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Subject: Addendum to City of Antioch submittal for the Bay-Delta Workshop 1

— Ecosystem Changes and LSZ
Excerpts from Three Relevant Historical Documents
FSI 064136

Dear Ms. Townsend and Members of the Board,

Our previous letter (dated August 7, 2012) provided information demonstrating
that the Delta was historically a freshwater ecosystem (prior to about 1918). In addition,
prior testimony (March 22, 2010) included three relevant historical documents that
clearly indicate that the Delta was historically fresh. We are resubmitting relevant
excerpts from these three documents, since the information regarding the historical
freshwater nature of the Delta is important for the Board to consider. These excerpts are
attached and are listed below:

e Excerpts from a report by Thomas Means (1928): “Salt Water Problem”,
pages 9, 10 and 57.

e Excerpts from the Department of Public Works (DPW) (1931) Report:
“Variation and Control of Salinity in Sacramento-San Joaquin Delta and
Upper San Francisco Bay”, pages 22 and 60.

e Excerpts from the DWR (1960) Report: “Delta Water Facilities”, page 13.

To facilitate the Board’s review we have also provided excerpts of relevant
passages from these documents, as follows:

“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 predominantly of salt water types around San Pablo Bay and of fresh water
types around Suisun Bay.” (Means, 1928, pg. 9).
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In response to salt intrusion into the Delta in the dry years of 1918, 1920, 1924 and 1926,
Means writes referring to the previous decade (i.e., 1918 through 1928), “It is probable,
should all streams be running in a natural way, that salt water would have penetrated no
farther in this extremely dry period than Antioch, and then only for a few days at a time.”
(Means, 1928, pg. 10, emphasis added).

““...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 afew days at a time, ...” (Means,
1928, pg. 10).

The first four points in the Summary of Means (1928, pg. 57) were:

1. “Carquinez Strait marked approximately the boundary between salt and fresh
water under natural conditions.

2. Prior to diversions for irrigation, Suisun Bay was brackish in late summer and salt
water may have penetrated as far as Antioch, but only for a few days at a time in
years of lowest run-off.

3. If the water now diverted for irrigation and held in storage were released, natural
conditions would again be brought about.

4. The dry year of 1918, in which the urge of war had encouraged heavy plantings of
rice and other crops in the Sacramento Valley, resulted in penetration of salt water
into the Delta for a longer time and to a greater distance upstream than ever
known before.”

“The dry years of 1917 to 1919, combined with increased upstream irrigation diversions,
especially for rice culture in the Sacramento Valley, had already given rise to invasions
of salinity into the upper bay and lower delta channels of greater extent and magnitude
than had ever been known before.” (DPW, 1931, pg. 22)

“From 1880 to 1920, Pittsburg (formerly Black Diamond) obtained all or most of its
domestic and municipal water supply from New York Slough [near Pittsburg at the
confluence of the Sacramento and San Joaquin Rivers] offshore.” (DPW, 1931,

pg. 60)

“From early days, Antioch has obtained all or most of its domestic and municipal water
supply from the San Joaquin River immediately offshore from the city... However,
conditions were fairly satisfactory in this respect until 1917, when the increased degree
and duration of saline invasion began to result in the water becoming too brackish for
domestic use during considerable periods in the summer and fall.” (DPW, 1931, pg. 60)

DWR found that freshwater (defined as chloride concentrations less than 350 ppm) was
available at San Joaquin at Antioch 88% of the time under “natural” conditions. This had
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decreased to 73% by 1920 and 49% by 1960 (DWR, 1960, pg. 13. Percentages estimated
from figure on right side of page 13.).

We respectfully request that this letter and the attached documents be included in the
administrative record for the Bay-Delta Workshop 1 — Ecosystem Changes and LSZ.

Sincerely,
/4 g {\ A_/

Al Preston, Ph.D., P.E.
Senior Scientist
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PENETRATION OF SALT WATER IN UPPER BAY
AND LOWER RIVER REGION

Under natural conditions, Carquinez Straits marked, approximately, the
boundary between salt and fresh water in the upper San Francaisco 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 predominantly of salt water types around San
Pablo Bay and of fresh water types around Suisan Bay.

In tidal waters, into which run fresh water streams of variable flow, there is an
ebb and flow of salt water and the zone of mixing will move up and down stream as
the fresh water flow increases and decreases. For short intervals in late summer of
years of minimumn flow, salt water penetrated the lower river and delta region, and in
wet scasens the upper bay was fresh, part of the time, to the Golden Gate. This
variation in quality of water was not, however, of sufficient duration to affect the
characteristic vegetation growth of the regions on each side of the straits, nor to
change the designation of Suisun Bay as ordinarily a fresh water body and $an
Francisco Bay as salt water.

The works of man have changed conditions in many ways. The most important
changes have been brought about gradually,—so slowly as to be hardly noticeable.
The dry scason of 1918,—when large summer diversions for irrigation in the Sac-
ramento Valley resulted in the saudden penetration of salt water farther upstream
than ever known before, at such an early period in summer,—frst brought the salt
water problem to pablic notice. The slow effects of increasing diversions in previous
vears had escaped notice, but were brought prominently to the attention of the in-
habitants of the upper bay and delta regions in this year. Since 1918, the dry years
of 1920, 1924 and 1926 have more convincingly demenstrated the importance of
the salt water problem.

An accurate picture of natural conditions is not possible, because no records have
been collected on which such a picture can be based, but very close approximations
can be made. The log of the distance traveled by the water barge of the California
Hawaiian Sugar Company in going upstrcam to obtain fresh water has been kept
since 1908. These figures give the means of determining approximately the condi-
tions during that period. In 1908 irrigation had been extensively developed in both
valleys and conditions then were not natural. For an estimate of earlier conditions
we must go to the stream flow records of the tributary streams before important
diversions are taken out,

It is the practice of the Sugar Company to send the barge upstream until water
of approximately 50 to 70 parts per millton chlorine is reached. 'The crew of the
barge are equipped with apparatus by which water is analyzed until this degree of
purity is reached, S$ince trips are made nearly every day during the summer months,
the record is a very good indication of the point reached by salt water, A summary
of the complete records shows the fluctuation of the line between fresh and salt
water, Records of the Sugar Company are attached, (Table 1.) '

The Sugar Company requires water of great purity. For irrigation, domestic
or ordinary industrial uses, water of a lesser degree of purity may be used. A com-
parison of the point where the Sugar Company’s barge is filled with the point where
the remaining uses could be satisfied, indicates that from five to ten miles dewn-
stream from the place where the barge turns, water could be obtained satisfactory for
domestic supply. Making an allowance of 774 miles in the average records, we find
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10 THE SALT WATER PROBLEM

that an average flow of 5,000 second feet in both streams will maintain fresh water
at Collinsville; 7,000 second feet will maintain fresh water at the San Francisco-
Sacramento ferry.

If we sum up the flow of the important tributaries of the Sacramento and San
Joaquin rivers at the points where these streams leave the mountains and assume that
this flow under natural conditions would have reached the head of the Suisun Bay,
we will find that at no time in the past ten years would the average monthly flow
have been less than 5,100 sccond feet, It is probable, should all streams be running
in a natural way, that salt water would have penetrated no farther in this extremely
dry period than Antioch, and then only for a few days at a time.

It is not possible to make a more detailed study of this condition without
making a number of assumptions as to speed of flow from the gaging stations to the
head of the bay, and there is little accurate information on which the assumptions
may be made. The definite statement that salt water under natural conditions did
not penetrate higher upstream than the mouth of the river, except in the driest
vears and then only for a few days at 2 time, is warranted. (See Table 2 for monthly
flow of tributary streams.)

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

CAUSE OF CHANGE IN SALT WATER CONDITIONS

The cause of this change in the salt water condition is due almost entirely to
the works of man. Lf natural changes have had any eflect, it is too small to be
measured. The most important natural condition is the sequence of dry and wet
periods. Since 1917 the State has experienced dry years with low runoff in nearly
all streams. During this period two vears have exceeded normal stream flow in some
ctreams (1921 and 1927). In each of these years excessive salinity {over 100 parts
chlorine per 100,000) was present at Antioch about two months,

Irrigation
Storage and diversion of water have been the principal causes of salinity in-
crease in the upper bay country. The area irrigated varies from year to year; in
1926 the acreage of lands on the floor of the valley was approximately as follows:

Estimate of Diversions and Area Irvigated 1920—Sacramento and San Joaguin
Valleys, Not Including Mountain Areas

HAere Feet Acres
Diverted Irvigated
Sacramento and tributaries above Sacramento, including
rice, 128,439 2CTes oeeoieecemies e e eeeenee. 1,044,973 235,995
Delta uplands oo 146,906 53,649
Delta area oo A N e e e 264,479
San Joaguin Valley estimated. ~..2,100,000 700,000

3,891,879 1,254,123

In sddition to this area on the valley floor, there is a large acreage in the moun-
tains which uses water from the streams tributary to the rivers that drain $hrough
Suisun Bay. The acreage irrigated in the mountains is not so accurately known as
the zrea on the vallev floor, but it is large and, particularly in low flow season, very
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THE SALT WATER PROBLEM

SUMMARY

Carquinez Strait marked approximately the boundary between salt and fresh
water under natural conditions.

Prior to diversions for irrigation, Suisun Bay was brackish in late summer and
salt water may have penetrated as far as Antioch, but only for a few days at
a time in years of lowest run-off,

If the water now diverted for irrigation and held in storage were released,
natural conditions would again be brought about,

The dry year of 1918, in which the urge of war had encouraged heavy plant-
ings of rice and other crops in the Sacramento Valley, resulted in penetration
of salt water into the Delra for a longer time and to a greater distance up-
stream than ever known before.

Examination of available information shows that the yearly increased diver-
sion of water which had been going on since irrigation commenced in the
valleys of California, had been gradually affecting the movements of salt
water, This slow effect was hardly noticed until 1918,

Lrrigation and storage are not solely responsible for the influx of salt water.
The load of hydraulic mining debris deposited in the streams draining the
Sierra Nevadas is a minor factor in the problem. As the sediment moves down-
stream the tidal prism is changed and the movement of water is affected.

Leveeing and reclamation of marsh lands, around the bays and in the delta
region, have had a slight effect upon tidal movements, The net effect of levee-
ing marsh land has been to decrease the tendency of salt water to flow up-
stream.

Leveeing of basin Jands and diversion of floods through by-pass channels has
had an important effect in sending floods rapidly to tide water and in reducing
the late summer flow of water which under naturai conditions was stored and
slowly released from basins.

Dredging, particularly in lower portions of the rivers and in the navigation
channels of 8an Pablo Bay, has increased the tendency for salt water to flow
up-stream. Dredging in Suisun Bay and in the deep water channels to Stockton
may have the same tendency. All increases in channel depth and in straighten-
ing of approach have a tendency to increase up-stream flow of salt water,
though a quantitative estimate of this tendency cannot be made.

Irrigation now diverts the entire low flow of all streams entering the San Joa-
quin Valley, The only flows reaching tide water in late summer and early fall
are return waters—seepage from irrigation,

Pumping plants on the west side of the San Joaquin Valley, lifring water to
the west side slopes, now divert more water during late summer than enters
tide-levels from the river. The San Joaquin delta under present conditions is
dependent in late summer of dry years on flow from the Sacramento River.
Additional pumping plants are being installed and there will be a greater
tendency in the future than in the past for salt water to flow up-stream into
the delta channels,

[rrigation in the Sacramento Valley in late sumemer diverts practically all the
flow of streams entering the valley floor. The flow of the river at Sacramentap
the head of tide water, is now largely return secepage or waste from canals,
The low flow at Sacramento was 500 second feet in 1920; 2750 in 1921,
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DELTA WATER FACILITIES
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Director.
Department of Water Resources



The natural availability of good quality water in the Delta
is directly related to the amount of surplus water which flows
to the ocean. The graph to the right indicates the historic and
projected availability of water in the San Joaquin River at Anti-
och containing less than 350 and 1,000 parts chlorides per million
parts water, under long-term average runoff and without specific
releases for salinity control. It may be noted that even under
natural conditions, before any significant upstream water develop-
ments, there was a deficiency of water supplies within the speci-
fied quality limits. It is anticipated that, without salinity control
releases, upstream depletions by the year 2020 will have reduced
the availability of water containing less than 1,000 ppm chlorides
by about 60 percent, and that exports will have caused an addi-
tional 30 percent reduction.
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NATURAL DEFICIENCY

EFFECTS OF UPSTREAM NOTE: QUALITY LIMITS IN PARTS OF
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The magnitude of the past and anticipated future uses of water
in areas tributary to the Delta, except the Tulare Lake Basin,
1s indicated in the diagram to the left. It may be noted that, while
the present upstream use accounts for reduction of natural inflow
to the Delta by almost 25 percent, upstream development dur-
ing the next 60 years will deplete the inflow by an additional
20 percent. By that date about 22 percent of the natural water
supply reaching the Delta will be exported to areas of deficiency
by local, state, and federal projects. In addition, economical devel-
opment of water supplies will necessitate importation of about
5,000,000 acre-feet of water seasonally to the Delta from north
coastal streams for transfer to areas of deficiency.
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