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1. INTRODUCTION 
 
 
 
1.1 CONTEXT AND RATIONALE FOR THE STUDY 
 
The U.S. Army Corps of Engineers, San Francisco District (USACE) is preparing a Feasibility Study for 
the restoration of a large area of salt ponds in the Napa Marsh. The restoration is part of a long-term 
vision of the Resource Agencies to restore the spectrum of habitats from San Pablo Bay to the Napa River 
and Sonoma Creek. The Resource Agencies include California Department of Fish and Game (CDFG), 
California Coastal Conservancy (CCC), Regional Water Quality Control Board (RWQCB), U.S. Fish and 
Wildlife Service (USFWS) and the National Marine Fisheries Service (NMFS). The Feasibility Study 
includes the development of a numerical model of hydrodynamics, sediment and salt transport to be used 
as a tool for the evaluation of restoration alternatives. Phase 1 of the Feasibility Study encompasses 
development, calibration, validation and application of the model to simulate existing “without project” 
conditions throughout the salt pond complex. Phase II of the Feasibility Study encompasses the 
formulation of salinity reduction and habitat restoration alternatives and the application of the numerical 
model iteratively to assess the suitability of the alternatives selected. 
 
An opportunity exists to incorporate two areas adjacent to the project site (Skaggs Island and Cullinan 
Ranch) into the restoration project. A technical evaluation is required to assess whether Skaggs Island and 
Cullinan Ranch should be included in the Feasibility Analysis for Napa Salt Marsh Restoration Project 
before proceeding to Phase II.  
 
Additionally, some technical issues were identified at the Model Technical Advisory Group (MTAG) 
meeting on January 30, 2001, that were not identified in the Phase 1 Scope of Work. These will be 
addressed in this report. 
 
Finally, technical input is required to assist in the process of initial Alternative selection to be investigated 
in Phase II. 
 
 
1.2 LIMITATIONS OF THE STUDY 
 
This report is not intended to be a comprehensive scoping document. It merely provides further 
recommendations to problems identified by previous phases of the study for discussion and direction by 
the MTAG, which will be used in scoping Phase 2 of the project. 
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2. CONCLUSIONS AND RECOMMENDATIONS 
 
 
 

• Skaggs Island and Cullinan Ranch are a contiguous part of the historic Napa-Sonoma Marsh 
System from the hydrologic, geomorphic and ecologic perspective. This Napa-Sonoma Marsh 
project will have significant effect and the entire system should be considered in a holistic 
manner. The potential increase in tidal prism represented by restoration of the two sites could 
have a major effect on the geomorphology of the adjacent tidal slough channels surrounding the 
marsh. In addition this phenomenon could have a substantial effect upon the transport of 
constituents out of the marsh system (salts, BOD, DO, etc). The sediment required by the 
restoration of these two sites and the phasing of the restoration will affect the potential sediment 
supply to the Napa-Sonoma Marsh and, therefore, the three projects should be considered in 
conjunction. It is understood that the conceptual design for Cullinan Ranch is relatively advanced, 
and the associated data are available. However, the work completed to date is not sufficient to 
identify the likely effects of these restoration projects on the tidal sloughs in the vicinity of the 
Napa salt ponds.  The Without Project analyses should include consideration of the potential for 
restoration of these other sites to induce scour and uncontrolled breaching of one or more of the 
salt ponds. Therefore, it is recommended that restoration of these other sites be considered as 
possible conditions for both the Without Project and Alternative Project analyses. It is not 
expected that inclusion of these sites into the Napa-Sonoma Marsh Restoration Feasibility would 
be an onerous task. 

 
• Further data collection on Sonoma Creek is advised. Bathymetry data between the upstream 

limits of the existing Napa-Sonoma Marsh bathymetric survey and the tidal limit is deficient. 
Cross sections should be measured through this reach approximately every 200 m. Hydrology for 
the Creek is lacking and it is recommended that in the minimum a rainfall-runoff analysis be 
conducted to estimate return period flows in the Creek. The seasonal variation of sediment supply 
by the Creek is not clear. The only data presently available was supplied by the U.S. Geological 
Survey (USGS)/U.C. Davis study which gave suspended sediment concentration data at the 
confluence of Sonoma Creek and Second Napa Slough between September 1997 and March 
1998. It is recommended that a sediment-sampling program be implemented in conjunction with 
flow monitoring using statistical methods to determine the total volume of sediment delivered 
from the Sonoma Creek catchment during storm events. However, it is understood that this is a 
task that will be conducted as part of the USACE Sonoma Creek Watershed Study. Preliminary 
information as it becomes available will be extremely useful for the overall sediment budget 
analyses.  

 
• The model boundary at Third Napa Slough needs careful consideration. The bathymetry data 

collected presently to the gauging site is adequate for existing conditions, but sensitivity analyses 
indicate that further surveys may be required to extend the model to the tidal limit on this slough. 
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It is possible to adequately approximate the tidal prism represented by this section of Third Napa 
Slough in the absence of sufficient funds for further surveying.  

 
• The model boundary in San Pablo Bay should be handled with a 2-dimensional hydrodynamic 

model with nested grids of decreasing sizes, capable of simulating not only tidal hydrodynamics 
but also cohesive sediment transport, salinity transport and water quality. Boundary data for the 
Bay wide model should be collated for calibration purposes. Sensitivity analyses should also be 
undertaken to demonstrate the validity of the modeling assumptions.  

 
• 1-dimensional modeling of the slough channels should be adequate. Coordination with the 

USFWS, NMFS and the RWQCB should identify the need for further modification of the model 
construction to 2- or 3-dimensionality for the Lower Napa River, Mare Island Strait and 
Carquinez Strait. Under a proposal by the CDFG to limit proposed discharges from the ponds to 
increase ambient background salinities by a maximum of 5 ppt through a daily tidal cycle and by 
a maximum of 20 ppt under seasonal variations, 1-dimensional modeling should be adequate. 
However, should further details of the near field mixing zone or transport of constituents through 
the baroclinic convergence zone of the Lower Napa River and Mare Island Strait be required, 
then 3-dimensional modeling of this area is recommended. PWA would recommend that the 
Lower Napa River, Mare Island Strait and Carquinez Strait could be incorporated relatively easily 
into the 2-dimensional model of San Pablo Bay, and this would address many of the concerns 
relating to the near-field mixing zone. 

 
• A program of sediment core sampling in the ponds is highly recommended. It is unlikely that any 

reliable, recent sediment data are available. It is important to understand the concentration of 
compounds in the sediments, and their solubility, in order to approximate the re-suspension and 
ultimate transport out of the system into San Pablo Bay or the Napa River of these compounds. 
Samples should be subjected to laboratory tests for total concentration and soluble concentrations 
for metals. 

 
• Water quality monitoring in the Ponds 1, 2, 2A, 3, 4 and 7 has been undertaken by the USGS 

between July 1999 and September 2000 including temperature, dissolved oxygen, pH, salinity 
and turbidity. These data will be extremely useful for calibration of the 2-dimensional pond 
model, however, extension of this monitoring program should be encouraged to include all the 
ponds and over more seasonal periods. 

 
• Water conveyance structures (siphons, pumps, gates, weirs, canals) at the Napa-Sonoma Marsh 

are ageing (up to 50 years old) and in many instances these structures are malfunctional. Future 
restoration planning should assume that there is the potential to restore, replace or upgrade these 
facilities to accommodate proposed flows required for restoration. 
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• Adaptive Management should be implemented as part of the integrated modeling-monitoring 
approach. The model development should be undertaken with the ability to make assured or 
realistic management decisions. 

 
• Criteria for maximum increases in salinity should be established. The criteria may not be a rigid 

number but whatever criteria are selected will have an influence on the design of the monitoring 
program and model detail/graphics output. The potential nature of the criteria should be defined 
in the near future.        
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3. SKAGGS ISLAND EVALUATION 
 
 
 
3.1 INTRODUCTION 
 
Skaggs Island is located within a 10-mile radius of the cities of Vallejo, Napa, Petaluma and Sonoma and 
is 40 miles northeast of San Francisco. A large proportion of Skaggs Island (3,300 acres) is presently 
owned and managed by the U.S. Navy (Navy) and has the potential to be restored from diked Baylands to 
prime fish and wildlife habitat as tidal wetland. The USFWS is in the process of acquiring and including 
the publicly held portion of the Navy’s property at Skaggs Island and the surrounding wetlands into the 
San Pablo Bay National Wildlife Refuge (SPBNWR). Skaggs Island is located within the San Pablo Bay 
watershed and adjacent to the 8,000-acre CDFG Napa Marsh Complex. Wetland drainage and 
construction of Navy and Federal Aviation Administration communication facilities have impacted 
habitats on Skaggs Island. 
 
Skaggs Island was historically tidal marshland comprising a part of the delta of the Napa River and 
Sonoma Creek, which are integral parts of the lower San Francisco Bay/Delta Estuary. The proximity of 
Skaggs Island to the Napa River watershed, the Sonoma Creek watershed and the Petaluma River 
watershed illustrates the importance of Skaggs Island to the restoration efforts for the entire San Pablo 
Bay watershed, as well as the larger Bay/Delta system. 
 
Skaggs Island is located in the center of a large 30,000-acre region of biologically sensitive wetlands, the 
largest remaining restorable wetlands region in the San Francisco Bay Area. The entire 4,390-acre island 
is below sea level. In the 1920s, the island was drained and protected by flood levees to enable 
agricultural production to take place. The Navy purchased 3,310 acres of the 4,390-acre Skaggs Island in 
1941 for military use. The base closed in 1993, at which time it operated as a high frequency, direction-
finding antenna facility, as well as a communications, computer support and training facility for the Navy 
and other Department of Defense activities. Figure 1 shows the location of Skaggs Island in relation to the 
Napa-Sonoma Marsh.     
 
3.2 RECONNAISSANCE AND REVIEW 
 
A series of background interviews were conducted and data reconnaissance was undertaken by PWA to 
identify information readily available to make a technical assessment of the feasibility of incorporating 
Skaggs Island into the Napa Salt Marsh Restoration Project. 
 
3.2.1 Interview with Ken Meme, Towill Inc., San Francisco 
 

• Ortho-rectified aerial photography was produced for the Navy in the Fall of 1999.  
• Contact at the Navy is Mike Mahoney, Land Division, (650) 244-3859. 
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• The survey was undertaken for boundary determination purposes. 
• The survey data is in a compatible coordinate system to the survey undertaken by Towill Inc. of 

the Napa Salt Pond complex and could be converted if required. 
• No field surveys were undertaken, only ground control. Therefore, vertical reliability is suspect 

and Ken Meme recommended additional vertical control should be undertaken. However, 
horizontal reliability should be reasonable. 

 
3.2.2 Interview with Bryan Winton, U.S. Fish and Wildlife Service, San Pablo Bay National Wildlife 

Refuge Manager 
 

• Skaggs Island is approximately 4,300 acres in area. 
• Approximately 3,300 acres are presently under the control of the U.S. Navy General Service 

Administration. Of this acreage, approximately 60 acres are administration facilities, which may 
have toxicity problems. 

• Approximately 1,000 acres are privately owned (Mr. J. Haire). 
• Skaggs Island boundaries have been approved by USFWS for inclusion into the San Pablo Bay 

National Wildlife Refuge. 
 
3.2.3 SFO Airport Runway Extension Mitigation Studies 
 
Jones & Stokes Associates, Inc. (JSA) are presently studying a series of mitigation sites around the Bay 
Area for the proposed SFO runway expansion project. This study includes Skaggs Island. The hydraulic 
study is being undertaken under subcontract by Northwest Hydraulics and includes UNET (unsteady, 1-
dimensional modeling) and SEDH (Arianthurai and Krone, 1976) sediment transport modeling has been 
undertaken to approximate the evolution of the site under a range of preliminary alternatives and the 
results of this study were expected to be published in September 2001. Topographical surveys have 
recently been undertaken for the project using a combination of ground surveys and aerial 
photogrammetry (surveys by Psomos). The modeling does not include any investigation into the effects 
(hydraulic or sediment supply) on restoration of Cullinan Ranch or Napa Salt Ponds.  
 
3.2.4 LTMS Review 
 
The proposed restoration of Skaggs Island could advance the beneficial use of dredged material from San 
Francisco Bay as part of the Long Term Management Strategy (LTMS). The San Francisco Bay Region 
has in excess of $5.4 billion of annual economic activity that is directly dependent on deep and shallow 
draft navigation channels. The annual maintenance of the navigation channels requires the removal of 
approximately 5 million cubic yards of dredged material. Pending new channel improvements will result 
in the removal of another 16 million cubic yards in the immediate future. The LTMS was officially 
implemented in 1990 because historical in-Bay dredged material disposal sites were being used at 
potentially unsustainable rates and there was no designated ocean disposal site. Dredged material disposal 
at almost any location in the Bay area was becoming an issue of substantial controversy. The Strategy was 
created as a partnership between Federal and State agencies, navigation interests, fishermen, 
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environmental organizations and the general public. Primary objectives are to identify and make available 
acceptable disposal alternatives and to address the various regional concerns regarding dredging and 
disposal. The LTMS objectives are being met through developing beneficial reuse of sites such as Skaggs 
Island for environmental restoration. The site ranked high in the review of candidate sites around the Bay, 
but the ranking was lowered by ownership and difficulty in delivering dredged material to the site 
(primarily due to the distance to navigable water). With ownership change, Skaggs Island may re-rank 
higher and become one of the best upland disposal alternatives for the Bay area. 
 
3.2.5 Skaggs Island Foundation - Skaggs Island Reuse Plan 
 
http://www.skaggs-island.org/ 
 
A plan has been underway for four years which has combined public agencies, private landowners, non-
profit groups and other stakeholders to produce a Reuse Plan for the former Naval Security Group facility 
at Skaggs Island. The Reuse Plan combines the public’s stated desires for wetlands restoration, technical-
vocational education, affordable housing and affordable public conference and outdoor recreational 
facilities. The plan includes three documents: 
 

• The Reuse Plan for the former Naval Security Group improved facilities at Skaggs Island, 
Sonoma County. 

• An application to the U.S. Department of Education for a Public Benefit Conveyance of the 
property for educational purposes. 

• Detailed descriptions and documentation of the many innovative 21st century educational 
programs proposed for Skaggs Island.  

 
3.2.6 USACE Project Sheet for Skaggs Island 
 
3.2.6.1 Possible Solutions 
As described in a USACE project sheet (http://www.spn.usace.army.mil/projects/skaggsilsand.html), 
Skaggs Island Restoration will follow the recommendations given in the Baylands Ecosystem Habitat 
Goals Report (Goals Project, 1999), prepared by the San Francisco Bay Area Wetlands Ecosystem Goals 
Project. The project will restore habitat for threatened and endangered species, migratory water birds and 
other migratory and resident species. Restoration of 3,300 acres of seasonal and tidal salt marsh will 
enhance production of estuarine dependent fish species and reduce the effects of flooding events. The 
project may also provide a site for the beneficial use of dredged material to restore the site to its original 
wetlands elevation, prior to restoration of tidal action. 
 
3.2.6.2 Present Status 
There are two planning alternatives being considered for the Skaggs Island Restoration Project. In the first 
alternative, the Sonoma Creek Watershed Study (lead agency is SF USACE) identifies Skaggs Island as a 
future project, therefore, a Restoration Feasibility Study would be developed. After technical analysis is 
complete as part of Phase 1 in the Watershed Study, the Skaggs Island Restoration Project is expected to 
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tier off as its own implementable project. The Sonoma Creek Watershed Study itself was initiated as an 
element of the San Pablo Bay Watershed Study in order to support the on-going interests in restoring the 
Sonoma Creek Watershed. 
 
The second planning alternative for Skaggs Island described by the USACE project sheet, is the 
incorporation of Skaggs Island within the existing Napa Salt Marsh Restoration Project. A combined 
project could enhance the restoration process for both sites due to the contiguous nature and connections 
in the physical processes between Skaggs Island, Sonoma Creek and the Napa Salt Ponds complex. 
 
3.3 RECOMMENDATIONS FOR SKAGGS ISLAND 
 
Clearly, Skaggs Island represents a significant opportunity for potential contiguous restoration between 
the Napa-Sonoma Marsh and Sonoma Creek and the symbiosis of the Salt Ponds and Skaggs Island 
should be closely considered. The potential addition to the tidal prism that would be provided with 
restoration of Skaggs Island could have significant effects upon the channel morphology of Sonoma 
Creek, Napa Slough, Second Slough, Hudemann Slough and Rainbow Slough and these effects should be 
analyzed. Similarly, the potential “sediment sink” represented by restoration of Skaggs Island will have 
significant effects upon the Napa-Sonoma Marsh restoration plans and vice-versa. Future restoration 
plans for Skaggs Island will significantly effect restoration plans for the Napa-Sonoma Marsh 
Restoration. 
 
Horizontal and vertical topographical control is available locally from the survey of the Napa-Sonoma 
Marsh complex undertaken by Towill Inc. (Towill, 2001) and combined with the aerial photography 
undertaken by the same company in 1999, it is likely that additional surveys to obtain the bathymetric 
data required for accurate hydrodynamic modeling would be relatively inexpensive. In addition, the 
relatively uniform nature of the topography and paucity of tidal channels would mean that hydrodynamic 
modeling would also be relatively inexpensive compared to the complex modeling required for the 
network of sloughs, rivers and salt ponds of the Napa Salt Marsh complex.  
 
We would recommend that Skaggs Island be an integral part of the modeling simulations and planning for 
the Napa-Sonoma Marsh Restoration Feasibility study as soon as possible. At a minimum this integration 
should include: 
 

• Topographic and bathymetric surveys tied to a common datum and coordinate system, undertaken 
to an accuracy sufficient to be used in future modeling studies. 

• Understanding of tidal circulations and tidal exchange as a result of combined projects. 
• Understanding of suspended sediment regime, for future sediment budget studies relating to 

Skaggs Island. 
• Understanding of the consequences of different management strategies on the regional wetlands 

throughout the North San Pablo Bay. 
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• Development of conceptual restoration configuration, including components such as levee breach 
locations and initial and future tidal prisms. The data from work in progress, such as the SFO 
airport runway expansion studies (see section 3.2.3), may or may not be adequate. 
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4. CULLINAN RANCH EVALUATION 
 
 
 
4.1 INTRODUCTION 
 
Cullinan Ranch lies approximately 0.5 miles west of the Napa River Bridge on the north side of State 
Highway 37, Solano County. A small portion of Cullinan Ranch extends into Napa County. Cullinan 
Ranch is bounded on the south by Highway 37, on the west side by CDFG property, on the north by 
Dutchman Slough and South Slough and on the east by the City of Vallejo. The USFWS have owned and 
managed Cullinan Ranch since 1992 and restoration of the site in the form of breaches to the existing 
levee system is expected to occur by 2004.  
 
The location of Cullinan Ranch in relation to the Napa-Sonoma Marsh is shown by Figure 1. 
 
4.2 RECONNAISSANCE AND REVIEW 
 
A series of background interviews were conducted and data reconnaissance was undertaken by PWA to 
identify information readily available to make a technical assessment of the feasibility of incorporating 
Cullinan Ranch into the Napa Salt Marsh Restoration Project. 
 
4.2.1 Interview with Ken Meme, Towill Inc., San Francisco 
 

• Approximately 5 years ago Towill Inc. produced a topographical map of Cullinan Ranch for 
CDFG. The elevation data in this map is approximate and not as accurate as the mapping for the 
Napa Salt Ponds surveys. 

• As part of the Napa-Sonoma Marsh Survey contract (Towill, 2001), Towill Inc. tied the survey 
control for Cullinan Ranch to the survey control for the Napa Salt Ponds.  This was done to allow 
improvement of the Cullinan mapping and facilitate incorporation into the Napa Salt Ponds 
survey information. 

 
4.2.2 Interview with Bryan Winton, U.S. Fish and Wildlife Service, San Pablo Bay National Wildlife 

Refuge Manager 
 

• Cullinan Ranch, which is approximately 1,500 acres, in area was purchased by USFWS for $6.2 
million in 1992. 

• Significant amounts of biological monitoring has been undertaken by USFWS (species diversity, 
density and cover, fish and wildlife use).  

• Preliminary sedimentation studies and conceptual hydrodynamic modeling have been undertaken. 
• Tidal flows and ranges have been monitored. 
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• Water quality and sedimentation processes have been monitored.  
• Topography on Cullinan Ranch has subsided up to 7 feet below Mean Sea Level (MSL) due to 

diking and pumping. 
 
4.2.3 Interview with Mike Bias  
 

• U.C. Davis undertook preliminary sedimentation studies under the leadership of the late Dr. R.B. 
Krone (Krone et. al, 1994). This study used the 2-dimensional hydrodynamic, finite element 
model, RMA-2 (King et. al, 1973); with the sediment transport model SEDH (Arianthurai and 
Krone, 1976). The study looked at five scenarios for restoration ranging from levee breaches in 
Dutchman Slough and South Slough to breaches to San Pablo Bay and predicted the evolution of 
the site in terms of sediment deposition over a maximum of a 5-year period.   

• Moffatt & Nicholl, Engineers have undertaken a conceptual restoration design for a 50-acre site 
at Guadalcanal Village immediately to the east of Cullinan Ranch (Moffatt & Nicholl, 1999). 
Their study investigated the effects of levee breaching at Cullinan Ranch on increased tidal flows 
through Dutchman Slough and how that would affect restoration plans at Guadalcanal Village. 

• Biological baseline monitoring of vegetation, birds and small mammals has been conducted by 
Mike Bias since approximately 1996 through his work at Ducks Unlimited (DU) of Rancho 
Cordova, ECORPS and now as an independent consultant. 

• DU has undertaken independent quality control checks upon the 1997 topographic survey carried 
out by Towill Inc. 

• Preliminary restoration design for the site has been completed by DU and consists of 5 breach 
locations, each 400 feet in length at intervals along Dutchman Slough and South Slough. (Contact 
at DU is Steve Carroll). 

• Permitting is presently being undertaken for the restoration project (EA, NEPA, CEQA, USACE 
404 Section 10, etc). Completion of this process is expected shortly. 

 
4.3 RECOMMENDATIONS FOR CULLINAN RANCH 
 
The restoration schedule for Cullinan Ranch appears to be relatively advanced and it is probable that 
initial restoration of this area will precede restoration of the Napa-Sonoma Marsh. Therefore, it is 
therefore imperative that the effects of restoration at Cullinan Ranch on the future design of restoration at 
the Salt Ponds should be evaluated. Specifically, the following factors should be taken into consideration: 
 

• The effects of the change in tidal prism as a results of breaching the perimeter levees at Cullinan 
Ranch to the future hydrodynamics of the marsh system and the resulting scour or deposition of 
related Sloughs (Dutchman Slough and South Slough), and scour potential to other, adjacent 
internal levees of the salt pond system (specifically Pond 3).  This is important for the Without 
Project analysis. 

 
• The “sediment sink” potential posed by Cullinan Ranch. The preliminary designs for Cullinan 

Ranch do not allow for any placement of dredged material and hence a significant quantity of 
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sediment for future marshplain evolution will be supplied from the surrounding mud flats in the 
Lower Napa River via Dutchman Slough and South Slough. No levee breaches have been 
proposed to San Pablo Bay and hence it is unlikely that significant amounts of sediment will be 
supplied from this source. 

 
• Changes in the tidal exchange and circulation characteristics with particular emphasis on how this 

could relate to water quality issues. Could the hydrologic process create “dead zones”? 
 
Clearly, Cullinan Ranch represents a significant opportunity for potential contiguous restoration between 
the Napa Salt Ponds, Skaggs Island and Sonoma Creek and the symbiosis of the Salt Ponds and Skaggs 
Island and Cullinan Ranch should be closely considered.  
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5. SONOMA CREEK DATA ADEQUACY 
 
 
 
Concerns were raised regarding the adequacy of data for Sonoma Creek during the MTAG meeting of 
January 30, 2001. PWA has reviewed the readily available data relating to hydrology and cross sectional 
geometry as follows: 
 
5.1 HYDROLOGY 
 
5.1.1 Existing Technical Publications 
 

• Summary of existing information in the Watershed of Sonoma Valley in relation to the Sonoma 
Creek Watershed Restoration Study and Recommendations on How to Proceed (San Francisco 
Estuary Institute (SFEI) and Sonoma Ecology Center (SEC) 2000). A rigorous paper delineating 
the historical and contemporary documentation and monitoring on the Sonoma Creek watershed.  
The main conclusion expressed in the paper is the lack of scientific evidence linking rainfall-
runoff processes to land use (particularly in the case of valued sensitive species habitat). 

 
• Federal Insurance Study: Sonoma County, California, Unincorporated Areas (USACE, 1997). A 

compilation of hydrologic analyses performed for the Federal Emergency Management Agency 
(FEMA) of Sonoma County watersheds.  The investigation focuses on the principal flood 
problems due to peak discharge-frequency relationships and reports creek profiles and water 
surface elevations for storm events.   

 
• Precipitation Depth-Duration-Frequency Relations for the San Francisco Bay Region, California 

(S.E. Rantz, 1971) A U. S. Geologic Survey Professional Paper including  an isohyetal map of the 
San Francisco Bay Region, California, displaying mean annual precipitation.  

 
5.1.2 Rainfall  
 
5.1.2.1 Existing Data 
Average annual precipitation has been estimated and plotted on an isohyetal map for regions throughout 
the Sonoma Creek drainage basin (Rantz, 1971). Daily rainfall has been collected in the Sonoma Creek 
watershed at General Vallejo’s Home on Spain Street (station #48351) for the period 1899 to 1907 and 
1930 to the present (SFEI, 2000) Daily rainfall is currently collected in the town of Sonoma at the golf 
course and at the Sonoma Ecology Center (Rebecca Lawton, pers. comm.).  In addition, rainfall records 
are also available from both the Sonoma County Water Agency and the California Department of Parks 
and Recreation for varying periods at various locations in the Sonoma Creek watershed (SFEI, 2000).   
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5.1.2.2 Recommendations 
The identification of principal controlling hydrologic parameters in the Sonoma Creek watershed is 
essential to establishing the relationship between rainfall and surface runoff.  To establish an accurate 
estimate of the rainfall depth during storm events at various elevations of the watershed,  several rainfall 
gauges should be set up in the headwaters of the Sonoma Creek watershed to estimate the heavy rainfall 
that typically occurs at densely vegetated higher elevations.  In addition, a gauge should be set up in the 
Sonoma Creek channel at three locations: near the Bear Creek/ Sonoma Creek confluence, near the 
Aguacaliente Creek/ Sonoma Creek confluence, and at the Interstate Highway 12/121 bridge.  Rainfall 
depth should be collected in time intervals of one hour or less to fingerprint the response of the watershed 
to storm events and the stream channels’ ability to convey water downstream.   
 
To determine a rainfall-runoff relationship for the Sonoma Creek watershed, long term rainfall monitoring 
should be established with meaningful results not expected until at least three years of data have been 
collected. Surface water flow monitoring at similar time intervals will pinpoint runoff lag time. 
 
5.1.3 Surface Water Flow  
 
5.1.3.1 Existing Data 
USGS has a daily record of discharge in Sonoma Creek at Agua Caliente (Station #11458500) from 
March 1, 1955 to September 30, 1981.  The Sonoma Ecology Center recorded flow in the creek 
sporadically through the winter of 1997-1998 (Rebecca Lawton, pers. comm.).  The data from the SEC 
has not been verified.  PWA synthesized the storm events from the winter of 1997-1998 by correlating 
Sonoma Creek with the Napa River (PWA, 2002).  The results proved useful for a sediment model of the 
creek during those storms, but it is not an actual fingerprint of the runoff and did not capture the 
watershed lag-time.   
 
5.1.3.2 Recommendations 
In order to calibrate a rainfall runoff model of Sonoma Creek and estimate the watershed parameters, it is 
essential to monitor the flow discharge at several points in the watershed. PWA recommends the 
installation of three discharge gauge stations at the confluence of Bear and Sonoma Creek in the upper 
watershed, at Agua Caliente in the mid-watershed, and at the Highway 121/12 Bridge in Schelville in the 
lower watershed. 
 
5.1.4  Sediment Transport 
 
5.1.4.1 Existing Data 
The SFEI report describes a single analysis of sediment loading in Sonoma Creek from the 1970s and 
suggested that these results may no longer be representative due to significant changes in land use 
throughout the watershed. U.C. Davis and the USGS monitored suspended sediment data in their study 
conducted between September 1997 and March 1998 (Warner, 2000). Samples were collected at the site 
on Sonoma Creek (SOCR) at the downstream extent of Sonoma Creek adjacent to Skaggs Island. These 
data were subsequently incorporated into the computational model constructed by PWA and the Danish 
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Hydraulic Institute Water & Environment (DHI) as part of the Napa Marsh Restoration Feasibility Study 
Phase 1 (PWA, 2001). 
 
5.1.4.2 Recommendations 
A suspended sediment-sampling program should be implemented in conjunction with flow monitoring to 
understand the variability of sediment delivery from the Sonoma Creek watershed during the winter 
storms. A monitoring station at the Bear Creek confluence would be appropriate to determine sediment 
yield on steep slopes subject to erosion. This could be linked back to a GIS model of slope, land use, etc. 
A monitoring station near the Schellville Bridge would be useful in determining the total volume of 
sediment delivered from most of the stream’s tributaries during different storm events.   
  
Hydrologic, hydraulic and sediment transport models should be constructed from current data in order to 
understand flooding, erosion, and bank stability.  Models are useful tools in estimating long-term impacts 
of land use and watershed management. This work will likely be accomplished as a component of the 
Sonoma Creek Watershed study, and not yield final results for several years. For the Napa Salt Ponds 
Feasibility analysis, preliminary data when available and estimates already completed can be used, along 
with sensitivity analyses. It would be advantageous to implement the stream gauging and sediment 
sampling efforts to capture data in this winter season. 
 
5.1.4.3 Recommended Equipment 
An automatic sampler connected to and controlled by flow meters would provide the most reliable way of 
collecting composite flow weighted samples.  The equipment can also be connected to precipitation 
monitoring equipment and controlled by precipitation depth.  The advantage of automated equipment is 
that it can be on call 24 hours a day and the need for on call personnel can be circumvented.  This type of 
equipment will also allow for the collection of discharge and suspended sediment (and possibly 
precipitation) at equal intervals for increased accuracy.  Consideration should be given to installing 
automated samplers and flow meters at each monitoring site.   
 
5.1.5 Geomorphic Data 
 
5.1.5.1 Existing Data 
There has been no systematic study or modeling to determine what effects, if any, the tidal channel hydro-
geomorphology has on the escape of floodwaters. There is also no way of predicting the change in 
channel size, shape or formation of bars as a result of the proposed changes. 
 
5.1.5.2 Recommendations 
Surveys should be performed to monitor the changes in stream profiles, cross-sections, substrate 
character, and bank stability to determine how the channel geomorphology is evolving over time in 
relation to upstream local influences. To assess downstream influences on flooding, channel 
geomorphology in the area around Schelville and downstream to the San Pablo Bay shoreline should be 
monitored as well. A timeline of land use change in the watershed should be constructed to estimate 
stream channel impacts. It is thought that this information will be collected as part of the USACE Sonoma 
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Creek Watershed Study and preliminary data will be extremely useful for the Napa-Sonoma Marsh 
Restoration Feasibility Study as it becomes available.  
 
5.2 1-DIMENSIONAL MODEL SENSITIVITY ANALYSES 
 
Sensitivity analyses were conducted on the flows passing down Sonoma Creek into the slough channel 
network in order to assess the implications to the 1-dimensional modeling of inaccuracies in the flow 
estimates. The boundary condition at the model's upstream end of Sonoma Creek are the flow estimates 
based on the methods described in the PWA report for the Napa-Sonoma Marsh Restoration Feasibility 
Study Phase 1 (PWA, 2001). In order to highlight the sensitivity of the present model to the boundary 
condition at Sonoma Creek two simulations have been carried out. For the rainfall which caused 
significant runoff on February 3, 1998, the estimated runoff from Sonoma Creek has been scaled up and 
down by 25%. The simulated water levels and velocities along Sonoma Creek are shown in Figures 2 and 
3, respectively.  
 
Figure 2 indicates a +/- 25% uncertainties in the flow estimates can have a significant effect on the water 
levels in Sonoma Creek between the confluence with Third Napa Slough and the upstream Sonoma Creek 
Boundary. However, the effect is insignificant downstream of the Third Napa Slough confluence. Similar 
trends are observed for the velocity in the channel as shown by Figure 3.   
 
The implications of these results are that inaccuracies of up to 25% in the flow estimate for Sonoma 
Creek will have the greatest influence to hydrodynamic analyses with Skaggs Island incorporated into the 
study but will have negligible influence to the slough channel network surrounding the salt ponds. We 
would recommend that the level of extra analyses required with regard to Sonoma Creek flows be relative 
to the physical extents of future restoration studies.  
 
5.3 CROSS-SECTIONAL GEOMETRY 
 
5.3.1 Existing Data 
 
Towill Inc. performed a cross-sectional survey of the main channel of Sonoma Creek from the confluence 
with San Pablo Bay to approximately the SOCR monitoring site of the U.C. Davis/USGS team (Towill, 
2001). Additional cross sections were obtained from Southern Sonoma County Resource Conservation 
District (SSCRCD) by PWA, which extend from 925 feet upstream of the State Highway 12/121 
Schellville Bridge to approximately 1.5 miles downstream. These cross sections were surveyed by 
SSCRCD in 1998, every 100 to 125 feet and displayed the break in grade along the channel. However, a 
section of Sonoma Creek has not been surveyed recently between the downstream extents of the 
SSCRCD survey and the upstream extent of the Towill survey. PWA interpolated the geometry in this 
section for the purposes of the study in 2001 (PWA, 2001).    
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5.3.2 Recommendations 
 
A bathymetric survey should be conducted between the upstream limits of the Towill survey and the 
upstream tidal limit, upstream of the Highway 12/121 bridge in Schelville. Survey data collected by 
SSCRCD are outdated and may be suspect. 
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6. MODEL BOUNDARY CONDITION AT THE THIRD NAPA SLOUGH (TNS) AND IN SAN 
PABLO BAY 

 
 
 
6.1 MODEL BOUNDARY CONDITION AT THIRD NAPA SLOUGH (TNS) 
 
The MIKE 11 model which does not include all of Third Napa Slough as cross-section information is 
only available in the downstream part on a reach of 2,720 meters. The velocity measurements at station 
TNS which is located 2,264 meter from the downstream end of Third Napa Slough varies typically 
between -0.4 m/s and +0.4 m/s. This indicates that the limit of the tidal influence is located further 
upstream compared to the model boundary. The tidal prism may thus not be fully accounted for in the 
model. 
 
6.1.1 Model Sensitivity Analyses 
 
At present the MIKE 11 model has a zero-flow boundary conditions at the upstream end of its Third Napa 
Slough (TNS) branch. With known cross section, water level and velocity at TNS, the flow area can be 
calculated and subsequently the flow can be estimated as Q=A*V. Substituting the zero-flow boundary 
conditions with the estimated discharge allows for carrying out a simulation in which the model is 
compensated for the missing tidal prism. This is not applicable for simulating future conditions, as the 
velocity at TNS is unknown for future conditions. However, simulation of historic conditions with the 
estimated discharge boundary provides an opportunity to check if the model needs to be extended to 
include all of the tidally influenced part of Third Napa Slough. 
 
The simulated water levels change only insignificantly after substituting the Q boundary as the water 
levels are mainly controlled by the down stream boundary conditions. The simulated discharges and 
velocities are significantly influenced. Figure 4 shows the minimum and maximum simulated velocity 
with Q=0 and with Q=V*A. 
 
6.1.2 Recommendations 
 
Based on the above analysis it seems important to include all of the tidally influenced part of Third Napa 
Slough. It is recommended ideally to carry out a cross section survey in Third Napa Slough in the area 
between the limit of the current surveys and the limit of the tidal influence. However, a reasonable 
approximation of the tidal prism contributed by Third Napa Slough can be obtained using the method 
described in Section 6.1.1.   
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6.2 MODEL BOUNDARY CONDITION IN SAN PABLO BAY 
 
The Napa-Sonoma Marsh and San Pablo Bay are an integral system and should not be considered as two 
independent systems. The connection between the Napa-Sonoma Marsh and San Pablo Bay is dynamic 
and complex; the hydrodynamic connection is an interaction of water level, flux, salinity (and, hence, 
density), temperature, sediment and other biological factors such as Biological Oxygen Demand (BOD) 
and Dissolved Oxygen (DO) content.  
 
In modeling the existing conditions (the Napa-Sonoma Marsh complex undertaken as part of the Phase 1 
project by PWA and DHI) the use of observed boundary information (Warner, 2000) was an ideal 
scenario. The goal of the modeling was to reproduce historical conditions (September 1997 to March 
1998) within the marsh system, and measured data were available to generate accurate boundary 
conditions. Since the boundary data enforce a known state of the model at the edge of the computational 
domain, the closer the known boundary data are to the area of interest, the more accurate will be the 
prediction of the existing conditions assuming the numerical algorithm can handle the forcing without 
generating the inaccuracies that dissipate with distance from the boundary. This is not the case when the 
boundary data are unknown (or unclear). If historical data are not available to apply as boundary 
conditions (e.g., modeling future conditions), the area of interest should be placed sufficiently far away 
from the applied boundary conditions and outside its immediate area of influence. However, this must be 
balanced with the availability of domain information (bathymetry, roughness, etc.), modeling assumptions 
and computational costs (in terms of CPU times). 
 
Serious problems may arise with the modeling if the same boundary data (from existing conditions) are 
enforced at the existing boundary locations for alternative future scenarios (salts passing, changes in tidal 
prisms, etc.).  Possible problems that may be encountered are: 
 

• Constituent trapping (for Dirichlet outflow boundary conditions); and 
• Artificial flushing (for Neumann boundary conditions). 

 
Constituent trapping refers to the phenomenon where the boundary concentrations are specified and 
concentrations are forced to match the fixed boundary. Artificial flushing refers to the situation where 
concentration gradients are specified which flush the constituent outside the model domain where it is lost 
and not flooded back into the domain on the following tide. 
 
6.2.1 Recommendations 
 
It is proposed that a 2-dimensional model be used to provide the necessary boundary conditions for the 
Napa-Sonoma Marsh complex. Figure 5 shows the approximate limits of such a model, which should 
extend from the Golden Gate to the confluence of the Sacramento and San Joaquin rivers.  This allows 
predictable boundary conditions to be applied to the model without forcing a particular solution within the  
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area of interest (the Napa-Sonoma Marsh system).  The model should also extend to the USGS gauge at 
Carquinez Strait and a significant distance upstream on the Napa River, to the mouth of Sonoma and 
Petaluma River.   
 
A series of nested grids is proposed in order to balance the computational effort required by the large 
model domain with the resolution needed within the marsh system.  The proposed model shown in Figure 
5 also includes: two 11 m local grids covering Skaggs Island and Cullinan Ranch, each containing about 
400,000 nodes; an intermediate of San Pablo Bay consisting of a 33 m grid of about 415,000 nodes; and a 
99 m grid containing approximately 840,000 nodes. The purpose of this grid configuration is not only to 
provide boundary conditions for the Napa-Sonoma Marsh model but to also include the hydrodynamic 
effects of Skaggs Island and Cullinan Ranch future restoration on the Napa-Sonoma Marsh.  
 
The proposed 2-dimensional circulation model of San Pablo Bay proposed here is clearly a boundary 
driven problem as previously described and care should be taken in defining the magnitude and timing of 
the boundary value, and verifying the circulation simulations. Boundary conditions to be established 
include: 
 

1. Water surface elevations.  Particular care should be taken in determining this boundary condition, 
since inaccuracies at the boundary may generate artificial flow patterns in the area of interest. 
This will require an accurate datum and water surface gradient across the boundary if necessary. 

 
2. Suspended sediment concentrations.  When simulating the suspended sediment concentrations, 

both the boundary flux and tidal exchange ratio (i.e., the volume of water passing through the 
boundary on an ebb tide, then re-enters the solution domain on the following flood tide) should be 
considered. The inflowing sediment flux at the boundary and potential importance of the tidal 
exchange ratio will be developed through an analysis at the suspended sediment gauging stations 
and will consider tide range, delta outflow, season (water temperature), wind, antecedent 
suspended sediment concentrations and discharges from Petaluma, Sonoma and Napa Rivers, 
Carquinez Straits and Southern San Pablo Bay.  A relationship will be developed to estimate the 
tidal exchange ratio of suspended sediment at a broad range of conditions that will include the 
potential perturbations caused by the Napa Salt Ponds Restoration.  The sensitivity of this derived 
boundary relation will be tested to ensure any inaccuracies will be insignificant in the solution 
domain at critical points of interest.  Or in other words, the boundary should be set at a distance 
that potential errors do not propagate in the area of interest at a significant level. 

 
Sensitivity analyses should demonstrate: 
 

• Inaccuracies at the boundary are locally confined and will not propagate through the entire 
solution domain at a significant level. 

• If the sediment concentrations, deposition or erosion predictions are sensitive to boundary 
condition assumptions at key locations – examples might be Pond 2A, Cullinan Ranch inlet 
channels, Napa Salt Ponds, selected locations on the mud flats of San Pablo Bay. 
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• The sensitivity of the model to uncertainty in input data or key assumptions such as critical shear 
stress for resuspension of particles. 

• A monitoring program should be used to validate assumptions made in the boundary conditions 
(and in sediment concentration distributions and deposition patterns). 

 
Grid spacing of model should be sufficiently fine to adequately represent topography and be able to 
simulate flow structures likely to influence deposition or erosion patterns–such as eddies and currents.  
Based on a review of current bathymetry (USGS ) a grid spacing of 11 m is proposed at the Skaggs Island 
and Cullinan Ranch sites with a 33 m grid spacing for San Pablo Bay.  The proposed nested model shown 
in Figure 5 would give approximately 2 million cells. The sensitivity analysis will also include project 
changes in bathymetry since the last complete survey. 
 
Although the 2-dimensional salinity modeling is of lesser importance for salinity modeling (assuming the 
CDFG approach is adopted – see Section 7), the salinity component of the model will be used to 
characterize the cohesive sediment transport and flocculation.  In addition, the 2-dimensional model could 
be used for contingency planning or real-time forecasting in the event of a catastrophic levee failure and 
could be used to track the plume and mixing if high salinity water is released during periods of river 
floods. 
 
Additionally the 2-dimensional model of San Pablo Bay could be used to assist in answering some key 
sediment questions. There is a diminishing supply of sediment to San Francisco Bay, due primarily to the 
attenuation of effects from hydraulic mining in the tributary river system. The reduction of sediment 
delivery to the Bay has been linked to marsh erosion and retreat of the marsh shore-line in the North Bay 
(Jaffe et. al., 1996). 
  
The questions regarding suspended sediments relate both to the immediate study area and how the 
restoration of the salt ponds might influence the regional sediment budget, other restoration projects (for 
example, Cullinan Ranch, Skaggs Island) and the stability of the tidal marshes. Some specific questions 
may include: 
 

• How long will it take to create some inter-tidal marsh habitat in the restoration ponds? 
• What is the expected deposition pattern in the restoration area and will this create areas of poor 

circulation or limited tidal action? If so, what management actions (particularly minimum 
intervention actions) could be used to remedy these difficulties? 

• How will the Lower Napa Salt Ponds affect the sediment budget to the San Pablo Bay area? Will 
this altered sediment budget have a significant influence beyond the San Pablo Bay cell of the 
Bay Delta System? 

• Which areas are subject to erosion and under what conditions? 
• How long will it take for a channel to develop across the mudflats of San Pablo Bay and will this 

affect the evolution of the tidal wetlands? 
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7. MODELING OF THE LOWER NAPA RIVER, MARE ISLAND STRAIT AND CARQUINEZ 
STRAIT 

 
 
 
The processes that may affect the transport of sediment particles, salinity and other water quality 
parameters in the Lower Napa River, Mare Island Strait and Carquinez Strait are 3-dimensional in nature. 
Dr. Warner’s research (Warner, 2000) describes the physical processes occurring in these areas. 
Specifically he described a density and gravity driven baroclinic convergence zone that occurs (in theory 
and with observation) due to the timing of salinity pulses at the junction of Mare Island Strait and 
Carquinez Strait. The convergence zone that occurs in this part of the river is a 3-dimensional process that 
will not be fully resolved in a 2-dimensional depth averaged or 1-dimensional model. 
 
Following the MTAG meeting (project team members: CDFG, USACE, CSCC only) at the USACE San 
Francisco office on June 13, 2001, the CDFG proposed a strategy for salinity reduction in the ponds. The 
strategy will use the ponds to mix the saline water with freshwater to develop a salinity discharge not 
greater than the maximum allowable level. The maximum allowable level would be controlled by the 
maximum concentration after initial dilution (near field mixing) and/or the maximum permissible 
permutation to the larger scale average salinity. This permissible perturbation will be set to be within the 
natural range of salinity fluctuation throughout the system. A preliminary estimate of this salinity increase 
is 5 ppt but may be adjusted through adaptive management as monitoring data better connects ecological 
indicators with salinity and flow. 
 
7.1 RECOMMENDATIONS 
 
The findings of the preliminary salinity modeling are covered in more detail in Section 10, but the 
implications are as follows: 
 

• 1-dimensional modeling of slough channels (but not necessarily the Lower Napa River) should be 
adequate. 

• Adopting the proposed CDFG strategy described above, detailed modeling of 2- or 3-dimensional 
processes in the receiving waters at the discharge points is less important since any releases will 
be below the level that could create impacts.  However, it is recommended that the 2-dimensional 
modeling of San Pablo Bay extend into the Napa River; this model can be used to better evaluate 
the impact of salinity discharges. 

• Understanding the mixing processes within the ponds is very important. Potential conditions 
causing stratification and the salinity structure in the ponds should be identified. The processes 
and conditions to achieve mixing in the ponds should be quantified. The potential for slugs of 
high salinity water being accidentally released due to poorly mixed water should be examined. 
Identification of the optimum seasonal discharge should also be made. 

• A 1-dimensional model of the lower Napa River will not be able to represent the increase in 
salinity in localized regions for example along the West bank of the Napa River adjacent to the 
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ponds. Provided the CDFG strategy is followed, this is not a critical difficulty from the 
management perspective. However, we would recommend that a 2-dimensional model be used to 
model the lower reach of the Napa River to identify localized mixing processes.  

 
If it is considered by the regulatory agencies (USFWS, RWQCB, NMFS) that the CDFG strategy is not 
acceptable, then it is highly likely that we would recommend that a 2- or 3-dimensional model be used to 
identify more clearly the mixing processes in the baroclinic convergence zone that has previously been 
identified in the Lower Napa River (Warner, 2000). The local 3-dimensional modeling of flows through 
tide gates if deemed appropriate to use as water control structures for flow into and out of the ponds, and 
the related plumes upstream and downstream of the gates would provide useful insight to the mixing 
processes–particularly if releases from the ponds are planned to exceed the DFG recommended 
procedure. The salinity reduction methods and criteria are closely linked to the spatial resolution of the 
modeling effort. The proposed research of Dr. Cheng (USGS, Menlo Park) and Dr. Casulli (Trento 
University, Italy) (Cheng et al, 1993) should be considered for incorporation into the study under this 
scenario. 
 
 



 

P:\Projects\1411 SF COE Retainer\12_Napa_Phase1B\NSMRP-1B_FnlDelivMar2003\1411-12_Final_Report-
Mar2003.doc 
03/07/03  29 

8. WATER QUALITY, SALINITY AND SEDIMENT SAMPLING IN THE SALT PONDS 
 
 
 
8.1 CISNET DATA 
 
The primary objective if CISNet is to design a monitoring network that is temporally and spatially 
adequate to provide advanced warning of the ecological impacts of natural and anthropogenic stressors. A 
central hypothesis is that understanding fluxes and variations in stressors within the system of the San 
Pablo Bay Watershed at a range of time scales will permit optimal selection of monitoring locations and 
temporal frequencies for long-term CISNet monitoring. The parameters being monitored at these sites are 
being established by testing an extensive set of potential indicators including chemical, biochemical and 
ecological variables. A set of 12 monitoring stations have been established within San Pablo Bay, on the 
major rivers feeding into the Bay and in two marshes along the Bay. The water column and the sediments 
are sampled monthly at all stations at comparable tidal phases. Water, suspended sediment and surficial 
sediment samples are being analyzed for a suite of trace metal and organic compounds and to determine 
the health of the benthic community. At a subset of 6 stations, current flow, conductivity, temperature, 
depth and optical backscatter are being measured at 15-minute intervals for 3-month periods during 
summer and winter. These data will be processed using time series analysis. Core samples from 
evaporation ponds at the Napa Salt Ponds will provide a historical record of sediment borne contaminant 
concentrations in the Bay. 
 
The CISNet project is developing and testing indicators of ecological health and their variability using 
biochemical indicators in two sediment dwelling organisms. Other ecological stress indicators being 
considered are number and diversity of species, contaminant bioaccumulation in fish tissue and the 
reproductive success of two bird species. 
 
The major benefit of the CISNet study include the development and demonstration of a monitoring 
network to identify trends in the ecological health of San Pablo Bay. The CISNet data can also be 
regarded as another data set (complimentary to that collected by Dr. Warner between September 1997 and 
March 1998) collected at locations adjacent to the salt pond complex. These additional data will be useful 
for further calibration of an existing conditions model perhaps to be used as a complimentary data set 
during connection of the Napa Salt Ponds model to the San Pablo Bay model. The CISNet database is not 
yet available for public use, but eventually will be a tremendous resource 
(http://www.serc.si.edu/uvb/CISnet.htm). 
 
8.2 WATER QUALITY SAMPLING IN THE SALT PONDS 
 
8.2.1 Science Support for Wetland Restoration in the Napa-Sonoma Salt Ponds 
 
The goal of this research project (Takekawa, 2000) was to examine the ecological and hydrological 
function of the Napa-Sonoma salt ponds and their importance to waterbirds, including integrated studies 
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on primary productivity, macroinvertebrates, plants and fish. As part of this study, recording gauges were 
installed at four to five sites in each pond, at which water temperature, pH, turbidity, dissolved oxygen 
and salinity (conductivity) were measured. Specifically, Ponds 1, 2, 2A, 3, 4 and 7 were measured 
between February 1999 and January 2001. The interpretation of the graphical data produced for these 
physical parameters for the ponds measured can be summarized by PWA as follows: 
 

• Water temperatures in the ponds ranged from a maximum of 300 C in Pond 4 in August to a 
minimum of 70 C in Pond 1 in February. 

• Turbidity was generally found to be highest in Pond 1 ranging from 200 to 800 NTU. Turbidity 
in Ponds 2, 2A, 3, 4 and 7 ranged from approximately 20–250 NTU. Turbidity in Pond 2A 
remained reasonably constant at approximately 50–110 NTU in comparison to the ranges of 
turbidity in the other ponds. 

• pH in Pond 7 was generally the lowest (most acidic) at approximately 5.5–7, with the minimum 
pH (maximum acidity) generally occurring between September and November and maximum pH 
generally occurring in March. pH in Ponds 2, 3, and 4 ganged from 7–9 with the pH generally 
being higher (lower acidity) in Pond 2 and lower (higher acidity) to Pond 4. A similar pattern of 
seasonal variation as Pond 7 was observed. 

• Salinity was consistently greatest in Pond 7 at approximately 170-260 ppt, with seasonal maxima 
occurring between June to September and minima occurring between January to March. Pond 4 
salinities ranged from 60-250 ppt with a similar pattern of seasonal variation as Pond 7. Pond 3 
salinities remained reasonably constant at 35-45 ppt. Similarly, Ponds 2 and 1 at 10-35 ppt and 
10-30 ppt, respectively. Salinities in Pond 2A ranged from 0-20 ppt with all ponds showing 
similar trends in seasonal variations as Pond 7. No data were provided over this time period for 
salinities in San Pablo Bay or the Napa River. 

• DO concentrations were generally lowest in Ponds 7 and 4 ranging from approximately 0.5-6 
mg/l in Pond 7, and 0.5-7 mg/l in Pond 4. DO concentrations were slightly higher in Ponds 3, 2A 
and 2 with maximum DO concentrations in Pond 1 ranging from 7 to 12 mg/l. Seasonal 
variations were once again observed with generally lower DO concentrations measured in the 
summer months (July to September) and higher concentrations in the winter months (January to 
March). 

• An approximately linear relationship (as expected in theory) was derived between salinity and 
pH by the study with maximum pH of approximately 8–9 at approximately 0–50 ppt, and a 
minimum pH (maximum acidity) of 6 at approximately 250 ppt. 

• Generally larger DO concentrations were observed at lower salinities (approximately 6–12 mg/l 
at 0–50 ppt) with lower DO concentrations at higher salinities (approximately 0–4 mg/l at 250 
ppt.) although it appears from the spread of data, that it was not possible to derive a linear 
relationship.         

 
The data measured by this study will provide excellent calibration data for the 2-dimensional model of the 
salt ponds under the Phase 2 of the Napa-Sonoma Marsh Restoration Feasibility Study and further data 
collection of a similar nature should be encouraged for all the ponds in the complex. 
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8.3 SEDIMENT SAMPLING IN THE SALT PONDS 
 
Sediment sampling has been undertaken in Pond 2A only under a contract between CDFG and MEC 
Analytical to monitor the restoration of this pond. Further details of the results of this monitoring are 
given in Appendix 8. It is imperative that sediment samples in the remaining ponds are taken as soon as 
possible so that the chemical and biological constituents of the pond sediments can be identified prior to 
water quality modeling of the pond complex. These data will be required for boundary condition data and 
to enable analysis of the dilution and re-suspension of sediment constituents during salinity reduction or 
habitat restoration processes. Information on the salinities in the bed material and the expected reduction 
in salinities over time following reduction in salinity in the water column should be identified.  
 
Similarly, to our knowledge, other trace elements such as metals have also not been sampled recently 
throughout the ponds. 
 
8.3.1 Recommendations 
 
PWA recommend that an intensive program of sediment sampling be undertaken through the salt pond 
system to identify the concentrations of elements and compounds contained in the sediments and the 
potential for the re-suspension into the water column. Coring should also be undertaken carefully to 
identify historic sedimentation rates. 
 
8.4 MIXING PROCESS RESEARCH 
 
Stanford University presently has a Masters student working with the USGS to investigate the mixing 
processes in the ponds induced by wind waves.  Physical measurements of waves and turbulence have 
been taken over a week period in Pond 3.  This is a work-in-progress. 
 
8.5 USGS MODELING 
 
The USGS are presently constructing a “box model” to approximate salinity variations over time due to 
water movements between ponds.  This modeling is not intended to duplicate present efforts, but it is 
proposed that this research could be of benefit to the project. This is a work-in-progress (pers. comm.. 
Dave Schoelhamer and Megan Lionberger). 
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9. HYDRAULIC STRUCTURES CONNECTING SALT PONDS 
 
 
 
Concerns have been raised recently regarding the adequacy of the hydraulic data available to describe the 
structures connecting the salt ponds. PWA has reviewed the data available and can summarize these data 
as follows: 
 
9.1 NAPA SIPHON FIELD DATA COLLECTION – PWA REPORT, MARCH 2001 
 
PWA was contracted by the USACE in May 2000 to undertake fieldwork at the Napa-Sonoma Salt Marsh 
complex. The purpose of the fieldwork was to collect flow data through a sample of the siphon structures 
at the site. PWA also measured salinity and water surface elevation data in the salt ponds adjacent to the 
siphons. These data were collected to enable actual stage-discharge relationships to be developed that 
would supplement theoretical stage-discharge relationships for the flow through the siphons connecting 
the salt ponds. The siphons were constructed in the mid 1950s and it is likely that the physical condition 
of the siphons are corroded and filled with sediment in addition to subsidence that may have occurred 
over time. Therefore, it is unlikely that theoretically derived stage-discharge relationships will be valid. 
The original approach devised in collaboration between PWA and the USACE was designed to provide 
data that would characterize flow through the siphons sufficiently for incorporation into the numerical 
modeling effort undertaken jointly by PWA and DHI. 
 
The results of the study (PWA, 2001) were unanticipated, but reinforced the critical nature of the 
hydraulic characteristics of the siphons. The results of the study are summarized by the table contained in 
Appendix 1. In fact, under some density conditions during some seasons it may be impossible to get any 
flow through the siphons without major pumping to increase the differential head. 
 
Figure 6 shows the locations of siphons in relation to the salt pond complex. 
 
9.2 REVIEW OF INFORMATION FROM THE CALIFORNIA DEPARTMENT OF FISH AND 

GAME 
 
Recent personal communication with Mr. T. Huffman has highlighted the fact that maintenance of the 
water control structures at the site has reached critical levels, since CDFG have had significant problems 
transferring water into Ponds 4 and 5 from Ponds 3 and 6, respectively. This has resulted with the drying 
out of Ponds 4 and 5 recently (June 2001) and the situation has become critical to the extent that it is 
unlikely that further water will not be discharged into Ponds 4 or 5 until the wet season of 2001–2002. 
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To summarize the findings of the PWA report with relevancy to water control structures (specifically 
siphons) and a review of the information provided by CDFG the following points can be made: 
 
Siphon 1 

• Connects Pond 1 to Pond 2 via a donut (a circular water reservoir/conveyance structure 
resembling a small pond, varying from 50 to 100 feet in diameter usually situated between to 
adjacent siphons). 

• Flow has been maintained through the siphon to date (July 2001) to enable a discharge of 
1.89m3/s (30,000 gallons/minute) to be passed upon operation of the pump between Pond 1 and 
the donut. 

 
Siphon 2 

• Connects the Pond 2 via the All American Canal (passes down the West side of Pond 2A) to Pond 
3. 

• Flow has been maintained through this siphon to date (July 2001). 
• No field measurements have been taken at this siphon to enable a physical stage-discharge 

relationship to be derived. 
• Hydrodynamic modeling has assumed a theoretical stage-discharge relationship for the flow 

through Siphon 2. 
 
Siphon 3 

• Connects Pond 3 to Pond 4. 
• It was not possible to collect field measurements at this siphon due to a reverse salinity gradient 

at the time of deployment of field equipment (October, 2000). Physical conditions at this location 
have deteriorated and it is unlikely that flow will pass through the siphon at any time in the 
future without substantial remedial civil engineering works. For the purposes of future modeling 
we will assume the theoretical flow through the siphon (i.e., the siphon will either be unblocked, 
repaired or replaced during construction).  

 
Siphon 4 

• Connects Pond 6 to Pond 5 via a donut. 
• No field measurements have been taken at this siphon to enable a physical stage-discharge 

relationship to be derived. 
• It appears that recently this siphon has become blocked and CDFG have not been able to pass 

flow from Pond 6A via a canal into Pond 5 in recent weeks. 
• It is unclear whether CDFG will be able to pass flow through this siphon without substantial civil 

engineering works. For the purposes of future modeling we will assume the theoretical flow 
through the siphon (i.e., the siphon will either be unblocked, repaired or replaced during 
construction). 
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Siphon 5 
• Connects Pond 6A to flow from the Napa River via a canal flowing to the north of Pond 8 and to 

the east and south of Pond 7.  
• Flow is still able to pass into Pond 6A or the canal passing water to Pond 5 along the east edge of 

Pond 6A but is restricted by the capacity of the pump from the Napa River (0.37 m3/s / 6,000 
gallons/minute). 

 
Siphon 6 

• Connects two canals either side of Mud Slough, enabling flows to pass from the Napa River to 
Ponds 7, 7A, 6, 6A and 5. 

• Flow is currently able to pass via this siphon but restricted by the capacity of the pump from the 
Napa River (0.37 m3/s / 6,000 gallons/minute).  

 
Further details of water control structures are given in the Napa-Sonoma Marsh Restoration Phase 1 
Report (PWA, 2002), however, details on the ability to transfer water into the ponds can be summarized 
as follows: 
 
Pond 8 

• Presently there is no method to transfer water into Pond 8 via the existing, ageing structure from 
the siphon passing flows into the canal that passes to the north of Pond 8. CDFG will soon be 
installing a tide gate in the southern part of Pond 8 to facilitate tidal flows into this pond. 

 
Ponds 7 and 7A 

• It is presently not possible to transfer water directly into Pond 7 since it was necessary for CDFG 
to block a sluice gate in an adjacent donut. 

• It is presently possible to transfer water into Pond 7A through a 36” wide sluice gate. Hydraulic 
characteristics for this in the numerical model have been assumed theoretical. 

 
Pond 6A 

• It is presently possible to transfer water into Pond 6A through a 48” wide sluice gate. Hydraulic 
characteristics for this in the numerical model have been assumed theoretical. 

 
Pond 6 

• It is presently possible to transfer water into Pond 6 through a 72” wide sluice gate which was 
recently blown out by excessive hydraulic head. Hydraulic characteristics for this in the 
numerical model have been assumed theoretical. 

• There is also a breach in the levee between Pond 6A and 6 although the dimensions of the breach 
are not clear. 

 
Pond 5 

• It is presently not possible to pass flow through the siphon between the donut and Pond 5 under 
China Slough due to a probable blockage in the siphon. 
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Pond 4 
• Water can presently pass from Pond 5 to Pond 4 through a 12 foot breach in the levee. 
• It is presently not possible to transfer water into Pond 4 from Pond 3 due to a blocked siphon. 

 
Pond 3 

• See Siphon 2 above. 
 
Pond 2 

• See Siphon 1 above. 
 
Pond 1 

• Recent improvements have been constructed by CDFG with the diameter for the intake pipe from 
San Pablo Bay is restricted to 63 inches. 

 
Pond 1A 

• Flow can pass into Pond 1A via a 36-inch pipe from the donut connected to Pond 1 via a pump. 
• Flow can also pass through a 15-foot breach in the levee between Pond 1 and 1A. 

 
Further details are given in the PWA report, Napa Siphon Field Data Collection (PWA, 2001). 
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10. PRELIMINARY SALINITY MODELING FOR ALTERNATIVE SELECTION PURPOSES 
 
 
 
PWA was contracted to undertake preliminary salinity transport modeling though the 1-dimensional 
slough and river model. These analyses assumed various discharges, locations and salinity concentrations 
based on responses from the members of the MTAG (project team members; CDFG, USACE and the 
USGS) to a questionnaire (Appendix 2) circulated by PWA. In addition several other simulations were 
conducted for further use by the project team. Figure 7 indicates the location of the provisional discharge 
locations suggested by CDFG. Initially one location was chosen by the MTAG at Alternative 5 and two 
further locations, Alternatives 3 and 6, supplemented this.  
 
It was considered by the MTAG that Alternative 5 could be an advantageous location for proposed 
discharge due to the efficiency of advection to Carquinez Straits during strong ebb tides such as during 
spring tides giving larger tidal excursions. Discharges at Alternative 3 could potentially take a 
significantly long time to exit the system, with minimal tidal excursion and reduced mixing. Alternative 6 
was chosen as the third discharge location at the request for Mr. T. Huffman, field manager for the salt 
pond complex. It was felt that this former ranch pond site, which is separated from Napa Slough by a 2-4 
acre lagoon, may be an appropriate location for tidal mixing before final discharge of lower salinity water 
into the slough.  
 
10.1 DISCHARGE AND CONCENTRATION 
 
The discharge and concentration of the saline water to be simulated in the model was required and some 
background research was undertaken to enable the members of the MTAG to make this decision. A 
document by Mike Rugg of CDFG (Rugg, 1994; Appendix 3) was reviewed in which Rugg refers to a 
report by Flow Science Inc. (Flow Science, 1994; Appendix 4) in which it was estimated that 2.76 kg/s 
salt concentration will add approximately 0.4 ppt salinity at the edge of the Zone of Initial Dilution (ZID). 
From this study, Rugg approximated that 6.9kg/s salt concentration will add approximately 1.0 ppt to the 
receiving waters. In addition, several personal communications with the RWQCB (Leslie Ferguson 
[former employee], Jill Marshall, and Andre Breux) highlighted that according to the Basin Plan 
(www.swrcb.ca.gov/~rwqcb2), water quality objectives for salinity are narrative: 
 

“Controllable water quality factors shall not increase the total dissolved  solids or salinity of 
waters of the State so as to adversely affect beneficial uses, particularly fish migration and 
estuarine habitat.” 

 
Further, the RWQCB receiving limitations are given in Appendix 5. 
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Based on the assumptions described by Rugg, Table 1 of allowable discharges was produced to assist the 
members of the MTAG. Table 2 shows the resultant list of scenarios that were subsequently modeled. 
 
Table 1. Allowable Discharges Based on CDFG 0.4 ppt and 1.0 ppt Increases in Salinity 
 
 
Pond 

 
 
Depth 

 
 

Approximate Salinity 

Allowable Discharge at 
2.76 kg/s Salt 

Concentration1 

Allowable Discharge 
at 6.90 kg/s Salt 
Concentration2 

 (feet) (ppt) (lbs/ft3) (kg/m3) (m3/s) (ft3/s) (m3/s) (ft3/s) 
1 3.3 9 0.562 9 0.307 10.830 0.767 27.075 
1A 3.3 10 0.624 10 0.276 9.747 0.690 24.367 
2 3.2 6 0.375 6 0.460 16.245 1.150 40.612 
3 3.7 29 1.810 29 0.095 3.361 0.238 8.402 
4 1.8 166 10.363 166 0.017 0.587 0.042 1.468 
5 1.8 173 10.800 173 0.016 0.563 0.040 1.409 
6 2.5 65 4.058 65 0.042 1.500 0.106 3.749 
6A 2.4 55 3.434 55 0.050 1.772 0.125 4.430 
7 2.1 323 20.164 323 0.009 0.302 0.021 0.754 
7A 2.9 48 2.997 48 0.057 2.031 0.144 5.076 
8 2.0 226 14.109 226 0.012 0.431 0.031 1.078 

Napa River = 11 ppt 
South Slough = 10 ppt 
San Pablo Bay = 22 ppt 
 
1  2.76 kg/s is the allowable discharge of salt concentration without changing the receiving water salinity by more than 0.4 ppt* 
2   .90 kg/s is the allowable discharge of salt concentration without changing the receiving water salinity by more than 1.0 ppt* 

*  As quoted by Flow Science, 1994 

 



 

P:\Projects\1411 SF COE Retainer\12_Napa_Phase1B\NSMRP-1B_FnlDelivMar2003\1411-12_Final_Report-Mar2003.doc 
03/07/03  40 

Table 2. Preliminary Salinity Transport Modeling Scenarios 
 
 

Scenario 

 
 

Location 

Allowable 
Discharge 

(kg/s) 
Corresponding 
Q (m3/s) (ft3/s) 

Pond Salinity 
(ppt) 

 
Simulation Period 

 
 

Comment 
1 Alternative 5 (Pond 3)  2.8 0.07 (2.4)   40 Sept. 9–20, 1997  
2 Alternative 5 (Pond 3) 10.0 0.25 (8.8)   40 Sept. 9–20, 1997  
3 Alternative 3 (Pond 6)  2.8 0.04 (1.5)   65 Sept. 9–20, 1997  
4 Alternative 3 (Pond 6) 10.0 0.15 (5.4)   65 Sept. 9–20, 1997  

5 Alternative 3 (Pond 6) 10.0 0.15 (5.4) 65 Feb. 1–March 1, 1998 
As Scenario 4 but in 
high river flow 

6 Alternative 6 (Pond 5) 10.0 0.15 (5.4) 65 Sept. 9–20, 1997  

6b Alternative 6 (Pond 5) 20.0 0.31 (10.9) 65 Sept. 9–20, 1997 
As Scenario 6 but 
with higher allowable 
discharge 

6c Alternative 6 (Pond 5) 50.0 0.77 (27.2) 65 Sept. 9–20, 1997 
As scenario 6b but 
with higher allowable 
discharge 

6d Alternative 6 (Pond 5) N/A 10.0 (353) 175 Sept. 9–20, 1997 
Levee breach 
scenario – low Napa 
River Flow 

7 Alternative 4 (Pond 4) N/A 10.0 (353) 175 Sept. 9–20, 1997 
Levee breach 
scenario – low Napa 
River Flow 

7b Alternative 4 (Pond 4) N/A 10.0 (353) 175 Feb. 1–March 1, 1998 
Levee breach 
scenario – high Napa 
River Flow 
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10.2 DURATION 
 
The 1-dimensional slough and river channel model was used in all the simulations over the period of 
calibration from September 1997 to March 1998. It was assumed that this period was representative of 
tidal, salinity, precipitation and river flow conditions. 
 
10.3 ASSUMPTIONS 
 
The preliminary modeling made several key assumptions: 
 

• Observed tide and hydrology conditions for the period September 1997 to March 1998 were 
considered representative. 

• Channel cross-sections and bathymetry were assumed to remain unchanged and the tidal prism 
also remains unchanged. (There is a relationship between tidal prism and slough channel cross-
sectional area; if the tidal prism is increased then the channel areas are also expected to increase.)  

• Roughness coefficients and other model calibration parameters are assumed to be the same as 
pre-restoration conditions. 

• All discharges from ponds into sloughs were assumed constant, point source discharges at this 
screening level. Details of discharge structures were not considered (tidal, culverts, flap valves, 
etc.).  

 
10.4 RESULTS 
 
The results of the simulations were subsequently presented to the project team members of the MTAG at 
a meeting organized by the USACE at the San Francisco offices on June 13, 2001.  
 
Figures 8 and 9 show time series output of salinity in g/l (equivalent to ppt) of the simulation results for 
scenario 1 and 2 respectively. The figures show the salinity at the cross section where the discharge is 
located. The 1-dimensional model assumes instantaneous mixing over the full cross sectional area. The 
time step used in the simulations was 15 minutes. It is observed that the allowable discharge of 2.8 kg/s 
(at 40 ppt salinity) corresponding to a flow of 0.07 m3/s has a negligible effect on the background 
salinities in the Napa River. With a greater allowable discharge of 10.0 kg/s corresponding to a flow of 
0.25 m3/s has only a slightly greater effect to the background salinity in the Napa River raising the salinity 
by less than 0.1 ppt. However, a local increase in salinity occurs at the point where the slough discharges 
into the Napa River. 
 
Figure 10 shows a similar time series for scenario 3. Here it can be seen that at a flow of 0.04 m3/s (at 65 
ppt salinity) into Napa Slough from Pond 6 has a significantly greater effect. Similar results were 
obtained for Scenario 4 as shown by Figure 11.  
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It is interesting to note the differences that can be seen between discharges into the Napa River and Napa 
Slough as shown by the preceding figures. Without any discharge into the sloughs or rivers from the 
ponds, generally the salinity level decreases on the ebb tide and increases on the flood tide over a range of 
approximately 5 ppt over the time period analyzed. However, with discharge from the pond into the Napa  
Slough, the salinity increases on the ebb tide and decreases on the flood tide, whereas with discharge from 
the Pond into the Napa River, the increase and decrease of salinity with corresponding flood and ebb tides 
shows a similar pattern as without the discharge. This can be explained by the volume of flow in the 
receiving water that the discharge can mix with in the Napa River flow at this time being an order of 
magnitude larger than the flow in the Napa Slough at the corresponding time period. Thus the discharge 
from the pond into the Napa Slough has a much greater influence on the background salinity than a 
similar discharge into the Napa River to the extent of completely changing the ambient background 
salinity phasing in the Napa Slough.    
  
A summary of the remaining results and conclusions are given below.  
 
10.4.1 Lower Napa River Discharges 
 

• The ambient salinity will not change significantly under the proposed discharge regime. The flux 
in the Napa River is massive in comparison to the discharge volume. 

• Variations in salinity across the width of the Napa River could be more important and the 
knowledge of the zone of initial dilution (near field mixing zone) may be significant. This cannot 
be simulated by the 1-dimensional model used here. 

• The RWQCB sampling criteria will guide the level of modeling detail required to simulate the 
discharge. 

 
10.4.2 Napa Slough Discharges 
 

• Significant contributions to ambient salinities in the slough were observed due to discharges from 
the pond. 

• 0.04 m3/s at 65 ppt adds approximately a maximum of 20 ppt to the ambient salinity in a low flow 
period such as in September 1997. 

• 0.15 m3/s at 65 ppt adds approximately a maximum of 30 ppt to the ambient salinity in a low flow 
period such as in September 1997. 

• 0.15 m3/s at 65 ppt adds approximately a maximum of 10 ppt to the ambient salinity in a low flow 
period such as in February 1998. 

 
10.4.3 Napa Slough near Napa River Discharges 
 

• Minimal contribution to ambient salinity. 
• 0.15 m3/s at 65 ppt adds approximately a maximum of 2 ppt to the ambient salinity in a low flow 

period such as in September 1997. 
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• 0.31 m3/s at 65 ppt adds approximately a maximum of 3 ppt to the ambient salinity in a low flow 
period such as in September 1997. 

• 0.80 m3/s at 65 ppt adds approximately a maximum of 4 ppt to the ambient salinity in a low flow 
period such as in September 1997. 

 
10.4.4 Napa Slough near Napa River Discharges – Simulated Levee Breach 
 

• A large contribution (at low fresh water river flows) to ambient salinity. 
• 10.0 m3/s at 175 ppt adds approximately a maximum of 80 ppt to the ambient salinity in a low 

flow period such as in September 1997. Salinities in sloughs > 70 ppt would result in probable 
fish kills. 

 
10.4.5 Lower Napa River Discharges – Simulated Levee Breach 
 

• A significant contribution to ambient salinity would be observed under the simulation in a low 
flow period such as in September 1997, with a negligible contribution in a high flow period such 
as February 1998. 

• 10.0 m3/s at 175 ppt adds approximately a maximum of 30 ppt to the ambient salinity of the Napa 
River in a low flow period such as in September 1997.  

• 10.0 m3/s at 175 adds has a negligible effect to the ambient salinity of the Napa River in a high 
flow period such as in February 1998, when the river flows approached 1000 m3/s. 

 
10.5 CONCLUSIONS AND RECOMMENDATIONS 
 
Thus to summarize the preceding results: 
 

1. Modest discharges into the Napa River do not appear to have a significant effect on the 
background (or ambient) salinity levels during the dry season. Larger discharges (50 kg/s of salt) 
affect salinity in the receiving waters by a few ppt and the salinity increase disperses out of the 
system satisfactorily.  If discharges exceed the values in the proposed CDFG strategy 1  then more 
detailed modeling of the initial dilution zone will be adopted. 

2. Even modest discharges into the Napa Slough at Skaggs Island cause severe and unacceptable 
salinity impacts during ebb tides with low flow conditions through the slough. Small discharges 
during flood tides may yet be practical.  Similarly, discharges during high flow conditions 
through the slough may be as well. 

3. Levee breaches of high salinity ponds (such as Pond 4 and 5 adjacent to the Napa River) during 
low flow periods could be catastrophic, killing many fish through a large part of the system. 
Impacts would be far less severe during high flow periods. 

 

                                                   
1 Daily variations of 5 ppt, seasonal variations of 20 ppt 
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Recommendations that can be made are as follows: 
 
1. It must be determined the extent to which the near field mixing zone has to be defined in the 

Napa River or sloughs at the discharge point for Compliance Monitoring (RWQCB). The 1-
dimensional model that has presently been developed is not suitable for this purpose and can only 
give an indication of the effects to ambient background salinity levels. 

2. The release regime must consider continuous, seasonal, ebb/flood tide, river flood or adaptive 
management releases. 

3. Constraints on the outfall structures must be considered such as access to the site, requirements 
for diffuser structures, weirs or tide gates and maintenance. 

4. Adaptive Management must be considered as a discharge option where a monitoring program can 
feedback to a release schedule.  
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APPENDIX 1 
 

Summary of PWA Napa Siphon Data Collection Project 
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Table 1.  Summary 
Siphon /  
Location 

Type /  
Parameter 

 
Condition / Findings 

Siphon 6 
Canal to canal 
siphon 

� Controlled by pump rate at inlet. Stage-discharge not important provided current pump system is used. 
� Siphon is probably leaking. 
� Salinity level approximately same either side of siphon. 
� Differential stage-discharge relation established at start up of pump. 

Siphon 5 
Canal to pond 
(donut) siphon 

� Controlled by pump rate at inlet of Siphon 6. Stage-discharge not important provided current pump system is used. 
� Siphon is probably leaking. 
� Differential stage-discharge relation established at start up of pump. 

Siphon 3 
Pond to pond 
siphon 

� No flow in Fall due to exceptionally high density gradient. Flow was observed in Spring prior to monitoring study 
when salinity gradient was much lower. 

� Demonstrates that timing of circulation between ponds is critical in the early stages of the rehabilitation of the ponds. 

Pond 6A Salinity 
� Salinity reduction success due to pumping through Siphons 6 and 5 is marginal. 
� Risk of increasing salinities exists – pumping saline solution into a closed system. 

Pond 6A 
Wind and seiche 
observation 

� Diurnal pattern to water surface elevation assisting in circulation in pond. 
� Diurnal pattern is seasonal 

Pond 3 and 4 Salinity 
� Salinity reduction technique ineffective due to seasonal blockage of siphon. 
� Risk of increasing salinities exists – pumping saline solution into a closed system. 

Pond 3 and 4 
Wind and seiche 
observation 

� Diurnal winds create seiche pattern to water surface elevation assisting in circulation in pond. 
� Diurnal pattern is seasonal 

Pond 2 
Wind and velocity 
observations � Wind induced velocities have a significant effect in internal circulation in relatively shallow pond (5-6 ft in depth). 

Pond 2 Stratification 
� Mixing of flows over the depth is confined to a near-field region within 200 ft of the siphon. 
� Far-field regions are well mixed. 

 
Notes: Extracted from  PWA:\Projects\1411 SF COE Retainer\02_Napa_Siphons\Report 1411-2 FINAL3 Text Only.doc 
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APPENDIX 2 
 

Preliminary Salinity Transport Modeling Questionnaire to MTAG 
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M E M O R A N D U M         

        
 
 
DATE:  May 23, 2001 
  
TO:  Craig Conner, USACE 
  Mike Rugg, CDFG 
  Jim Swanson, CDFG 
  Larry Wyckoff, CDFG 
 
Cc:  Bob Battalio, PWA 

Peter Goodwin, PWA 
Morten Rungo, DHI Water and Environment 

 
FROM:   Chris Bowles 
 
RE:  Napa-Sonoma Marsh Restoration - Phase 1B 

Preliminary salinity transport modeling 
  PWA Ref. #: 1411 Task 12 
 
I am circulating this memo to request your assistance to finalize the parameters that PWA need to 
undertake the preliminary salinity transport modeling for assistance in selection of alternatives for salinity 
reduction. The salinity transport simulation will be undertaken using the 1-dimensional model of the 
slough channels and rivers that we have recently been developing with DHI. This preliminary modeling 
should indicate the “efficiency” of the discharge point and identify possible “dead zones” in the slough 
channel system where high salinities could persist or increase due to evaporation. Specifically these 
parameters are: 
 

• Location – at what location in the pond complex does it make most sense to undertake the source 
of the discharge? Note that according to John Warner’s physical measurements and our modeling, 
the barotropic convergence zone along a north-south zone approximately in the middle of the site 
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and the baroclinic convergence zone in Mare Island Strait, may significantly affect the transport 
of salinity. Please see attached map showing provisional, suggested locations (based on 
correspondence with Mike Rugg - CDFG). Please prioritize your selection of location 1 to 5 or 
suggest an alternative location. We are contracted to undertake one simulation, however, this is 
an important issue and we intend to undertake simulations at an additional one or two locations to 
provide you with additional insight and information to help planning the next phases of the 
project.    

 
• Discharge – what is the discharge flow of saline water to be simulated in the slough / river 

channels? Dr John List of Flow Science (1994) suggested that a discharge of saline water at 
2.76kg/s salt concentration adds approximately 0.4ppt salinity at the edge of the zone of initial 
dilution (ZID). RWQCB water quality objectives loosely cover salinity discharges; “Controllable 
water quality factors shall not increase the total dissolved solids or salinity of waters of the State 
so as to adversely affect beneficial uses, particularly fish migration and estuarine habitat…” This 
is an approximation but provides us with a guide at this stage. The allowable spatial extent of the 
ZID and the nature of the discharge should also be discussed in the next phase of the project.  For 
example, will a diffuser be required or can sufficient initial mixing be achieved through the jet 
flow at the point of discharge.  In addition, the mixing characteristics depend on the location 
within the system, so that the location controls the possible discharge. Locations adjacent to the 
higher salinity ponds (7, 7A, 8) will require lower discharges than locations adjacent to lower 
salinity ponds (1, 1A, 2). Alternatively we can assume a lower salinity concentration at locations 
adjacent to the higher salinity ponds to take account of mixing with river water or treated 
wastewater. The following table summarizes the present approximate salinities in the ponds (as 
measured by Tom Huffman - CDFG) and presents that as an allowable discharge. 

 
Pond Depth Approx Salinity Allowable Discharge at 

2.76kg/s Salt 
Concentration1 

Allowable Discharge 
at 6.90kg/s Salt 
Concentration2 

 (feet) (ppt) (lbs/ft3) (kg/m3) (m3/s) (ft3/s) (m3/s) (ft3/s) 
1 3.3 9 0.562 9 0.307 10.830 0.767 27.075 

1A 3.3 10 0.624 10 0.276 9.747 0.690 24.367 
2 3.2 6 0.375 6 0.460 16.245 1.150 40.612 
3 3.7 29 1.810 29 0.095 3.361 0.238 8.402 
4 1.8 166 10.363 166 0.017 0.587 0.042 1.468 
5 1.8 173 10.800 173 0.016 0.563 0.040 1.409 
6 2.5 65 4.058 65 0.042 1.500 0.106 3.749 

6A 2.4 55 3.434 55 0.050 1.772 0.125 4.430 
7 2.1 323 20.164 323 0.009 0.302 0.021 0.754 

7A 2.9 48 2.997 48 0.057 2.031 0.144 5.076 
8 2.0 226 14.109 226 0.012 0.431 0.031 1.078 

Napa River = 11ppt 
South Slough = 10ppt 
San Pablo Bay = 22ppt 
 
1 2.76kg/s is the allowable discharge of salt concentration without changing the receiving water salinity 
by more than 0.4ppt* 
2 6.90kg/s is the allowable discharge of salt concentration without changing the receiving water salinity 
by more than 1.0ppt* 
* As quoted by Flow Science, 1994 
 



P:\Projects\1411 SF COE Retainer\12_Napa_Phase1B\NSMRP-1B_FnlDelivMar2003\App2-1411_121B_SalinityMemoMTAG_Final.doc 

Note: The salinities listed in the table above are the latest measurements taken by Tom Huffman at the 
end of the winter rain season and therefore approximately represent lower values of salinity than summer 
values. 
 
Thus if Location 1 is chosen, a discharge flow of 0.360 ft3/s will be used. However, this is a low discharge 
rate and at this rate Pond 7 would take approximately 5 years to fully discharge with one flush through. 
Therefore, we may want to assume a concentration based on mixing with a lower salinity source? 
 

• Duration – We will use the one-dimensional model of the slough channels and rivers that is 
calibrated over the period September 1997 to March 1998 in the proposed analysis.  We will 
assume that this period is representative of tidal, salinity, precipitation and river flow conditions. 

 
Assumptions: 
 

• The simulations will assume no change in tidal prism associated with tidal flows into or out of the 
breached ponds. 

• One location, discharge and duration will be simulated. 
• Results will be circulated prior to the first alternative selection meeting (to be arranged by 

USACE) and shown by animation at this meeting to assist in the selection of salinity reduction 
alternatives. 

 
Action: 
 
Please complete the attached questionnaire and return by Fax or e-mail no later than Wednesday May 
30th, 2001. 
 
Thanks for your attention – Chris Bowles 
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APPENDIX 3 
 

Salt Load and discharge Options, Report by Mike Rugg, CDFG 
January 1994 
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 APPENDIX 1 
 
 
        Excerpts from Ver Planck, W.E., 1958  Salt in California, 
Bulletin 175, Calif. Division of Mines, pp.166. 
 
 Sea water is essentially a solution of sodium chloride, the 
average salinity of which is about 3.5%.  Although the salinity 
of sea water varies in different parts of the world, and ranges 
from less than 1% to more than 5%, the composition of the 
dissolved solids is remarkably uniform.  Sodium chloride 
comprises a little more than 77 % of the total, while six other 
salts, magnesium chloride, magnesium sulfate, calcium sulfate, 
potassium sulfate, calcium carbonate, and magnesium bromide 
account for all but a fraction of 1% of the remainder.  
 
 Usiglio in 1849 evaporated water from the Mediterranean Sea 
in order to determine the order of precipitation of sea salts 
(Grabau, 1920, pp. 51-61)  The salinity was 3.766 %, somewhat 
higher than that of average sea water, but was determined to 
have:  
 
      Fe2O3--------0.0003 percent by weight 
      CaCO3--------0.0114 
      CaSO4--------0.1357 
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      MgSO4--------0.2477 
      MgCl2--------0.3219 
      KCl----------0.0505 
      NaBr---------0.0556 
      NaCl---------2.9424 
      Water-------96.2345 
              _____________  
                 100.0000 
 
 In Usiglio's experiment, the bittern or  the residual 1.62 
percent of the original solution had a dissolved solids content 
of 39.62 percent and the composition was as follows: 
  
                Grams/100g of solution 
 Cl-----------19.52 
 Br------------1.20 
 SO4-----------6.93 
 Na------------5.12 
 
 
  K-------------1.30 
 Mg------------5.55 
                _______ 
                  39.62 
 
 Continued evaporation of bittern produces varying results.  
Depending on the temperature and the composition of precipitated 
salts remaining in the bittern, different hydrated salts and 
complex salts may form.  The last traces of sodium chloride are 
not precipitated until nearly complete desiccation. 
 
 
 The bay water used for salt making is of the same 
composition as that of the open sea but differs somewhat in 
salinity.  San Francisco Bay is affected by fresh water inflow 
from the Delta.  Net evaporation ranges from 31 to 43 inches per 
year in the San Francisco Bay areas. 
 
 The production of salt (99% sodium chloride) involves 
passing Bay water through a series of concentrating ponds where 
it is brought to saturation with respect to sodium chloride, and 
the less soluble salts are precipitated.  The solution in the 
final concentrating pond is called  "Pickle".  To this point 
evaporation has reduced the volume of pickle to about 10% of the 
volume of sea water taken in.  Next, pickle is run into a 
separate group of ponds called crystallizing ponds where 
continuing evaporation causes salt crystals to form.  In order to 
avoid the precipitation of the somewhat more soluble magnesium 
salts, the concentration of the liquor in the ponds is kept at a 
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specific gravity of 29 to 30 degrees  Be (Baume') by withdrawing 
"mother liquor" or "bittern" and replacing it with fresh pickle. 
             
 As can be seen from Figure 1 there is some overlapping of 
the crystallizing ranges of gypsum, salt, and the bittern salts. 
 Some gypsum continues to crystallize in the range of maximum 
salt crystallization, and similarly the first traces of the 
bittern salts come down with the sodium chloride.  Therefore, the 
precipitation of neither gypsum nor bittern salts in the 
crystallizing ponds can be entirely prevented. 
 
 As far as possible concentrating ponds were located between 
the high and low tide marks so that the intake could be 
accomplished by means of tidal gates to minimize pumping.  As the 
brine became more concentrated through evaporation it was pumped 
from one pond to the next.  Individual ponds are shallow to allow 
maximum evaporation.  Interestingly evaporation rates in the pond 
system decreases with increasing concentration and at saturation 
is only 40 percent of that of distilled water.  
 
 Evaporation takes place only during the spring, summer and 
fall.  During the winter the concentrating ponds remain full.  
Rain water tends to lie on the surface of strong brine and does 
not mix with it unless the wind is strong.(p. 41) 
 
 
  Prerequisites for salt production p. 42 
 
 The commercial production of salt from sea water by solar 
evaporation depends on three principal factors: the presence of 
markets, a large area of suitable land, and a dry climate with 
little rain for at least the greater part of the year.   
 
 Suitable land is limited and highly valued.  With a maximum 
yield in the San Francisco Bay area of 40 tons per acre, 
thousands of acres must be in production.  The land ideally 
should be absolutely level and at or close to sea level.  Above 
all, it should be impervious to prevent leakage of brine.  At the 
time of development, the salt marshes of San Francisco Bay were 
consider optimal locations for solar salt production. 
 
 
 For many years salt marshes were considered to be waste land 

of little value except for salt making, but this is no 
longer true.  Today the salt industry must compete for it 
with expanding industries and communities.  Portions of the 
marshes must be left open for various public needs such as 
flood outlets, navigable channels, roads, or utility 
easements.  It is becoming increasingly feasible to reclaim 
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marsh land by draining and filling, and large areas of 
former marsh land are now covered with houses or industrial 
plants.  In san Francisco Bay, marsh land had an assessed 
value of $150 per acre, a figure reported to be 40 percent 
of its actual value (Leslie Salt Co. 1953, p.5.) 

 
 
 Net evaporation must be high and both rainfall and relative 
humidity must be low during the salt making season.  In San 
Francisco the net evaporation is 34 to 49 inches per year, and an 
important contributing factor are the strong prevailing 
northwesterly winds that blow during the summer. 
 
 The Leslie Salt Co. (Buchen, 19376; Schrier, 1952) was the 
largest producer of salt in California and one of the leading 
producers of salt from sea water by solar evaporation in the 
entire world.   
 
 The growth of Leslie Salt Co. and its predecessors is 
startling.  In 1936, the year Leslie Salt Co. was incorporated, a 
production of 300,000 to 325,000 tons was obtained from 
approximately 12,000 acres of marsh.  The years later crops of 
450,000 to 500,000 tons were harvested, and the area in 
production had increased to 25,000 acres.  In 1952 nearly 29,000 
acres yielded 706,000 tons of salt.  It is expected that by 1954, 
30000 acres, all that is available in San Francisco Bay, will be 
in production.  By 1959, when the first crop of about 100,000 
tons is expected from the plant now under construction near Napa, 
on San Pablo Bay, production will be have reached 1,000,000 tons 
a year. 
 
 
 LEVEES 
 
 Levees are constructed in stages.  The borrow pit of a 
finish levee averages 50 to 55 feet wide and 5 to 6 feet deep, or 
10 cubic yards per linear foot.  This compares with the design 
section of 3.37 cubic yards per foot of the finished levee and 
reveals the extent of shrinkage and settling that takes place. 
 
 On the first pass the dredge places 60 percent of the 
material that will be required, and the levee is built to a 
maximum height of three feet.  The borrow pit is dug 38 feet wide 
by 4.5 feet deep, just large enough to accommodate the dredge 
which draws four feet when listing.  An extra 6 inches is allowed 
because the water level averages that distance below the surface 
of the marsh.  After drying for 6 to 18 months the levee will 
have settled to a height of only 2 feet in place. 
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 On the second pass 20% of the material is placed, raising 
the levee initially 1.5 to 2 feet.  After consolidation the final 
height may be 3 feet.  The borrow pit is widened in the direction 
away from the levee. 
 
 The final 20% of the material is placed on the third pass, 
raising the levee initially to 4.5 feet.  After drying the height 
has shrunk to 3.5 feet.  The borrow pit is deepened on the side 
away from the levee.  Thus the possibility of the levee's failing 
is reduced, and clean mud free from vegetation or peat is 
available for topping. 
 
 In the operation of the dredge, one swing of the bucket 
across the borrow pit is called a "fleet".  Nine to twelve 2-
cubic-yard buckets full comprise a fleet, which equals a 4-foot 
advance.  Usually the dredge is set ahead after completing each 
fleet, but two or three fleets can be dredged from one position. 
 Fifteen minutes are required to complete a fleet.  Time is lost 
in coring, settling ahead, damming small sloughs, and in moving 
to new locations, so the average rate of advance is 10 feet per 
hour on the first pass. 
 
 Even after the levees are completed and a pond is flooded, 
production cannot begin at once.  Impervious though the bay mud 
is, seepage takes place until the bottoms have been sealed by the 
slow precipitation of calcium carbonate and gypsum.. This sealing 
process is complete only after 5 to 7 years. 
 
 
 
 
 
 CONCENTRATING PROCESS 
 
 Bay water is taken in though automatic gates that open at 
high tide and close when the tide drops below the pond level.  
Where possible the gates are placed in north or northwesterly 
facing levees to take advantage of the prevailing wind.  The 
intake at some points is by means of pumps. 
 
 During the evaporating season brine is passed slowly though 
the system of concentrating ponds as evaporation in the pond 
ahead requires replacement.  The flow is controlled by gates and 
pumps that are reached by roads built on the levees.   
 
 In the first stage, ponds one through six, evaporation has 
raised the concentration of the brine to a specific gravity of 
12.9 degrees Be, and reduced the volume to nearly half of that 
taken in.  Suspended matter settles, carbonates precipitate, and 



 20 

 

 
 

the precipitation of gypsum begins.  In the second stage, ponds 
seven through nine, evaporation continues until at 25.6 degrees 
Be, the brine is saturated with respect to salt.  By the time the 
specific gravity has reached 25.0 degrees Be, most of the gypsum 
has precipitated.  Some salt precipitates also at 25.0 degrees 
Be, but any that forms in the pickle pond is dissolved when the 
concentration is reduced by the next filling with weaker brine.  
By the time the brine is ready to leave the pickle pond, its 
volume has been reduced by evaporation to about 10 percent of the 
volume of bay water taken in. 
 
 In order to produce 800,000 tons of salt, 30,600,000 tons of 
bay water containing 0.22 pounds of salt per gallon ( at 10 
degrees salometer) are required.  The amount of water evaporated 
is 29,000,000 tons, yielding 800,000 tons of salt and 800,000 
tons of bittern.   
 
 Interesting biological changes take place in the evaporating 
ponds (Pierce, 1914) Pond one contains live fish and the numerous 
micro-organisms present in sea water, the water is muddy.  In 
ponds two, three, and four (408 degrees Be) the sea water forms 
are dying, and new forms of life are appearing.  In pond five (10 
degrees Be) no fish remain alive.  Gray colored brine shrimp 
(Artemia salina) and yellow algae (Dunaliella viridi) appear and 
thrive on dead matter.  The algae color the water yellowish.  
Shrimp and algae continue to thrive in ponds six and seven (13-17 
degrees Be), and the shrimp aid in the precipitation of calcium 
carbonate and calcium sulfate.  Additional micro-organisms appear 
in pond eight (20 degrees Be) including red chromogenic bacteria 
that color the water red.  Shrimp feed on the red bacteria and 
turn from gray to red. Algae and shrimp are dying in pond nine 
(26 degrees Be) The red bacteria remain healthy until the brine 
has become a bittern of specific gravity 34 degrees Be. As they 
die and settle to the bottom the bittern turns from red to light 
brown in color.  
 
 Bay water is taken in during the highest tides and when the 
salinity of the water is highest.  Depending on the year, the 
intake period begins in April or May and lasts through October or 
November.  During the winter little if any evaporation occurs, 
and the concentrating ponds lie idle.  Rain water lies on the 
surface of strong brine and does not mix with it appreciably 
unless the wind is strong.  A year is believed to be required for 
raw bay water to pass through the concentrating ponds and reach 
the pickle pond.   
 
 In figure 44 the solubilities of sodium chloride and sodium 
sulfate in pure water are plotted against temperature.  Note that 
the solubility of sodium chloride increases but little through a 
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temperature range of 100 degrees.  With sodium sulfate, however, 
the solubility ranges from less than 5 percent at zero degrees to 
a maximum of 33.6 percent at 32.75 degrees.  In this portion of 
the curve Na2SO4-10H2O would precipitate.  
 
 
 BITTERN 
 
 
 The large scale use of bittern has developed within the past 
25 years (before 1957).  In 1880, however, the Union Pacific Salt 
Company was producing magnesium carbonate at a rate of 50,000 
pounds a year.  The product was used by the Hercules Powder 
Company as an absorbent in the manufacture of dynamite.  The 
bittern after the removal of sulfate with calcium hydroxide, was 
treated with carbon dioxide gas obtained by burning coke; and the 
magnesium carbonate precipitate was filtered and dried (Hanks, 
1882, p. 223).  The manufacture of magnesium oxychloride cement 
created a market for magnesium chloride, and this salt was 
produced at San Diego Bay prior to the failure of the Otay Dam in 
1916 (Mason, 1919, p. 530). Salt works bittern was evaporated to 
precipitate the remaining sodium chloride and sulfates, yielding 
an impure magnesium chloride liquor.  Following the flood the 
salt plant was rebuilt, but bittern salts were not recovered for 
a number of years. 
 
 The shortage of chemicals during World War I created a new 
interest in bittern.  Several plants were built in which, by 
further evaporation of the bittern in vacuum pans followed by 
cooling, sodium chloride, magnesium sulfate, and carnallite (KCl 
- MgCl2-6H2O) were precipitated, leaving a magnesium chloride 
mother liquor.  Magnesium chloride was produced in both liquid 
and solid form, and some plants recovered magnesium sulfate and 
potassium chloride also (Tressler, 1923, pp. 66-69).  Production 
of the Oliver Salt Company at Mt. Eden and the Marine chemical 
Company at Long Beach began in 1916.  The Whitney Chemical 
Company, a subsidiary of the Leslie Salt Refining Company, 
followed in 1917; and in 1919 the California Chemical Company 
began production at Chula Vista. 
 
 The National Kellestone Company, a large manufacturer of 
oxychloride cement, decided to enter the magnesium chloride field 
and organized a subsidiary, the California Chemical Corporation. 
 In 1923 the plant of the California Chemical Comp0any at Chula 
Vista was purchased, and a much larger plant was bu8ild that is 
still in operation (1957).  The management of the California 
Chemical Company then built another plant at Newark and operated 
it under the name of Industrial Chemical Corporation until 1927. 
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 When chemicals became plentiful again, the California 
magnesium chloride producers operated at a disadvantage; and by 
1928 all but the California Chemical Corporation had ceased 
production.  Then the California Chemical Corporation arranged 
long-term contracts for bittern with the salt companies on San 
Francisco Bay and purchased the small plant of the Industrial 
Chemical Corporation at Newark. 
 
 Because the market for magnesium chloride was limited, the 
California Chemical Corporation developed ways to recover 
additional commodities from bittern.  Bromine was produced for 
the first time in California in 1926.  The plant, at Chula Vista, 
contained a Kubierschky tower in which chlorine displaced bromine 
from the bittern; and it operated until 1946.  A second tower was 
operated at San Mateo until late 1929 or early 1930; and a larger 
plant with three towers was built at Newark in 19341.  Research 
was also initiated on the precipitation of magnesium hydroxide 
from bittern with lime.  The calcination of San Francisco Bay 
shells to form the lime required was studied in a small plant at 
Newark that began commercial production in the fall of 1930.  A 
pilot plant was then built at Newark in which magnesium hydroxide 
precipitated from bittern with lime could be carbonated to make 
basic magnesium carbonate or calcined to make magnesia.  In 
February 1937, soon after the operation was acquired by Westvaco 
Chlorine Products Corporation, construction began on a magnesia 
plant at Newark.  Today (1957) Westvaco Chemical Division of 
Plant Food Machinery & Chemical Corporation, successor to the 
California Chemical Corporation and Westvaco Chlorine Products 
Company, produces magnesia, bromine, and gypsum products at 
Newark and magnesium chloride at Chula Vista. 
 
 
 The Plant Rubber and Asbestos Company at Redwood City also 
produced magnesia from bittern between 1933 and 1941.  In this 
operation magnesium hydroxide was precipitated with crude soda 
ash made by calcining trona (Na2CO3"NaHCO3"2H2O).  The magnesium 
hydroxide was converted to basic magnesium carbonate and used for 
thermal insulation. 
 
 A typical analysis of bittern at 30/Be 
   
  NaCl    12.5% 
  MgCl2    8.7% 
  MgSO4    6.1% 
  KCl      1.9% 
  MgBr2    0.18 
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 APPENDIX II 
 
From Handbook of Chemistry, p. 1113 
 Baume' Hydrometers- 
 For liquids beavier than water. - This hydrometer was 

originally based on the density of a 10% sodium chloride 
solution which was given the value of 10/ and the density of 
pure water which was given the value of 0/, the interval 
between these two values was divided into 10 equal parts.  
Other reference points have been taken with the result that 
so much confusion exists that there are about 36 different 
scales in use, many of which are incorrect.  In general a 
Baume' hydrometer should have inscribed on it the 
temperature at which it was calibrated and also the 
temperature of the water used in relating the density to a 
specific gravity.  The following expression gives the 
relation between the specific gravity:  

    
 
   Specific gravity = _______145_____ 
                                       145- /Be 
 
 So using this equation we can calculate the specific gravity 
of bittern: 
 Specific gravity (bittern) =  _____145____ = 1.300448 
                                     145 - 33.5 
 
Salinometer 
 
 This hydrometer, which is used in the pickling and meat 
packing plants, is graduated to show percentage of saturation of 
a sodium chloride solution.  An aqueous solution is completely 
saturated when it contains 26.7% pure sodium chloride.  The range 
from 0% to 26.4% is divided into 100 parts, each division 
therefore representing 1% of saturation.  In another type of 
salinometer, the degrees correspond to percentages of sodium 
chloride expressed in grams of sodium chloride per 100 cc of 
water. 
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 APPENDIX 4 
 

Cargill Brine Disposal North Bay Facility, Report by Flow Science, Inc. 
September 1994 
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APPENDIX 5 
 

Regional Water Quality Control Board Receiving Water Limitations 
 
 
 



 

P:\Projects\1411 SF COE Retainer\12_Napa_Phase1B\NSMRP-1B_FnlDelivMar2003\1411-12_Final_Report-
Mar2003.doc  
03/07/03 Appendix 6 

APPENDIX 6 
 

Salometer, Baume, Total Dissolved Solids Conversion Chart 
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APPENDIX 7 
 

List of USGS Publications Related to Continuous Monitoring 
Of the San Francisco Bay 
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APPENDIX 8 
 

Baseline Monitoring of the Pond 2A Tidal Restoration Project – Sediment Studies 
 




