
pipe at a greater depth.  This possibility should be investigated further should Huntley be the
selected alternative.

The longest tunnels shown for Two Rock, Sears Point and Tolay C have been incorporated into
an overall relative present worth analysis.  The analysis compares the relative present worth
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costs of all proposed routes into each of the reservoirs and is used to assist in the selection of a
recommended transmission line route from the treatment plant to the reservoir.  The results of
this analysis are presented in Technical Memorandum No. TM-P-3.

Summary

Tunneling recommendations for each of the 10 project reservoirs are presented below.

Reservoir Recommendation Figure

Nos.

Tolay A Tunnel not necessary.  Based on visual inspection of alignment,
provides only minimal reduction in static head which may be
achieved by trenching and installing pipe at a greater
depth. 4

Adobe Road Tunnel not necessary.  Reservoir is alignment high point. 5

Lakeville Tunnel not necessary.  Reservoir is alignment high point. 6

Tolay C Use tunnel.  Present worth cost reduced by approximately $1.4M 7, 14

Sears Point Use tunnel.  Present worth cost reduced by approximately $1.4M 8, 15

Two Rock Use tunnel.  Present worth cost reduced by approximately $0.12M 9,16

Bloomfield Do not use tunnel. Present worth increases with tunnel length.
Tunnel cost outweighs reduction in pumping cost. 10, 19

Carroll Road Do not use tunnel.  Present worth increases with tunnel length.
Tunnel cost outweighs reduction in pumping cost. 11, 18

Valley Ford Do not use tunnel. Present worth increases with tunnel length.
Tunnel cost outweighs reduction in pumping cost. 12, 17

Huntley Do not use tunnel.  Provides only minimal reduction in present
worth cost.  Reduction in pumping head also minimal, may be
achieved by trenching and installing pipe at a greater depth. 13, 20
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