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Mr. Peter Mull
Ms. Lynne Galal

United States Army Cotps of Engineers

San Francisco District Office
333 Market Street
San Francisco, California 94105 ' 11-22459-503/1

Subject: Final Cost Estimate of Napa Salt Marsh Salinity
o Reduction and Restoration Alternatives

Dear Mt. Mull and Ms. Galal:

We have finalized our analysis and cost estimate of salinity teduction and restoration

alternatives for the N apa Salt Marsh. Our éiraluation was pi_arformed in accordance
with the Scope of Work for Engineering Services included as part of the Award

Note that this cost estimate is based on 2 éonceptua.l design of water control structures
and restoration components. Further definition of the concepts described hetein will
allow for the development of more accurate cost estimates for required facilities.

SUMMARY

costs do not include those associated with the delivery of 'fedaimed water to the site.
Tnitial levee repair is estimated at $1.6 rnillioﬁ and peak annual levee maintenance is
estimated at $311,000 per year. Annual maintenance costs will decrease slightly during
the first few years of the Project as some ponds are converted to tidal marsh and their .
levees no longer require annual maintenance.
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Costs associated with restoration components are described in the final section of this <
report, and can be used to estimate the costs of various restoration alternatives ,thait_ﬁi:éffz :
cutrently under development. A generic restoration alternative with 10,000 feet of .. = "
starter channels, 25 ditch blocks, 10,000 feet of levee lowering, 25 levee breaches, and -
40 actes of sediment addition would cost an estimated $8 million. These costs do not
include water control structures associated with managed ponds.

INTRODUCTION

In the early 1990s, the Cargill Salt Company ceased the production of salt and sold

9 850 actes of evaporation ponds and associated lands near the mouth of the Napa
River to the State of California. The ACOE, the California Coastal Conservancy
(CCC), and the California Department of Fish and Game (DFG) are proposing 2 .
salinity reduction and habitat testoration project for the site now known as the Napa
Salt Marsh. The purpose of this project is to restore tidal salt marsh and ecologically
related habitats to suppott populations of endangered species, migratory waterfowl,
shorebirds, and anadromous and native fish. The long-term goal is to produce 2 e
natural, self-sustaining habitat that can adjust to naturally occurring changes in physical ( o
processes with minimum on-going intervention. ' o

The study area contains 12 ponds formerly used in the salt production process. This
process consisted of taking in Bay water at the southern edge of the pond system,
allowing evaporation to occut, and then moving the brine to the next pond in the series
for further concentration. Watqt transfers within the pond system occurred through a’
combination of pumps, tide gates, valves, siphons, and canals. '

Salinity Reduction

Removing salts from the ponds is the first step in the habitat restdtation process.
Once salinity reduction has been achieved, ponds can be opened up to tidal action ot
maint‘_:z‘TigggLaig‘lggggchpond's, thus increasing their value as wildlife habitat. Salinity

C o eEm : i

reduction is not currently requited for Ponds 1, 1A, 2 and 2A. At the present, these
ponds are functioning habitat and have salinity levels near ambient conditions. Salinity
reduction is required for Ponds 3, 4, 5, 6, 6A,7,7A and 8. Currently, these ponds have
salinity levels that either preclude use of the ponds by wildlife, or limit use of the ponds
to a very small number of species. Based on Spring 2001 data from DFG, Ponds 3, 6,
6A and 7A range from 30 to 65 patrts per thousand (ppt). Ponds 4 and 5 tange from
150 to 200 ppt. Ponds 7A and 8 are the most saline ranging from 225 to 325 ppt.
Salinity levels in most ponds fluctuate to some extent on 2 seasonal basis.
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Three alternatives have been previously developed by Philip Williams and Associates
(PWA) to facilitate salinity reduction. These alternatives fequite construction of water
control and conveyance structures, as well as the breaching of levees.

Restoration Alternatives

Restoration alternatives are currently under development and will be implemented in
patallel with salinity reduction. Restoration alternatives split the site into two
components: ponds that will remain and be managed as ponds over the long-term
(managed ponds), and ponds that will be opened to tidal action and be testored to tidal
marsh. To date, four alternatives have been developed. Alternative 1 has roughly
equal surface area of managed ponds and restored tidal marsh. Alternative 2
emphasizes tidal marsh while alternative 3 emphasizes managed ponds. Alternative 4
empbhasizes tidal marsh and includes structural components within the ponds
converted to marsh that will accelerate marsh development. Structural components 7
associated with marsh restoration include starter channels, internal berms, ditch blocks,
levee lowering, levee breaching, levee construction, sediment addition, and dredging of
existing sloughs. ' ’

SALINITY REDUCTION ALTERNATIVES

This section summatizes the facility requitements and costs of water conttol structures
associated with the three salinity reduction alternatives. It includes a btief description
of the three salinity alternatives, and describes how we sized various water control
structures and how they would typically be constructed. Lastly, it discusses some
assumptions behind our cost estitnates.

Description of Salinity Reduction Alternatives b

Each salinity reduction alternative proposes different pond groupings, intake and
discharge locations, and number and type of water control structures. Below we briefly
describe each alternative, as well as the size and number of water control structures that
will be required. In addition to these large-scale facilities, the following small-scale
components are included in most alternatives: '

. Check valves to ensure one-way flow through intakes or outlets.

. Manual knife valves to control the flow rate through structures.
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Fish screens on intakes to protect fishery resoutces.
Diffusets to enhance dilution of pond water into teceiving watets.

Levee breaches to promote water flow from pond to pond and between
ponds and the Napa River.

Salinity Reduction Alternative 1 — Napa River and Napa Slough Discharge. For
this alternative, the ponds are divided into three operational groups: Pond 3,

Ponds 4/5/6/6A, and Ponds 7/7A/8. Pond 3 and Ponds 4/5/6/6A receive
freshwater from the Napa River and/or surrounding sloughs and discharge pond watet
to the Napa River. Ponds 7/7A/8 all discharge to 2 common mixing chamber that
dilutes bittern from Pond 7. Water from the mixing chamber is then discharged to the
Napa Slough. Makeup water for Ponds 7A and 8 come from the Napa Slough.
However, for Pond 7, our engineering analysis shows that this is not practical: We
‘have assumed hetein that reclaimed water will be used for make-up water to Pond 7.
Facility structure requirements for each of the operatlonal groups ate outlined below.

~ Pond 3:

Nine 52-inch-diameter inﬁkes from the Napa River to the northeast
corner of Pond 3.

Three 48-inch-diameter intakes from Dutchman Slough to the
southwestetn side of Pond 3.

Two 52-inch-diameter outfalls to allow ﬂow from Pond 3 into the Napa

" Rivet.

Ponds 4/5/6/6A:
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Seven 54-inch-diameter mtakes from Napa Slough to the north-central
section of Pond 5. w

Five 52-inch-diameter intakes from Napa Slough to the north-central
section of Pond 6A.

One 52-inch-diameter siphon to cozivey ﬂow. from Pond 6 to Pond 5.

I
1

i

Two 48-inch-diameter outfalls from Napa Slough to the southeast
section of Pond 4.

|
}
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Ponds 7/7A/8:

= 800 feet of dredged channel plus three 52¢ihch-diameter intakes from
Napa Slough to the southwest corner of Pond 7A.

= One 42-inch-diameter outlet from Pond 8 to the Pond 8 canal.
= One 42-inch—diarheter siphon in the Pond 8 canal to cross the slough.
. Mixing chamber at the site of the existing donut structure with inlets

from Ponds 7, 7A, and 8 and'an outlet to a canal.

= One 42-inch-diameter outfall from the mixing chamber canal to Napa
Slough. ‘ ' '

~ Salinity Reduction Alternative 2 — San Pablo Bay Dischatge. Under this
alternative, salinity reduction in the ponds is divided into two operational groups:
Ponds 3/4/5 and Ponds 7/TA/8/1/2/6/6A. Ponds 3/4/5 are interconnected using
levee breeches and siphons. These ponds receive freshwater from the Napa River and
Napa Slough and discha.tge pond water to the N apa River. Ponds 7/ 7A/8 operate as
in Alternative 1, but outflow from the mixing chamber is routed to Pond 6A rather
then being discharged to the Napa Slough. Water from Pond 6A then flows through
Ponds 6, 2, and 1 and out to San Pablo Bay. The salinity reduction process will occur
simultaneously for all pond groups. The main differenice from Alternative 1 is the
greater reliance on siphons to move water from pond to pond and the fact that no
water from the highly saline northetn ponds is discharged to the Napa River system.
Facility structute tequirements for each of the operational groups are outlined below.

Ponds 3/4/5:

= ‘Nine 54-inch-diameter intakes from the Napa River to the northeast
cornet of Pond 3. >

= Three 48-inch-diameter intakes from Dutchman Slough to the
southweste_rn side of Pond 3.

. Eleven 54—inch—diametet intakes from Napa Slough to the notth-central
section of Pond 5. :

= One 48-inch-diameter siphon from Pond 3 to Pond 4.

L] Two 52-inch-diameter outfalls to discharge flow from Pond 3 into the
Napa River,
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Ponds 7/7A/8/1/2/6/6A:

800 feet of dredged channel plus seven 54-inch-diameter intakes from
Napa Slough to the southwest corner of Pond 7A.

One 42-inch-diameter outlet from Pond 8 to the Pond 8 canal.
One 42-inch-diameter siphon in the Pond 8 canal to cross the slough.

Mixing chamber at the site of the 'cxisting donut structure with inlets
from Ponds 7, 7A, and 8 and an outlet to a canal.

-One 52-inch-diameter siphon from the Mixing Chamber Canal to

Pond 6A.

Two 54-inch-diameter siphons to connect Pond 6 to Pond 2.

TWb 54—inch-diamc£er siphons to connect Pond 2 to Pond 1/1A.

One 72-inch-diameter pipe under Highway 37 (in addition to existing »

pipeline). o :

Salnnty Reductio'n Alternative 3 — Discharge to Napa River with Controlled
Levee Breaches. For this alternative, salinity teduction in the ponds is divided into
three operational groups: Pond 3, Ponds 4/5/6/6A, and Ponds 7/7A/8. Salinity

_ reduction in Pond 3 and in Ponds 4/5/6/ 6A is achieved by breaching levees on the

Napa River. Inflow into Ponds 4/5/6/6A comes from an intake between the Napa
Stough to Pond 6A. Facilities for Ponds 7/7A/8 ate identical to Alternative 1.. Facility
structure requirements fot each of the opetational groups are outlined below.

~ Ponds 4/5/6/6A:

Ten 54-inch-diameter intakes from Napa Slough tg the north—centra.l'

~ section of Pond 6A. -

One 52-inch-diameter siphon to convey flow from Pond 6 to Pond 5.

“Ponds 7 / 7A/8 (same as Alfémative 1):

800 feet of dredged channel plus three 52-inch-diameter intakes from
Napa Slough to the southwest corner of Pond 7A.

One 42-inch-diameter outlet from Pond 8 to the Pond 8 canal.
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- One 42-inch-diameter siphon in the Pond 8 canal to cross the slough.

. Mixing chamber at the site of the existing donut structure with inlets
from Ponds 7, 7A, and 8 and an outlet to a canal.
- One 42-inch—diamctet outfall from the mixing éhamber canal to Napa
'Slough.
Descripﬁpn of Structures

structures including intakes, fish screens, outfalls, diffusers, siphons, mixing chambers,
and levee bteeches. This section briefly describes these facilities, how they were sized,
and how they may be constructed. In addition, we briefly describe potential _
modifications to the structural assumptions used in the previous development of

salinity reduction alternatives by PWA.

Salinity reduction alternatives use a combination of water conveyance and control

Intake Structures

Description. Intake structures consist of a pipe or seties of pipes penetrating a levee,

and convey water from the river and sloughs into ponds during high tide. Pipes will be

- made of high-density polyethylene (HDPE). Intake Pipes range in length from 300 to .

600 feet and have diameters ranging from 48 to 54 inches. The number of pipes per
intake ranges from 3 to 1 1, depending on alternatives and location within the site. Peak
capacity of individual intake pipes range from 30 to 55 cubic feet per second (cfs) or

20 to 35 million gallons per day (mgd). Pipes will be fitted with check valve on the
pond side of the structures that only open when the elevation of the river of slough is
above that of the pond. Check valves will prevent backflow from the pond into the
tiver ot slough. Maaual knife valves will also be included on all pipes within the levees.
Fish screens will be installed on the tiver/slough side of intakes t» protect fishery
resources. - : . :

Sizing. We sized Intake structures to meet peak flow requirements predicted from
PWA’s hydraulic modeling with the limited available head difference between the pond
and the receiving waters. Lengths of pipes wete determined from digitized
topographical maps of the site. We estimated the effective head available to deive
flows as the elevation difference between the pond and the river or slough, corrected
for headlosses through fish screen and head required to overcome density differences
between inlet and outlet waters, Based on discussions with manufactures, we assumed
a headloss across fish screens of 0.5 feet at peak flow. Head to overcome salinity
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differences were estimated based on salinity modeling results provided by PWA. These
values were, in some cases, quite substantial: For example, a 50-ppt difference is
equivalent to 2 head differential of approximately 1 foot. After correcting for fish
screens and density differences, effective head driving flows through intake structures
ranged from 0.5 to 1.3 feet. We then determined the number and diameter of intakes
using the hydraulic model H2ONET, which incorpotated associated headlosses
including entrance, exit, friction, valve, and bend losses. '

Note that the design approach outlined above is conservative. Facilities sized herein
may decrease in magnitude with mote detailed study, which would aim to optimize the
sizing of water control structures.

Construction. Construction of the intakes will be conducted using construction
equipment brought to the needed location via levee tops and/or barges. A cofferdam .
will be constructed using sheetpiles on the pond and river/slough side of the levee.
The inner areas of the cofferdam will be déwatered during construction as necessaty.
The levee will then be excavated and a pipe placed in the trench through the levee. A
 check valve will be fitted to the pond side of the intake pipe and a manual knife valve
will be installed within the levee section of the pipe. The levee will then be back filled
and compacted and the cofferdams removed. On the river ot slough side of the levee,
additional pipe will be installed so that the intake elevation is 3 to'4 feet below lower
low tide. In areas where the tetrain is‘above high tide, inlet pipes will be installed in a.
" trench dug out by 2 clamshell digger. Where the pipe is underwater at high tide, it will
be attached to suppott piles driven by a pile driver. On the tiver/slough side of the
pipe, a fish screen will be attached to a flange on the end of the intake using a crane
and divers. The intakes will be placed and sized so as to balance between the need to
encroach as little as possible into the navigation chiannel while keeping structures
submerged at low tide. .

- Fish Screens-
Description. Each intake pipe will include a cone-shaped fish screen that rests on top
of the inlet at the end of the pipe. The fish screens used in this cost estimate are
manufactured by Intake Screens Incorporated of Sacramento, California. The screens
are self-cleaning using a brush system that intermittently rotates across the outer
surface of the screen. The small submersible hydraulic motor that drives the brushes .
will be powered by a solar panel system. The frequency of cleaning will be set manually
to meet field conditions. Scteens are made of stainless steel and epoxy coated .
components that ate cathodically protected. Protective piles are installed around the
screen to protect them from large floating debris. Ducks Unlimited recently installed a
similat screen system on an intake froni the Napa River to Pond 8.
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Screens for the salinity reduction alterhatives must be very large in order to achieve
acceptable approach velocities at peak flow. They range in height from approximately
5 to 6 feet and diameter from 16 to 18 feet. Flow rates through fish screens range
from 35 to 50 cfs (20 to 35 mgd). To our knowledge, fish screens of this size have not
been installed in the local area. Thus, while we did obtain a price quote for these large
fish screens from a local company, the cost estimate we developed is preliminary in
nature.

Use of fish screens results in substantial headloss (around 0.5 feet) relative to the tidal

head (around 2 feet). As a result, facilities with fish screens requite mote inlets than

facilities without fish screens. For exarhple, if fish screens wete not used on the inlet

from Napa Slough to Pond 3 in Salinity Reduction Alternative 1, the number of

" 54-inch-diameter inlets would decrease from nine to seven. This would result in a total
cost savings of approximately $6.6 million for the fish screens and $1.8 million for the

smaller number of inlets. » "

Sizing. Fish of concern for this project include the Delta Smelt, salmonid smolts, and
the Sacramento Splittail. Based on the limiting species, the Delta Smelt, the National
Marine Fisheties Service and the State of California Depatrtment of Fish and Game
require that fish screens be designed with 2 maximum approach velocity of 0.2 feet per
second (fps) and a screen gap of approximately 3/32 inch. We sized all screens to meet

these constraints.

Construction. Fish screens will be lowered onto the inlet at the end of an intake
structure using a crane and dive ctew. The screens will be supported by a number of
piles and additional piles will be installed around the screens to protect them from -
large, floating debris. : :

Outfall Structures

Description. Outfalls“arc-required for all alternatives to discharg® water from ponds
to the Napa River and sloughs during low tide. Each outfall runs from 2 pond ot
canal, through an external levee and straight out into the receiving water. A manual
knife valve is included on the outfall within the levee so that flow through the outfall

- can be controlled. Outfalls will be constructed of HDPE. Depending on the
alternative, outfalls range in length from 300 to 1,000 feet and 42 to 52 inches in
diametef and include one or two outfall pipes. Peak capacity through each outfall
ranges from 55 to 85 cfs (35 to 55 mgd). The end of each outfall includes a diffuser to
enhance the dilution of saline pond water into receiving waters. Diffusers are the same
diameter and material as the outfall and ate roughly 50 to 100 feet in length. Each

- diffuser includes eight to ten 6- to 10-inch-diameter ports along its length and one
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10- to 14-inch-diameter port at its end.” The ports are fitted with flexible neoprene
check valves that open only when tidal elevation is lower than pond elevation.
Diffusers ate anticipated to border nav1gat10nal channels within the Napa River and
will be identified with appropriate signs and lighting.

Sizing. We sized outfalls using DIFF$$, Brown and Caldwell’s proptietary diffuser
hydraulics program that evaluates the flow distribution along an outfall. Outfalls were
designed to meet pezk flow requitements predicted from PWA hydraulic modeling
“based on head difference between the pond and the receiving waters. Maximum head
at low tide was approximately 6 to 6.5 feet. Ports were sized to minimize headlosses
. while maximizing port discharge velocities. Higher velocities lead to greater dilution,
* but also higher headloss. We estimated peak port discharge velocities generally of
about 12 fps.

- We also performed dilution modeling of the diffusers using UM, an integral model that
solves the equations of conservation of mass and energy as a plume moves away from a
.~ diffuser. : UM is part of PLUMES, a:computer interface that includes United States

. Environmental Protection Agency dilution models for effluent discharge. Dilution
.. modeling.confirms that diffusers achieve a dilution factor of around 1:10 when

S

. -Diffuser and Fish  Scteens.Report dated May 15 2002, for further details on dilution
modeling results.

Construction. Outfalls are constructed in a similar fashion to intakes.

‘Siphons

Description. Siphons are tequired in a number of salinity reduction alternatives to
move water from one pond to anothet under sloughs. A aumber of old siphons that
were used during salt producﬂon aré currently in place. Howevet, the condition of the
cutrent siphons and their remaining useful life is somewhat uncerfiin. As a result, we
have assumed that new siphons will be required, and that all siphons (exclude that
associated with Pond 8, which will have flow controlled at the pond outlet) will be
installed with manually controlled knife valves. Siphons at the site will range in length
from 250 to 350 feet and range in diameter from 42 to 54 inches. All siphons will be
made of HDPE and flows through siphons range from 12 to 47 cfs (8 to 30 mgd).

Sizing. We sized siphons to meet peak flow requitements predicted from PWA
hydraulic modeling with the limited head difference between the ponds (0.1 to 0.6 feet).
Lengths of siphons were determined from digitized topographical maps of the site. We
then determined the diameter of siphons using the hydraulic model H2ZONET which

C
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