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ADOPTED REVISIONS TO THE SAN FRANCISCO BAY PLAN
SALT PONDS FINDINGS AND POLICIES

The following amended findings and policies were adopted by the San Francisco Bay Conservation
and Development Commission on August 18, 2005 and are the culmination of the San Francisco Bay
Plan amendment process for revision of the salt ponds findings and policies. The staff background report,
Salt Ponds, initially sent to the Commission and the public on June 3, 2005, provided the information
foundation from which the following updated findings and policies emerged. The background report with
staff’s proposed recommendations was considered by the Commission at a public hearing on July 21,
2005.

The adopted revisions to the San Francisco Bay Plan included the separation of the “salt ponds and
other managed wetlands” section into two sections, one on salt ponds and one on managed wetlands. The
following findings and policies apply only to salt ponds. The findings and policies related to managed
wetlands were not revised as part of this amendment process.

Findings

a. Natural salt pans (ponds), ranging in size from a few feet in diameter to more than 1,000 acres, once
existed in the tidal marshes of the Bay. These ponds supported vegetation such as widgeongrass,
providing an important food source for waterfowl and salt was harvested from these ponds by Native
Americans and early Spanish and Mexican settlers. Beginning in the 1850s, shallow areas of the Bay
and tidal marshes were diked to form ponds to commercially produce salt through solar evaporation.
Solar salt production relies on natural conditions present in the Bay Area including adequate area for
solar evaporation of salt water, a dry climate and prevailing summer winds to aid evaporation.

b. Since the 1960s the public has acquired roughly 90 percent of the over 41,000 acres of property used
for production for the purpose of maintaining and restoring habitat, which will make the Bay larger
and healthier. Currently, salt ponds total some 30,000 acres in the South Bay and more than 11,000
acres in the North Bay. The North Bay salt ponds are publicly owned and are being managed and
restored for the benefit of fish, other aquatic organisms and wildlife. The South Bay consists of salt
ponds that are: (1) publicly owned and being managed and restored for the benefit of fish, other
aquatic organisms and wildlife (about 16,000 acres); (2) publicly owned and privately managed for
salt production (about 8,000 acres); (3) privately owned and managed for solar salt production,
particularly for harvest (about 4,400 acres); or (4) publicly or privately owned with an undetermined
future use (about 1,400 acres).

c. Cargill Salt, a business unit of Cargill Incorporated, is the sole private owner of salt ponds and the
only entity producing salt in San Francisco Bay through solar evaporation. Changes in the market for
several varieties of salt products coupled with the achievement of greater production efficiencies in
the salt pond system have enabled Cargill to meet current market demand for salt in an area reduced
from that historically used for commercial salt production.

d. Salt production is an economically important and productive use of the waters of the Bay and salt is
an important product. Multiple brand names representing a myriad of different salt products are
produced in the Bay Area for food, pharmaceutical, agricultural and water softening uses. In addition,
brine shrimp are commercially harvested from salt ponds for aquaculture research and tropical fish
food.

e. The water surface area of the salt ponds supplements the water surface area of the Bay and thus helps
to moderate the Bay Area climate and to prevent smog. Further, the salt ponds contribute to the open
space character of the Bay and the levees surrounding the ponds, although not designed or maintained
for flood control, help to protect adjacent low-lying areas from tidal flooding.

f. Saltis made by moving Bay water through a series of ponds that become progressively more saline as
a result of evaporation. Beginning with an intake pond, where Bay water is taken into the salt pond
system and salinity matches that of the Bay, brine (hypersaline water) is moved through evaporator
ponds until saturated with sodium chloride. The brine, or pickle, is then moved to the final pond,
called the pickle pond. The portion of the salt pond system where the salt is harvested include—in
order of their stage in the salt production cycle—pickle ponds (which are used for storage),
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crystallizers (where the salt precipitates on leveled and packed beds and is harvested using heavy
equipment), bittern desalting ponds (where residual brine solution discharged from crystallizers prior
to harvest is sent for removal of additional salt), bittern storage ponds (where bittern is stored prior to
sale for dust suppressant and de-icing products or mixed with Bay water and sent back to crystallizers
for harvest), and wash ponds (which receive Bay water that has been used to wash impurities from the
crystallized salt).

For foraging waterbirds, the depth of a salt pond affects access to prey. In addition, the level of
salinity in salt ponds affects the use of such areas by plants and animals. Species found in low-salinity
salt ponds are similar to those found in the Bay and include plants, such as sea lettuce (a macroalgae);
invertebrates, such as crabs; fish, such as bay pipefish; and waterbirds, such as American White
pelicans, California least terns and numerous wintering waterfowl. Medium-salinity ponds are
dominated by green algae, fed upon by brine shrimp and brine flies that are food for waterbirds, such
as Northern Shovelers and avocets. In high-salinity salt ponds, no fish are able to survive, but
abundant brine shrimp and brine flies support numerous waterbirds, including grebes, gulls,
sandpipers and phalaropes. Ponds with extremely high salinity support very little aquatic life and,
consequently, if used by birds are primarily used for roosting, not foraging. In addition, dry areas and
levees and internal islands can provide breeding habitat for birds such as the Western snowy plover
and American Avocet.

Salt ponds no longer needed for salt production offer a significant opportunity for the restoration of
large areas of the former Bay to tidal action. Increased tidal influence associated with the removal or
breaching of salt pond levees can: (1) support the establishment of new subtidal, tidal flat and tidal
marsh habitat; (2) benefit Bay water quality; (3) improve the health of the Bay’s aquatic food web by
re-connecting existing subtidal areas to tidal marsh habitat, where much of the Bay’s nutrient-rich
plant life is located; and (4) increase resting, foraging and breeding opportunities for numerous fish,
other aquatic organisms and wildlife species dependent upon subtidal, tidal flat and tidal marsh
habitats (e.g., the Alameda song sparrow and salt marsh harvest mouse). In some cases, if salt ponds
are opened to the Bay, new levees may have to be built on the landward side of the ponds to provide
the flood control protection now being provided by the salt pond levees.

Maintaining some salt ponds no longer needed for salt production as managed pond habitat can
benefit resident and migratory shorebirds and waterfowl by providing for a range of resting, foraging
and breeding needs.

Salt ponds no longer needed for salt production offer an opportunity to increase public access to the
Bay and shoreline in conjunction with restoration, enhancement or conversion of ponds to aquatic or
wetland habitat.

Policies

1.

The use and maintenance of salt ponds for salt production should be encouraged. Accordingly,
property tax policy should assure that rising property taxes do not force conversion of the ponds and
other wetlands to urban development. In addition, maintaining the integrity of the salt production
system should be encouraged (i.e., public agencies should not take for other projects any pond or
portion of a pond that is a vital part of the production system).

If the owner of any salt ponds withdraws any of the ponds from their present uses, the public should
make every effort to buy these lands and restore, enhance or convert these areas to subtidal or wetland
habitat. This type of purchase should have a high priority for any public funds available, because
opening ponds to the Bay represents a substantial opportunity to enlarge the Bay and restoring,
enhancing or converting ponds can benefit fish, other aquatic organisms and wildlife, and can
increase public access to the Bay.

Any project for the restoration, enhancement or conversion of salt ponds to subtidal or wetland
habitat should include clear and specific long-term and short-term biological and physical goals,
success criteria, a monitoring program, and provisions for long-term maintenance and management
needs. Design and evaluation of the project should include an analysis of:
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The anticipated habitat type that would result from pond conversion or restoration, and the
predicted effects on the diversity, abundance and distribution of fish, other aquatic organisms and
wildlife;

Potential fill activities, including the use of fill material such as sediments dredged from the Bay
and rock, to assist restoration objectives;

Flood management measures;
Mosquito abatement measures;
Measures to control non-native species;

The protection of the services provided by existing public facilities and utilities such as power
lines and rail lines;

Siting, design and management of public access to maximize public access and recreational
opportunities while avoiding significant adverse effects on wildlife; and

Water quality protection measures that include management of highly saline discharges into the
Bay; monitoring and management of mercury methylation and sediments with contaminants;
managing the release of copper and nickel to the Bay; and the minimization of sustained low
dissolved oxygen levels in managed ponds.

If the public does not acquire for habitat restoration, enhancement or creation purposes all the salt
ponds proposed for withdrawal from their use in salt production, and if some of the ponds are
proposed to be developed or used for purposes other than salt production, consideration of the
development should be guided by the following criteria:

a.

Recognizing the potential for salt ponds to contribute to the moderation of the Bay Area climate,
the alleviation of air pollution and the open space character of the Bay, and to maximize potential
habitat values, development of any of the salt ponds should provide for retaining the maximum
amount of water surface area consistent with the project. Water surface area retained can include
a variety of subtidal and wetland habitat types including diked ponds managed for wildlife or
restoration of ponds to tidal action;

Development should provide the maximum public access to the Bay consistent with the project
while avoiding significant adverse effects on wildlife; and

An appropriate means of permanent dedication of some of the retained water surface area should
be required as part of any development.

To determine where and how much water surface area should be retained and how much public
access should be provided consistent with any development proposal in a salt pond(s), a
comprehensive planning process should be undertaken as part of the development project that
integrates with regional and local habitat restoration and management objectives and plans, and
provides opportunities for collaboration among local, state and federal agencies, landowners, other
private interests, and the public. In addition, the planning process should incorporate:

a.

A baseline scientific assessment of existing and historical natural conditions and resource values
of the pond(s);

Natural resource conservation objectives that will protect and enhance onsite and adjacent habitat
and species diversity;

Provisions for public access and recreational opportunities appropriate to the land’s use, size and
existing and future habitat values; and

Flood and mosquito management measures.






CONCLUSIONS AND RECOMMENDATIONS

Commercial solar salt production has been occurring for over 150 years in San Francisco Bay. The
San Francisco Bay Conservation and Development Commission (Commission) has had enforceable
policies pertaining to salt ponds in effect since 1970 when the California Legislature amended the
McAteer-Petris Act and designated the Commission as the agency responsible for maintaining and
carrying out the provisions of the McAteer-Petris Act and the San Francisco Bay Plan (Bay Plan),
including regarding salt ponds. Minor revisions to the Bay Plan salt ponds findings and policies were
approved in 1985, pertaining to commercial fishing opportunities.

The current Bay Plan findings and policies on salt ponds were developed nearly forty years ago when
most of the ponds were in private ownership. The current findings and policies highlight the
environmental values of the ponds, support continued use of the ponds for salt making and call for
government acquisition of any ponds no longer needed for salt production. Since the inception of the Bay
Plan salt pond findings and policies, there have been major changes in salt pond ownership and use,
including the transfer of a vast acreage of salt ponds to public ownership for restoration and management
for wildlife habitat. Also, there continue to exist some privately owned parcels that may no longer be
needed for salt production purposes in the future.

In addition to changes in ownership since the creation of the salt ponds findings and policies, there
has also been a significant increase in information on the habitat values of salt ponds, specifically on the
range of unique habitats provided by salt ponds for a variety of plant and animal species and the particular
importance of salt ponds for waterbirds. Furthermore, there is an ever increasing understanding of the
specific opportunities and challenges of undertaking projects that either restore salt ponds to tidal habitat
or retain ponds that are managed specifically for wildlife habitat.

Finally, the Bay Plan salt pond findings and policies are currently in a section that also includes
findings and policies on managed wetlands (defined in part in the McAteer-Petris Act Section 66610 as
“consisting of all areas which have been diked off from the bay and have been maintained...as a duck
hunting preserve, game refuge or for agriculture”). Though there are some similarities between salt ponds
and managed wetlands and some resulting similar policy considerations, revision of the Bay Plan section
provides an opportunity to separate salt ponds and managed wetlands and develop individual findings and
policies that better address the unique nature, use and status of salt ponds.

Accordingly, in its adopted 2003-2004 work program, the Commission included review of a staff
background report and proposed revisions to the Bay Plan salt pond findings and policies. Consistent with
this direction from the Commission, the staff applied for and secured a federal grant with the National
Oceanic and Atmospheric Administration to carry out this work.

The following provides overall conclusions based on information presented in this background report,
and offers general recommendations for improvements to the Commission’s Bay Plan salt pond findings
and policies where appropriate.

Conclusions

Salt Production in the San Francisco Bay Area. Natural salt ponds once existed along the Alameda
shoreline in the vicinity of San Lorenzo Creek and Mount Eden Slough. Beginning in the 1850s, natural
salt-crystallizing ponds, along with significant acreages of tidal marsh and tidal flat habitat, were
converted in the northern and southern portions of San Francisco Bay for the commercial production of
salt. San Francisco Bay possesses a variety of natural and economic features necessary for a viable solar
salt production industry. These features include regional markets for salt, adequate land for solar
evaporation of salty water, a climate absent of rain for most of the year and strong prevailing summer
winds to aid evaporation.

The Bay’s solar salt operation system has remained much the same over time, recovering salt from
Bay water by moving brines through a series of evaporation ponds until salt is harvested at a plant site.
Over time, the basic technique has been refined and improved to increase production efficiency and
product quality.



Changes in Salt Pond Ownership. A shift in market demand from raw salt to refined salt, thereby
reducing the total volume of salt sold, and an ability to produce salt more efficiently has resulted in a
reduction in the amount of land needed to produce salt in the Bay Area. Since the 1970s, over 36,000
acres of salt ponds have been transferred to public ownership to be restored or managed as diked pond
habitat. Most recently, in 2003, 16,500 acres of salt ponds (and adjacent tidal habitats) were purchased by
the public, a monumental acquisition made possible by a consortium of government officials and private
organizations. Currently, Cargill retains salt-making capacity on approximately 12,400 acres in the South
Bay, of which Cargill owns only 4,500 acres outright. Of the 4,500 privately owned acres, 3,000 are in the
east Bay and are known as the Newark Plant Site, and 1,400 acres are located in Redwood City and are
known as the Redwood City Plant Site. The remaining 8,000 acres are owned by the United States Fish
and Wildlife Service as part of the Don Edwards National Wildlife Refuge and are adjacent to the Newark
Plant Site.

Values of Salt Ponds. Salt ponds provide a variety of aesthetic, economic and biological values.
These values include the provision of salt to the marketplace, moderation of the Bay Area’s climate,
habitat for numerous shorebirds and waterfowl, open space values including recreation and public access
opportunities, protection of adjacent low-lying areas from tidal flooding, and opportunities for habitat
enhancement and restoration.

The range of salinities and pond depths found throughout the salt pond system provide a multiplicity
of habitat types for micro-organisms, which in turn provide food for a variety of bird species. Salt ponds
hold a significant value for shorebirds and waterfowl. For example, the salt ponds provide shallow and
deep-water foraging habitat, while the levees surrounding the salt ponds and the islands within the salt
ponds provide nesting and roosting (resting) habitat. Each year the Bay’s salt ponds are used by hundreds
of thousands of waterbirds, representing over 100 species. Ponds of extremely high salinities, such as
crystallizers, support virtually no aquatic life and are harvested using heavy equipment, and therefore if
used birds are used for roosting only.

Restoration Potential of Salt Ponds. Salt ponds no longer needed for salt production provide a
significant opportunity to restore former areas of the Bay to various subtidal or wetland habitat types, or
to maintain as ponds managed for wildlife.

In undertaking restoration of salt ponds to tidal habitat or retention and management of ponds as
habitat for waterbirds, due to the scale and complexity of the endeavor, a number of issues need to be
considered to ensure that the goals and objectives of a project are met without causing harm to the Bay or
causing significant negative impacts such as flooding.

Determining which ponds should be restored to tidal action and which should be enhanced as
managed ponds is a critical aspect of restoration planning as different kinds of species are dependent upon
different kinds of habitats. The composition of the habitats restored and enhanced will directly affect the
diversity, abundance and distribution of fish, other aquatic organisms and wildlife, and requires analysis
on a regional scale.

Further, the restoration of a salt pond to tidal marsh depends on the ability of tidal marsh plants to
colonize ponds open to the tide. Some of the salt ponds in the Bay are significantly subsided and
improving a pond’s tidal marsh restoration success rate entails an adequate supply of sediment to raise the
elevation of the pond to a level where vegetation can grow. Similarly, the use of fill for restoration may
need to be considered as an aid for rapid creation of high tidal marsh and upland transitional habitat.

Further, the levees associated with the salt pond operating system were not constructed to meet
modern flood control engineering requirements nor are they maintained to provide flood protection for
adjacent communities. However, salt pond levees act as de-facto flood control protection for the subsided
Santa Clara Valley and other parts of the highly urbanized South Bay. Therefore, flood management will
need to be addressed as part of the restoration of salt ponds, particularly in the South Bay.

Control of non-native species is another potential issue for salt pond restoration projects. Of particular
concern for tidal restoration projects is the non-native smooth cordgrass, Spartina alterniflora that
hybridizes with the native cordgrass and colonizes tidal mudflats, marsh pans, and small tidal creeks and
ditches.

In addition, a number of water quality considerations exist in the planning process for the restoration
of salt ponds. For example, of particular concern is the effect the restoration of salt ponds to tidal habitat
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may have on the creation of methylmercury, an organic form of mercury. Although there are significant
gaps in knowledge regarding mercury methylation and export of mercury to the Bay, there is the potential
for the restored salt ponds to transform mercury into methylmercury. Additional water quality issues
include managing discharge of hypersaline water into the Bay, as well as copper and nickel, and
managing dissolved oxygen levels in managed ponds. Additionally, while the salt ponds used for salt
production do not foster large mosquito populations, changes in water management regimes associated
with habitat restoration may lead to a substantial increase if managed improperly.

Finally, salt pond restoration projects provide an opportunity for recreation and public access
opportunities, including achieving important Bay Trail connections, increasing recreational boating
opportunities, and providing educational and interpretive experiences. Maximizing the opportunities for
recreation and public access need to be balanced with avoiding adverse effects on wildlife.

Commission Salt Pond Jurisdiction and Authority. McAteer-Petris Act Section 66610(c) defines
the Commission’s “salt pond” jurisdiction as “...all areas which have been diked off from the bay and
have been maintained during the three years immediately preceding...1969...for the solar evaporation of
bay water in the course of salt production.” The Commission has the authority to require permits for: (1)
the placement of fill in salt ponds; (2) the extraction of materials associated with salt production; and (3)
substantial changes in use of salt ponds. In addition, McAteer-Petris Act Section 66610(c) defines the
Commission’s “salt pond” jurisdiction in such a way that the jurisdiction is retained even if an area is no
longer used for salt production. In other words, once an area is defined as a salt pond, it remains within
the Commission’s “salt pond” jurisdiction, even if developed or opened to the Bay. The Bay Plan findings
and policies on salt ponds therefore guide the regulation of different uses of salt ponds including: (1) salt
ponds used for salt production; (2) salt ponds restored to tidal action or enhanced and managed for
habitat; and (3) salt ponds proposed for development.

Alternate Uses of Privately Owned Salt Ponds. McAteer-Petris Act Section 66602.1 details the
Commission’s objectives regarding salt ponds in both their continued use in salt production and their
possible change in use out of salt production. These objectives include: (1) recognizing the many values
provided by retaining salt ponds in salt production; (2) seeking public purchase of areas proposed for
development in order to preserve open water areas; and (3) providing tests which must be met if
development is to occur in former salt ponds, including providing “maximum” public access and retaining
“maximum” water surface area consistent with the proposed project.

Approximately 4,400 acres of salt ponds in salt production are owned in fee title by Cargill in San
Francisco Bay. The Redwood City Plant Site consists of approximately 1,400 acres, while the Newark
Plant Site consists of approximately 3,000 acres. It is possible that at some future point all or portions of
these properties will be deemed surplus to the salt production system and the owner will pursue other uses
for the properties.

A comprehensive planning process would be beneficial in helping to determine where and how much
water surface area should be retained and where and how much public access should be provided as part
of a proposal for development of a salt pond. Key elements of a successful planning process designed to
maximize both the development potential and the natural resource values of the Bay include: a scientific
assessment of the area; the establishment of goals and objectives for maximizing public access
opportunities and resource values that are integrated with local and regional goals, and; collaboration with
all interested parties, including local, state and federal agencies, land owners and the public.

General Recommendations
Based on the above conclusions, the staff has the following general recommendations:

1. The Bay Plan “salt pond and other managed wetlands” findings and policies should be split into
two separate sections, one for salt ponds and one for managed wetlands. Accordingly, any
reference to “managed wetlands” should be deleted and moved to a new section of the Bay Plan.

2. The Bay Plan salt pond policies should support ongoing salt production in San Francisco Bay by
recognizing the values to the Bay provided by salt production.

3. The Bay Plan salt pond policies should be expanded to better describe salt ponds as a significant
and regionally important habitat type in San Francisco Bay.



The Bay Plan salt pond policies should acknowledge the vast acreages of salt ponds transferred to
public ownership and should continue to support the public acquisition and restoration or
management for wildlife habitat of salt ponds no longer needed for salt production.

The Bay Plan salt pond findings and policies should be revised to acknowledge the opportunities
for restoration of salt ponds to tidal habitat or management of ponds specifically for habitat and
outline the major issues that should be considered in any restoration or enhancement proposal.

The Bay Plan salt ponds findings and policies should be updated to address in more detail the
potential for alternate uses of privately owned salt ponds. Specifically, the existing policies
should be revised to: bring the policies into consistency with language in the McAteer-Petris Act;
expand existing policy language to allow for more flexibility in retaining benefits associated with
salt ponds; delete language that is no longer applicable, confusing or is better covered elsewhere
in the policies, and; update existing language to conform with the Commission’s present practices
and terminology. In addition, language should be added that describes the logical elements of a
comprehensive planning process to guide the development of any salt pond.

The Bay Plan Maps and Plan Map Notes, Suggestions and Policies should be revised to reflect
changes in ownership and to correct any errors regarding salt ponds.



CHAPTER 1
SOLAR SALT PRODUCTION AND LAND USE CHANGES
IN SAN FRANCISCO BAY

The commercial production of salt in San Francisco Bay over the past 150 years has relied on unique
economic and natural conditions. In particular, the solar evaporation of seawater to produce salt has
occurred in the United States in only two locations—San Diego Bay and San Francisco Bay. The features
necessary for a viable solar salt production industry include adequate land for solar evaporation, a source
of salt water, a climate featuring wind, warm temperatures and low rainfall resulting in net evaporation,
and of course, a market for salt. This chapter provides background information on: (1) the history of salt
production in San Francisco Bay; (2) how salt is produced and salt markets; (3) changes in ownership of
salt ponds; and (4) current salt production in the San Francisco Bay.

History of San Francisco Bay Solar Salt Production.' The vast tidal marshes that abutted the Bay
included natural salt pans, where the sun and the prevailing northwesterly summer winds evaporated
trapped bay water. Tidal waters would inundate these shallow impoundments or low spots only
infrequently, usually at only the highest tidal ranges. When the tide receded, salty water would be trapped
until the next high tide, often occurring some months into the future. The sun would evaporate the trapped
water leaving behind mushy or solid salt deposits atop soft muds.

Prior to 1850, such natural salt ponds existed along the Alameda shoreline in the vicinity of San
Lorenzo Creek and Mount Eden Slough. These natural salt ponds consisted of “large, shallow,
hypersaline impoundments or depressions in tidal salt marsh systems which undergo a sequence of
infrequent flooding with saline or brackish Bay water, evaporative concentration, and formation of strong
hypersaline brines and deposits of gypsum, calcium carbonate, and crystalline salt.”” The best known
natural salt pond was the Crystal Pond complex, which was formed by a wave-constructed beach ridge.
Comprising nearly 1,000 acres, the Crystal Pond complex was physically and ecologically similar to
modern commercial salt ponds.’

The salt that collected in these natural salt ponds was harvested by Native Americans, Spaniards and
Mexicans, but was of a poor quality and an uncertain quantity from season to season. However, small
quantities of natural salt were brought to market beginning in the 1850s. At this time, most of the demand
for salt in California was met largely through imports from Baja California, Peru, Asia and England.

Captain John Johnson, a San Francisco dockworker, is credited as the first person to increase the
capacity and yield of salt from the natural salt ponds along the Alameda County shore by expanding and
improving them with levees in 1854. The first commercial salt crop reportedly sold for $50 a ton, a price
that stimulated other entrepreneurs to follow Johnson’s example by diking tidal marsh and adjacent
uplands and entering the salt production business. Today, no natural salt-crystallizing ponds remain in
San Francisco Bay, although smaller saltpans and marsh ponds containing weak brine (hypersaline water)
in summer and fall do occur.”

Salt production soon exceeded demand and prices fell to $2 a ton. But the discovery of the Comstock
Lode in Nevada created a huge new market for salt, to be used in the process of treating silver ores. By
1862, salt from San Francisco Bay was selling in Virginia City, Nevada, for $150 a ton. Although
discoveries of salt deposits in Nevada soon reduced the Comstock’s reliance on salt from San Francisco
Bay, metallurgy remained an important market for the Bay’s salt throughout the nineteenth century.

! Unless otherwise noted, this section is adapted from:

Ver Planck, William E. 1968. Salt in California. Bulletin 175. State of California Division of Mines. San Francisco.
2 Baye, Peter R. Plants of the San Francisco Bay Salt Ponds. Goals Project. 2000. Baylands Ecosystem Species and
Community Profiles: Life histories and environmental requirements of key plants, fish and wildlife. Prepared by the
San Francisco Bay Area Wetlands Ecosystem Goals Project. P.R. Olofson, editor. San Francisco Bay Regional
Water Quality Control Board, Oakland, Calif..

? Goals Project. 1999. Baylands Ecosystem Habitat Goals. A report of habitat recommendations prepared by the San
Francisco Bay Area Wetlands Ecosystem Goals Project. U.S. Environmental Protection Agency, San Francisco,
Calif./S.F. Bay Regional Water Quality Control Board, Oakland, Calif.

* Baye. Goals Project, 2000.



The Bay’s early salt plants were predominantly small, family enterprises, some as little as 20 acres
and worked by a single person. Very early, these pioneer salt producers developed the method that is
followed in principle today (described in greater detail in the following section). By the late 1860s, some
producers were moving brines through a series of ponds producing salt that was 99.63 percent sodium
chloride. The construction of crystallizers, ponds constructed specifically for the crystallization and
harvest of salt, resulted in a marked quality increase and was a turning point for Bay salt producers. The
high quality of the salt produced in San Francisco Bay and the increase in production soon led to a decline
in salt imports. By 1880, crude salt from 17 different salt works in the Bay Area was being exported to
Mexico, South America and Asia.

The early salt industry in San Francisco Bay suffered from chronic overproduction, a key factor
leading to efforts to consolidate the various salt making operations around the Bay and stabilize prices.
The first such effort took place in 1885 when the Union Pacific Salt Company agreed to lease other salt
plants on San Francisco Bay. Although a number of smaller plants did not join in this agreement, Union
Pacific succeeded in controlling most of the Bay’s salt production until the late 1890s. In 1900, the
Federal Salt Company succeeded in controlling the entire San Francisco Bay salt crop, but this monopoly
lasted only until 1902.

Not until the Leslie Salt Company (Leslie) was formed in 1936, by the union of the Arden Salt
Company and the Leslie-California Salt Company, was most of the Bay Area’s salt production system
consolidated under one owner. Moving forward, the Leslie Salt Company continued its consolidation
efforts eventually becoming the sole producer of solar salt in the region. During this same period, Leslie
Salt Company began production in the North Bay. Salt production in the North Bay did not begin to any
appreciable degree until the 1950s, when Leslie established its Napa Plant on the eastern and western
shores of the Napa River adjacent to San Pablo Bay. Salt ponds in Napa were converted to salt production
from agricultural lands first reclaimed in the late 1800s and early 1900s.

To give a sense of the scope of production by Leslie Salt Company throughout consolidation,
between 300,000 and 325,000 tons of salt were produced in 1936 over roughly 12,500 acres. By 1946,
approximately 500 000 tons were harvested using a total of 25,000 acres, which increased to 750,000 tons
four years later.” In 1959, production was up to one million tons with salt production encompassing
roughly 30,000 acres in the South Bay and over 11,000 acres in the North Bay.

In 1978 the Leslie Salt Company’s entire property in the North and South Bays, consisting of
approximately 41,500 acres, was acquired by Cargill, Incorporated (Cargill or Cargill Salt). Cargill is a
privately held, international provider of food agricultural and risk management products and services that
employs 101,000 people in 60 countries.’ Cargill Salt currently employs more than 200 people in salt
production in the Bay Area.” Cargill Salt operates vacuum-evaporated salt production facilities® in New
York, Ohio, Michigan, Kansas, Louisiana and California. Rock salt mines are operated by Cargill in New
York, Ohio and Louisiana, while solar evaporation facilities are owned in Oklahoma, Utah, San Francisco
Bay, Venezuela and the Netherlands Antilles. In addition, Cargill Salt has numerous salt terminals and
storage facilities located throughout the United States. Cargill is currently the sole producer of solar salt
in the Bay Area.

Solar Salt Production Process. Sodium chloride, the substance commonly referred to as salt, is the
principal mineral found in ocean water, and consequently San Francisco Bay water. Other salts such as
magnesium chloride, magnesium sulfate and calcium sulfate are also present. In composition, ocean water
is essentially 3.5 percent salt with nearly 77 percent of that salt being sodium chloride, or common salt.
Bay water, due to freshwater inflow from surrounding tributaries, is less saline at approximately 2.0 to 3.0
percent salt.” Because magnesium salts have a bitter taste and both the magnesium and calcium salts tend

> Siegel, S.W. and P.M. Bachand. 2002. Feasibility Analysis of South Bay Salt Pond Restoration, San Francisco
Estuary, California. Wetlands and Water Resources, San Rafael, California. 228 pp.

6 Ransom, Barbara. 2004. Personal interview with Environmental Manager of Cargill Salt.

7 http://www.cargill.com/today/07_sustainable_envir.htm

¥ Vacuum evaporation is a process used by Cargill in San Francisco Bay and elsewhere to create the most refined
salt for home use. (http://www.cargillsalt.com/stbay/T_refine_home.html)

? Siegel and Bachand, 2002.
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to attract water and stay wet," the art of modern salt making involves keeping these minerals in solution
(liquid phase) while sodium chloride precipitates (crystallizes and falls out of solution) into its pure white
crystal form."

In the solar evaporation salt production process, minor salts are removed and sodium chloride is
produced by careful manipulation of increasingly concentrated brines through a series of evaporation
ponds. Although the basic process for making salt has changed little from the early days of the Bay’s salt
industry, the technique has been refined and improved to increase production efficiency and product
quality. Probably the first use of machinery in salt production was the use of windmill pumps to move
brine between ponds. By 1916, gasoline and electric powered pumps began to replace the windmills.
Machines were also developed for harvesting the salt from crystallizers, a task that prior to World War I
had been accomplished by hand shoveling. The transport of salt from the crystallizers was also
mechanized, with some of the larger salt plants employing tram cars on temporary tracks as early as 1880,
although many of the smaller producers continued to use wheelbarrows into the 1920s. Contemporary
movement of the brines in San Francisco Bay is controlled with the help of the tides, gravity and pumps,
as well as other infrastructure such as pipelines between ponds and large trucks to transport salt from the
crystallizers. In addition, each of the evaporator ponds is surrounded by levees made of Bay mud that
hold the brines and separate the ponds from one another and the Bay. The compact, heavy clays of former
tidal marsh and tidal flat soils form watertight pond bottoms and allow the pond system to function.'* In
the Bay, a dredge, the Mallard I1, routinely scoops up mud from borrow ditches at the edges of the ponds
to maintain the levees.

The Bay’s solar salt operation is a system consisting of a series of evaporator ponds and other
infrastructure which are represented as different stages in the salt production process, beginning with less
saline ponds and ending at a “plant site” where the salt is harvested and refined. In terms of time, salt
production takes three to five years from beginning to end and depends in large part on evaporation rates
and rainfall variability. Ranges of salinities in the salt making system vary dependant on the time of year,
weather patterns, types of water movements, operational demands and maintenance needs. However, the
general process can be described as follows. The first stage of the salt production process consists of the
intake pond, where Bay water is taken into the salt pond system in the dry months when Bay salinity is
highest. Salinity within the intake pond matches that of the Bay at 2.5 percent salt or 25 parts per
thousand (ppt). The next series of ponds are known as evaporator ponds. Each subsequent evaporation
pond is more saline due to the closed nature of the system and natural evaporation. Within these ponds
calcium carbonate and gypsum (calcium sulfate) may precipitate from the brine.

Brine remains in the evaporator ponds until it is close to being saturated with sodium chloride, at a
salinity range in the mid to upper 200 ppt. Known as “pickle,” because it is saturated with sodium
chloride, the brine is moved within the plant site to the final pond for storage, called the pickle pond.
Salinity in the pickle pond ranges from the high 200s ppt to low 300s ppt. The pickle pond, in turn, is the
point of transfer for the highly concentrated pickle into the numerous crystallizers where sodium chloride
precipitates from solution into the crystallized form of common salt. During harvest, the crystallizers are
freshened with additional pickle to prevent the precipitation of bittern salts.” Salinity of the pickle in the
crystallizers ranges from the high 200s ppt to low 300s ppt.

To facilitate the mechanical harvesting of salt, the crystallizers are leveled and packed to create flat,
even bottoms.'* Traditionally the salt harvest begins in the fall and concludes before the rainy season
starts. During harvest the crystallizers are drained sequentially to minimize the time that each bed of salt
is left uncovered. Residual brine solution transferred from the crystallizers prior to harvest, known as
bittern and containing some residual sodium chloride as well as various other salts, is moved to bittern
desalting ponds and then to storage ponds. Salinity in the bittern ponds can exceed 300 ppt."” Due to its
potential toxicity bittern cannot be discharged into the Bay without prior approval from the San Francisco

1% State of California Division of Mines. 1958. Salt in California. Bulletin 175. By William E. Ver Planck. San
Francisco.
1 Cargill Salt, San Francisco Bay: The Outdoor Salt Plant. http://www.cargillsalt.com/sfbay/T_solar_evap.html
12

Ver Planck, 1958.
1 Magnesium sulfate, magnesium chloride, potassium chloride and magnesium bromide.
1 Cargill Salt, San Francisco Bay: The Outdoor Salt Plant. http://www.cargillsalt.com/sfbay/T_solar_crystal.html
15 Ransom, 2004.
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Bay Regional Water Quality Control Board.'® Instead, bittern is stored on-site, marketed as dust
suppressant and de-icing products, or may be mixed with Bay water in the desalting ponds and sent back
to the cr‘%fstallizers for harvest, potentially leading to a reduction in bittern production and on-site
storage.

Prior to harvest, the exposed salt bed is five to eight inches deep. Harvesting entails the use of a
mechanical harvester that breaks up the salt bed with a rotating “pickroll” and scrapes up the pieces with a
blade that operates like a snowplow. Once on the harvester, conveyors lift the salt and place it into large
trucks.'® Immediately after harvesting, the salt is washed with saturated brine to remove any clay scraped
up from the crystallizers. At this point the salt is 99.5 percent sodium chloride. More recently, a new
approach to harvesting called “salt floor harvesting” has been adopted to increase efficiency. This
approach entails leaving a few inches of salt on the crystallizer beds after harvest, thus eliminating the
need to wash the crystallizers and the collected salt after harvest."” The washed salt is then dropped onto a
massive conveyor that carries it to the top of a 90-foot-tall stack of salt. Exposed to weather, the salt stack
forms a thin crust that sheds most rainwater.” In the early plants, salt received no washing except for that
accomplished when the stacks of harvested salt were exposed to winter rains. Washing to remove traces
of gypsum (calcium sulfate) and bittern began in the 1890’s. Salt sold directly from the salt stack without
refinement is known as raw or bulk salt.

Salt Refinement and Salt Markets. In the early 1970s, the five operating plant sites in the Bay Area
were Redwood City, Baumberg, Newark #1 (largely north of the Dumbarton Bridge) and Newark #2
(largely south of the Dumbarton Bridge), Alviso and Napa.”' In the late 1970s, the harvest of salt shifted
to plant sites in Napa, Redwood City and Newark. In terms of production, the Napa Plant Site and the
Redwood City Plant Site processed and distributed raw, bulk salt sold directly from the salt stack, while
the Newark Plant Site focused on refined salt products, such as table salt. Changes in the business climate
throughout the 1990s led to reduced demand for the bulk salt produced at the Napa and Redwood City
Plant Sites.” Thus, Cargill determined that the “low-value business” in Redwood City supplying road salt
should be shifted instead to high-value markets supplying refined salt for foods and pharmaceuticals.” As
a result, the Redwood City Plant Site is now largely operated in support of the Newark Plant Site, across
the Bay.

Refined salt is refined beyond the raw salt stage of 99.5 percent pure sodium chloride. For
agricultural, industrial and water-conditioning uses, salt is refined in a manner known as the kiln-dried
method.** Here the crude salt is taken from the salt stack, re-washed to remove dust, then dried in gas-
fired-revolving kilns. Industrial uses of refined salt include the production of chemicals, such as chlorine
and caustic soda, which in turn are used to produce plastics, glass, cleansers, adhesives, paints and
pesticides.” For agricultural use, the kiln-dried salt is compacted by powerful hydraulic presses into
various-sized livestock salt blocks.

The purest salt is marketed for human consumption and is 99.9 percent sodium chloride. This high-
grade, high-value salt is refined through the vacuum evaporation process. In this process, tons of salt are
first dissolved in tanks of pure drinking water to remove dust and traces of minerals that may have clung

'® The discharge of bittern and brines into Bay waters is regulated pursuant to the federal Clean Water Act and the
state Porter-Cologne Water Quality Control Act.

"7 Siegel and Bachand, 2002.

18 Historically, conveyers lifted the salt and placed into hopper cars that were pulled by diesel locomotives along
temporary tracks laid on the floor of the crystallizer.

% Since the salt is harvested directly from a salt floor rather than scraped directly off of the clay of the crystallizers
beds it is higher quality salt when it reaches the refining stage.

0 Cargill Salt, San Francisco Bay: The Outdoor Salt Plant. http://www.cargillsalt.com/sfbay/T_solar_crystal.html &
http://www.cargillsalt.com/stbay/T_solar_harvest.html

*! Siegel and Bachand, 2002.

2 Douglass, Robert C. 2003. Letter from C.E. of Cargill to Andrea Gaut, Permit Analyst of San Francisco Bay
Conservation and Development Commission. Westpoint Marina Project Permit File No. 2-02.

* Johnson, Lori. 2003. Personal Conversation with Cargill Salt Public Affairs Manager.

M Cargill Salt, San Francisco Bay: Salt Refinery. http://www.cargillsalt.com/sfbay/T_refine_ind.html

» Cargill Salt, San Francisco Bay: Industry. http://www.cargillsalt.com/sfbay/AAS_role_industry.html
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to the salt crystals throughout the harvest. From the tanks, the brine is passed through vacuum evaporators
that crystallize the salt. After the salt recrystallizes, it is dried, filtered and air-cooled. A series of
vibrating screens allow Cargill to separate the crystals into various sizes for packaging.*

Overall, purified and refined Bay salt is marketed under multiple brands consisting of a myriad of salt
products sold to retailers throughout the West Coast, including grocery stores.” These grades of salt
include table salt, kosher salt, popcorn salt, pickling salt, canning salt, butter salt and rock salt. In
particular, the California dairy industry relies upon salt produced in the Bay area for cheese production.
The variety of salt blended into cheese is a highly refined microcrystalline salt. Each of these products is
packaged and shipped via train or truck. Bulk salt may also be barged via ship. Whereas it may cost as
much to ship a ton of bulk salt as it does to produce it, refined salt sold for food use may raise the value of
a ton of salt from $25 to $600.%*

Over time, there has been a shift from supplying low-value salt for road de-icing and chemical
production toward high-value refined salt for food and pharmaceuticals; corresponding with a shift
towards much smaller markets for San Francisco Bay solar salt. For example, in 2002 the chemical
industry consumed 42 percent of total salt sales nationwide. Salt for highway de-icing accounted for 36
percent of U.S. demand. On the other hand, agricultural sales accounted for four percent, food use for
three percent and water treatment for one percent of total salt sales.” Of tremendous importance was the
chemical industry’s demand for large volumes of salt to be used in the production of chlorine and sodium
chlorate. When the chemical industry reduced the overall production of chlorine-related products, the
need for large volumes of salt produced also declined substantially.” In addition, markets for road salt, in
contrast to salt markets in general, are known to be unstable and to fluctuate widely.”!

Other economic forces have also affected the economic viability of salt production in the Bay Area.
These forces include the cost of electricity to refine salt and to pump brines throughout the solar salt
system. For example, during the energy crisis in 2001 Cargill was charged 16 cents per kilowatt-hour in
the Bay Area for electricity and only 2.9 cents per kilowatt-hour at its facilities in Utah.” In addition, the
use of Cargill’s property in the Bay Area is regulated by a number of parties in furtherance of state and
federal laws regarding wetlands protection, water quality and endangered species recovery. Thus, the cost
of producing solar salt in the Bay Area may be greater when compared to the cost of solar salt production
at facilities owned in locations where environmental regulations may not be as comprehensive.” Further,
the value of land in the Bay Area may be placing pressure on Cargill to sell its property, as other land uses
may be more profitable than salt production.* For example, the price paid to Cargill for the recent sale of
16,500 acres to the state and federal government was $100 million. However, the appraised fair market
value of the property was $243 million.”

Worth noting, however, is that Cargill’s properties in the Bay Area are uniquely positioned to stay
competitive and economically viable. For example, the market for high-value, refined salt used for food
or pharmaceuticals grows in direct relationship to population. Thus, as the West Coast population
continues to grow, so will the need for salt. In addition, it is unlikely that any other salt company would
ever purchase property in the Bay Area to directly compete with Cargill, due to the high cost of

% Cargill Salt, San Francisco Bay: Salt Refinery. http://www.cargillsalt.com/sfbay/T_refine_home.html

2 Cargill Salt, San Francisco Bay: Salt, Salt, Salt.

http://www.cargillsalt.com/sfbay/AAS_basics_kinds.html

* Werblow, Steve. 1999. Salt Harvest Sustains California Industry and Wildlife. California Manufacturer; A
Publication of the California Manufacturer’s Association.(February).

» Kostick, Dennis. 2002. United States Geological Survey, Mineral Commodities Summaries: Salt.

0 Shamel, Roger. 2003. Personal interview with a chlor-alkali expert and member of the Consutling Resources
Group; and Kostick. 2003 Personal interview with United States Geological Survey salt commodity specialist.

3 Hanneman, Dick. 2004. Personal Interview with employee of the Salt Institute.

32 Johnson, Lori. February 2002. Conservation Efforts at Salt Plant Free Up Electricity for Neighbors. The Bay’s
Edge: A Cargill Salt Report. vol. 13, no. 1.

* Kostick, 2002.

* Kostick, 2002.

% Johnson, Lori. July 2002. Historic Agreement Sets the Stage for the West’s Largest Wetlands Restoration. The
Bay’s Edge: A Cargill Salt Report. vol. 13, no. 1.
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waterfront property. Cargill’s greatest potential competitor is located in Baja, Mexico, where a major salt-
making operation produces about 20 percent of the total amount of salt produced by the United States salt
industry, altogether.™

Reducing the Geographic Scope of the Salt Pond System. The reduction in the amount of land
needed to produce salt in the Bay Area has occurred due to two primary forces acting in concert—a shift
in market demand from raw salt to refined salt, thereby reducing the total volume of salt sold, and an
ability to produce salt more efficiently. Therefore, the reduction in acres of salt production does not
translate to a similar reduction in tons of harvested salt. Cargill’s projected harvests for the next five years
are approximately 500,000 to 550,000 tons.”” Much of the impetus for Cargill to improve its salt
production system came from the fact that its system was an amalgamation of properties from many
historic salt producers that did not link coherently. Recently, plans were formulated to link the ponds in a
more efficient manner to better utilize their capacity. In general, the two substantial engineering
improvements are to: (1) move concentrated brine east from the Redwood City Plant to the Newark Plant
for harvest and refining; and (2) transfer brine more efficiently within the system such that concentrated
brine production remains at peek capacity.*

The increases in efficiency allow Cargill to improve the movement of brines throughout the system
by analyzing brine salinity and assessing exactly where brines from each pond should be moved as the
salt production cycle progresses. Such efficiency of movement was not possible in the past as the system
was built in a manner that severely limited the movement between ponds. For example, pumps and new
infrastructure on the Newark side of the trans-bay pipeline will enable brines of differing salinities from
Redwood City to be directed to different parts of the salt pond system. Further, all ponds will be used to
the greatest extent possible, minimizing recirculation and dilution of brines while speeding the movement
of brines through the system. In addition, Cargill has developed techniques to recover more salt from
bittern and has also adopted the more efficient “salt floor harvesting,” described above, thereby increasing
salt yields. While the geographic scope of the salt production system has changed, Cargill maintains that
the general nature of the system and salt making has not. The larger and smaller systems contain
evaporator ponds of increasing salinity in the same varying proportions and pond depths are still
maintained in a manner that takes full advantage of evaporation.”

Changes In Salt Pond Ownership. The consolidated salt making system held by Leslie Salt
consisted of salt making systems created by different owners at different times. As a result, much of the
property needed considerable attention as the salt pond systems were never designed or engineered for the
most efficient salt making. Moreover, Leslie had accumulated a system that could produce raw salt in
excess of the foreseeable market demand in the western United States. For these reasons, changes to the
consolidated salt making system have been undertaken, as described above. As a result, about 90 percent
of the salt ponds in the Bay Area have come under public ownership since the 1970s.

In 1977 Congress created the Don Edwards San Francisco Bay National Wildlife Refuge with the
federal government acquisition of approximately 12,000 acres of South Bay salt ponds. While fee title to
this property transferred to the federal government, Leslie Salt retained the perpetual right to make salt on
the vast majority of the property. The U.S. Fish and Wildlife Service (USFWS) took management
responsibility for the Refuge while Leslie continued to manage the property for salt making purposes. In
1979 the USFWS signed an agreement with Leslie (now owned by Cargill) setting out the parties’ mutual
responsibilities over the property within the Refuge but operated by Leslie. The agreement sets out in
detail Leslie’s (now Cargill’s) right to continue to operate the property for salt making in perpetuity.*

36 Hanneman, 2004.

%7 Johnson, Lori. October 2000. Cargill Redesigns its Bay Area Salt Operations. The Bay’s Edge: A Cargill Salt
Report. vol. 11, no.1.

*® Douglass, Robert. 2004. Personal interview with Real Property Manager of Cargill Salt.

% Ransom, Barbara. 2005. Personal communication with Environmental Manager of Cargill Salt.

% Siegel and Bachand, 2002.
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Figure 1.
Ownership of Salt Ponds Over Time
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In 1994, 9,850 acres of salt ponds located on the western shore of the Napa River were acquired by
the California Department of Fish and Game (Fish and Game) from Cargill and included as part of the
Napa-Sonoma Marshes Wildlife Area, Napa River Unit. Currently, the California Coastal Conservancy,
the California Department of Fish and Game and the United States Army Corps of Engineers have
prepared federal and state environmental documents outlining alternatives for the restoration of the
ponds.41 The Napa Plant Site on the eastern side of the Napa River, consisting of 1,400 acres, was retained
by Cargill until 2003 as described below. In 1996, Cargill transferred another 850 acres to Fish and Game,
located in the Baumberg area. The transaction involved the sale by Cargill of 814 acres with the donation
of a second parcel encompassing roughly 40 acres. This property has become the Eden Landing
Ecological Reserve.

The next pond to change ownership was Pond A4, consisting of 310 acres, in the Alviso area of San
Jose. Pond A4 was purchased from Cargill by the Santa Clara Valley Water District in 2000 for future
restorati4(2)n and mitigation of impacts associated with the Lower Guadalupe River Flood Protection
Project.

The next public acquisition of salt ponds occurred in 2003 when 16,500 acres were purchased by the
public, a monumental acquisition made possible by a consortium of government officials and private
organizations. Ultimately the Federal government and the State of California, along with several notable
charitable organizations, contributed $100 million to the sale.

In the South Bay, 15,100 acres of salt ponds (and some adjacent tidal habitats) in San Mateo, Santa
Clara and Alameda Counties were acquired by the state and federal governments for restoration.
Approximately 9,600 of the 15,100 acres in the South Bay were acquired by the United States as an

# http://www.napa-sonoma-marsh.org/overview.html
2 Santa Clara Valley Water District. 2002. Final Environmental Impact Report for the Lower Guadalupe River
Flood Protection Project.
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addition to the Don Edwards San Francisco Bay National Wildlife Refuge. This acreage, located in
Alameda, San Mateo and Santa Clara counties, is commonly referred to as the Alviso and Ravenswood
evaporating ponds. The remaining 5,500 acres in the South Bay were acquired by the State of California
for management by Fish and Game, known as the Eden Landing evaporating ponds in Alameda County.
The Eden Landing ponds have been included in the Eden Landing Ecological Reserve. The Redwood City
Plant site property was also offered to the public at this time, but the offer was declined due to the high
cost of the property. In the North Bay, the 1,400 acre Napa Plant Site on the eastern side of the Napa
River in Napa County was also acquired for management by the Fish and Game as part of the 2003 sale.*”
Of the total acreage purchased in the North and South Bays, 13,000 acres were conveyed in fee title while
3,500 acres consisted of Cargill’s salt production rights. Comprehensive planning processes are underway
for the restoration and enhancement of the North and South Bay salt ponds now in public ownership,
described in more detail in Chapter Two.

Pond A18, also in Alviso, is currently under a contract for acquisition by the City of San Jose. The
856-acre evaporator pond provides the City of San Jose with a buffer between the San Jose/Santa Clara
Water Pollution Control Plant and surrounding land uses, creates a land banking opportunity and provides
the City the opportunity to participate in the salt pond restoration planning process being undertaken by
the state and federal governments.

Composition of the Current Salt Production System. Figures 2 and 3 show the current ownership
of the San Francisco Bay salt ponds. Cargill currently retains salt-making capacity on approximately
12,500 acres in the South Bay. The 12,500 acres includes approximately 8,000 acres of evaporator ponds
in the East Bay owned by the U.S. Fish and Wildlife Service and 4,400 acres owned outright by Cargill, a
significant decline from the estimated 41,500 acres once owned by Leslie Salt Company. Of the 4,400
privately owned acres in salt production, 3,000 are in the East Bay and are known as the Newark Plant
Site. The final 1,400 privately owned acres in salt production are located in Redwood City and are known
as the Redwood City Plant Site. The 1,400-acre Redwood City Plant site was originally included in the
2003 proposed sale to the state and federal governments, but costs were prohibitive due to the
development potential of the site. The Newark and Redwood City Plant Sites consist of pickle ponds,
crystallizers, bittern desalting ponds, bittern storage ponds, and wash ponds. In addition, Cargill has
retained Pond 3C (about 150 acres) in Eden Landing for alternative uses.

s Conveyance Agreement Summary. 2003. Cargill Salt Property, San Francisco Bay, California.
“ City of San Jose. 2003. Memorandum for Council Agenda 5-2-03. To: Honorable Mayor and City Council.
Regarding: Purchase Agreement with Cargill, Inc.
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San Francisco Bay Conservation and Development Commission

Figure 2

SOURCE: Cadlifornia Department of Fish and Game
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San Francisco Bay Conservation and Development Commission

Figure 3

SOURCE: Cdlifornia Department of Fish and Game
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CHAPTER 2
VALUES OF SALT PONDS

In addition to the provision of salt to the marketplace, salt ponds provide many other important
amenities. Salt ponds provide open space values, such as visual respite from the highly urbanized Bay
Area, and public access opportunities. Section 66602.1 of the McAteer-Petris Act describes salt ponds as
important to the Bay Area because they “provide a wildlife habitat and a large water surface which,
together with the surface of the bay, moderate the climate of the bay area and alleviate air pollution.”
Further, salt pond levees, though not constructed or maintained for flood purposes, help to provide needed
tidal flood protection for low-lying areas of the South Bay. Salt ponds also provide an important habitat
for shorebirds, waterfowl and other waterbirds, and provide opportunities for habitat enhancement and
restoration by either removing levees and restoring the areas to historic tidal marsh and tidal flat habitat or
by enhancing and managing them as ponds for shorebirds and waterfowl.

This chapter focuses primarily on the natural resource values of the salt ponds and explores their
restoration and enhancement potential.

Changes in Historic Bay Habitats. Historically, tidal marsh habitat comprised nearly 190,000 acres
in the San Francisco Bay region, including vast portions of the Suisun, San Pablo and San Francisco
Bays. The arrival of European settlers brought about dramatic changes in the region, including impacts on
habitat. Alteration of tidal marsh habitat took many forms, such as conversion through diking and filling
for agriculture and development, as well as diking for salt production.® Figure 4 illustrates the extent of
habitat alterations brought about by the diking of historic Bay habitats for salt production over the past
150 years.

In the South Bay, tidal marshes historically covered over 56,000 acres and in addition to extensive
vegetated marsh plains, were also characterized by a band of shallow ponds (pans) along the backshore of
the tidal marshes which “formed a nearly continuous string of shallow intertidal habitats” of which the
natural salt ponds were part.*® Further, the Santa Clara Valley, due to the water table being close to
ground surface, had a number of persistent, non-tidal freshwater ponds and marshes adjacent to the edge
of the Bay and its tidal marshes. Moist grasslands, vernal pools and large stands of willows were also
found in the South Bay uplands and adjacent to tidal marshes. Salt production facilities in the South Bay
accounted for almost half of the loss of tidal marshes in the South Bay."’

In the North Bay, salt ponds had replaced nearly one-fifth of the historic tidal marsh by the middle of
the twentieth century.* This historic tidal marsh, which had been previously diked for agriculture and
then used for salt production, was part of what was once one of the most extensive wetland systems in the
San Francisco Bay Area—the Napa Marsh.” The Napa Marsh encompassed approximately 125 square
miles. Historically, northern San Pablo Bay, into which Sonoma Creek, the Petaluma and Napa Rivers
and the Sacramento-San Joaquin Delta drain, was bordered by extensive tidal marshes. Tidal marshes
stretched upstream for several miles from the mouth of the Petaluma and Napa Rivers. Delta-like
wetlands formed at the mouths of creeks along the Marin Bay front. Further inland, the low plains
bordering the tidal marshes supported dispersed seasonal wetlands and were intersected by riparian
habitat along the creeks.”

In addition to the direct loss of tidal marsh as a result of diking for salt production, the Bay’s tidal
prism (the volume of water that moves in and out of an area during a tidal cycle) has been greatly
reduced. Though the results of the decrease in tidal prism are still not completely understood, studies in
the South Bay show that due to the reduction in tidal volume (and therefore reduced tidal velocity), over
time slough channels have been filled with sediment and are now much more narrow than they were

* Goals Project, 1999.

* Goals Project, 1999.

7 Goals Project, 1999.

*® Goals Project, 1999.

¥ California Department of Fish and Game. 1977. The Natural Resources of the Napa Marsh.

% San Francisco Bay Conservation and Development Commission. 1997. Revised Staff Report. Wetlands in the
North Bay Planning Area.
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historically. In addition, in some areas new narrow bands of tidal marsh have formed along the edges of
the salt pond levees. These fairly young bands of tidal marsh have less plant species diversity and very
little transitional habitat compared to the historic marshes, and therefore typically have lower habitat
value.
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Shorebird and Waterfowl Use of Salt Ponds. Though diking for salt production has resulting in the
loss of historic tidal marsh in the San Francisco Bay, the salt ponds themselves are diverse and rich
habitats and are of significance to shorebirds, waterfowl and other waterbirds such as gulls and terns.’

The solar salt making process results in a wide range of salinities and depths of water (pond depth)
throughout the salt pond system, providing many habitat types for micro-organisms. In turn, this diversity
of micro-organisms supports a wide variety of bird species. A more detailed discussion of salt pond food
webs associated with differing salinities and pond depths follows in the next section.

Salt ponds are particularly important habitat for resident and migrating shorebirds (Shoreblrds are
described as the “major group of birds that run, walk and wade along the water’s edge”).”* San Francisco
Bay has been recognized as a site of “hemispheric importance” for shorebirds by the Western Hemisphere
Shorebird Reserve Network (WHSRN), the highest ranking distinction for a wetland 1ncluded in the
WHSRN, denoting that at least 500,000 shorebirds are known to use the site annually San Francisco
Bay meets this standard by hosting over a million shorebirds annually during ml%ratlon This amount
includes the largest population of wintering shorebirds along the Pacific Flyway.

Within the Bay, salt ponds support shorebird populations by providing shallow and deep-water
foraging (feeding) habitat. In addition, the levees surrounding the salt ponds and the islands within the
salt ponds provide nesting and roosting (resting) habitat for many shorebird species. * In particular, about
10 percent of the Pacific Coast population of the Western snowy plover, which is listed as federally
threatened under the Endangered Species Act, has been recorded breeding in the South Bay salt ponds.™
Interestingly, the Western snowy plover, which nests on dried ponds, islands within ponds and levees,
probably did not breed in the South Bay prior to the late 1800s when salt production began in earnest
throughout the Bay. The American Avocet and the Black-necked Stilt also did not breed in the San
Francisco Bay before the creation of salt ponds.

As an example of the large numbers of shorebirds that utilize the salt ponds, one study found that
during peak migration more than 200,000 shorebirds may be found in a single salt evaporation pond.”’
Table 1 outlines many of the shorebird species that utilize the salt ponds of San Francisco Bay and for
what purpose.

>! Takekawa et al, 2000. Waterfowl and Shorebirds of the San Francisco Estuary. Goals Project. 2000. Baylands
Ecosystem Species and Community Profiles: Life Histories and environmental requirements of key plants, fish and
wildlife. Prepared by the San Francisco Bay Area Wetlands Ecosystem Goals Project. P.R. Olofson, editor. San
Francisco Bay Regional Water Quality Control Board, Oakland, Calif.

2 Paulson, Dennis. 1993. Shorebirds of the Pacific Northwest. University of Washington Press. Seattle Audubon
Society.

3 Harrington, Brian and Edward Perry. 1995. Important Shorebird Staging Sites Meeting Western Hemisphere
Shorebird Reserve Network Criteria in the United States. United States Department of the Interior, Fish and Wildlife
Service.

> Page, Gary W., Lynne E. Stenzel and Janet E. Kjelmyr. 1999. Overview of Shorebird Abundance and Distribution
in Wetlands of the Pacific Coast of the Contiguous United States. The Condor 101:461-471.

> Rintoul, Chris, Nils Warnock and Gary W. Page. 2003. Breeding Status and Habitat use of Black-Necked Stilts
and American Avocets in South San Francisco Bay. Western Birds 34:2-14.

% Takekawa et al. Goals Project, 2000.

>7 Stenzel, Lynne E., Catherine M. Hickey, Janet E. Kjelmyr, and Gary W. Page. 2002. Abundance and Distribution
of Shorebirds in the San Francisco Bay. Western Birds 33:69-98.
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Table 1

Shorebird Use of San Francisco Bay Salt Ponds®®

Feeding & Roosting

Mainly Roosting

Resident Breeders

Willet

Marbled Godwit

Black-necked Stilt

Greater Yellowlegs

Long-billed Curlew

American Avocet

Western Sandpiper

Whimbrel

Killdeer

Least Sandpiper

Long-billed Dowitcher

Snowy Plover

Dunlin

Short-billed Dowitcher

Semipalmated Plover

Red Knot

Wilson’s Phalarope

Black-bellied Plover

Red-Necked Phalarope

The term “waterfowl” is used to describe ducks, swans and geese. Ducks as a category can be further
broken down into dabbling ducks, which feed at the surface of the water or to the depth of their body
lengths, and diving ducks, which forage for food underwater. * San Francisco Bay is one of 34 waterfowl
habitat areas of major concern as defined by the North American Waterfowl Management Plan, due to its
mgmﬁcanoe to waterfowl and the substantial declines in waterfowl populations that have occurred in this
area.” Within the Bay, salt ponds support substantial amounts of waterfowl, upwards of 41 percent of the
total amount using the Bay’s habitats. In the former North Bay salt ponds, up to 14 percent of the Bay’s
total waterfowl population have been counted, while the South Bay salt ponds support up to 27 percent of
the Bay’s total waterfowl population. Species of diving ducks known to use the ponds in significant
numbers include ruddy ducks, canvasbacks, and buffleheads. Species of dabbling ducks highly reliant
upon salt ponds include northern pintail, mallards and northern shovelers. Worth noting is that 86 percent
of the Bay’s (excluding Suisun Marsh) total dabbling ducks, including 90 percent of the northern
shovelers, rely upon South Bay salt ponds.®" Also, 67 percent of ruddy ducks, a diving duck, are
supported by South Bay salt ponds. Further, 59 percent of the canvasbacks, 38 percent of the bufflehead
and 47 percent of the mallards using the Bay rely upon former North Bay salt ponds.”

Salt Pond Habitat Diversity. The range of salinities and pond depths found throughout the salt pond
system provides a breadth of habitats used by a diversity of shorebirds, waterfowl and other waterbirds.
For foraging waterbirds, the depth of a pond affects access to prey. In addition, salinity has been shown to
be an important predictor of waterbird abundance and dlversuy, based primarily on prey abundance,
though waterbird sensitivity to salinity may also be a factor.” Thus, a helpful tool used by a number of
scientists to classify the biological components of salt ponds relies on the salinity ranges of the ponds
from low to high.

1. Low-Salinity Evaporation Ponds (15-60 ppt). At the lower end of the salinity scale are the
intake ponds where salinities match Bay waters at around 15-33 ppt. With evaporation, low
salinity evaporation ponds increase in salinity to around 60 ppt. In terms of species
composition in the low salinity ponds, diversity is high, although the density of organisms is
low. This trend will reverse as salinity increases throughout the system. Invertebrate species
diversity is high (around 20 species), with a number of the species found in the Bay also
being found in the low salinity ponds. Examples include native and non-native mussels,

* Rintoul et al. 2003.

% Takekawa et al. Goals Project, 2000.

5 United States Department of the Interior, Fish and Wildlife Service, SEMARNAP Mexico, and Environment
Canada. 1998. Expanding the Vision, 1998 Update, North American Waterfowl Management Plan.

o Accurso, Louise. 1993. Distribution and abundance of wintering waterfowl on San Francisco Bay, 1988-1990.
Unpubl. Mater’s Thesis. Humboldt State University. Arcata, CA. 252pp.

62 Takekawa et al. Goals Project, 2000.

63 Warnock, N., G. W. Page, T.D. Ruhlen, N.Nur, J.Y. Takekawa, and J. Hanson. 2002. Management and
conservation of San Francisco Bay salt ponds: effects of pond salinity, area, tide, and season on Pacific Flyway
waterbirds. Waterbirds. 25:79-92.
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clams, crabs, sea anemones, worms and salt-tolerant insects.** Dominant plant species include
marine macroalgae, such as sea lettuce, and marine plankton.”® About fifteen species of fish
are associated with low salinity ponds, including yellowfin goby, threespine stickleback,
staghorn sculpin, topsmelt, and longjaw mudsucker.” Birds associated with the low salinity
ponds include white and brown pelicans, double-crested cormorant, snowy egrets, black-
crowned niéght herons, Forster’s terns, sandpipers and avocets, as well as numerous wintering
waterfowl.”” The low salinity ponds are particularly important to numerous fish-eating birds,
as well as waterfowl reliant on aquatic plants and insects.

2. Medium-Salinity Evaporation Ponds (60-180 ppt). Medium-salinity evaporation ponds
undergo a pronounced reduction in species diversity, since the number of species that are
extremely salt tolerant is limited. However, overall species biomass® increases in relationship
to salinity. At the base of the food chain are green algae, such as Dunaliella.” Fish species
diversity declines with salinity, though some species have been found in ponds with salinities
of up to 80 ppt. The most common fish species are the topsmelt and the mudsucker.” The
decrease in fish species in medium-salinity ponds leads to a decrease in fish-eating birds. A
shift in the invertebrate community occurs with the ponds becoming dominated by the
Franciscan brine shrimp.”" In fact, brine shrimp are so abundant in some ponds, they are
commercially harvested (primarily to be sold as food for aquarium fish). Brine shrimp,
Reticulate water boatman (an insect species) and brine fly are a significant food source for
eared grebes, California gulls, Bonaparte’s gulls, stilts, sandpipers and avocets, among other
shorebird species, as well as some waterfowl species.

3. High-Salinity Evaporation Ponds (180 ppt and higher). High-salinity evaporation ponds
are defined by their red color. This red color arises when increased salinity causes the green
algae, Dunaliella, to produce a red pigment. In addition, salt-tolerant bacteria contribute to
the red and purplish-red hues of the high-salinity ponds.” At this stage in the salt production
process, no fish are able to survive in the ponds. The dominant invertebrates are Reticulate
water boatman, brine shrimp and brine flies. Species diversity is very low, but biomass is
extremely high. Due to the tremendous availability of food, eared grebes and gulls forage for
food in large flocks. Further, shorebirds, such as phalaropes, stilts, avocets, willets, and
sandpipers may forage in high-salinity evaporation ponds.”

Pickle ponds, bittern storage ponds and crystallizers have very high salinities and in general provide
lower habitat value for waterbirds. Crystallizers can have salinity levels that exceed 200 ppt when they
are receiving pickle, but also often contain solid, crystallized salt. Above a salinity of 200 ppt, even brine
shrimp cannot survive. With the exception of halophytic bacteria, the crystallizers support virtually no
aquatic life. In addition, the crystallizers are physically different than the evaporator ponds as the beds
have been engineered, compacted and graded, and heavy equipment is used to maintain the beds and
harvest the salt. The high salinity of these areas as well as the high disturbance level makes the
crystallizers less suitable as habitat. Thus the crystallizers have low foraging value for most species of

o Lonzarich, D.J. 1989. Temporal and spatial variations in salt pond environments and implications for fish and
invertebrates. M.A. Thesis. State University, San Jose, CA.

6 Baye. Goals Project, 2000.

% Lonzarich, 1989.

67 Takekawa et al. Goals Project, 2000.

% The total mass of all living organisms in the pond.

e Baye. Goals Project, 2000.

" Lonzarich, 1989.

n Lonzarich, 1989

7> Anderson, W. 1970. A preliminary study of the relationship of saltponds and wildlife. California Fish and Game
56:240-252.

& Cargill Salt, San Francisco Bay: Spectacular Salt Pond Colors. http://www.cargillsalt.com/sfbay/EV_colors.html
i Stralberg, D., N. Warnock, N. Nur, H. Spautz, and G.W. Page. 2003. Predicting the effects of habitat change on
South San Francisco Bay bird communities: and analysis of bird-habitat relationships and evaluation of potential
restoration scenarios. Final report, California Coastal Conservancy, Oakland, CA.
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shorebirds and waterfowl, though they may provide some roosting habitat when not disturbed by heavy
equipment. For example, since the transfer to public ownership in 2003, the U.S. Geological Survey has
been conducting surveys on the crystallizer ponds in the Napa Plant Site. The surveys of the unused
crystallizer ponds have recorded some roosting behavior for various species of birds, including Black-bel-
lied plover, Western sandpiper, and Ring-billed gull.” In addition, the federally threatened Western
snowy plover and the Endangered California least tern nest on low, barren to sparsely vegetated salt pond
levees, islands and abandoned structures, at pond edges, and on salt pan areas of dry ponds.” To this end,
the crystallizers, when dry and not receiving pickle, may provide breeding and foraging habitat. The
greatest concentration of snowy plovers in the San Francisco Bay Area has consistently occurred in the
Eden Landing/Ha;/ward area, with a high count during the breeding season in 2004 of about 130 in two
evaporator ponds.” However, the San Francisco Bay Bird Observatory reported sightings of twelve
snowy plovers in the Redwood City Plant Site in the summer of 2003.” In addition, the United States Fish
and Wildlife Service’s Draft Recovery Plan for the Western snowy plover reported the presence of nine
Western snowy plovers in 2001 at the Redwood City Plant Site.”

As this discussion illustrates, the range of ponds comprising the salt production system are utilized by
many estuarine fish, invertebrate and bird species. Due to losses of habitat elsewhere in the Bay, and as
far afield as the Central Valley, salt ponds hold a particularly significant value for species of resident and
migrating birds associated with wetland habitats. Because of the importance of the salt ponds to bird
conservation, an array of scientific studies of salt pond bird populations has been undertaken. For
example, studies by the United States Geological Survey found fifty-two species of waterbirds (defined as
bird species dependent upon aquatic habitats to complete portions of their life cycles™) totaling 100,000
between January and October of 1999 in the North Bay salt ponds.* A 2002 study undertaken by
scientists from the Point Reyes Bird Observatory and the United States Geological Survey concluded that
the salt ponds are breeding habitat for a number of waterbirds including the threatened snowy plover, the
black-necked stilt, the American avocet and a number of gull and tern species, and that over 70 species of
waterbirds use the salt ponds (a later study by the Point Reyes Bird Observatory detected over 100
different bird species in salt ponds®?). The study concluded that salt ponds with exposed moist soil and
shallow water attract maximum numbers and diversity of migrating and wintering gulls and shorebirds
and that deeper water ponds are important for many waterfowl species, especially diving ducks. The study
also concluded that a range of salinities is important to provide food for fish-eating birds as well as to
promote a high biomass of invertebrate prey important to a wide range of migrating and wintering
shorebirds, waterfowl, gulls and terns. Finally, the study found that roosting waterbirds rely upon exposed
islands in the middle of salt ponds.*

Napa River Salt Marsh Restoration Project. As discussed in Chapter 1, 9,850 acres of former salt
ponds (evaporator ponds and a bittern storage pond), located on the west side of the Napa River, were
sold to the state of California by Cargill in the early 1990s. Once purchased by the state, interim

7 Athearn, Nicole. 2005. Personal communication of Wildlife Biologist, U.S. Geological Survey, San Francisco
Bay Estuary Field Station.

7 Warnock, Nils. 2003. Personal interview of Wetlands Ecology Division Co-Director, Point Reyes Bird
Observatory & San Francisco Bay Bird Observatory. San Francisco Bay Bird Observatory Western Snowy Plover
Program. http://www.sfbbo.org/plover_b.htm.

i Strong, CM, N. Wilson, and J. Albertson. 2004. Western Snowy Plover numbers, nesting success, and avian
predator surveys in the San Francisco Bay, 2004. Unpublished report. San Francisco Bay Bird Observatory.

® Strong, Cheryl. 2003. Personal interview with San Francisco Bay Bird Observatory biologist.

™ U.S. Fish and Wildlife Service. 2001. Western Snowy Plover (Charadrius alexandrinus nivosus) Pacific Coast
Population Draft Recovery Plan. Portland, Oregon. xix+630pp.

%0 Waterbird Conservation for the Americas. What Are Waterbirds? http://www.nacwcp.org/waterbirds

8l Miles, Fregien, Takekawa, Martinelli, Schoellhamer, Duffy, Schlosser and Saiki. Science Support for Wetland
Restoration in the Napa-Sonoma Salt Ponds. http://sfbay.wr.usgs.gov/access/saltponds/intro.html

82 Stralberg et al, 2003.

83 Warnock, Nils, Gary Page, Tamiko Ruhlen, Nadav Nur, John Takekawa, and Janet Hanson. 2002. Management
and Conservation of San Francisco Bay Salt Ponds: Effects of Pond Salinity, Area, Tide, and Season on Pacific
Flyway Waterbirds. Point Reyes Observatory Conservation Science. Stinson Beach, CA.
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management of the ponds was undertaken by Fish and Game and the property became the Napa River
Unit of the Napa-Sonoma Marshes Wildlife Area.

Planning for the restoration of the Napa ponds has been underway since 1997. Throughout the period
of interim management by Fish and Game, lessons have been learned that are applicable to other salt pond
restoration projects. Of greatest scope and resonance has been the lesson that inadequate funding for the
operation and maintenance of the ponds can lead to significant problems. For example, an inability to
manage the movement of water throughout the salt pond system has had detrimental impacts on the
overall wildlife value of the ponds. More specifically, because of Fish and Game’s inability to freshen the
ponds sufficiently and manage pond depths by pumping adequate amounts of water throughout the salt
pond system—due to deteriorating water control structures, increased operational and maintenance costs,
such as the price of power, lack of discharge point, and an inadequate water supply —the Napa ponds
have continued to become more and more saline. As a result, some ponds that once provided wildlife
habitat throughout the year now dry out completely during the summer months, becoming salt flats,
reducing or eliminating habitat in these higher salinity areas.

Also a symptom of a lack of funding for the operation and maintenance of the salt ponds is a decline
in system-wide levee integrity. Because salt pond levees are made of soft Bay mud, erosion occurs over
time. Thus, the levees are in need of: (1) topping with fresh dredged sediment; (2) discing and grading
two to three years after topping; and (3) grading and constructing of chokers (small berms constructed on
the levees to prevent dredged muds from slipping). To date, Fish and Game has not undertaken the extent
of levee maintenance necessary, with the kinds of equipment required, to protect the salt pond system
from unforeseen breaches.* For example, in January of 1995, the levee of Pond 2A was intentionally
breached by Fish and Game as an emergency measure to reduc