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� Ponds 1, 1A, 2W, 7, 7A, and 8:  managed shallow-water and deepwater pond 
habitat; 

� Ponds 2E, 3, 4, 5, 6, and 6A:  new tidal marsh, mudflat, slough, and open 
water; and 

� Pond 2A and other existing tidal marsh and slough habitat. 

The evolution of habitat types is illustrated in Figure 2-22. 

Ponds 1, 1A, 2W, 7, 7A, and 8 (Managed Ponds)  

Construction 
Facilities.  Levees would be repaired and water control structures would be 
repaired or replaced as needed.  As under Habitat Restoration Option 1, initial 
levee repairs would be conducted as part of the salinity reduction effort.  The 
water control structures installed as part of the salinity reduction effort would 
continue to be used for Ponds 7, 7A, and 8.  Replacement of the Pond 1 pump 
station and refurbishing or replacement of the Pond 1 to 2 siphon may be 
required (if Salinity Reduction Option 1 is implemented).   

Equipment.  The estimated equipment required to complete the initial repair and 
replacement efforts for the water control structures is the same as for managed 
pond construction under Habitat Restoration Option 1. 

Timing and Duration.  As under Habitat Restoration Option 1, the length of 
time required for levee repairs or water control structure repair or replacement 
would depend on the amount of work needed. 

Operations and Maintenance 
Facilities.  Ponds 1 and 1A would continue to be managed as shallow-water 
ponds and Pond 2W would continue to be managed as a deepwater pond.  Ponds 
7, 7A, and 8 would be managed as ponds after completion of the desalination 
process.  DFG would manage salinity and depth in Ponds 7, 7A, and 8 to provide 
habitat for migratory waterfowl. 

Levees and water control structures for these ponds would require ongoing 
maintenance and possibly replacement in the long term.  Because of the 
demanding environment in which the water control structures operate, it is 
expected that knife valves and other features made of stainless steel would last 
for approximately 30 years.  The pipes themselves would be made of HDPE, and 
are expected to last for the design life of the project (50 years). 

Equipment.  The estimated annual equipment required to complete maintenance, 
repair, and replacement activities for these ponds is the same as under Habitat 
Restoration Option 1. 

Timing and Duration.  Long-term maintenance and replacement of the water 
control structures and long-term maintenance of the levees would require slightly 
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less effort and would occur over the same period of time as under Habitat 
Restoration Option 1. 

Environmental Commitments. The environmental commitments are the same 
as under Habitat Restoration Option 1.   

Ponds 2E, 3, 4, 5, 6, and 6A (Tidal Habitat)  

Construction 
Facilities.  Habitat restoration activities for Ponds 2E, 3, 4, 5, 6, and 6A would 
be designed to facilitate evolution of the site to mature marsh and would include 
the same features as under Habitat Restoration Option 1.  The number of 
breaches and ditch blocks would increase relative to Habitat Restoration 
Option 1; the total length of starter channels with berms and levee lowering 
would also be greater.  An estimated 31 breaches, 26 ditch blocks, and 40,600 
linear feet of starter channels with berms would be constructed and 34,600 linear 
feet of levees would be  lowered under this option.  In addition, a new levee 
(1,800 feet long) would be constructed from north to south along the narrowest 
portion of Pond 2.  A levee formerly existed in this area, but was allowed to 
disintegrate (Huffman pers. comm.).  Finally, water control structures would be 
repaired as needed.  

Equipment.  Equipment used to construct the habitat restoration features would 
be of the same types and quantities as those used during the salinity reduction 
process and delivered to the site in the same manner (via barge at high tide).  
Construction activities to restore Ponds 2E, 3, 4, 5, 6, and 6A to tidal action 
would consist of excavating or placing explosives to breach levees where needed, 
and using heavy equipment to remove intake and outfall structures, block the 
borrow ditches, reslope the levees near the breaches, lower levees, and excavate 
starter channels. 

Timing and Duration.  The amount of time required to construct this portion of 
Habitat Restoration Option 2 is somewhat longer than that required for the tidal 
habitat for Habitat Restoration Option 1 because more breaches, starter channels, 
and ditch blocks would be constructed under this option.  In addition, the 
construction of a levee would also be required.  The levee would be constructed 
shortly before Pond 2E is opened to tidal action (to prevent circulation problems 
in the pond prior to breaching).  It is estimated that the work required could be 
completed within a total of 18 months. 

Operations and Maintenance 
Facilities.  Habitat Restoration Option 2 relies on natural sedimentation 
processes and on natural colonization by marsh vegetation to achieve marshplain 
elevations in the restoration area.  Ponds 3–5 would be opened to tidal action and 
would generally be expected to accrete to marshplain elevations in the same 
sequence as under Habitat Restoration Option 1. 

Ponds 2E, 6, and 6A would be managed as ponds, and would then be restored to 
tidal marsh, based upon the evolution of Ponds 3, 4, and 5 and the continued 
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availability of sediment.  Pond 2E is significantly subsided, which would slow 
marsh evolution. 

Maintenance of Ponds 4 and 5 in the short term (until Pond 3 is sufficiently 
restored that they can be breached) would require ongoing operation and 
maintenance of any water control structures installed on the ponds.  Maintenance 
of Ponds 2, 6, and 6A as ponds in the short term would require ongoing 
maintenance and operation of water control structures.  Unlike Habitat 
Restoration Option 1, the levees on Ponds 2E and 6/6A would not require repairs 
(i.e., the ponds would be opened to tidal action before levee failure is likely to 
occur).  Even if levee failure does occur, it is unlikely that the levees for these 
ponds would be repaired, because the ponds would be opened to tidal action at 
some point, salinities in the ponds would be low, and the size of the breach 
would also be relatively small. 

Equipment. Repair of the water control structures for Ponds 2E and 6/6A, if 
needed, would be accomplished using heavy equipment delivered to the 
construction area by barge at high tide.  Approximate types and quantities of 
equipment that would be used for the repair efforts include an excavator, a diesel-
powered barge, and a small bulldozer.   

Timing and Duration.  Long-term maintenance would require several months of 
construction each year. 

2.5.4.4 Habitat Restoration Option 3:  Pond Emphasis 

Introduction 

Habitat Restoration Option 3 provides for a mosaic of tidal habitats and managed 
ponds, with an emphasis on managed ponds.  Under this option, the existing 
ponds would be managed as follows: 

� Ponds 1, 1A, 2, and 2A would be maintained as they are, with levee repair 
and water control improvements as needed. 

� Ponds 3 and 4 would be opened to the tidal prism with levee breaches in an 
orderly manner depending on accretion rates and sediment budget.  Pond 3 
would be opened to tidal action first, followed by Pond 4 (Figure 2-23). 

� Ponds 5, 6, 6A, 7, 7A, and 8 would be managed as ponds after their salinity 
has been reduced to ambient or near-ambient levels, with levee repair and 
water control improvements as needed. 

Habitat Restoration Option 3 would lead to the following habitat distribution 
when the project has matured (Figure 2-24):   

� Ponds 1, 1A, 2, 5, 6, 6A, 7, 7A, and 8:  managed ponds; 

� Ponds 3 and 4:  new tidal marsh, mudflat, slough, and open water; and 
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� Pond 2A and other existing tidal marsh and slough habitat. 

The evolution of habitat types is illustrated in Figure 2-25. 

Ponds 1, 1A, 2, 5, 6, 6A, 7, 7A, and 8 (Managed Ponds) 

Construction 
Facilities.  Levees would be repaired and water control structures would be 
repaired or replaced as needed.  The same new structures and repair/replacement 
would be required as under Habitat Restoration Option 1 for Ponds 1, 1A, 2, 7, 
7A, and 8.  The overall construction effort would be somewhat greater than 
required under Habitat Restoration Option 1, because the levee breaches in the 
Pond 4/5 interior levee would have to be repaired, and levee repairs would also 
be required for the exterior levees at Pond 5.  In addition, a new outfall would 
have to be constructed for Pond 5; this outfall structure would discharge to the 
Pond 4Napa River.   

Equipment.  Equipment required would be the same as for construction at Ponds 
1, 1A, 2, 7, 7A, and 8 under Habitat Restoration Option 1. 

Timing and Duration.  The timing and duration of construction would be 
somewhat greater than that under Habitat Restoration Option 1 because 
construction required at Pond 5 would add to the time required to complete the 
work take longer.  

Operations and Maintenance 
Facilities.  Ponds 1 and 1A would continue to be managed as ponds, and Pond 2 
would continue to be managed as a deepwater pond.  Salinity and depth in Ponds 
5, 6, 6A, 7, 7A, and 8 would be managed for shorebirds and waterfowl after the 
desalination process. 

For all ponds, levees and water control structures would require ongoing 
maintenance and possibly replacement in the long term.  Because of the 
demanding environment in which the water control structures operate, it is 
expected that any metal components would have to be replaced approximately 
every 30 years. 

Equipment.  The estimated annual equipment required to complete maintenance, 
repair, and replacement activities is the same as for Habitat Restoration Option 1. 

Timing and Duration.  Long-term maintenance would require several months of 
construction each year. 
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Figure 2-25
Habitat Areas – Habitat Restoration Option 3
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Ponds 3 and 4 (Tidal Habitat) 

Construction 
Facilities.  Construction would include the same components as under Habitat 
Restoration Option 1.  However, because only two ponds would be restored to 
tidal habitat, the number of breaches and ditch blocks would decrease to 19 and 
16, respectively.  There would be correspondingly less levee lowering (14,600 
feet) and fewer starter channels with berms (19,600 feet) as well.  No levee 
maintenance or repair or replacement of water control structures is required for 
this portion of Habitat Restoration Option 3.  

Only minimal construction activities would be required at Pond 3; construction 
would be completed on the levee between Ponds 4 and 5 (see discussion above). 

Equipment.  Equipment used to construct the habitat restoration features would 
be of the same types and quantities as those used during the salinity reduction 
process and delivered to the site in the same manner (via barge at high tide).  
Construction activities to restore Ponds 3 and 4 to tidal action would consist of 
excavating or placing explosives to breach levees where needed, and using heavy 
equipment to remove intake and outfall structures, block the borrow ditches, 
reslope the levees near the breaches, lower levees, and excavate starter channels 
and construct berms. 

Timing and Duration.  The estimated time required to complete construction 
activities is 12 months. 

Operations and Maintenance 
Facilities.  Habitat Restoration Option 3 relies on natural sedimentation 
processes for the majority of the restoration area, and on natural colonization by 
marsh vegetation.  Under this option, Pond 3 would be restored to tidal marsh.  
Levee breaches would open Pond 3 to full tidal influence.  The evolution of 
Pond 3 to marsh habitat is expected to happen fairly quickly because of the 
higher elevations of this pond.  Within no more than 5 years after Pond 3 is 
opened to the tide (depending upon the evolution of Pond 3 and the continued 
availability of sediment), the exterior levees on Ponds 4 would be breached.  The 
elevation of Pond 4 is slightly lower than Pond 3, so evolution to tidal marsh is 
expected to be slower. 

Maintenance of Pond 4 in the short term (until Pond 3 is sufficiently restored that 
it can be breached) would require ongoing operation and maintenance of the 
water control structures. 

Equipment.  See “Equipment” under the discussion of construction of this 
option. 

Timing and Duration.  Only very short periods of time (several days per year) 
would be required to maintain the water control structures at Pond 4. 
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2.5.4.5 Habitat Restoration Option 4:  Accelerated 
Restoration 

Habitat Restoration Option 4 is identical to Habitat Restoration Option 1 in terms 
of the habitat mix; however, more extensive construction activities would occur 
at the ponds opened to tidal action.  The additional construction activities, 
described below, are intended to accelerate marsh evolution (Figure 2-26).  
Figure 2-27 illustrates the habitat endpoints associated with this option, and 
Figure 2-28 illustrates the evolution of the habitat types associated with this 
option.  The managed ponds (Ponds 1, 1A, 2, 7, 7A, and 8) would be constructed 
and operated in the same way as for Habitat Restoration Option 1, and are not 
discussed again here. 

The added components included for Habitat Restoration Option 4 are as follows: 

� Filling of 100 Acres of Pond 4 (or a Similar Location).  Clean and local 
sediment would be placed in the southern portion of Pond 4, or a similar 
location with low historic slough channel density, to raise the pond elevation 
to within 1 foot of MHHW.  This limited fill placement would speed initial 
vegetative colonization by raising the initial elevation of the site.  This fill 
would help compensate for the anticipated temporary reduction in fringing 
marsh.   

� Increase in the Number and Length of Starter Channels and Berms.  The 
total length of starter channels and associated berms would increase from 
27,500 feet to 55,300 feet.  The increased number and length of starter 
channels would increase the channelization within the marsh, and sediment 
transport into the interiors of the ponds.  The increased amount of berms 
would provide more wave breaks, more sacrificial sediment sources, and 
more opportunities for early colonization by marsh vegetation. 

The addition of these more extensive design features could accelerate the habitat 
evolution compared to the other habitat restoration options (Figure 2-16). The 
number of breaches and ditch blocks and the amount of levee lowering would be 
the same as under Habitat Restoration Option 1. 

The additional design features would require additional construction work.  
Sediment for the 100-acre fill area would potentially be available from three 
sources:  a former dredge spoil disposal area at Edgerley Island; deepening of 
existing slough channels; or maintenance dredging of the Napa River.  In either 
case, the most likely dredge is a low-profile hopper dredge that would suction 
sediment from the bottom of the slough or the Napa River deepwater channel and 
pump it into the fill area.  Any maintenance dredging sediment used to raise 
elevations in the interior of the ponds would first be tested to ensure that it meets 
wetland cover criteria. 

If Napa River sediment is used, project-related impacts would be limited to 
discharge and placement of the sediment, as impacts associated with mobilizing 
the equipment and dredging the channel are addressed by the Corps’ maintenance 



N

100 acres
(forscale)

2,000 meters0 1,000

feet6,0000 3,000

Slough
Napa

South
Slough

Slough

China Slough

D
ev

il’
s

Sl
ou

gh

Cullinan Ranch

Napa
River

POND 6A

POND 6

POND 1POND 1A

POND 2A

POND 2

POND 4

POND 3Dutchm
an

POND 5

breach
pilot channel
ditch block
lowered levee
salinity reduction breaches
starter channel with berms
potential fill area (100 acres)

Figure 2-26
Habitat Restoration Option 4:

Accelerated Restoration

Source: Philip Williams and Associates 2002

00
13

96
.0

1

Jones & Stokes



W

W

W

W

W

W

W

W

W

W

W

W

W

W

W
W

W

W

>10

W

W

SCWA PIPELINE

IN

POND 3

POND 4

POND 5

POND 8

POND 7A

POND 7

POND 6A

POND 6

POND 2

POND 1A POND 1

POND 2A

N
A

P
A

R
IV

E
R

N
apa

Slough

D
ev

il'
s

Sl
ou

gh

China Slou
gh

South Slough

Hudeman

Slough

Napa
Sl

ou
g

h

Dutchman
Slough

Cullinan   Ranch

South Slo
u

g
h

S A N
PA B L O

B A Y

M
ud

Slough

Figure 2-27
Habitat Restoration Option 4:

Habitat Endpoints

37

Legend

Managed Ponds

Restored Tidal Marsh

Short Term: Pond
Long Term: Managed Pond or

Tidal Marsh

Managed Deepwater Pond

Intake ("IN") and Outfall ("OUT")IN OUT

01
39

6.
01

Jones & Stokes

Existing Conditions
Water Control Structure
Canal
Power Lines
Siphon
Levees
Former Ranch Site
Duck Club
Existing Breaches

W

Orthophoto mosaic by Towill, Inc.

0 0.5 1.0

0 0.5 1.0 1.5

Miles

Kilometers

Scale = 1:42,640 (1 inch = 3,550 feet)

NOTE: See preceding figure 
for breach locations.



Figure 2-28
Habitat Areas – Habitat Restoration Option 4
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dredging program.  Impacts associated with deepening existing slough channels 
would be considered entirely project-related.  

2.6 Project Alternatives 
Based on a detailed option screening process (Section 2.4, Development of 
Options) and alternative screening process (Chapter 17, “Alternatives”), the 
following nine alternatives were included for detailed analysis: 

� No-Project Alternative; 

� Alternative 1:  Napa River and Napa Slough Discharge (Salinity Reduction 
Option 1A), Recycled Water Delivery, and Mixture of Ponds and Tidal 
Marsh (Habitat Restoration Option 1); 

� Alternative 2:  Napa River and Napa Slough Discharge and Breach of Pond 3 
(Salinity Reduction Option 1B), Recycled Water Delivery, and Mixture of 
Ponds and Tidal Marsh (Habitat Restoration Option 1); 

� Alternative 3:  Napa River and Napa Slough Discharge and Breach of Pond 3 
(Salinity Reduction Option 1B), Recycled Water Delivery, and Tidal Marsh 
Emphasis (Habitat Restoration Option 2); 

� Alternative 4:  Napa River and Napa Slough Discharge and Breach of Pond 3 
(Salinity Reduction Option 1B), Recycled Water Delivery, and Pond 
Emphasis (Habitat Restoration Option 3); 

� Alternative 5:  Napa River and Napa Slough Discharge and Breach of Pond 3 
(Salinity Reduction Option 1B), Recycled Water Delivery, and Accelerated 
Restoration (Habitat Restoration Option 4); 

� Alternative 6:  Napa River and Napa Slough Discharge with Breaches of 
Ponds 3 and 4/5 (Salinity Reduction Option 1C), Recycled Water Delivery, 
and Mixture of Ponds and Tidal Marsh (Habitat Restoration Option 1); 

� Alternative 7:  Napa River and San Pablo Bay Discharge and Breach of Pond 
3 (slight modification of Salinity Reduction Option 2), Recycled Water 
Delivery, and Accelerated Restoration (Habitat Restoration Option 4); and 

� Alternative 8:  Napa River and Napa Slough Discharge and Breach of Pond 3 
(Salinity Reduction Option 1B), No Recycled Water, and Mixture of Ponds 
and Tidal Marsh (Habitat Restoration Option 1). 

The specific components of these alternatives are described under Section 2.5, 
“Project Options.” 

2.7 Project Monitoring 
The project sponsors are committed to ensuring that the options selected are 
implemented safely and minimize adverse environmental impacts.  To this end 
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they have developed a draft monitoring plan to monitor, track, and evaluate 
changes in biological parameters.  The construction monitoring and the salinity 
reduction and habitat restoration monitoring proposed for the project are 
described below and are illustrated in Figures 2-29 and 2-30.  

2.7.1 Construction Monitoring 
The available construction time is limited by protection periods established for 
endangered species.  To minimize impacts on wildlife resulting from 
construction-related disruption and to minimize impacts on habitat, construction 
activities would be grouped by area.  For example, all water control structures in 
a given area, fish screens, and monitoring equipment would be installed at one 
time.  Construction of the required water control structures for all ponds would 
be completed as quickly as possible to allow improved management of pond 
water levels and ensure that salinity reduction can begin expeditiously. 

The project sponsors will conduct preconstruction surveys for federally listed and 
state-listed plants and animals.   

The Bay Area Air Quality Management District’s (BAAQMD’s) soil 
management best management practices (BMPs) would be implemented by the 
project sponsors and SCWA in areas with the potential to create airborne dust.  
These BMPs may include the following list. 

� All construction areas, unpaved access roads, and staging areas will be 
watered as needed during dry soil conditions, or soil stabilizers will be 
applied. 

� All trucks hauling soil or other loose material will be covered or have at least 
2 feet of freeboard.  Wherever possible, construction vehicles will use paved 
roads to access the construction site. 

� Vehicle speeds will be limited to 15 mph on unpaved roads and construction 
areas, or as required to control dust. 

� Streets will be cleaned daily to remove soil material carried onto adjacent 
public streets. 

� Soil stabilizers will be applied daily to inactive construction areas as needed. 

� Exposed stockpiles of soil and other excavated materials will be enclosed, 
covered, watered twice daily, or applied with soil binders as needed. 

2.7.2 Salinity Reduction Monitoring:  Water and 
Sediment Quality 

Water and sediment samples from 40 sites within the pond complex, along with 
sites in the Napa River, Napa Slough, and San Pablo Bay were collected in 
October 2001 by HydroScience Engineers after development of the Sampling and 



1. The project planning 
objectives can be achieved 
employing selected salinity 
reduction and habitat 
restoration measures.

2. A mix of tidal habitat restoration and enhancement 
of managed ponds in the Napa-Sonoma Marshes is an 
important contribution to the recovery of sustainable 
populations of native fish, wildlife, and plants, including 
threatened and endangered species.

SA
LI

N
IT

Y 
RE

D
U

C
TI

O
N

H
A

BI
TA

T 
RE

ST
O

RA
TI

O
N TI

D
A

L 
H

A
BI

TA
T 

RE
ST

O
RA

TI
O

N
M

A
N

A
G

ED
 P

O
N

D
 E

N
H

A
N

C
EM

EN
T

1.  To create a mix of tidal 
habitat and managed pond 
habitat to serve a broad 
range of wildlife, including 
endangered and threatened 
species, fish and other 
aquatic species, and 
migratory shorebirds and 
waterfowl.

2. To restore large areas of 
tidal habitats in a band along 
the Napa River to maximize 
benefits to fish and other 
aquatic animals, and ensure 
connections between the 
patches of tidal marsh 
(within the project site and 
with adjacent sites) to 
enable the movement of 
small mammals, marsh-
dependent birds, and fish 
and aquatic species.

3. To improve the ability to 
manage water depths and 
salinity levels in the 
managed ponds to 
maximize feeding and 
resting habitat for migratory 
and resident waterfowl and 
shorebirds.

OBJECTIVES

1. The salinities of ponds can be 
reduced to allow tidal restoration or 
continued management as ponds, 
without negatively affecting aquatic 
species in the receiving waters.

2. Restoration of tidal habitats in 
Ponds 3, 4, and 5 is an important 
contribution to the recovery of 
sustainable populations of native fish, 
wildlife, and plants, including 
endangered and threatened species.

3. Large-scale tidal marsh restoration 
can be conducted using natural 
sedimentation.

4. The proposed tidal restoration 
design features will accelerate and 
enhance tidal habitat formation, will 
compensate for any short-term loss of 
tidal marsh in the project area, and will 
minimize negative impacts of increased 
tidal prism.

5. The depths and salinities of former 
commercial salt ponds can be 
sustainably managed, using 
predominantly tidally driven water 
control structures.

6. Managed ponds will provide habitat 
for resident and migratory shorebirds 
and waterfowl.

* See text for sub-hypotheses

HYPOTHESES *

BROAD HYPOTHESES

1. Salinity in ponds 3, 4, 5, 6, 6A, 7, 7A, and 8 
will be reduced to salinity levels that meet 
discharge criteria and allow tidal restoration 
or that allow for continued management as 
ponds.

2. Applicable surface water quality standards 
are achieved both within the pond system and 
in the receiving waters.

3. The project area provides beneficial 
wetland habitat for an array of targeted native 
wildlife species, resulting in a net increase in 
biological diversity and productivity.*

4. Invasive plant species and introduced 
predators are not negatively affecting 
populations of targeted native wildlife.

5. A stable sediment deposition process is 
established in the ponds opened to tidal 
action, and quantifiable evolution to tidal 
marsh habitat is occurring in ponds 3, 4, and 
5.*

6. Fringe tidal marsh that is lost because of  
widening external slough channels is replaced 
by the formation of new vegetated tidal marsh 
within the ponds opened to tidal action.

2. Applicable surface water quality standards 
are achieved both within the pond system and 
in the receiving waters.

3. The project area provides beneficial wetland 
habitat for an array of targeted native wildlife 
species, resulting in a net increase in biological 
diversity and productivity.*

* See Text for additional information

SUCCESS CRITERIA * MONITORING

Figure 2-29
Project Objectives, Hypotheses, Success Criteria, and Monitoring
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Analysis Plan and Quality Assurance Project Plan, which was approved by the 
San Francisco Bay RWQCB (HydroScience Engineers 2001).  Samples were 
analyzed by MEC Analytical Systems, Inc., for volatile and semivolatile 
organics, pesticides, polychlorinated biphenyls (PCBs), heavy metals, dioxins, 
and general water quality parameters, including nutrients, total dissolved solids 
(TDS), total suspended solids (TSS), pH, temperature, salinity, and dissolved 
oxygen (DO).  Additional sampling was conducted in October 2003 for dissolved 
trace metals, TSS, pH, and salinity (Frontier Geosciences 2003). 

A comprehensive water quality monitoring program would be prepared and 
implemented for the duration of the salinity reduction process.  The monitoring 
would have well-defined data quality objectives, monitoring procedures, and data 
analysis and reporting protocols to ensure that project operations are controlled 
according to waste discharge requirements (WDRs) or the requirements of any 
National Pollutant Discharge Elimination System (NPDES) permit issued by the 
San Francisco Bay RWQCB.  Monitoring at specific locations would be 
completed and phased out as each successive pond is restored and salinity has 
been reduced to ambient levels. 

The discharge monitoring may would include continuous recording devices for 
key parameters and would include periodic grab samples for specific constituents 
of concern.  If feasible, Mmeasurement of key continuous monitoring variables 
(flow, water level stage, salinity, temperature, and TSS/turbidity) would be 
implemented at several pond and receiving water locations to provide for real-
time management of the intakes and discharges and ensure that changes in water 
quality would be within the acceptable range specified in the WDRs or NPDES 
permit requirements.  Grab samples would be used to characterize long-term 
changes in other constituents of concern that might be identified by the resource 
agencies; these constituents could include dissolved oxygen, pH, or selected 
inorganic ions and trace metals.  Aquatic toxicity tests would may also be 
conducted on a periodic basis.  

2.7.3 Habitat Restoration Monitoring 
USGS and DFG biologists and hydrologists, along with contractors as needed, 
would monitor the restoration project.  The primary objectives of the monitoring 
are to evaluate changes in wildlife use of restored tidal habitats, ponds, and 
fringing marsh and physical evolution of restored tidal habitats and the external 
slough channels.  Monitoring would occur during salinity reduction of each pond 
and continue for up toa minimum of 10 years after each a pond is breached for 
tidal action.  

USGS has been monitoring six ponds of varying salinities (Ponds 1, 2, 2A, 3, 4, 
and 7) since 1999.  This interdisciplinary study, involving biologists and 
hydrologists, has included avian, macroinvertebrate, and fish surveys, along with 
collection of salinity and other water quality data in the ponds and collection of 
hydrodynamic, salinity, and suspended sediment concentration data in the 
sloughs.  (Takekawa et al. 2001.)  The ongoing nature of this monitoring effort 
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would allow for before-and-after comparisons of wildlife use, water quality, and 
physical processes.   

Marsh evolution and wildlife use in the restored Pond 2A site was monitored first 
by PWA and then by MEC Analytical Systems, Inc., from 1996 to 2000 (Philip 
Williams and Associates 1997, MEC Analytical Systems 2000).  The physical 
and biological evolution of the 550-acre Pond 2A marsh was monitored through 
surveys of levee breaching and equilibrium of the width of the natural slough 
channel, sediment chemistry and grain size, sedimentation rates, tidal range and 
response, fish usage, avian usage, and plant colonization.  Although Pond 2A has 
different characteristics than the remaining ponds (Pond 2A was slightly less 
subsided and was never farmed before being converted to a salt pond), it can be 
used as one point of comparison.  Comparisons would also be made to other 
restoration projects in the north bay region that are currently being monitored 
(such as Guadalcanal and Tolay Creek), and to the fringing marsh that exists 
along the slough channels within the salt pond complex.    

USGS is also currently monitoring site conditions on Pond 3. 

2.7.3.1 Marsh Evolution:  Sedimentation, Hydrology, and 
Vegetation Monitoring 

A topographic and bathymetric survey of the salt ponds, slough channels, and 
associated marsh plain was conducted by Towill, Inc., as part of the feasibility 
study with the Corps (Towill 2001). The aerial survey included a very accurate 
primary-control-level loop through the site that was connected to high-
confidence benchmarks outside the site.  This survey was used in the 
development of the hydrodynamic model by PWA and will be useful for before-
and-after comparisons of elevations. 

Sediment, hydrology, and vegetation monitoring would be conducted 
immediately before levee breaching to establish baseline conditions, and  
annually for up toapproximately 10 years after breaching.  Prebreach monitoring 
would involve performing additional surveys for consistency with postproject 
monitoring locations, as well as installation of sedimentation monitoring stations.  
Postconstruction (postbreach) and some additional prebreach surveys of tidal 
geomorphic evolution would document rates and patterns of habitat evolution 
and key underlying physical processes in each pond restored to tidal habitats.  

Monitoring results would be used to identify the need for any adaptive 
management required to improve tidal circulation within restored ponds. They 
would also be used to inform and adaptively manage the tidal wetland restoration 
designs for future tidal restoration in other ponds.     
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Sedimentation Rates 

Sedimentation would be monitored to understand rates and patterns of marsh 
evolution within breached ponds.  Sedimentation would be measured using 
methods such as marker horizons, sedimentation plates and pins, and topographic 
resurveys.   

Levee Breach and Slough Channel Cross Sections 

Cross-sectional surveys of levee breaches, external sloughs, and pond-internal 
sloughs and adjacent berms (if used) would be conducted to understand patterns 
of tidal scour and drainage and to determine when the widths and depths of the 
breaches and external and internal sloughs reach equilibrium in response to the 
tidal prism.  Water surface elevations in the sloughs and restored ponds would be 
monitored to identify any drainage constraints caused by increases in the tidal 
prism.   

Vegetation Colonization 

Vegetation-elevation transects maywould be conducted within breached ponds to 
document rates and patterns of vegetation colonization in the new tidal marsh.  
For comparison, similar data maywould be collected for a natural reference 
marsh.  Aerial photographs would aid in the documentation of vegetation 
colonization throughout an entire breached pond. 

Introduced Vegetation 

Vegetation surveys would also include monitoring for introduced species of 
cordgrass (Spartina spp.).   The project team would work with the San Francisco 
Estuary Invasive Spartina Project to monitor and control introduced species of 
cordgrass, to ensure regional coordination and use of effective eradication 
techniques.  

2.7.3.2 Wildlife Monitoring in Managed Ponds and 
Restored Tidal Habitats 

Integrated Wildlife-Usage Surveys 

Baseline, construction, and postconstruction macroinvertebrate, fisheries, and 
avian usage data would be collected at locations within restored and managed 
ponds to assess the impacts of the restoration upon the wildlife.  The baseline 
condition would incorporate data collected by USGS during 1999 and 2000 
(Takekawa et al. 2001).  All surveys would be conducted within Universal 
Transverse Mercator (UTM) grids overlaid on the ponds.  Results from initial 
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waterbird surveys would be used to select a subsample of grids, based on bird 
presence (random grids would be selected if bird use is not evident), for further 
survey each quarter.  Analyses would examine both temporal and seasonal 
variation in pond usage. 

Primary and Secondary Productivity  

Water samples would be collected quarterly from each sample site within each 
pond for chlorophyll-a and nutrient (nitrogen and phosphorous) analyses.  
Chlorophyll-a concentration, a measure of algal community primary productivity, 
would be determined using spectrophotometry (Wetzel and Likens 1991). 
Nutrient concentration (soluble reactive phosphorous, total phosphorous, and 
nitrogen) would be determined using standard analytical methods (Clesceri et al. 
1989).  Zooplankton would be collected, preserved, and identified under a 
stereomicroscope (Pennak 1989). 

Invertebrates 

Invertebrates would be sampled in the water column using net sweeps and in the 
benthos with Eckmann grab samples.  Sweep and grab samples would be taken 
monthly in each pond.  Biomass (dry weight) and diversity of invertebrates 
would be measured on a seasonal basis.   

Fish 

Fish populations would be surveyed seasonally.  Surveys would assess 
distribution and relative abundance of juvenile and adult fishes, with special 
emphasis on small species likely to occur in the study area (e.g., rainwater 
killifish [Lucania parva], topsmelt [Altherinops affinis], yellowfin goby 
[Acanthogobius flavimanus]) (Lewis Environmental Services and Wetland 
Research Associates 1992).  Captured fish would be counted, identified to the 
species level, and subsequently released.  A subset of the captured individuals of 
each species would be measured for standard length and weight.  Relative weight 
(measured weight of an individual divided by a standard weight for the species), 
a measure of body condition, would be also calculated for these individuals 
(Wege and Anderson 1978; Anderson 1980).  Stomach contents would also be 
collected and analyzed for a sample of individuals from selected species. 

Waterbirds 

Surveys would be conducted bimonthly following current USGS protocols 
(Takekawa et al. 2001).  Locations of flocks would be mapped in a grid overlay 
and displayed in geographic information systems (GIS) maps.  Usage trends 
would be examined by comparing data from before and after installation of water 
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control structures and/or restoration to tidal habitats.  Water depth and foraging 
preferences would also be examined (Collazo et al., in review).   

Contaminants 

Invertebrate samples would be analyzed yearly for chemical residues to 
determine the level to which elemental contaminants such as mercury are being 
transferred to animals feeding on pond-dwelling macroinvertebrates.  Net sweeps 
samples and grab samples of benthic invertebrates would be collected during the 
month of maximum bird use.  Contaminant presence would be analyzed using 
standard laboratory techniques.  

Introduced Predators 

Nighttime spotlight surveys and track surveys would be conducted to monitor for 
the presence of introduced mammalian predators, particularly red fox, on the 
project site.  Surveys would be focused on marshes containing populations of 
California clapper rails.  When possible, nighttime predator surveys would 
include searches for fox dens and surveys of wildlife remains near fox dens.  
Track stations would be set up for the track surveys. Wildlife services staff from 
the U.S. Department of Agriculture would be hired to monitor for introduced 
mammalian predators, if staff are available.   

2.7.4 Adaptive Management  
Adaptive management is an approach to resource management in which 
management goals remain the same, but management objectives and techniques 
may be modified in response to feedback (such as monitoring results) from the 
system being managed.  Adaptive management recognizes that human 
knowledge regarding biological and physical systems is limited and that these 
systems may not always behave as expected.  When a management or restoration 
project is to be implemented but there is some uncertainty regarding the response 
of the system to particular actions, adaptive management provides a way for 
management actions to respond to feedback from the system being managed. 

Adaptive management would be implemented if specific restoration standards are 
not met or if it appears that actual conditions would diverge far enough from 
intended conditions to threaten the achievement of overall project goals.   
Funding for adaptive management would be included in the project cost 
estimates so that this option would be available in the future if needed.  

Should the development of the site fail to meet quantitative standards to be stated 
in the detailed monitoring plan, action would be undertaken to correct these 
shortfalls if such action could reasonably be expected to assist in the achievement 
of these standards.  Corrective action could include vegetation management, 
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predator management, changes in the phasing of breaches, modifications to water 
control structures, or modifications to restoration design features. 


