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August 22, 2011

Chad Dibble

Department of Fish and Game
830 S Street

Sacramento, CA 95811

Dear Mr. Dibble:

Contra Costa Water District (CCWD) appreciates the opportunity to review the
Ecosystem Restoration Program Conservation Strategy for the Restoration of the
Sacramento-San Joaquin Delta Ecological Management Zone and the Sacramento and
San Joaquin Valley Regions (ERP Strategy). The ERP has the potential to shape the
Delta and its ecosystem over the long term. Given its importance, the ERP Strategy
should be well written, based on the best available science and internally consistent.
CCWD offers the following suggestions for improvement:

9,
L4

USE OF THE BEST AVAILABLE SCIENCE

The ERP goals and objectives should be well supported by the best available
science. Statements of fact should be referenced and clearly distinguished from
unsupported opinion. For example, ERP Goal 2, Objective 1, on page 14
appears to be a statement of opinion, as no scientific evidence or publications
are cited. It reads, “[t/heory and data show that in general the more water that
Sflows through the Delta into Suisun Bay and eventually the ocean, the greater the
health of the estuary overall.” No references are given and no specifics are listed
as to what constitutes health of the estuary overall, a serious shortcoming for a
conclusion of this importance. This statement is then countered with peer-
reviewed material in the subsequent paragraph: “flow alone (i.e., absent
restoration of habitats) will not be sufficient to enhance species viability, as il is
the interaction between water quality and structural components of habitat that
drives important biotic relationships (Peterson 2003).” CCWD supports a
rigorous scientific investigation of environmental flows necessary to restore and
maintain key native populations including increasing flows towards a more
‘natural’ flow regime, but the use unsupported statements to justify ecosystem
restoration goals and objectives detracts from the value of the document.
Citations should be provided to support important conclusions such as these.

INCREASING DELTA SALINITY AS A RESTORATION MEASURE

The ERP promotes the idea that increasing fall salinity will benefit the ecosystem
or ‘restore’ a salinity regime, without providing any scientific justification. If there
is any factual basis for claiming that increased salinity would benefit native
species, the references should be disclosed. On page 28 the ERP suggests
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increasing fall salinity intrusion to improve conditions for native species: “/pjeriodic fall
salinity intrusion and a more heterogeneous environment in the Delta have been proposed as
important processes to be restored in the Delta (e.g., Lund et al. 2007)”. The referenced
document was not peer reviewed and contains erroneous information regarding historical
salinity in the Delta that is contradicted by peer-reviewed publications and historical data.
The claim in Lund et al. (2007) was apparently premised on the assumption that salinity was
much higher in the Delta prior to 1850 than is currently found; in fact the opposite is true: the
Delta was historically much fresher. On page 29 the ERP states, “Salinity fluctuations in the
Delta may also help to control invasive organisms such as Brazilian waterweed (Egeria
densa)”, without providing a reference to support this idea or a suggestion of how it could
be accomplished.

On page 15, it is stated that “it is still hypothesized that a “variable flow’ regime, where flows
vary by season to more closely mimic the natural hydrograph (including seasonal increases
in salinity as freshwater flows into the Delta decrease during summer and fall months) would
likely favor native species which have evolved life history characteristics that respond to
seasonal flow patterns (Moyle and Bennett 2008)”. Moyle and Bennett (2008) do not
provide a quantitative or qualitative description of the salinity regimes that would be
required, how they would be achieved, or what the expected consequences for native species
would be. Managing flow to more closely resemble the unimpaired hydrograph would
increase Delta outflows every month and consequently decrease, not increase, salinity. Please
see Figures 1 and 2 below and the attached document for more information. CCWD strongly
discourages the ERP promoting increased salinity as a restoration measure without scientific
justification for several key reasons:

a. Detrimental to Native Species - Peer-reviewed articles' 2 indicate that increased
salinity has been detrimental to native fish populations, especially Delta smelt. Many
of the native fish species the ERP aims to restore favor salinities around 2 parts
per thousand (ppt). Longfin smelt, Delta smelt, bay shrimp, and threadfin shad
abundance continue to have a strong relationship with X2, or the 2 ppt isohaline *
23 'The ERP also states that splittail (p. 166) prefer salinities below 10 ppt. Delta
smelt are seldom found at salinities above 10 ppi;1 2. Experimental studies on the
effects of salinity on Fgeria densa revealed that both root formation and growth
decline with increasing salinity®. Hauenstein and Ramirez (1986)° found no

 Nobriga, M. L., T. Sommer, F. Feyrer, and K. Fleming. 2008. Long-term Trends in Summertime Habitat
Suitability for Delta Smelt (Hypomesus transpacificus). San Francisco Estuary and Watershed Science 6(1).

2 Freyer, F., Nobriga, M., Sommer, T., 2007, Multidecadal trends for three declining fish species: habitat patterns
and mechanisms in the San Francisco Estuary, California, USA. Caradian Journal of Fisheries and Aquatic
Sciences, 2007, 64:(4) 723-734.

3 Kimmerer, W.J., 2004. Open Water Processes of the San Francisco Estuary: From Physical Forcing to Biological
Responses. San Francisco Estuary and Watershed Science 2(1).

4 Obrebski, S., and R, Booth. 2003. Experimental Studies of the Effects of Temperature, Salinity and Light Intensity
on Growth of Egeria densa. Report to the California Department of Boating and Waterways, December 2003.
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growth of roots or stems at salinity greater than 10 ppt. The laboratory studies
found no net growth of Egeria densa after being exposed to salinities equal to or
greater than 10ppt for two weeks. To effectively ‘control’ Egeria densa via
salinity, salinity in the Delta would need to be at least 10 ppt at locations with
Egeria for an extended period of time. Before even proposing such a level of
salinity, a number of questions must be answered. Which native species will
benefit from salinities increasing in the upper estuary from less than 1 ppt to 10
ppt? What areas would have salinities up to 10 ppt and where would that put the 2
ppt (X2) isohaline? Since delta smelt are almost entirely found in salinities less
than 10 ppt, where will they be located under these circumstances? What would
be the consequences for overbite clam populations (a species that thrives on saline
water, is repressed by fresh water and is likely responsible for a significant loss of
primary food in the Delta)? Pelagic organism populations significantly increased
from 1995 to 2000 in the Delta, when conditions were fresher than the prior and
subsequent years, during which their populations were low; what evidence is there
that saline conditions, rather than fresh conditions, are desirable for pelagic
organisms in the Delta? The ERP should acknowledge that controlling Egeria
densa via salinity would likely come at a severe cost to Delta smelt, threadfin
shad, longfin smelt, and bay shrimp populations by severely constricting the
habitat and food available for these species.

. Physically Infeasible — Even if controlling Egeria densa with salinities above 10

ppt is desirable and more important than maintaining populations of the above-
mentioned species, it would be extremely difficult to achieve those salinities at
locations in the Delta where Fgeria densa is most problematic. For example,
Frank’s Tract has long been plagued with dense growth of Egeria densa and the
Department of Boating and Waterways is involved in a multi-year program to
cradicate the waterweed with herbicide. Long-term average salinity in Frank’s
Tract is roughly 500 ps/cm, approximately (.34 ppt, with an average seasonal
high between 730 ps/cm and 1200 ps/cm, approximately 0.49 — 0.81 ppt,
occurring September through December (note that this is significantly higher than
salinity was in this area prior to water development activities, as shown in the
attachment to this letter). During the last critically dry year in 2008, when net
Delta outflow was less than 3,700 cfs on average from July through the end of
October, X2 was approximately 89 km, and salinity reached a maximum of 1500
us/cm near Frank’s Tract, approximately 1.0 ppt, for less than a day. To achieve
the recommended levels of salinity, Delta flows would need to be far less than they
were during the most severe drought conditions on record in 1931. In 1931, salinity

3 Hauenstein and Ramirez,1986. The influence of salinity on the distribution of Egeria densa in the Valdivia river
basin, Chile. Arch, Hydrobiol. 107:511-519,
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peaked in September around 12 ppt near Franks Tract® at high tide and for a
single day. During the peak salinity intrusion of 1931 drought, X2 was located
between Walnut Grove and Hood (again at high tide for a single day). If Egeria
densa had been present in 1931, salinity may have caused necrosis in some of the
plants near Franks Tract had it persisted for a longer period of time, but it is
unlikely to have had a significant effect for the time that it actually lasted (a few
hours); the estimated Delta outflow that caused this level was negative 3,000 cfs
(i.e. a net reverse flow from the Golden Gate inward) for three months.
Achieving an average salinity of 10 ppt in Franks Tract for a month or more to
control Egeria would require outflows less than -3,000 cfs for longer periods.
Unless the ERP can provide a robust plan detailing desired levels of salinity, how
those levels would be achieved and the expected ecological consequences for a
broad range of species in the Delta, the suggestion to increase salinity as a
restoration measure should be removed.

c. Detrimental to Drinking Water and Agriculture — Maintaining salinities within
the Delta high enough to control Egeria densa would not only severely limit
habitat and food availability for native species, it would also severely limit water
available for drinking water or agriculture. Based on the State Water Resources
Control Board Water Quality Objectives protecting agriculture in the south Delta,
salinities should be below 1,000 ps/cm, or 0.67 ppt, to avoid salt damage to crops.
During 1931, when salinity in Frank’s Tract exceeded 10 ppt at high tide for a
single day, salinity levels exceeded the agricultural standards as far north as
Walnut Grove along the Sacramento River and upstream of Stockton along the
San Joaquin River, so that the entire legal Delta was too salty for farming. U.S.
EPA secondary standards for drinking water quality limit chloride to 250 mg/L, or
0.25 ppt. During the 1931 drought, water quality near Clifton Court exceeded this
drinking water quality standard from July through November. Water quality
above Hood along the Sacramento was sufficient to meet this drinking water
standard during the peak salinity intrusion in 1931; however, the peak salinity
intrusion was for a single day at high tide. In order to control Egeria, the mean
salinity would need to reach 10 ppt consistently for an extended period; under
such circumstances, and especially if a large diversion at Hood were to be used to
lower the outflow to negative levels, salinity would intrude well north of Hood,
rendering use of an intake there impossible. If low outflows were to be achieved
by reducing reservoir releases, then flows in the Sacramento and San Joaquin
Rivers would be so low that navigation, in-basin diversions and migratory species
such as winter and spring run salmon would all be threatened.

6Department of Public Works. 1931. Variation and Control of Salinity in Sacramento-San Joaquin Delta and Upper
San Francisco Bay. Bulletin No. 27. State of California, Department of Public Works, Division of Engineering and
Irrigation. See http://www.archive.org/details/variationcontrol27calirich
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¢ INACCURATE DESCRIPTION OF HISTORICAL DELTA SALINITY

The ERP contains descriptions of the Delta as maintained as a freshwater pool year-round (p.
33). The Delta was historically a freshwater marsh but is no longer fresh year-round.
Salinity intrusion has increased, not decreased, over time. Figures 1 and 2 demonstrate that
since 1985, net delta outflow has decreased and western Delta salinity has increased every
month compared to the unimpaired conditions.
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Figure 1 Historical and Unimpaired Net Delta Outflow from 1985-2003. Note that measured NDO is always less than

unimpaired.
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Figure 2 Historical and Unimpaired Salinity at Collinsville. Unimpaired salinity was calculated using unimpaired NDO
and the G-model. Note that measured salinities are consistently greater than unimpaired.

Upstream and in-Delta water diversions and water exports have altered the variability of
saline conditions in the Delta’. Restoring a variable salinity regime that more closely
approximates conditions prior to the early 1900’s would require higher flows and much
fresher conditions than current management practices provide, with larger outflows in the
fall in most years and much larger outflows in the late winter and spring in all years.
Human activities during the last 150 years, including channelization of the Delta,
elimination of tidal marsh, construction of deep ship channels, and diversion of water,
have resulted in the increased salinity levels in the Delta. The historical record and
published studies uniformly demonstrate that the Delta is now managed at a salinity level
that is much higher than would have occurred under pre-1900 conditions. Operation of
new reservoirs and water diversion facilities for salinity management reduces salinity

7 Enright and Culberson, 2009. Salinity trends, variability, and control in the northern reach of the San Francisco
Estuary. San Francisco Estuary and Watershed Science, Volume 7, Issue 2, CALFED Bay-Delta Authority,
December 2009.
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intrusion somewhat, but the levels still exceed pre-1900 salinities. Seasonal and inter-
annual variation in salinity has also been changed; however, this change is largely the
result of reduced freshwater flows into the Delta, At any given location in the western
Delta and Suisun Bay, the percentage of time during the year when fresh water is present
has been greatly reduced or, in some cases, largely eliminated. CCWD has attached a
report describing historical salinity in the Delta based on peer-reviewed materials and
publicly available data. We urge you to consider this report, and the references therein, to
inform ERP narratives, goals and objectives, Please update the ERP to accurately depict
the current salinity and flow regime.

% CONSEQUENCES OF CLIMATE CHANGE
Although there is little scientific dispute that sea level is rising on a global scale, there is
considerable variation in predictions of the rate and extent of sea level rise, particularly at
the local scale. The Delta Reform Act requires the BDCP to evaluate sea level rise up to
55 inches (Section 85302 (2) (C)); however, the ERP should consider a range of sea level
rise consistent with peer-reviewed literature. On page 31 the ERP uses an estimate of 55
inches (over 4.51t) of sea level rise over the next 100 years (Cayan ef af .20098). Cayan et
al. have published several other studies”, including peer-reviewed articles, indicating
that relative to sea levels in 2000, sea level could rise between 4.3 and 28 inches
depending on the warming and emission scenario modeled. Rhamstorff 007!
predicted that sea level could rise between 19 and 55 inches by 2100 relative to 1990
conditions. The ERP should clarify that 55 inches of sea level rise by 2100 is the on the
higher end of estimates available and state-wide planning efforts based on that
assumption are conservative. Please update the ERP to include a range of sea level rise
that is consistent with peer-reviewed literature and ensure the appropriate citations are
used.

The ERP should also acknowledge that the water quality consequences of habitat
restoration in the context of climate change are not yet known and will require detailed
modeling of each individual restoration project to properly understand. For example, the
ERP asserts on page 33, “Restoring tidal perennial aquatic habitat would also result in
higher water quality”. However, the results of the restoration projects will vary based on
their locations and configurations, and based on the water quality parameter under
consideration. On the same page the ERP also states, “Expected reductions in the
availability of freshwater for all beneficial uses, due to changing precipitation patterns

® Cayan et. al 2009. Climate Change Scenarios and Sea Level Rise Estimates for the California 2009 Climate
Change Scenarios Assessment. California Energy Commission. CEC-500-2009-014-F.

? Cayan, D., Bromirski, P., Hayhoe, K., Tyree, M., Dettinger, M., Flick, R., 2006, Predicting sea level rise.
Califorania Energy Comnission. CEC-500-2005-202-8F

' Cayan, D., Bromirski, P., Hayhoe, K., Tyree, M., Dettinger, M., Flick, R., 2008. Climate change projections of sea
level extremes along the California coast. Climatic Change (87): S57-5873.

1 Rhamstorff, S., 2007, A semi-empirical approach to projecting future sea-level rise. Science 315 (5810), pp: 368-
370.
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and extended droughts, means that sea level rise will increase salinity in some areas of
the Delta, particularly the western and central Delta, even absent any natural
perturbations such as an earthquake-induced levee breach of a major Delta island.”
Restoring habitat can lead to changes in hydrodynamics and conse%uently water quality.
Modeling studies developed for the BDCP and Suisun Marsh EIR'" have shown that
restoration projects may increase or decrease salinity intrusion into the Delta depending
on the specific project; location, geometry and habitat type influence the hydrodynamics
and salinity. The ERP should acknowledge previous work that has been completed by
implementing agencies (Suisun Marsh EIR) and recommend that robust analyses should
be completed prior to implementing a specific restoration project to assess the potential
consequences. As restoration projects move forward, it will be important to learn from
the modeling that comes prior to implementation and post-project monitoring to test the
goals and hypotheses of that project.

In conclusion, CCWD highly recommends either removing the unsupported discussion on
increasing salinity as a means of improving conditions for native species, or providing peer
reviewed references to support it. Any discussion must include the range of salinities that would
be sought, the required flow conditions to meet those salinities, and the expected outcomes. As
presented, the discussion on increasing salinity is little more than unsupported speculation that
provides essentially no information that can be evaluated.

CCWD looks forward to providing further input to the ERP as the process continues. Please call
me at (925) 688-8100 or Maurcen Martin at (925) 688-8323 if you have any questions or
concerns.

Sincerely,

g Jrr—

Greg Gartrell
Assistant General Manager

GG/MM:wee

Attachment

"> Suisun Marsh Habitat Management, Preservation and Restoration Plan. Draft EIR/EIS. October 2010.
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Foreword - Establishing the Historical Baseline

The watershed of the Sacramento—San Joaquin Delta (Delta) provides drinking water to
more than 23 million Californians as well as irrigation water for millions of acres of
agriculture in the Central Valley. The Delta itself is a complex estuarine ecosystem, with
populations of many native species now in serious decline. The Delta estuary as we know it
began to form about 6,000 years ago, following the end of the last ice age. Because the
estuary is connected to the Pacific Ocean through San Francisco Bay, seawater intrusion
causes the salinity of Suisun Bay and the Delta to vary depending on hydrological
conditions. This seawater intrusion into the Delta affects estuarine species as well as
drinking water and irrigation water supplies.

Successful restoration of the Delta ecosystem requires an understanding of the conditions
under which native species evolved. Contra Costa Water District’s report on “Historical
Fresh Water and Salinity Conditions in the Western Sacramento-San Joaquin Delta and
Suisun Bay” presents a detailed review of more than 100 years of studies, monitoring data,
scientific reports, and modeling analyses that establish an historical record of the salinity
conditions in the Western Delta and Suisun Bay.
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Executive Summary

The historical record and published studies consistently show the Delta is now managed at a
salinity level much higher than would have occurred under natural conditions. Human
activities, including channelization of the Delta, elimination of tidal marsh, and water
diversions, have resulted in increased salinity levels in the Delta during the past 150 years.

Eighty years ago, Thomas H. Means wrote (“Salt Water Problem, San Francisco Bay and
Delta of Sacramento and San Joaquin Rivers,” April 1928, pp 9-10):

“Under natural conditions, Carquinez Straits marked, approximately, the
boundary between salt and fresh water in the upper San Francisco Bay and
delta region of the two tributary rivers—the Sacramento and San Joaquin.
Ordinarily salt water was present below the straits and fresh water was
present above. Native vegetation in the tide marshes was predominately of
salt water types around San Pablo Bay and of fresh water types around
Suisun Bay....

The definite statement that salt water under natural conditions did not
penetrate higher upstream than the mouth of the river, except in the driest
years and then only for a few days at a time, is warranted....

At present [1928] salt water reaches Antioch every year, in two-thirds of
the years running further [sic] upstream. It is to be expected that it will
continue to do so in the future, even in the years of greatest runoff. In
other words, the penetration of salt water has become a permanent
phenomenon in the lower river region.

The cause of this change in salt water condition is due almost entirely to
the works of man.”

In 1928, Thomas Means had limited data over a short historical period from which to draw
these conclusions. Nonetheless, his conclusions remain accurate and have been confirmed by
numerous subsequent studies, including paleosalinity records that reveal salinity conditions
in the western Delta as far back as 2,500 years ago. The paleosalinity studies indicate that
the last 100 years are among the most saline of periods in the past 2,500 years.
Paleoclimatology and paleosalinity studies indicate that the prior 1,500 years (going back to
about 4,000 years ago) were even wetter and less saline in San Francisco Bay and the Delta.
The recent increase in salinity began after the Delta freshwater marshes had been drained,
after the Delta was channelized and after large-scale upstream diversions of water, largely for
agricultural purposes, had significantly reduced flows from the tributaries into the Delta. It
has continued, even after the construction of reservoirs that have been used in part to manage
salinity intrusion.
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Increased Salinity Intrusion into the Delta

Studies and salinity measurements confirm that despite salinity management efforts, Delta
salinity is now at or above the highest salinity levels found in the past 2,500 to 4,000 years.
Under equivalent hydrological conditions, the boundary between salt and fresh water is now
3 to 15 miles farther into the Delta than it would have been without the increased diversions
of fresh water that have taken place in the past 150 years.

Reservoir operations artificially manage salinity intrusion to conditions that are saltier than
had been experienced prior to the early 1900’s. While these managed conditions are
certainly fresher than would occur in today’s altered system if operated without any salinity
management, they are still saltier than what the Delta experienced under similar hydrological
conditions in the past. While the Delta is being managed to a somewhat acceptable saline
condition to meet many beneficial uses, it is still managed at a more saline condition than
would have occurred prior to the anthropogenic changes of the past 150 years.

For example, the 1928-1934 drought was one of the driest periods in the past 1,000 years
(Meko et al., 2001a), and occurred after tidal marshes within the Delta had been reclaimed
and water diversions began removing substantial amounts of fresh water from the Bay-Delta
system. Nonetheless, the Delta freshened during the winter in those drought years. This
winter freshening of the Delta has not occurred during recent droughts. While salinity
intrusion into the Delta was previously only seen in the driest years, significant salinity
intrusion now occurs in nearly every year — exceptions are only found in the wettest
conditions.

Changed Variation in Salinity

The variability of fresh and saline conditions in the Delta has considerably changed because
of upstream and in-Delta water diversions and water exports (Enright and Culberson, 2009).
This change in variability results largely from the lack of fresh conditions in Suisun Bay and
the western Delta, especially in the winter and spring. Restoring a variable salinity regime
that more closely approximates conditions prior to the early 1900°s would require much
higher flows and much fresher conditions than current management practices provide, with
larger outflows in the fall in most years and much larger outflows in the late winter and
spring in all years.

Key Conclusions

The major conclusions of this study are:

1. Salinity intrusion during the last 100 years has been among the highest levels over the
past 2,500 years. The Delta has been predominantly a freshwater tidal marsh for the last
2,500 years.

2. Human activities during the last 150 years, including channelization of the Delta,
elimination of tidal marsh, construction of deep ship channels, and diversion of water,
have resulted in the increased salinity levels in the Delta.
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3. Conditions in the Delta during the early 1900°s were much fresher than current
conditions for hydrologically similar periods. Salinity typically intrudes 3 to 15 miles
farther into the Delta today.

4. The historical record and published studies uniformly demonstrate and conclude the
Delta is now managed at a salinity level that is much higher than would have occurred
under pre-1900 conditions. Operation of new reservoirs and water diversion facilities for
salinity management reduces salinity intrusion somewhat, but the levels still exceed prel
1900 salinities.

5. Seasonal and inter-annual variation in salinity has also been changed; however, this
change is largely the result of reduced freshwater flows into the Delta. At any given
location in the western Delta and Suisun Bay, the percentage of time during the year
when fresh water is present has been greatly reduced or, in some cases, largely
eliminated.

Background

Flows and water quality in the Sacramento-San Joaquin Delta (Delta) are strongly influenced
by freshwater inflow from the rivers, by the tides in San Francisco Bay and by salinity from
Bay waters. Prior to human influence, the historical distribution of salinity in the Delta was
controlled primarily by the seasonal and inter-annual distribution of precipitation, the
geomorphology of the Bay and Delta, daily tides, the spring-neap' tidal cycle, and the mean
sea level at Golden Gate. Extended wet and dry periods are both evident in the historical
record. Since about 1860, a number of morphological changes to the Delta landscape and
operational changes of reservoirs and water diversions have affected flows and the
distribution of salinity within the Delta.

Between 1860 and 1920, there was significant modification of the Delta by humans:
(i) marsh land was reclaimed,

(i1)) hydraulic mining caused extensive deposition and then erosion of sediment, and,
(ii1)) Delta channels were widened, interconnected and deepened.

Large-scale reservoir construction began in about 1920 and continued through the 1970’s,
changing the timing and magnitude of flows to the Delta. Large volumes of water began to
be diverted for agricultural use upstream of and within the Delta in the same time period. In
more recent times, California’s Delta water resources have been extensively managed to
meet the water supply needs of the State’s municipal, industrial, and agricultural water users,
with attempts made to also provide flow and water quality conditions to meet fishery needs.

Proposals for significant additional alteration of the Delta and of flows within the Delta are
currently being developed as part of the Bay-Delta Conservation Plan process®. To

! During a spring tide, the gravitational forces from the sun and moon are largely the same direction and
the high-low tidal range is greatest. During a neap tide, the gravitational forces sun and moon are largely
not aligned and the tidal range is the lowest. The spring-neap tidal cycle, from strong spring tides through
weak neap tides and back to spring tides, in San Francisco Bay has a period of about 14 days.

? www.baydeltaconservationplan.com
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understand the effect of those proposals, it is important to accurately establish historical
conditions. For example, for ecological restoration to be successful, it is necessary to
establish and understand the conditions to which native species have previously adapted and
survived in order to predict their response to future changes in climate or water management.
This report uses available data and modeling to examine the consequences of structural
changes in the Delta (channelization, channel dredging), increased diversions of water
upstream of the Delta, reservoir operations, climate and sea level effects, and other factors on
Delta salinity.

Objective

The objective of this report is to answer two major questions regarding the historical extent
of fresh water and salinity in the western Delta and Suisun Bay:

I.  What was the extent of fresh water and what were the salinity conditions prior to large-
scale reservoir operations and water diversions (i.e., prior to early 1900’s) and prior to
structural changes in the Delta (i.e., prior to the 1860°s)?

II. What are the effects of large-scale water management practices (reservoir operations and
diversions) on salinity conditions in the western Delta and Suisun Bay?

Approach

vii

Available data were used to characterize historical and present-day fresh water extent and
salinity intrusion into the Delta. The data examined in this report include paleohistorical
records (over geologic time scales) of river flow and salinity (Section 2), instrumental
observations of hydrology and salinity (Section 3), and literature reports on the extent of
fresh water in the Delta (Section 4). Additional details and supplemental information are
presented in the Appendices to this report.
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