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PENETRATION OF SALT WATER IN UPPER BAY
AND LOWER RIVER REGION

Under natural conditions, Carquinez Straits marked, approximatelv, 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.

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 Iower river and delta region, and in
wet scasons 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 San
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 sudden penetration of salt water farther wpstream
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 demonstrated 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 tribatary 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 million 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 714 miles in the average records, we find
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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 conditien 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. {Sec Table 2 for monthly
flow of tributary streams.)

At present salt water reaches Avtioch every year, in two-thirds of the years run-
ning further upstream. It is to be expected that it will centinue to do so in future,
cven in years of greatest runoff. In other words, the penetration of salt water has
become a permanent phenonienon 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 effect, 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 ncarly
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 {00 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 lrrigated 1926—Sacramento and San Joaquin
Valleys, Not Including Mountain Areas

Aere Feet Acres
Diverted Irvigated
Sacramento and tributaries above Sacramento, including
rice, 128,439 2078 oo oo eneanneeee 1,044,973 235,995
Delta uplands. oo o " 146,906 53,649
Delta area. . O e i e St 264,479
San Joaquin Valley estimated. e ...2,100,000 700,000

3,891,879 1,254,123

In addition to this area on the valley floor, there is a large acreage in the moun-
tains which uses water ftom the streams tributary to the rivers that drain €hrough
Suisan 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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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, resnlted in penetration
of salt water into the Delta 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.

Levecing 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 natural 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 Snisun 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 fal]
are return waters—seepage from irrigation,

Pumping plants on the west side of the San Joaquin Valley, lifting 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,

Irrigation in the Sacramento Valley in late summer diverts practically all the
flow of streams entering the valley floor. The fow of the river at Sacramentap
the head of tide water, is now largely return seepage or waste from canals.
The low flow at Sacramento was 500 second feet in 1920; 2750 in 1921,
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3200 in 1922; 3100 in 1923; 705 in 1924; 2760 in 1925; 1330 in 1926;
and 3420 in 1927,

The area irrigated in the delta of both rivers is now 360,000 acres. The quan-
tity of water used by this land has not been determined with any accuracy.
Comparing crops and other conditions affecting use of water, it is probuble
that the annual consumption approximates 134 acre feet per annam. Twenty
per cent of the annual amount is used in the summer months of greatest evap-
oration. At this rate the consumption of water by the delta arca is at the rate
of 2100 second fect in the summer, This exceeds the flow into tide water by
the river in all years of low flow,

Records of salt content of the water have been collected by the Division of
Water Rights since 1917. The area of delta land surrounded by salt water
{100 parts chlorine per 100,000} at high tide is shown in the following
table:

Approximate Stream Area in Delta
Year Flow before Diver- Surrounded by

sions in Per Cent Salt ‘Water,

of Normal. Acres..

e e b 24 169,000
L T — 53 58,000
1925 s S 74 8,500
1927 cunnnesrsamueassims sz 100 5,000

Contrary to popular opinion, the period since 1918 has not been one of stag-
nation in irrigation development. A number of large storage reservoirs have
been built and placed in operation since then. Of approximately 4,000,000
acre feet of storage reservoirs on streams draining through Carquinez Strait,
55 per cent or 2,725,000 acre feet have been built since 1920. Diversions of
water, particularly on the Jower San Joaquin River, have increased.

The area under irrigation has steadily increased in both valleys, In 1926 it
is estimated that 1,230,000 acres were irrigated in the floor of the valley with
3,900,000 acre feet of water by diversions from streams draining toward Car-
quinez Strait. If mountain valleys and lands irrigated from wells are in-
cluded, the total area irrigated is probably over 1,750,000 acres.

Further extensions of irrigated area are being planned in both valleys, Within
the next five vears the bay cities will have diverting capacity of about 185
second feet and will control 431,000 acre feet of storage reservoirs, Thesc
enterprises will tend to increase the salt water menace. There is reason to ¢x-
pect the same menace of salt water as occurred in 1920, 1924 and 1926 to
be present every year.

Salt water will penetrate the jower delta region every summer under present
conditions. The distance water will flow up-stream will depend less and less
upon the flow of streams into the valleys as the increase in use of water con-
tinwes. About one-haif of the delta is likely to be menaced any year. The
area may extend beyond this line.

There is now no legal contral of diversions, other than by the slow and costly
process of litigation, except upon a few small tributary streams where the Di-
vision of Water Rights has completed adjndications. Litigation bepween Jower
users of water in the delta and upper riparian users and appropriators has been
in progress for several years. Other litigation may be started. The legal pro-




