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FOREWORD

This bulletin, printed by the State Division of Water Resources, is
the report in full of the investigations for a Salt Water Barrier below
the confluence of Sacramento and San J oaquin rivers, carried on from
April, 1924, to March, 1926.

On January 26, 1924, a contract was executed jointly by the U, S.
Bureau of Reclamation, the then California State Division of Engi-
neering and Irrigation, and the Sacramento Valley Development Asso-
ciation, providing for contribution of funds and carrying out of the
investigations. Three supplemental contracts were subsequently exe-
cuted, providing additional funds. The work was performed in accord-
ance with an agreement covering the general plan of procedure. Field
investigations and preparation of the report were under the direct
charge of Walker R. Young, Engineer of the U. S. Bureau of Reclama-
tion, in consultation with a state engineering advisory committee. Texts
of the contracts and agreement are given in Part Two of this volume.,

The release of the report was authorized to the U. S. Bureau of
Reclamation by Edward Hyatt, State Engineer of California, on
June 21, 1928, and its final release approved by Elwood Mead, Com-
missioner of Reclamation, on June 22, 1928. Since the latter date the
report has been publicly accessible in manuseript form, but no funds
were available for printing from federal, state or other sources.

On June 18, 1929, the U. S. Bureau of Reclamation approved publi-
cation of the report in full but solely at state expense. The cost of
printing the report, therefore, has been defrayed entirely from state
funds, which became available for this purpose in August, 1929.

The original typewritten report was prepared in four volumes, but
in printing it was found advisable to assemble all material except the
drawings under one cover as Volume I, and to bind the plates separately
as Volume IT. '




LETTER OF TRANSMITTAL

ELLENSBURG, WASH., August 27, 1927.

From WaALkER R. Youne, Construction Engineer,
To CuiEr ENGINEER, Denver, Colorado.

Sursecr.—Report upon the proposed Salt Water Barrier
below the confluence of the Sacramento and San Joaquin
rivers in California.

1. Transmitted herewith is a report upon the investigation made of
the above proposed control works as provided for in the Cooperative
Contract of January 26, 1924, to which the United States Department
of the Interior ; the Department of Public Works, Division of Engineer-
ing and Irrigation of the State of California; and the Sacramento
Valley Development Association are parties. The execution of supple-
mentary contracts made possible the extension of the investigation
to include development of foundation conditions in detail at three loca-
tions, and to make studies of subjects which are inseparable from those
of the structure itself. These studies have not only delayed the com-
pletion of the report but have added materially to its volume.

2. In the report, sixteen preliminary designs and estimates with
three alternatives, are presented according to the suggestion of your
Board of Engineers that all designs and estimates completed be
included in the report in order that they may be readily available in
the economic study which is considered necessary in the final deter-
mination of the feasibility of the barrier. No attempt was made to
study the economic aspects of the problem other than to enumerate
the advantages and disadvantages, as such a study was not considered
within the scope of this report.

3. The report is submitted in the following four volumes :*

Volume  I—Text.

Volume IT—Exhibits, Tables, and Estimates.
Volume ITI—Logs of Holes Drilled.

Volume IV—Drawings.

Realizing that many of the details will be of no particular interest
except to those who may be assigned to the further study of the problem,
an effort has been made, in Chapter I of the report, to give a brief
history of the investigation and to summarize the results obtained. It
is not believed that it will be necessary for you to do more than review
the first chapter to obtain the essential information.

4. The writer wishes to express his appreciation of the many cour-
tesies extended by those with whom he and his associates have come in
contact in the course of the investigation. Valuable assistance was
rendered by the Navy Department. I wish to acknowledge especially

* In the printed report all material except the drawings is assembled under one
cover as Volume I. The drawings are bound separately as Volume II

_—
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the courtesy of Commander C. A. Carlson, Public Works Officer, Mare
Island Navy Yard, through whom drill equipment was secured. The
War Department cooperated through the District Engineers at San
Francisco, Seattle and Detroit. We are indebted to Colonel W. J.
Barden, District Engineer at Seattle, who furnished very complete
data on the design and operation of Lake Washington Ship Locks.
The United States Coast and Geodetic and Geological Surveys cooper-
ated, as did the Southern Pacific and San Francisco and Sacramento
railroads. Data were furnished by the State Flood Control Engineer,
Highway Engineer and Water Supervisor. The Association of Indus-
trial Water Users of Contra Costa and Solano counties furnished data
relative to shipping, use of water and salinity. The American Toll
Bridge Company made available their record of borings in Carquinez
Strait. Space does not permit of naming the many individuals who
cooperated. I can not, however, refrain from mentioning the courtesy
and material assistance rendered by Mr. Geo. A. Atherton, general
manager for California Delta Farms, Inc., by Mr. William Pierce of
Suisun, California, and by Mr. C. H. Schedler, general manager, Great
Western Electro-Chemical Company.

5. In the preparation of the materials for the report, credit is due
Mr. W. A. Perkins, associate hydraulic engineer, Division of Engi-
neering and Irrigation, State Department of Public Works, who made
the prineipal studies of tides, floods and water required for operation;
to Mr. Nelson B. Hunt, associate engineer, Bureau of Reclamation,
who had direct charge of the preparation of all designs and estimates
of cost; to Mr. Paul A. Jones, assistant engineer, Bureau of Reclama-
tion, who made the field surveys and the study of storage in the bays
and delta channels; and to Mr. Ray C. Gossett, diamond drill foreman,
Bureau of Reclamation, who was in direet charge of all drill operations.
I wish here to express my appreciation of the loyalty and earnest effort
of these men and of their assistants.

(Signed) WarLkErR R. Youna.
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TEXT OF REPORT ON SALT WATER BARRIER
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CHAPTER I

HISTORY OF INVESTIGATION AND SUMMARY OF RESULTS
HISTORY

The Problem.

In the delta of the Sacramento and San Joaquin rivers, in California,
there are nearly one-half million acres of highly productive land which
are wholly dependent upon the lower river and delta channels as a
source of fresh water necessary in the irrigation of crops variously
estimated to be worth from 50 to 90 million dollars annually. Along
the shores of the upper San Francisco Bay system are many industrial
plants requiring large quantities of fresh water in their operation.

As shown on Plate 1-1, Sacramento and San Joaquin rivers dis- ‘
charge into Suisun Bay through what is practically a common mouth
and find their way to the Pacific Ocean through the ‘‘Golden Gate’’
after passing through Suisun Bay, San Pablo Bay and the northerly
portion of San Francisco Bay proper. If it were not for the rivers
the water in the bays would be practically as salty as the ocean, wholly
unsuitable for irrigation and for many industrial uses.

In years of normal run-off from the two great valleys of the Sacra-
mento and San Joaquin, the discharge of fresh water during the flood
season is sufficient to flush out the lower river and delta channels, and,
in fact, Suisun Bay and Carquinez Strait. With decreasing river
discharge during the summer months the salinity of Suisun Bay
increases, but in normal years the summer discharge of the rivers is
sufficient to keep their common mouth flushed clear of injurious quan-
tities of salt. However, in recent years of deficient rainfall the run-off
from the area draining into Suisun Bay has decreased to the extent
that it has, in years like 1920 and 1924, not been sufficient to supply
irrigation demands of the two great valleys and of the delta, and leave
enough fresh water to act as a natural barrier against encroachment of
salt water into the lower river and delta channels.

Salinity in the lower reaches of the rivers is not a new experience, as
is evident from the following quotations from page 54, House Document
No. 123, 59th Congress, first session:

It is of interest to note that in August, 1841, Commander Ringgold’s party
entered the mouth of the San Joaquin “and proceeded upstream for a distance
of 3 miles, where they encamped, without water, that of the river being still
brackish” (this camp was evidently opposite or in the immediate vicinity of

the site of the present city of Antioch). It is also said that there was trouble
from salt water in this vicinity in 1871.

In years of extreme drouth, salt water invades the San Joaquin to
points opposite Stockton.. If it had not been for the water conservation
measures adopted in 1924, it is probable that Sacramento’s domestic
water supply would have been contaminated by salt from the ocean.
The encroachment of salt water into the upper bays and lower rivers, .
thergfgre,_constitutes a serious menace to irrigation, industries and
municipalities, which promises to become more acute as the demand for
water increases with the natural development of the two great valleys.
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Purpose of Investigation.

The investigation was made at the request of the Sacramento Valley
Development Association and of the Delta Liand Syndicate for the
purpose of determining the feasibility, probable effectiveness and the
approximate cost of a ‘‘Salt Water Barrier’’ constructed at some point
below the confluence of the Sacramento and San Joaquin rivers to pre-
vent ineursions of salt water into the region of the delta. It was hoped
that in addition to eliminating the salt menace in the delta, the construe-
tion of a barrier would make possible the reclamation of what are now
salt marshes around the bays, and would create a body of fresh water
which would be of great economic value to the rapidly growing com-
munities and industries. If incursions of salt water can be prevented
through construction of a barrier, not only could the fresh water now
required to act as a natural barrier be largely conserved, but the delta
channels could be utilized as canals for the transfer of water from the
Sacramento Valley to San Joaquin Valley, which transfer is contem-
plated in the development of the state’s water resources. The request
for the investigation, dated January 4, 1923, is attached as Exhibit 1.

Authority for Investigation.

Authority for the investigation is contained in a cooperative contract
of January 26, 1924, entered into by the United States of America,
Department of the Interior; the Department of Public Works, Division
of Engineering and Irrigation of the State of California, and the Sacra-
mento Valley Development Association, and three supplementary con-
tracts dated June 26, 1924, March 3, 1925, and March 16, 1926. The
contracts accompany this report as Exhibits 2, 3, 4 and 5, respectively.

A contract dated September 19, 1924, attached as Exhibit 6, is the
authority for performing certain drilling for the East Bay Municipal
Utility Distriet.

Plan of Procedure.

A controlling board, created under the provisions of the original con-
tract, included the Chief Engineer, Bureau of Reclamation, the State
Engineer of California and the president and general manager of the
Sacramento Valley Development Association. In practice, Mr. Paul
Bailey acted for the state, Mr. W. A. Beard for the Development Asso-
ciation, while the writer was authorized to act for the Bureau of
Reclamation.

According to the terms of the first contract, the investigation fol-
lowed a general plan agreed to by all parties to the contract. The
agreement covering the general plan of procedure is attached as
Exhibit 7.

Valued advice and suggestions have been obtained through the
frequent visits of Mr. W. A. Beard, Mr. Paul Bailey and Mr. J. L.
Savage, Chief Designing Engineer, Bureau of Reclamation.

A plan was adopted of holding meetings in cities and towns in the
bay and delta regions for the purpose of discussing the Salt Water
Barrier as it might affect various interests. Meetings were held in
Berkeley, Richmond, Crockett, Martinez, Pittsburg, Sacramento,
MeceNear’s, San Rafael, Napa, Vallejo and Suisun.
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The work accomplished in the investigation was made the subject
¢f monthly reports to the Chief Engineer, Bureau of Reclamation, for
the period April, 1924, to the date of this report.

Engineering Board Meeting.

On June 9, 1924, the state’s advisory committee met in the Berkeley
office of the Bureau of Reclamation in an advisory capacity to assist
in the formulation of the general plan of procedure. The committee
met again in the Berkeley office on December 13, 1924, and on February
17, 1926. Members of the committee were Consulting Engineers F. C.
Herrmann, W. L. Huber, A. J. Cleary, G. A. Elliott, A. Kempkey and
B. A. Etcheverry.

Mr. R. G. E. Weber, superintendent of the Orland Project, was
called in to confer with the state’s committee in the formulation of the
plan of procedure. On January 4, 1926, a Board of Engineers,
appointed by the Chief Engineer, Bureau of Reclamation, convened in
Berkeley for the purpose of considering the designs and estimates
which had been prepared. Members of the board were Consulting
Engineer A. J. Wiley -and Chief Designing Engineer J. L. Savage.
Their report was transmitted to the Chief Engineer on January 11,
1926.

General Conference.

On January 8, 1926, a general conference was held in the Berkeley
office to discuss the broader aspects of the barrier problems. Those
present were Mr. C. B. Grunsky, Mr. W. A. Beard, Commander C. A.
(Carlson of the Navy Department, Lieut. Col. G. R. Lukesh, and Majors
John W. N. Schultz and C. S. Ridley of the War Department ; Messrs.
Paul Bailey and W. A. Perkins, representing the state, and Messrs.
A. J. Wiley, J. L. Savage, N. B. Hunt and the writer for the Bureau
of Reclamation. Unfortunately, members of the state’s advisory com-
mittee could not attend.

Field Office.

Headqguarters for the joint investigation of the Iron Canyon Project

in Sacramento Valley, and of the proposed Salt Water Barrier, were

. established in Berkeley, California, on April 19, 1924, the writer being

in direct charge. Mr. W. A, Perkins, Associate Hydraulic Engineer,

representing the State of California, Department of Public Works,

Division of Engineering and Irrigation, was assigned to the Berkeley
office on July 21, 1924.

The Berkeley office was discontinued on March 31, 1926, after which
work on designs and estimates were continued in the offices of the
Bureau of Reclamation at Ellensburg, Washington, to which the writer
had been assigned. The state’s representative returned to his regular
duties in Sacramento upon discontinuation of the Berkeley office.

Studies Made.

The principal studies made, aside from design of the barrier, included
those of tides, floods, navigation, storage, salinity, silt and water
required for operatiton.
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Field Work.

Of a number of sites which have been proposed for construetion of
a barrier, three were selected for investigation as being typical. The
Dillon Point site is located in Carquinez Strait at Dillon Point, where
the distance between shores is about one-half mile—less than at any
other point below the mouth of the rivers. As would be expected, the
depth of water is the greatest. The Point San Pablo site, between Point
San Pablo and Point San Pedro, represents a wide side, the distance
between shores being nearly two miles. At the Army Point site what
may be considered average conditions are found, the distance between
shore lines being about one mile.

Each of the three sites was drilled to determine the cross-seetion
between shores and to develop foundation conditions under the ship
locks and flood gates. Drilling was started on August 16, 1924, and
completed on August 7, 1925, after drilling a total of 322 holes, aggre-
gating 24,640 linear feet.

Topographic surveys and geological examinations were made at each
of the sites investigated, the latter by Kirk Bryan, Geologist of the
United States Geological Survey. ;

Measurements of tidal fluctuations and velocities were made at each
site as a part of the study to determine the gate area required to pass
floods from the rivers.

Samples of bay water were taken at the Army Point and Point San
Pablo sites over a period of one year in connection with the study of
salinity.

A count was made of vessels of various sizes passing each of the sites
for use in the determination of the number and size of ship locks
required.

Funds.

The original contract of January 26, 1924, made $30,000 available
for the investigation. As the work progressed it became evident that
additional funds would be required to complete the investigation of
the three typical sites selected. To meet the situation other contracts
were executed which, with the original sum, made available a total of
$77,407.82, of which the United States contributed $37,736.92, the
State of California $27,110.10 and local interests $12,560.80. A more
detailed statement of funds contributed appears as Exhibit 8.

It should be stated that funds contributed by local interests were
raised, principally, by subseription through the efforts of a contribu-
tors’ committee of the Lower Sacramento River Control Water
Project, of which Mr. Dan Hadsell was chairman.

Cost of Investigation.

All money made available for the work has been expended with the
exception of a small amount reserved by the state for reviewing the
report. Of the total, approximately 57 per cent ($43,600), including
a proportional part of the overhead expense, was used in drilling opera-
tions, the balance being used in the various studies made and in the
preparation of the preliminary designs and estimates recommended for
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inclusion in the report by the Board of Engineers. A detailed state-
ment of the cost of the investigation is included as Exhibit 9.

The great increase in cost over that contemplated in the original con-
tract is explained by the fact that three sites for the barrier were fully
developed by extensive drilling, whereas it was first believed that
development drilling could be limited to ome site, selected upon the
results of a comparatively small amount of preliminary drilling. More-
over, alternative designs and estimates have been made for all three
sites drilled, and for ome site which was not developed by drilling,
rather than for one site only, as was originally contemplated.

Data Filed.

Original computations and drill logs, field note books, maps, reports
and correspondence relative to the investigation are filed in the office
of the Chief Engineer, U. S. Bureau of Reclamation at Denver, Colo-
rado. In most eass copies of computations, drill logs, and othr essen-
tial data used in the preparation of the report, as well as all of the drill
core and samples obtained in the drilling operations, were forwarded to
the State Department of Public Works, Division of Engineering and
Trrigation, at Sacramento, California.

Visitors.

During the course of the investigation a number of prominent persons
inspected the sites for the proposed barrier, among them the following:

Commissioner Elwood Mead was in Berkeley at the time the investi-
gation was inaugurated in April, 1924. He was a visitor again in June,
1924, and in April, 1925.

Chief Engineer F. E. Weymouth and Director of Reclamation
Beonomics Geo. C. Kreutzer visited the work in June, 1924. The
Chief Engineer was in Berkeley again in October of the same year.

State Engineer W. F. McClure (now deceased) called at the Berkeley
office in July, 1924.

In October, 1924, Congressman Clarence F. Lee of California and
party inspected the work. ;

Secretary Hubert Work and party went over the work in April, 1925.

“In June, 1925, a party of about thirty guests of Congressmen Chas.
K. Curry of California made an inspection of the barrier sites. The
principal guest was Secretary Herbert Hoover. Other guests included
State Engineer McClure, engineers of the Army and Navy, and repre-
sentatives of various chambers of commerce and industries.

Superintendent of Construetion, S. O. Harper of the Bureau of
Reelamation, inspected the work in August, 1925.
~ In October, 1925, the Rivers and Harbors Committee of Congress
mspected the various sites under investigation while on a trip through
the bay and delta regions. The committee members were Congress-
men 5. Wallace Dempsey of New York, chairman; Walter Lineberger
of California, John MecDuffie of Alabama, and Nathan L. Strong of
Pennsylvania. Other congressmen who made the trip were Chas. F.
Curry and Clarence F. Lee of California and A. J. Sabath of Illinois.
Engineers of the Army, Navy, state and government accompanied the
party.

A
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SUMMARY OF RESULTS
General.

The studies made lead to the conclusion that it is physically feasible
to construct a Salt Water Barrier at any one of the sites investigated,
but at great expense; and that it will be effective in controlling the
salinity of the reservoir impounded above it. Not only will it protect
the delta and industrial plants along the shores of the bays, but its
construction will result in the conservation of a large part of the
fresh water required to act as a natural barrier against invasions of
salt water under present conditions.

Without the barrier, salinity conditions will become more acute unless
mountain storage is provided to be released during periods of low river
discharge to act as a natural barrier against invasions of salt water.
The amount estimated as necessary to act as a natural barrier was in
excess of the flow in the Sacramento River above Red Bluff in 1924.
Below Red Bluff diversions of water for irrigation in the Saeramento
Valley exceeded inflow.

The sites selected for development by drilling are considered geologi-
cally satisfactory for the type of structure proposed. Although
preliminary designs and estimates are presented for four sites, there
are only two general plans involved. A barrier, if constructed at the
Army Point, Benicia, or Dillon Point site, would creat a body of fresh
water in Suisun Bay and in the delta channels, while a barrier at the
Point San Pablo site would include San Pablo Bay as well.

Type of Dam Proposed.

The type of structure to which prineipal consideration is given is one
in which the ship locks and flood gates are located at one side upon
rock foundations, the closure of the present waterway being effected
by means of an earth and rock fill dam to be brought up to its designed
height after completion of the ship locks and flood gate structure. In
another type studied the flood gates form the closure between concrete
piers sunk to bedrock foundations in the present waterway by the open
caisson method. Both types have been designed with and without
provision for -carrying a railroad and highway.

The passage of floods is probably the most important problem since
it involves the safety of the delta levee system. It would be desirable,
if practicable, to provide gate area equivalent to, or slightly in excess
of, the present waterway area in order that conditions of flow might
remain unchanged, but the accomplishment of this plan would be very
costly if not altogther infeasible.

In the design of the structure, advantage is taken of the difference
in the elevation of water surface which it is possible to create above
and below the barrier to discharge flood water. On acecount of the:
fluctuating head, resulting from tides on the downstream side, the
discharge thorugh the flood gates will vary from a maximum at low
tide to a minimum at high tide. The reservoir above the barrier, there-
fore, will function as a basin in which the river discharge in excess of
the flow through the flood gates at high tide is stored to be discharged
at a rate in excess of the river discharge during low tide.

The flood gates are of the Stoney roller type with sills depressed tos
50 or 70 feet below sea level in order better to control the salinity of
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the water behind the barrier as explained in Chapter IX. In operation,
the gates woud be raised clear of the water surface as required to allow
free passage of the floods. As the flood receded the gates would be
lowered, one at a time, as necessary to maintain the water surface
above the barrier at any predetermined elevation.

The requirements for passing vessels through the barrier is an
important consideration irrespective of where it might be located, but
particularly, if located below Mare Island Navy Yard. In the designs
proposed, ship locks have been provided in number to care for consider-
able growth in water borne commerce and in size to pass the largest
ships likely to navigate the waters above the barrier.

In some of the design for the Army Point site, the ship locks would be
constructed away from the flood gates, which, of course, would be
advantageous for shipping during the passage of great floods from the
rivers but these are rare and considerable study would be required
before it could be determined whether the advantage thus gained would
offset the advantage of having the large salt water sump adjacent to
the ship locks where the salt water entering the fresh water reservoir
through the locks could be caught and returned to the salt water side.
1t is possible that the design with the ship locks and flood gates
separated would be even more efficient in controlling salinity, but
this is doubtful. The plan at the Army Point site in which the strue-
tures are separated interferes least with the plant of the Mountain
Copper Company and results in economy otherwise.

In the designs including a railroad and highway bridge across the
locks these have been placed at an elevation to permit a large portion
of vessels using the locks to pass underneath without opening or lifting
the bridges. In one design at the Dillon Point site, the clearance is
made sufficient to pass large ships without the necessity of moving
bridges. Adequate clearance will be more important 25 years hence
than at present on account of the increase to be expected in commerce.

A fish ladder is provided in one of the ship lock walls and provision
is made for relieving salinity above the barrier by pumping salt water
from that side in an emergency. The design of the structure is dis-
cussed in Chapter IV.

Estimated Cost.

Following is a table showing the estimated cost of the barrier at each
of the sites investigated. It should be noted, particularly, that the
estimates for the Benicia site are based upon assumed foundation
conditions since the site was not developed by drilling as were the other
three sites. No attempt will be made to analyze the costs as such an
analysis would be quite involved and of no particular value. Con-
clusions as to the desirable plan can be arrived at best by balancing
the estimated costs against the features of the design as shown on
the general plans referred to in the table, and to other drawings con-
tained in Volume II. Estimate No. 13 is unique in that Carquinez
Strait, for its full width, is taken advantage of in providing an extra
large flood gate area, and the railroad and highway bridges are placed
at the elevation required to avoid the necessity of lifting bridges to allow
the passage of vessels.
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SALT WATER BARRIER—SUMMARY OF PRELIMINARY
ESTIMATES
Totals only

(Refer to Table of Contents, Page 12, Section III, for reference to detailed description
of.each structure estlmated )

Estimate Plate Estimated
No. No. Location total cost
1 4- 1 Army Point-Suisun Point__________________ $58,5600,000
2 4-14 Army Point-Suisun Point_________ ———— 55,900,000
3 4-18 Army Point-Suisun Point_________ ———— 54,100,000
4 4-20 Army Point-Suisun Point——_______ ———— 49,800,000
5 4-22 Army Point-Suisun Point_________ _—__ 46,300,000
6 4-25 Army Point-Martinez - ______________ ———- 77,300,000
7 4-27 Benicia ~%46,200,000
8 4-31 Benicia _*40,200,000
9 4-33 Dillon Point 97,100,000
10 4-35 Dillon Point 38,900,000
11 4-37 Dillon Point 50,400,000
11-A 4-37 Dillon Point 44,700,000
12 4-37 Dillon Point 50,600,000
12-A 4-37 Dillon i - 44,900,000
13 4-47 Dillon Point__ 53,300,000
13-A 4-47 Dillon int 47,600,000
14 4-51 Point San Pablo 75,200,000
15 4-55 Point San Pablo - 66,000,000
16 4-57 Point San Pablo 82,100,000

The preliminary estimates are believed to be conservative. Refine-
ments in the final designs will probably result in reduction of quantities.
All construction materials are readily available in large quantities and
can be brought to any of the sites investicated by rail or water. Large

manufaecturing plants, foundries and machine shops are located nearby,

all tending toward low unit costs. The estimates of cost are based upon
present prices of material and labor. Should these change materially it
will, of course, be necessary to make adjustments in the estimates.

Tides and Floods.

The most critical condition to be met is a combination of a large |
flood from the rivers, a storm on .the ocean tending to pile up the &

water driven through the Golden Gate in the bays, and an unusually

high tide. An analysis of past floods leads to the coneclusion that:
provision should be made for the passage through the barrier of not?

less than 750,000 second-feet.

According to computations made the effect of a barrier of the type:
proposed, at the Army Point site would be to raise the water surface!

immediately above the structure 0.7 of a foot with a discharge of 750,000

second-feet. The effect would be felt less at the mouth of the rivers!
as a result of the smoothing out of irregularities by the reservoir created-
The studies indicate that if a 750,000 second-foot flood from the rivers:

should coincide with a tide reaching the maximum height recorded at
Army Point in 1909, but otherwise similar to the high tides of January:
24 and 25, 1914, the elevation of extreme high water (8.5 feet above
mean sea level) at Collinsville, as computed in flood plane studies made
by the State Department of Public Works (Bulletin dated February
10, 1925) would not be exceeded. 3

It is probable that the rise in water surface at Collinsville, due a‘
a barrier at the Point San Pablo site with equivalent gate area, would

* Foundations not developed by drilling, estimated cost includes 35 per cent
engineering, administration and contingencies. All other locations developed by dri
ing, estimated costs include 25 per cent for engineering, administration and co»
tingencies. -
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be less than if located at the Army Point site, but it would not be safe
to reduce the gate area at Point San Pablo for the reason that extreme
tides through the Golden Gate are more effective near the gate.

At the Army Point and Dillon Point sites the ship locks are consid-
ered effective in passing extremely large floods but they are not
considered available at the Point San Pablo site because of the greater
necessity for keeping the locks open to navigation at that site, even
during great floods.

The effect of a barrier at the Army Point site would be to reduce
the tidal volume passing the Golden Gate by less than 8 per cent in
comparison with about 35 per cent if it were built at the Point San
Pablo site. The occurrence of frequent high tides in the bays due to
piling up of water in them as a result of storms on the ocean would be
eliminated above the barrier if one should be constructed. The effect
on the elevations of tides immediately below the structure would be to
raise them slightly according to the United States Coast and Geodetic
Survey.

Navigation and Bridge Traffic.

Any plan for the control of salinity involving the construction of a
dam across the bay or river channels must be coordinated with the
requirements of navigation.

Ship locks are provided in number and size to meet the requirements
of the present and immediate future. Provision for ultimate traffic
at the time the barrier is constructed does not seem necessary sinee
anticipated additional flood control on the upper rivers will permit
the replacement of flood gates by ship locks as the need for them
develops. A summary of the operation as it would have oceurred on
July 6 and 7, 1925, is shown in Table 6-33.

Although railroad and highway bridges are contemplated in most of
the designs they are not regarded as indispensable and are omitted in
some in anticipation of indifference on the part of railroad and high-
way interests toward the opportunities afforded by the barrier. In
the studies made it is considered that traffic over them is subject at all
times to the convenience of navigation. The bridges are designed to
give a vertical clearance of 50 feet above high water when in the
lowered position and 135 feet when raised. The interruptions to bridge
traffic, as they would have been on July 6 and 7, 1925, are summarized
in Table 6-40.

An examination of Plates 2-3 and 2-4, showing depths in San Pablo
and Suisun bays, will indicate the limitations placed upon commerce
under present tidal conditions. If the elevation of the water surface
above the barrier were maintained at about 21 feet above mean sea
level, a constant depth equivalent to that at mean high tide under
present conditions, could be obtained. Uncertain and varying tidal
currents would be eliminated above the barrier and they would be
reduced in velocity below, providing that present condifions of the
channels are maintained. The maintenance of a constant water level
would not only be convenient for navigators but would be a material
benefit to owners of wharf property above the barrier.

The farther upstream the barrier is located the less it will interfere |
with shipping. TLocking requirements can be satisfied with least expense i

)
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at the Army Point site and conditions are most unfavorable: at the
Point San Pablo site.

The construction of a barrier at the Point San Pablo site probably
would be looked upon with disfavor by the Navy Department for the
reason that it would restrict free navigation through San Pablo Bay to
the Mare Island Navy Yard by the necessity of passing war vessels
through ship locks. This objection does not apply to the Dillon Point,
Benicia or Army Point sites.

Storage in the Delta Channels and Bays.

For convenience the calculated storage in the tidal prism above each
barrier site, between elevation —3.6 and +6.4 U. S. G. S. Datum
(0 and 10, U. S. Engineer Datum), has been summarized in Table 7-2,
Part Two of this volume.

Silt.

The problem has been attacked with the idea that any structure
which would be detrimental to San Francisco harbor would be looked
upon with disfavor by those in jurisdiction. Whether the scouring
action of the tidal currents tends to maintain or destroy fixed channels
in the bay system, and what will be the effect of a barrier upon silting,
remain to be determined. Conclusions must, therefore, take the form
of conjecture until studies more comprehensive than were possible in
this investigation have been completed.

Salinity.

In years of normal river discharge there is no salinity problem in the
delta. It is menacing for a few days in the fall only but, considering
the marshes surrounding the upper bays and the towns and industrial
plants along their shores, the encroachment of salt water presents a
serious problem almost every year.

Conflict between irrigation interests in the upper valleys and in the
delta region never will oceur in years of large run-off for the reason
that in the development of storage the econstruction of expensive
reservoirs to hold the excessive run-off will not be practicable even
though sufficient reservoir sites in which to store all of the run-off were
available.

The introduction of salt water into the fresh water lake through the
ship locks can not be prevented but means are provided for drawing
off this salt water and thereby controlling the salinity of the water
upstream from the barrier.

Leakage of salt water past the flood gates, although comparatively
small in amount, can be prevented by maintaining the water surface
above the barrier at a sufficiently higher elevation than below.

Deep gates, opening from the bottom, are essential to the successful
operation of the barrier for dependence is placed upon them as a means
of drawing off the heavier salt water which seeks the deep holes and =
channels, and for flushing out the reservoir above the barrier.

Unless fresh water is available for occasional flushing, the reservoir
above the barrier will gradually become salty. Flushing can be accom-
plished quite readily if water be available for that purpose. The studies -
of water supply, although based on meager data, indicate that, on the |
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average, there will be from eleven to twelve million acre-feet available
for that purpose annually. In years of deficient water supply, there
will be little, if any, fresh water available for flushing and the reservoir
above the barrier may have to hold over one or more years without
flushing.

Return Flow.

Return flow will inerease with irrigation development in the upper
valleys with the result that the salt menace in the Delta will be alle-
viated ; but, even though the return flow should increase to the 3500
second-feet estimated to be sufficient to act as a natural barrier against
encroachments of salt water, the demand for water will be such that it
could not be used for that purpose unless it is replaced by water from
mountain storage.

Control of Salinity by Storage in Mountain Reservoirs.

Salinity in the delta can be controlled through construction of storage
reservoirs in the mountaing from which water could be released during
the season of low river discharge in the amount necessary to act as a
natural barrier against invasions of salt water. Mountain storage
would be a temporary expedient for the reason that, ultimately, there
will be use for all of the available flow from the rivers, and the dis-
charge into Suisun Bay and thence to the ocean, of water sufficient
to act as a natural barrier against salt, would be an economic waste.
However, storage created in mountain reservoirs eonstructed mainly for
other purposes might advantageously be used for some time to control
the salinity in the upper bays and delta channels during development
of the requirement for full use of the reservoirs for the purpose for
which they were primarily constructed, thus deferring the large invest-
ment in the Salt Water Barrier.

Teredo.

The factor of salinity is one of fundamental importance in the dis-
tribution of teredo. The average lethal salinity for teredo navalis, the
species to be feared most in the upper bays, has been determined experi-
mentally as 5 parts per 1000 ; therefore, if the water above the barrier
is maintained at a ooncentmhon be]ow the hml‘r for irrigation use,
teredo can not exist there.

Fish.

Fishing industries above the barrier, if constructed, should not suffer
for the reason that, even though the fish ladder which is an integral
part of the strueture, should fail to fumection, the fish would not be
prevented from entering the fresh water reservoir because they would
have free access to it through the ship locks which, under normal
oon}(llitions, would be operated many times throughout each day and
night.

Sewage.

No investigation was made of the effect of the barrier upon sewage,
but from investigations made elsewhere it appears that fresh water
3—70686 '
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will be better adapted for receiving sewage than either salt or brackish
water sinece, gallon for gallon, fresh water disposes in a normal manner
of more sewage than salt water. It will be best, in this respect, to
keep the water above the barrier fresh because the intermittent admis-
sion of salt water interferes with bacterial, animal and vegetable
growths that effectively aid in taking care of and digesting sewage.

Use of Water from Barrier Lake.

The seven main sources of loss of fresh water accompanying the
operation of the barrier are evaporation from the water surface of the
reservoir created; water required for the operation of the ship locks;
leakage around the flood gates; water used in operating the fish ladder ;
and water to supply the requirements of industries, municipalities and
irrigation. With the exception of losses past the flood gates and
through the fish ladder, which are constant for the same type of strue-
ture, the losses increase as the barrier is moved downstream and this
factor has an important bearing upon the selection of a site.

Owing to the increasing difficulty of maintaining the reservoir created
by the barrier free from salt water as the water surface is permitted
to fall, and because of navigation requirements, it probably will not
be advisable to allow the water surface to fall below mean sea level.
Likewise, because of the nature of the delta levees and the cost of drain-
age in that region by pumping, the ultimate maximum allowable water
surface, for periods of several months duration, may be assumed at
4.0 feet above mean sea level, although later developments may show
that this maximum storage level can be increased to 5.0 feet.

It is not necessary to decide at this time at what elevation the water
surface above the barrier should be maintained. To begin with, it
should be held at, or a little below ordinary high tide level. As
time goes on the elevation may be raised as experience dictates.

It would be desirable to replace water drawn from the fresh water
lake for irrigation, domestic and industrial uses, as well as that required
in the operation of the ship locks, with water from river flow or moun-
tain storage for the purpose of maintaining a constant depth of water
for the navigable waterways effected by construetion of the barrier.
In years of extreme low run-off the water surface could be drawn down
to the elevation of mean sea level, or possibly, in an emergency, to the
elevation of mean lower low water. :

As the water surface behind the barrier is lowered, the cost of
maintaining the delta levees, not considering floods, should become
less; the cost of pumping water out of the lake for any use become
greater; the cost of pumping seepage water would become less; the
difficulties of keeping the lake fresh would increase; and the depth of
navigable channels effected would become less.

Ship locks are provided in various sizes in order to economize on
the use of fresh water and to prevent entrance into the fresh water
lake of larger volumes of salt water than necessary by requiring vessels
to use the smallest lock which will accommodate them. Intermediate
lock gates are added for the same reason.

Economy in the use of fresh water in the operation of the ship locks:

. can be effected through the adoption of lock gates divided horizontally
.. at a depth to allow a large portion of the vessels having a shallow draft
L

to pass through the locks without opening the lower half of the gates
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and it is assumed that this type of construction will be adopted. It
is estimated that the resulting annual saving of fresh water, based on
an average daily traffic as it was on July 6 and 7, 1925, would be

Army: JReointisite DS tERInTS CTORTTOUIE JE e ] Sl B0 e ~---173,000 acre-feet
Dillon Point site—__________ i --146,000 acre-feet
Point San Pablo site—_____ Fhies S R o AW 0 S iene T2 NSROE Ve 295,000 acre-feet

it being assumed that the water surface above the barrier would be
maintained at an elevation 24 feet above mean sea level.

It will be necessary to flush the reservoir, preferably once each year,
to rid it of accumulations of brackish water resulting, principally,
through the inability to trap all of the salt water finding its way into
the fresh water reservoir from one source or another. The amount of
fresh water required can not be predicted with any degree of accuracy
but a study was made of the amount of fresh water available for the
operation of the barrier, based upon the assumption that storage in
the mountains was well developed. The study is based upon meager
data but the results are believed to be indicative.

From Table 10-13, it is evident that if the maximum height of water
surface in the reservoir is restrieted to 21 feet above mean sea level,
the water stored in the reservoir thus formed will not be sufficient to
operate the barrier at any of the three gites studied during the irriga-
tion season, even in years of heavy run-off, and it will be desirable,
therefore, to seek the highest practicable elevation at which to maintain
the storage level.

The shortage due to lack of reservoir capacity increases as the barrier
is moved downstream, although the capacity of the reservoir is greater.
This is principally due to the greater evaporation, and to the larger
requirements of navigation, industries and municipalities.

As the storage elevation above the barrier is raised the amount of
water available for flushing in years of low run-off is decreased. Accord-
ing to Table 10-13, no water would be available in the season 1923-24
for flushing out the reservoir created through construction of a barrier
at the Point San Pablo site whether water were impounded to eleva-
tion 4-2.5, --4.0 or 5.0. It appears that, in any case, there would be
no flushing water available in 1923-24 if water were stored to elevation
-+5.0, although in a normal year there would be a large amount avail-
able for flushing, regardless of where the barrier is constructed or of the
elevation at which the water surface above the barrier is maintained.

If the above analysis is correect, it may be concluded that sinee one
of the principal objects of the Salt Water Barrier is to conserve fresh
water, it will be desirable to maintain the largest practicable storage
capacity above the structure. ILikewise, it is evident that the farther
downstream the location for the barrier is chosen, the greater will be
the quantity of water required for operation, and the greater will be
the shortages during seasons of low run-off. Since the shortage must
be supplied from mountain storage in order to maintain sufficient depth
for navigation, and to hold the water level at an elevation where the
reservoir will not be deluged with salt water whenever the ship locks
are opened, it is apparent that consideration of the necessity for conser-
vation of water would require the selection of one of the upstream sites,
Army Point, Dillon Point or Benicia, if the latter, upon investigation,
is found to be suitable structurally.
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Advantages.

Stated briefly, the advantages to be gained through construction of
the Salt Water Barrier are as follows:

(1) It would protect the delta against incursions of salt water, make
possible the diversion of fresh water for irrigation, industrial and
other uses as far down the bay as the chosen site of the structure, and
conserve a large portion of the fresh water that would otherwise be
required to act as a natural barrier against invasions of salt water.
Tts construction will aid in the physical solution of the serious problem
resulting from the conflicting interests of the delta and upper valleys.

(2) It would make possible the reclamation of the salt marshes above
the barrier now unfit for agricultural purposes.

(3) It would protect the upper bays and delta region against the
piling up of high tides by storms on the ocean.

(4) It will be necessary for the practicable transfer of Sacramento
River water to the San Joaquin Valley through the river and delta |
channels without danger of contamination by salt water unless suf-
ficient mountain storage is created and released to act as a natural
barrier.

(5) It would solve the teredo problem in the area above the barrier

(6) Until the time when sewage treatment is enforeed, the sewage
problem in the area ahove the barrier would be simplified.

(7) As a result of the maintenance of a higher average water level
above the barrier, the cost of pumping irrigation water from the lake |
created thereby, will be reduced, and some areas now served by pump- |
ing can be reached by gravity. ;

(8) Navigation conditions above the barrier will be improved because |
of the maintenance of a higher average water level and greater mini- |
mum depth of water except in extreme emergencies and because of
greater safety due to the elimination of tidal currents.

(9) Navigation conditions for some distance below the barrier will
be improved because of the general reduction in current velocities,
providing existing channels are maintained in their present size and
condition.

(10) The bottoms of ships allowed to remain in the fresh water
lake above the barrier would, in a short time, be cleaned of marine |
growths. Experience at the Liake Washington ship canal shows that
boats entering the fresh water lake only two or three times a week,
if for only a few hours each trip, are kept free from all sea growth.

(11) Tt can be made to carry railroad and highway traffic across
the bay.

(12) If constructed at one of the upper sites, the operation of
Southern Pacific ferry between Benicia and Port Costa could be
eliminated. While trains would be delayed occasionally on account of
the bridge over the ship locks being raised, the traffic studies made’
show that such delays for a bridge having a 50-foot clearance would not:
be serious, and these could be avoided by adopting a high level bridge
such as presented for the Dillon Point site. E

Disadvantages.

(1) Construction of a barrier would necessitate the use of ship locks:
and would, therefore, be an inconvenience to navigation. i
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(2) The studies made show that the effect of a barrier located at
any one of the sites considered would be to raise the flood plane at
Collinsville not to exceed 0.55 feet.

(3) Some levees would have to be strengthened or reconstructed,
and on acecount of the character of the foundation for levees in some
instances, it may become necessary to abandon certain reclaimed areas.

(4) As a result of the maintenance of a higher average water level
above the barrier, the cost of pumping drainage water from some of
the delta islands will be increased.
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CHAPTER II

GENERAL CONSIDERATIONS

General Plan for Controlling Salinity.

Obviously any effort made toward the elimination of salinity in the
delta region must be directed either toward increasing the discharge of
the rivers during critical periods through release of winter water
stored in mountain reservoirs to act as a natural barrier, or toward
excluding the tidal currents from the region through construction of
an artificial, positive barrier. Objections to the first plan have been
raised on the ground that no fresh water should be sacrificed in the
manner proposed for the reason that ultimately, every drop of water
in the rivers in normal years will be required in irrigation or for
other efficient use. The contracts under which the investigation was
made provide for study of the latter plan only. In the following
paragraphs an effort is made to present the problem and to discuss
some of the factors controlling the design and feasibility of the structure
proposed.

Precedent.

The idea of a Salt Water Barrier is not a new one. Work is now
under way on a dike from the north Holland coast to the small island
of Wierengen and thence to Piaam on the opposite Friesian shore which,
when completed, will have the effect of transforming Zuyder Zee into
an agricultural area and a fresh water lake in place of a shallow, briny
arm of the North Sea. The first design is said to have been prepared
in 1849. _

The lower Mississippi and many naviggble waters of southern
Louisiana are used as a source of water for irrigation of the rice fields
which are quite extensive through that part of the country. The
United States Engineer Department built a lock to exclude salt water
from Schooner Bayou and from the canal leading from Vermilion Bay
to White Liake, and has also built a lock in the Sabine-Neches ship canal
to keep salt water from injuring the rice fields. Although now
destroyed, dams on the Trinity River in Texas are said to have func-
tioned to protect the rice fields against encroachments of salt water.

Probably the project in this country most comparable to that herein
considered is the Charles River basin at Boston, Mass., where a body
of fresh water is maintained through the construction of a dam across
the Charles River, equipped with gates to pass the discharge from
the river and with locks for the passage of vessels. The dam has been
successfully operated since 1908. ’

In 1916 the Liake Washington ship locks were completed at Seattle,
Washington, making Liake Union and Lake Washington accessible from
Puget Sound. Here there is an unusual opportunity to study the result
of an attempt to separate salt and fresh water by a dam through which
it is neessary to pass large vessels by the use of ship locks.
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Previous Investigations.

It is reported that construction of a dam below the confluence of
the Sacramento and San Joaquin rivers to prevent encroachments of
salt water into the delta region, was proposed in the early sixties. It
was again considered in 1879-80 during the administration of State
Engineer Wm. Hammond Hall. The Southern Pacific Company has
considered its feasibility and has made preliminary studies of structures
at several points in Carquinez Strait to replace the ferries which are
now used to carry their trains across the strait. A recent study of
the problem was made by Captain C. S. Jarvis, Corps of Engineers,
U. S. A. The results of his study and the discussion thereof are
reported in Transactions, American Society of Civil Engineers, Volume
LXXXIV (1921), under the heading ‘‘Control of Flood and Tidal
Ilow in the Sacramento and San Joaquin Rivers, California.’”” In
connection with the water resource investigation made by the State
Department of Public Works, Mr. A. Kempkey, consulting engineer,
made tentative designs and estimates of various types of barrier for
construction at the westerly end of Suisun Bay or in Carquinez Strait.
The studies are reported by Mr. Kempkey on pages 154-158, Proceed-
ings of the Sacramento-San Joaquin River Problems Conference for
1923.

The Great Central Valley of California.

By reference to Plate 1-1 it will be seen that in the central part of
(falifornia a very large valley, somewhat elliptical in shape, is formed
by the merging of the Sierra Nevada and the Coast Range. The water
shed is about 540 miles in length, has a width of from 120 to 150 miles
and a drainage area of approximately 58,000 square miles, with a single
outlet to the ocean through the Coast Range. It is drained from the
north by the Sacramento River, heading in the region of Mounta Shasta,
which reaches an elevation of 14,380 feet, and from the south by the
San Joaquin which has its source in the vicinity of Mount Lyell, at an
elevation of about 13,000 feet. The two rivers discharge into the easterly
end of Suisun Bay, from either side of Sherman Island, through a
common mouth in the vieinity of Collinsville and Antioch and find an
outlet to the Pacific by way of Suisun Bay, Carquinez Strait, San
Pablo Bay, San Franciseco Bay and, finally through the Golden Gate.
The portion of the valley of greatest interest is the comparatively
flat area between the foothills of the surrounding mountains. This
portion is about 450 miles in length, about 50 miles in average width
and contains approximately 14 million acres of arable land, about three-
fifths of the agricultural area of the entire state. That portion north
of the Cosumnes River is generally known as the Sacramento Valley,
while that to the south is spoken of as the San Joaquin Valley.
The Cosumnes, however, is seleeted as a boundary for convenience
only for in reality there is no definite dividing line. The Sacramento
Valley comprises a drainage area of about 26,000 square miles while
the watershed tributary to the San Joaquin contains approximately
32,000 square miles.
In past ages the entire valley was undoubtedly an arm of the sea.
The bottom has been built up gradually with material washed down
from the mountains until at preesnt only San Francisco Bay remains
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with its appendages, San Pablo and Suisun bays. The erosion of the
higher areas is still under way as evidenced by the shoaling of the
upper bays.

Precipitation.

In the drainage basin of the Great Central Valley the year is divided
into two well-defined seasons, wet and dry (winter and summer). Ap-
proximately 75 per cent of the average annual precipitation oceurs in
the months November to March, inclusive. In the Sierra, the greater
part of the precipitation is in the form of snow.

The.precipitation increases from south to north, ranging in average
amount from about 15 inches on Tehachapi Pass to 90 inches at Inskip,
near Mount Lassen. On the floor of the valley the range is from
about 5 inches at the southerly end to approximately 25 inches at Red
Bluff.

In the delta region the average precipitation is from 10 to 15 inches :
on Suisun Bay from 12 to 15 inches and on San Pablo Bay from 15
to 20 inches; increasing in a westerly direction.

Run - off.

As given in State Bulletin No. 4, the mean annual run-off from
the Sacramento drainage area is about 25,200,000 acre-feet and that
from the San Joaquin about 12,300,000 acre-feet. In general terms
the annual run-off from the drainage area of the Great Central Valley
varies from about one-third to 3 times the normal. The largest run-ofi
in recent years occurred in the season 1889-90 while the lowest year
of record is 1924.

The rainfall in the Sacramento Valley is greater than in the San
Joaquin Valley and, although the drainage area of the latter is 25 per
cent greater than that of the former, the run-off is only 50 per cent as
much. The bulk of the water from the San Joaquin is discharged later
in the season, thus sustaining the discharge into Suisun Bav necessary
to keep hack the salt water. ;

Since the Sacramento furnishes much the larger part of the water
available for use in the Great Central Valley, the attention of delta
waters users is naturally directed to it. On the average, 75 per cent of
the run-off from the Sacramento drainage area occurs during the months
December to May, inclusive. Without storage reservoirs in the upper
valley the bulk of this water runs to waste into the ocean. The dis-
charge decreases gradually until June or early July when the last snow
disappears from the higher mountains. In years of low precipitation &
the run-off during the summer and fall months is not sufficient to 3
supply the demands of irrigation in the upper valley and therein lies -
the difficulty, particularly with respect to the delta region. 5

The Bays.

Inspection of Plate 2-1 will show that the San Francisco Bay System
is made up of three irregularly shaped bays, San Francisco Bay (north-
ern portion shown on Plate 2-2, San Pablo Bay (Plate 2-3) and’
Suisun Bay (Plate 2-4). San Pablo and Suisun bays are connected:
by a deep, narrow channel named Carquinez Strait. At the easterly’
end of Suisun Bay, about 50 miles by water from the city of Sam
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rancisco, the Sacramento and San Joaquin discharge the run-off from
the Great Central Valley into the bay through their common mouth
at Collinsville. Above the junetion both rivers meander in a network
of channels through an extensive delta region of islands, sloughs and
marshes with its apex toward the bay, contrary to the usual formation.

The total water surface area of the bays and delta chnnnels at
mean high tide, including the larger sloughs, is about 541 square miles
made up of 297 square miles in San Francisco Bay proper; 125 in San
Pablo Bay; 8 in Carquinez Strait; 50 in Suisun Bay and 61 in the
Jower river and delta channels.

Suisun Bay is of particular interest in this report. A study of Plate
9-4 shows 1t to be a shallow body of water with meandering channels
and many tidal flats, almost entirely surrounded by salt marshes. The
whole appears to be a delta in the making, with the water sufrace area
becoming less as the tidal flats, through the silting process, are gradu-
ally raised to become marsh land. The typical unreclaimed marsh is
a plain, covered principally by the tule and cat-tail rush, and traversed
by systems of sloughs. <At low stages of tide the marsh is uncovered,
except for water in the sloughs which communicate with the bay. As
the tide oscillates in the bay, water flows in and out of the sloughs.
The higher tides cause the water to leave the sloughs and flood the
marshes. With each turn of the tide the water in the bay flows back
and forth through the dividing and reuniting channels, over shoals and
into the marsh sloughs. The bay and its surrounding marshes, there-
fore, are in effect a basin in which the salt water from the ocean and
the fresh water from the rivers are efficiently mixed. The agitation of
the shallow water by winds and by the propellers of numerous vessels
assist in the mixing..

Golden Gate and the Bar.

There are about 62,000 square miles of drainage area tributary to the
Golden Gate, the only connection between the bay system and the
ocean. Of this area 58,000 square miles are embraced in the drainage
area of the Great Central Valley; 557 square miles are in the water-
sheds of streams entering Suisun Bay; 964 square miles are tributary
to San Pablo Bay; and 2014 square miles are tributary to San Fran-
cisco Bay proper. The balance consists of the 480 square miles of
water surface in the bays, at mean high tide, below Collinsville.

The run-off from the above drainage area, combined with the tre-
mendous tidal flow, has served to cut and maintain the outlet to the
ocean through the Coast Range to a minimum width of a mile and to
a maximum depth of over 300 feet. There is one sounding showing
382 feet of water. Toward the ocean the depth gradually becomes
less as the sand, under the combating forees of nature, is spread out
on the floor of the ocean in a broad, fan-shaped, submerged delta, as
1t were, terminating in a crescent-shaped sand bar lying about five miles
beyond the headlands forming the entrance to the Golden Gate. The
bar is shown on the General Chart, Plate 2-2. It is in an unstable state,
held in equilibrium by the action of the ocean waves on the outer side
and by the tidal currents on the inner slope.

The sand of the bar is helieved to be derived from three soureces:
from the erosion of the cliffs alone the ocean, from the erosion of the
cliffs along Golden Gate and the bays, and from streams tributary to
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the bays. Mr. Grove K. Gilbert, in his report upon ‘‘ Hydraulic-Mining
Debris in the Sierra Nevada,”” U. S. G. S. Professional Paper 105, con-
cludes that the prineipal sources of sand are the ocean cliffs and the
eliffs bordering the Golden Gate. He says, on page 91 of his report:
Finally, a portion may have come from Sacramento and San Joaquin
Rivers. The body of sand delivered to Suisun Bay by the rivers has been

great, and the present annual contribution is evidently large, but there is
room for doubt as to the delivery of river sand on the bar.

It is believed that more recent investigations made by the Army
engineers have not led to a different conclusion.

The bar is entirely submerged, the depth of water on its crest being
generally from 33 to 36 feet except at the northerly end where the
minimum depth is about 23 feet, and at a point directly in line with
the Golden Gate where there ig a depression having a minimum depth
of 37 feet. The length of the bar is approximately 13 miles as measured
along its erest and is continuous except for a channel along the shore
at each end. Most ships entering San Francisco Harbor cross the bar
in its central portion, although the north channel is used quite exten-
sively by coastwise vessels. During heavy storms it is dangerous for
large ships to cross the bar as they are apt to strike bottom when in
the trough of the waves.

The size and position of the bar is said to be affected by the supply
of sand of which it is formed and by the force of the tidal currents
across it, which in turn depend upon the volume of the tidal prism
of the bays inside the Golden Gate. It is argued that a reduction in
the volume of the tidal prism results in less velocity of the tidal cur-
rents through Golden Gate and across the bar; reduction of tidal
velocities causes the crest of the bar to move landward; the retreat
results in a shortening of the bar; which, in turn, tends to restore the
velocity.

On page 70 of Mr. Gilbert’s report, it is stated:

Any modification of natural conditions which has the effect of increasing
the supply of sand will cause the bar to grow and will bring its crest nearer
the surface.

He further states:

But for the tidal currents the bar would extend in a direct line from Point
Lobos to Point Bonita, and its crest, a continuation of Ocean Beach, would
be above the level of high tide. Its great distance from the shore and its deep
submergence are due entirely to the speed and volume of the ebb tides. Any
modification of the bays which has the effect of reducing the volume of the tides
tends to cause the crest of the bar to move landward and to rise nearer to
the surface of the water.

Naturally, any proposal to build a dam or barrier at any point in the
bays is looked upon by many with considerable apprehension since the
depth of water on the crest of Golden Gate bar is of vital importance
to the Port of San Francisco. Depending upon the location of the
barrier, the tidal currents through the Golden Gate and across the bar
might be strengthened, weakened or unaffected, as will be brought
out in Chapter V. With regard to the barrier sites for which designs
were prepared, the nearer the Golden Gate the barrier is built the
greater will be the reduction in the tidal prism and the less will be
the velocity through the gate. :
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Silting of Bays.

Aside from its effect upon the Golden Gate bar much interest
attaches to the effect of a Salt Water Barrier upon the future silting
of the bays to the detriment of navigation and industrial interests.

Surveys which have been made of the bays at various times indicate
that there has been a general shoaling of the entire system through the
deposition of material carried to the bays by the rivers. The principal
source of the deposits is attributed to the debris from hydraulic mining,
augmented by soil washed into the rivers, the latter inereasing in
volume with agricultural and industrial development in the Great
(entral Valley. It has been estimated that since gold was discovered
in California, there has been a total of 1,146,000,000 cubic yards of
material deposited in the San Francisco Bay System. The rate of
deposition increased very rapidly until 1884 when it was suddenly
checked through restrictions that were placed upon hydraulic mining
in California. Since that time the rate of deposition has decreased to
the point where it is again somewhere near normal.

Mr. Gilbert estimates that between 1849 and 1914, inclusive, material
was deposited in the bays as follows :

Suisun Baye S Am i e e s e 200,000,000 cubic yards
Cardiinez - Stna Fas TRt SIS T S CotAS AT ol 50,000 000 cubic yards
SaniPablo: Bayttias i i e Sl el S S 570,000,000 cubic yards
San BraneiscosBayas——o-== —nE Tl 8 e —————- 326,000,000 cubic yards

He also estimates that the average deposition on the shoals during
the 41-year period studied was:

In [SulsuniBay- == NS N cpele p B gt ik ak Vowth S Sdonte XOSHGEN 3.3 feet
In San Pabile Boy St Syt e SE0E - v 20 e (L 2.5 feet
In: San FranciscoBayataia e Dot wiaeovi i Tl Ab c st TR 8 Ens e e 0.7 feet

The shoaling has been accompanied by a reduction in the water sur-
face area of the bays, for the salt marshes, as they have been elevated
by the deposition of the silt carried by the overflowing higher tides,
have steadily encroached upon the open water. The effect has been to
reduce the tidal prism of the bays to the extent of 2 or 3 per cent. This
reduction, combined with encroachments on the tidal prism through the
reclamation of marsh areas, has resulted in an estimated reduction in
the tidal prism tributary to the Golden Gate of about 4 per cent, and
about 10 per cent reduction in the tidal prism unstream from Pinole
shoal in San Pablo Bay. See Plate 2-3.

The sand and gravel from the mountains is reduced by attrition
in the journey down the rivers to the degree that nothing but:sand and
mud reach Suisun Bay. Nothing coarser than fine sand gets beyond
Pinole shoal. Material reaching the ocean is earried there in suspension.

On page 35 of Mr. Gilbert’s report it is stated that :

- The material deposited on the shoals is fine mud that is brought by the
Tivers In suspension. Deposition is determined in part by the slackening of
currents as the muddy water enters a bay and in part by flocculation as it
18 mjngled with salt water. Deposition from slackening would be much
heavier in the first settling reservoir than in the second, but deposition from
flocculation would begin wherever the salt water was met. At low stages
gﬁ the'l‘iv‘ers the principal meeting occurs in Suisun Bay, but at low stages

ere ig httle' mud in suspension. In times of great flood, when the largest
!Oﬂd of mud is brought down, the river current dominates over tidal currents
In Suisun Bay, and the principal meeting with brine takes place in the larger
Wwater body (San Pablo Bay) beyond Carquinez Strait.
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The direction of the current through the bays is reversed four times
each day as a result of tidal movements. The characteristics of the
tides in San Franeisco Bay are such that the ebb currents have the
greater strength and as a result the net movement of the material
carried in suspension, and rolled along the bottom is toward the ocean.
It is generally believed that the tidal currents, alternating back and |
forth through the bays, maintain the various channels. The tidal |
currents are reinforced by the discharge from the rivers which, of
course, has a net movement toward the ocean.

If a salt water barrier were built at any of the sites studied in this
report the tidal prism tributary to the Golden Gate would be reduced
materially and, as a result, many changes would be introduced. Tidal
currents above the barrier would be eliminated, while those for
some distance below would be reduced providing the channels
are maintained in their present condition. Silting would not occur
under changed conditions of tidal currents but under different condi- |
tions of salinity. In effect, the mouth of the rivers would be trans-
ferred to the flood gates through the barrier, and, theoretically, deposi-
tion of colloidal silt by floeeulation would occur farther downstream, |

Although the rate of silting in the bays has diminished to almost
normal it is estimated that shoaling, even under present conditions, will
continue, as, aceording to the most reliable estimates, there are still
about 400,000,000 cubic yards of mining debris in the moutains and
river beds which, within the next 50 years, will find its way to the bays.
It is estimated that in addition there will be 400,000,000 cubic yards of
soil waste brought down, resulting in a total of 800,000,000 cubic yards
of material, practically all of which will he deposited on the shoals of
the bays in the form of mud. ,

Maintenance of navigable channels across the shoals is already af
matter of considerable expense and it is natural to speculate as to the
result of building a barrier across the bay. Although comparatively:
little has been done toward the study of the silt problem, an effort hast
been made to analyze available data. A discussion of the silt problem ig
contained in Chapter VITT. ;

The Delta.

Along the lower course of the two rivers a delta containing approxi-
mately one-half million acres has been formed, extending up the Sacra-
mento River from Suisun Bay nearly to the city of Sacramento, and
up the San Joaquin to a point 20 miles south of Stockton. In the
delta there is an aggregate length of navigable chanmnels amounting
to about 550 miles. Some of them obtain depths of 50 to 60 feet. The
mode of travel is by water rather than by road. Most families have
their own speed boat; others patronize the ferries which take the place
of the commonly known highway bus. A map of the delta region 1§
included as Plate 2-5.

Before the levees were constructed the character of the area
that of a permanent tule marsh of boggy peat, impregnated with s
over which the water surface oscillated regularly with the tides
Suisun Bay. The river channels divide into numerous winding wat
ways, giving to portions of the marsh lands the character of islan
from a few hundred to several thousand acres in extent. Some of tl €
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channels connect the two rivers so that much of the delta, in its original
state, was inundated by a flood from either river.

Tn the report upon the San Joaquin River and Stockton Channel,
House Document No. 554, 68th Congress, 2d session, it is stated that, in
its natural condition, the land of the delta region was a peat formation
ranging in depth from 10 to 60 feet, underlaid by a substratum of
hardpan, the peat apparently having formed at about the same rate
as the subsidence of the general land level, while the river beds and
banks have been built up by deposits of sand and clay, or loam, carried
down from higher ground. Before the extensive construction of
levees the overflow of the rivers in flood stage built up their banks
with the deposit of the lighter materials carried in suspension. Con-
sequently the rims of the islands are of firmer soil and are higher than
the interior. It is said that the interior elevation of some of the
islands is from 6 to 7 feet below mean low tide. Originally the ground
was not so low but under cultivation the soil settles, due to the rotting
and compacting of the peat. Upon first cultivation the settlement on
raw land is said to be as much as 18 inches.

Delta Levees. °

The exceptional fertility of the delta lands was a great attraction
to the early settlers. Attempts to reclaim some of the islands were
made as early as 1852. The levees at that time were small, two to four
feet high, and were built to shut out high tides. Though small, and
of little weight, difficulty was experienced in their maintenance, and
during the flood of 1861-62, they were overtopped with disastrous
results. '

In the later development of agriculture, much more substantial
levees were built. The levee system has now been extended to either
fully or partly protect every island in the delta against floods from
the rivers as well as from extreme high tides. After expending millions
of dollars in construction, the system is now practically complete except
for strengthening to secure greater safety.

The levees were not built without difficulty, particularly in the San
Joaquin area where the top layer of peat is underlaid in turn by fine
sand, blue clay, and, finally, by a very fine, soupy sand which, under
load, acts much like quick sand. Under the weight of the construected
bank the ground under it, and for a short distance each side, settles,
the theory being that the soupy material, not being stable enough to
support the load, moves out laterally until stability is established.
As a result of the settlement the ground immediately back of the levee
is lower than the general elevation of the island and the water collect-
ing there tends to aggravate conditions by softening the spongy peat
foundations.

The levees are maintained only through constant vigilance. In
many instances theéy are built of peat. Chunks containing as much
as 5 or 6 cubic yards have been known to slough oft and float away,
demonstrating the low specific gravity of the material. In June, 1924,
the writer observed the behavoir of a levee on Venice Island, located
in the lower portion of the San J oaquin area, where a bank built prin-
cipally of peat rested on the same material. The levee was cracked
along its crest in several places over about one half mile.of its length.
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In places the whole levee had settled; at others the front half was
apparently tipping toward the channel; at others the back half was
tipping landward ; and at still other places the front portion appeared
to be sliding into the river. On the whole it presented to the writer’s |
mind a precarious condition although those in charge did not appear
to be alarmed, supposedly on account of their many similar experiences,

In the past, an attempt has been made in the lower delta to maintain
a 4-foot freeboard above the high water marks of 1907, but this prae-
tically has been given up and in many cases it is not more than 3 feet.
Mr. Geo. A. Atherton, General Manager, California Delta Farms, Ine.,
has said that in his opinion 13.3 U. S. Engineer Datum (9.7 feet above
mean sea level) would be a reasonable elevation at which the levees
could be maintained permanently. This is 3 feet above the high water |
-mark of 1907 as recorded at the junction of the San Joaquin and Old §
rivers, near Bouldin Island. :

The elevation at which the Salt Water Barrier would hold the water
permanently against the levees is a question of much concern to those
living in, or having investments in the delta region. The suggestion
has been made that the elevation of the water surface above the barrier
be raised to inerease the depth of navigable channels materially, to
provide storage of fresh water for use by municipalities and industries,
and for the irrigation of the bordering marshes and nearby higher
valleys. Although the adoption of such a plan would result beneficially
to many interests, the plan is believed to be impracticable and not
possible of accomplishment without hazard to the delts region which
it is proposed shall share in the benefits to be derived through con-
struction of the barrier. ‘

It is the belief of some most familiar with the situation that it will
not be practicable to hold the water surface permanently against the
delta levees at an elevation exceeding 6 feet, U. S. Engineer Datum,
or about 2% feet above mean sea level, which, under present condi-

the non-flood period. Although some of the islands are below sea
level the cost of pumping to prevent inundation resulting from seepage
under the levees is mot prohibitive under present conditions of a
fluctuating tide and it is not believed that difficulties would be
experienced from excessive seepage unless in the operation of the bar-
rier an attempt were made to raise the water surface, outside, more
than is contemplated in this report. Moreover, the capacity of the:
levees to resist the pressure of water permanently held against them
at heights materially above ordinary high tides is questionable, espe-
cially in regions where peat predominates. _

The height to which it is found practicable to maintain the water)
surface above the barrier fixes, to a large degree, the amount of water
available for the operation of the barrier. This subject is a vital onel
and is discussed at considerable length in Chapter X. .

Irrigation in the Delta.
The principal crops raised are potatoes, onions, beans, barley, corn,

asparagus and celery. On the higher lands large quantities of fruit,
principally pears, are raised. The asparagus crop is rapidly increas
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ing in importance and may become the most important. Most of
the erops are transported to San Francisco, Sacramento and Stockton
by boat.

As reported in the Proceedings of the Sacramento River Problems
Conference held in Sacremento on J anuary 25 and 26, 1924, Mr. George
S. Nickerson estimates that there are 556,000 acres in the delta region
which are dependent upon the lower river and delta channels for
irrigation water, of which 475,000 acres are in reclamation distriets
and islands and 81,000 acres in the uplands.

Various methods of obtaining water are employed. On a very large
portion of the low lying lands siphons or tidal flood gates are used,
the latter usually operated to take water at high tide. Some of the
low lands receive their irrigation water by seepage through, or under,
the levees. In case of the higher lands water is pumped through low
heads, usually not exceeding 7 feet.

In general, the water is applied by the method of subirrigation,
supplemented by surface irrigation during the latter part of the grow-
ing season. The main ditches are permanent but the distributing
ditches which are dug with small trenching machines, are usually
plowed under each time the land is plowed. The elevation of the
water plane is controlled by pumping back into the channel over the
levee. The cost of pumping this water is a consideration in the deter-
mination of the elevation at which the water surface should be held
in the operation of the barrier.

Salinity in the Delta.

The numerous channels form the reservoir from which water is
drawn for the irrigation of the delta. Under normal conditions of
run-off from the Great Central Valley the discharge of the two rivers
not only replenishes the supply of fresh water, but serves as a natural
barrier against the encroachment of salt water from the bays by reason
of the continuous discharge into Suisum Bay. During the flood season
of a normal year the salt water is forced seaward until Suisun Bay
is flushed clear of brackish water, only to become salty again with the
falling off in the discharge from the rivers.

With the development of Irrigation in the upper valleys the demand
for water has increased to the extent that fresh water, sufficient to
act as a natural barrier against encroachments of salt water, no longer
reaches Suisun Bay during the summer and early fall months of dry
years, with the result that the water available for the irrigation of
the lower portion of the delta is no longer fresh. The most critieal
months are July and August. It has been roughly estimated that in
1920 approximately 25 per cent of the delta lands were severely affected
by salt. Irrigation was actually discontinued on some of the lands
farthest downstream. Not only do crops suffer at such times from
lack of water but more permanent damage results through seepage
of the salt water through and under the protecting levees. The limit
of salinity of water for irrigation use is generally considered as 100
Parts of chlorine per 100,000 parts of water. In 1920 it is reported the
Water in all of the delts channels contained in excess of 20 to 30 parts
chlorine per 100,000 (33 to 50 parts of common salt).
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Amount of Fresh Water Required to Act as a Natural Barrier Against
Salinity in the Delta.

After making a study of salinity conditions, particularly in the. dry
years 1920 and 1924, the State Water Supervisor in his report for
1924, estimates that under present conditions a combined flow of 3500
second-feet, as measured at Sacramento on the Sacramento River and
at Vernalis on the San J oaquin, is necessary to brevent the encroach- -
ment or cause the recession of salinity at the common mouth of the
rivers. At some of the upper stations the indications are that a
considerably greater flow is required to cause the recession of salinity
than to prevent encroachment.

In his report for 1925, the State Water Supervisor states, on page
116:

A study of the relation between the advance and retreat of the salinity |
and the river discharge as presented by the 1925 observations would seem to
indicate that a greater combined discharge at Sacramento and Vernalis for |
the two rivers would be needed to control the salinity at any definite point
than was indicated by the 1924 investigations.

It is believed that, for want of better data, 3500 second-feet may be
adopted in studies presented in this report as the amount of water
required to serve as a natural barrier against encroachments of salt
into the delta region. ‘

In comparison with the 3500 second-feet required, the combined
flow of the two rivers in 1924, at the stations referred to, was 1898
second-feet in June; 1329 in July; and 1786 in August. The combined
discharge was less than 3500 second-feet for 116 days from May 26th
to September 20th. During that period an additional 363,000 acre-
feet of water, as measured at Sacramento and Vernalis, would have
been required to supplement the combined discharge to an average
of 3500 second-feet, and a total of 812,000 acre-feet would have been
required to supply the 3500 second-foot average flow throughout the
116 days.

water otherwise required to serve as a natural barrier. With the
barrier constructed, the amount of fresh water flowing to the ocean
during the irrigation season would be reduced to that required in
the operation of the barrier. The fresh water leaving the Great
Central Valley would be reduced to that required to supply the needs
of municipalities and industries; to irrigate the bordering bay marshes.
and valleys; and to replenish operation losses. The latfer would
include evaporation, leakage around flood gates and water used in
locking vessels past the barrier.

Amount of Fresh Water Available Under Present Conditions to
Act as a Natural Barrier Against Salinity in the Delta.

During the irrigation season the bulk of the water passing through
the delta channels to Suisun Bay comes from the Sacramento River
since the entire low flow of the upper San Joaquin River and its tribu-
taries has been used in irrigation for a number of years. Return flow



THE SALT WATER BARRIER 49

from the San Joaquin Valley has increased with irrigation develop-
ment to the extent that the delta is better off at present than for a
number of years, in so far as the San Joaquin River is concerned.
Therefore, principal interest centers in the discharge of the Saecra-
mento River when considering the problems of the delta region.

The normal low flow of the Sacramento measured at Red Bluft,
where the river leaves the canyon section, is about 4500 second-feet.
In 1924 the discharge dropped to 2800 second-feet which was further
depleted through irrigation diversions wuntil only 705 second-feet
passed the city of Sacramento on July 17th, at the time the flow
reached the minimum for the season.

The following quotations from a paper read before the Fifth Annual
Convention of the California Section of the American Waterworks As-
soclation at Sacramento, on October 24, 1924, by Mr. Edward Hyatt,
then Chief of Division of Water Rights, State Department of Publie
Works, are of interest in considering the future of irrigation in the
delta.

Speaking of the Sacramento Valley, Mr. Hyatt says:

The division of Water Rights has issued permits for about 4800 second-feet.
Unapproved applications are approximately 2000 second-feet more. These figures
do not indicate the actual amount of water which will be diverted, since each permit
includes some unirrigable land, or some portion of its land must line fallow each
year, or perhaps some portion of the right will be forfeited through nonuse. From
the records of use of water on these projects at present on file at the Division an
estimate is made that the applications and permits now before the office will ulti-
mately be issued licenses or final water rights to about 3600 second-feet., * * *

From records of water pumped, and such other information as is available, it
1s estimated that about 2000 second-feet should be allowed for the total of other
used rights, both appropriative and riparian, on the river, making a total of about
5600 second-feet of actual existing rights by use, or which may be secured under
applications now pending.

There are in addition large areas of riparian land along the river which have
not as yet used water, and if Section II of the Water Commission Act regarding
riparian rights is overruled by the courts possibly 2000 second-feet more would be
ultimately demanded by these lands, making a total of .around 7500 second-feet.
Adding up the total claims on the river, without reducing them in accordance with
actual use, brings up the total to over 10,000 second-feet.

Summarizing the figures quoted, you will note that there are rights by use to
the water of the river to an estimated figure of 5600 second-feet, which is just
double the 1924 low flow of 2800 second-feet: therefore, considering only irrigation
above Sacramento, it would seem the supply is fully appropriated and that new
projects will be forced to store winter waters.

* % % The irrigable area in the floor of the Sacramento Valley is 2,700,000 acres
besides the foothill lands, which will some day need water. Considering that by
the census there are only about 300,000 acres irrigated at the present time, it is
seen that irrigation development will not be stopped by lack of suitable agricultural
lands in Sacramento Valley. * * *

* % The delta landowners claim water rights both by riparian rights and appro-
priation and also claim the right to have enough water in the river to keep the
salinity condition below the danger point, and have stated that for this purpose
1t is necessary that 3500 second-feet be allowed to pass Sacramento. You will note
that this is considerably more water than there was available in the river above
diversions during the past summer (1924).

The Antioch Suit.

. The outlook for the delta is such as to cause considerable apprehen-
sion. Thq salt menace will increase in succeeding years unless storage
of water is provided to supplement the summer flow of the rivers or
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a Salt Water Barrier is constructed. If diversions for upstream ir- |
rigation are permitted to increase under present conditions of flow, the
delta water users are faced with a very serious problem. It was the
consideration of this prospect that led to a prolonged and expensive law
suit in 1920 between the water users in the Upper Sacramento Valley
and in the delta region. The suit is referred to as the Antioch case.
Supported by an organization of delta landowners, the town trustees
of Antioch applied to the courts for a temporary injunction, asking that
a number of appropriators of water from Sacramento River above the
city of Sacramento, be enjoined from taking more water from that
river than would permit a flow of 3500 second-feet past Sacramento,
The superior court of Alameda County granted the temporary injunec- |
tion but upon appeal to the Supreme Court of California the decision °
of the lower court was reversed. In the decision of the Supreme Court
it was stated: :
Our conclusion is that an appropriator of fresh water from one of these !
streams at a point near its outlet to the sea, does not by such appropriation,
acquire the right to insist the subsequent appropriators above shall leave

enough water flowing in the stream to hold the salt water of the incoming
tides below his point of diversions.

Pending Suit.

Another large suit has been filed, and is now pending, in which 143
landowners in the delta have brought action against nearly 500 of the
principal users of water from the Sacramento and San Joaquin rivers, |
the contention of the plaintiffs being that they, as riparian owners,
are entitled to the fresh water which they have enjoyed for a great:
many years. It is understood that this later suit is being held in abey-"
ance, awaiting the outcome of the investigation reported upon herein.

Navigation.

Although it may be argued that the interests of irrigation are para-|
mount to those of navigation in Sacramento and San Joaquin valleys,
the effect of a Salt Water Barrier upon navigation must be given
careful consideration. »

The Sacramento and San Joaquin rivers, as well as the bays, are:
important highways of commerce which have been under improvement:
by the War Department for many years. San Francisco Bay is accessi-|
ble to the largest vessels afloat. Ocean going vessels receive and dis-
charge their cargoes at the wharves of the many industrial plants along
the shores of San Pablo and Suisun bays and Carquinez Strait. Deep
water now extends well into the lower rivers, and under present devel-
opment the cities of Stockton and Sacramento are accessible via channels
9 and 7 feet deep below mean low water, respectively, regular schedules:
being maintained by boats plying the rivers and bays between these
cities and San Francisco. Surveys have been made of deep waterways to
both Sacramento and Stockton and it is probable that construetion off
a channel providing a minimum depth of 26 feet to the latter will be
under way in the near future. Mare Island Navy Yard is located at
the easterly end of San Pablo Bay and, obviously, the way to this
strategic point must not be blocked, especially in times of stress. I
is evident that any plan for the control of the salt water situation must:
be coordinated with the requirements of navigation. :
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Conflict in the Use of Water.

Under conditions of unregulated river flow the time has arrived when
there is a confliet in the water requirements of the upper valleys, of
the delta and for navigation. It appears that the interests of the delta
and of navigation are somewhat the same. Tt is safe to say that, in the
final settlement, the irrigators in the upper valleys will not be prevented
from diverting their much needed water supply, nor will they be per-
mitted, for long, to divert water in quantities injurious to the delta
region. A remedy must be devised and put into operation or perma-
nent injury to the irrigation development of the State is bound to
result.

Chances for Betterment of Conditions Without the Barrier.

(a) The maintenance of navigation on the Sacramento River below
Sacramento is of vital importance to the commerce of the Great Central
Valley and of the San Francisco Bay region. Since it is classed as a
navigable stream it is under the control of the United States Govern-
ment through the Army Engineer’s office. In the interest of naviga-
tion the government might undertake to prevent the upstream diversion
of water with advantage to the delta to the detriment of upstream
irrigation.

In House Document No. 123, 69th Congress, first session, the Distriet
Engineer, in reporting upon preliminary examination and survey of
the Sacramento and San Joaquin rivers with a view to improvement
for navigation, recommends that direct diversion from the Sacramento
be limited to such as can be made without reducing the flow in the
river below Vernon to less than 3500 second-feet. He states on page
35 of the dotument:

While the actual needs of navigation will not be fully met by less than
4000 to H000 second-feet, it seems reasonable, in view of the high value of
and great need for water for other purposes, that the United States should
assume the increased cost of maintenance that would result from there being
a4 somewhat less amount of water in the river. Under the circumstances it
would be fair and equitable for the department to demand for navigation a
minimum flow of 3500 second-feet in the river at Sacramento, which is also

the minimum estimated as necessary to protect the lands of the delta against
the salt-water menace.

(b) As the two valleys are further developed by irrigation the return
flow will increase possibly with benefit to the delta, particularly in the
late summer months at the itme of maximum salinity.

(¢) A material increase in irrigation development in the valleys is
not feasible without storage of flood waters. If storage reservoirs are
built, as planned, the flood menace in the delta will be partly, if not

fully, relieved.
Tides and Floods.

Midal fluctuations of the ocean are transmitted to the bays through
the Golden Gate. As determined at Presidio, the mean range of tides
in Golden Gate is 3.93 feet; the great tropic range, 6.23 feet; and the
greatest observed range between the highest and lowest water surface
18 10.5 feet.

The rivers, in their lower reaches, have very low gradients. In
the 61 miles from the city of Sacramento to Suisun Bay, the Sacramento
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falls at the rate of about .07 foot per mile while on the lower 42%
miles of the San Joaquin, from the mouth of Stockton Channel to
Suisun Bay, the fall is at the rate of about .02 foot per mile. It
follows that at low stages of river discharge the tidal fluctuations extend
up the river: on the Sacramento to the mouth of Feather, and on
the San Joaquin to a point a few miles above the Western Pacific Rail-
road crossing, decreasing in amplitude with increasing distance. Tides
are therefore effective at Sacramento and Stockton, as well as through-
out the entire delta region, during the irrigation season.

During 1924, when the run-off in the Sacramento River was the
lowest of record. the automatic gage at Verona, located at the mouth
of Feather River, did not record any tidal fluctuations but it was
reported that the tidal influencé was felt at the pumping plant of the
Central Mutual Water Company, about 4 miles downstream from
Verona. The maximum tidal fluetuation at Sacramento in 1924 was
3.4 feet on July 30 in comparison with 2.12 feet as measured on July
7,1925. On the same date the maximum range at the Mossdale bridge
of the Southern Pacific Railroad, just below the Western Pacific Cross-
ing, was 1.42 feet.

There is a reversal of flow in the rivers far above their mouths. On
July 16 and 17, 1924, at which time the discharge of the Sacramento
River reached the minimum for the season, measurements were made
by the State Water Supervisor (Water Supervisor’s Report for 1924,
Bulletin No. 4, p. 107), at a point about six miles upstream from
the Southern Pacific bridge at Sacramento, which show that, at low
tide, there was a maximum flow downstream of 1600 c.fs., with a
mean velocity of 0.5 f.p.s., and that at the highest tide on July 17,
there was a maximum upstream flow of 1080 c.f.s., with a mean velocity
of 0.3 f.p.s. The mean discharge past the station during the tidal
eycle of about 25 hours was 750 e.f.s. Meteorological conditions were
favorable for tides, as on July 15th the moon was at its maximum
southern declination and was full on the 16th. The predicted range
at the Presidio was 7.8 feet, near the maximum for the month.

The point of no reversal of flow, as well as that of no tidal fluctua-
tion, moves downstream as the river discharge increases and as the
tidal fluctuations in the bays become less. During periods of high
river discharge, such as occurred in 1907 and 1909, it is probable that
tidal fluctuations do not extend much above Rio Vista on the Sacra-
mento, nor above the entrance to the Stockton Channel on the San
Joaquin. In all of the above the term ‘‘tidal fluctuation’’ is deserip- -
tive of a perceptible lowering and rising of the water surface resulting
from the tidal movements in the ocean.

Of particular interest in the delta is the height to which the tides
rise above mean sea level since in time of flood from the rivers the |
water surface against the levees is further raised by the effect of the
tides. In the bays the highest water has not been caused by extreme
floods from the rivers but rather through a piling up of water in the
bays by severe storms on the ocean, coincident with high tides. The
highest tide of record at Presidio occurred in November, 1918, at a
time when neither the Sacramento nor San Joaquin rivers were dis-
charging excessive amounts of water. The tide rose to 5.2 feet above
standard sea level at Presidio. In upper Suisun Bay one of the highest
waters of recent years occurred in January, 1914, at which time a

il
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severe storm on the ocean, combined with the seasonal high water in the
rivers, resulted in the water at high tide rising to 6.83 feet above mean
sea level at the point where the San Francisco and Sacramento Railroad
crosses the bay. In February, 1917, the tide rose two inches higher
than in 1914 (to elevation 7.00) although there is no record of river
floods. of considerable proportions in that year. In January, 1909, dur-
ing one of the greatest floods of recent years on the Sacramento, the
‘maximum elevation of water surface reached at Collinsville was 6.1
feet above mean sea level.

As far as known, great floods from the two rivers have not occurred
simultaneously, nor have great river floods been coincident with extreme
tides. If the latter should occur conditions similar to those deseribed
for 1861-62 are not beyond conception whether or not the Salt Water
Barrier is constructed. In this connection, Mr. Geo. A. Atherton,
general manager, California Delta Farms, Inc., in letter of August 4,
1924, states:

Your assumption that floods of short duration raising the water surface as
high as in 1907 (EL 10.3 U. S. E. D.) could again be passed with no more
serious results than developed in the flood of 1907 or 1909 is quite true, but
those results were sufficiently serious that we are not anxious to have them
recur as they were very disastrous and we certainly would be very much
opposed to a situation that would result in the water being any higher which
I assume would not be planned. As to this elevation 10.3 for the maximum
flood water height, we must, under any and all conditions assume that it may
come again and, in fact, would come with similar weather conditions even
though no dam (barrier) were constructed.

In the design of the barrier particular interest centers, not in the
maximum momentary elevation reached by the water surface in the
bays, but in the maximum average elevation over an entire tidal cycle,
for the reason that the capacity of the flood gates through the barrier
to discharge a flood is dependent upon the available head, not only at
high tide but throughout the eyele. The ecritical condition to be met
would result through the coincidence of a large river flood, a severe
storm on the ocean and an unusually high tide.
It is readily seen that the study of floods is inseparable from that of
tides and for that reason they have been combined in one chapter of
the report. In the study the assumption is made that a combined
flood of 750,000 second-feet from the rivers must be discharged through
the barrier under conditions of tidal fluctuations in the bays as they
were during the severe storm of January, 1914, the most critical found,
considering head available for discharge through the flood gates.
Since the memorable flood of 1861-62, when the overflow from the
rivers is reported to have formed a navigable body of water from Sacra-
mento to Stockton, and to Suisun Bay, surveys and plans have been
made for their control by the government and by the state. At present
work is under way upon straightening and enlarging the lower Sacra-
mento River which, when finished, should greatly relieve the flood
menace in the delta region. The work is being done by the War
Df}partment under the general direction of the California Debris Com-
mission, with funds contributed by the government and by the state.
Any structure placed below the common mouth of the rivers, obvi-
ously, must he designed to pass the floods without materially inereasing
the flonq heights at upstream points as otherwise many miles of delta
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levees' would have to be raised and strengthened to a degree which
experience has shown to be impracticable.

Water Available for Flushing.

In the operation of the barrier, the entrance of a certain amount of |
salt water into the fresh water pond above the structure through the
ship locks, and as leakage past the flood gates, can not be prevented.
Therefore, unless water is available for flushing the pond clear of salt
water the salinity of the water will gradually increase until, in time, |
the water would no longer be fit for domestie, industrial or irriga-
tion use. E

With a combined normal annual run-off from the drainage area of |
the Great Central Valley of 37 million acre-feet, it might be supposed
that there would be no question as to the adequacy of the supply of.
fresh water for use in flushing. Under present conditions of river flow,
in which only a small portion of the natural run-off is held in storage
reservoirs in the upper valleys, the flow is sufficient, in most years, to
clear Suisun Bay and Carquinez Strait of salt water. Even in years
like 1920 and 1924 the natural flow during the high water season is
sufficient to clear the delta channels and upper portion of Suisun Bay
of salt water. Salinity in the delta is most pronounced in the late
summer and fall, following seasons of low run-off. Water available to.
act as a natural barrier under present conditions. or for flushing, in
the event a barrier is constructed, will decrease with the development
and utilization of storage in the upper valleys.

Obviously, if the run-off should be only one-third of the normal,
as it was in 1924, there would be a severe shortage of water in the upper
valleys even though all of the run-off were stored unless a large amount
of water were held over from previous years. There would he very
little, if any, water available for flushing unless deliberately released
from mountain storage for that purpose and it is not probable that
this wonld be done except as a last recourse in an emergency. It seems:
likely that the barrier will occasionally have to carry over one season
without comvlete flushine, and perhaps more in case of successively
dry years. The subject is discussed in Chapter X.

Transfer of Sacramento Valley Water into San Joaquin Valley.

With an arable area of one and one-half times that of the Sacramento
Valley, the San Joaquin Valley receives from its drainage basin, on th
average, only half as much water as runs off from the Sacramento
drainage area. The available supply per acre then is only one-third
that for the Sacramento Valley. 3

There are areas in the southern part of San Joaqiun Valley, on which
the draft from underground storage for irrigation by pumping hag
exceeding the supply, with the result that the water plane has been
lowered to an alarming degree. There are other areas which are
approaching a similar situation and unless water can be brought in
from some source outside the San Joaquin drainage area, the abandon:
ment of irrigation in a portion of the valley is inevitable. ]

In a Supplemental Report on the Water Resources of Californis
(Bulletin No. 9, Division of Engineering and Trrigation, State Depart
ment of Public Works) by Mr. Paul Bailey, it is stated that from &
study of the water resources it has heen determined that, if distributet
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by a coordinated plan, there is sufficient water in the drainage basin of
the Great Central Valley for all its agricultural lands. The plan
evolved provides for taking the surplus water of the Sacramento Valley
to areas of deficient supply in the San Joaquin Valley. If the plan
were adopted the surplus water from the Sacramento River would be
diverted at sea level into the mouth of the San Joaquin and boosted, by
pumping, up its channel for a distance of 154 miles southward and to a
maximum height of 159 feet above sea level. The plan contemplates
the construection of 14 dams, with movable crests, in the present river
channel, ereating quiet ponds, each successively higher than the next
downstream. Through an exchange of water within the San Joaquin
Valley, water now used to irrigate lands in the northerly (lower) por-
tion could be transferred southward to the higher areas, leaving the
lower lying lands to be supplied with water imported from Sacramento
Valley. In the report it is stated that, at present, the plan can be
declared feasible only as to the physical works required in its execution.

The ultimate plan involves the construction of large storage reser-
voirs on the Sacramento and some of its tributaries, and of the Salt
Water Barrier below the confluence of the Sacramento and San
Joaquin rivers. The barrier is-therefore an integral part of the state’s
comprehensive plan for the conservation of the waters of the Great
Central Vallev. Tts constuction might be deferred. The following is
quoted from Mr. Bailey’s report:

* * % Txcept for possible legal entanglements, it (the first unit of
the comprehensive plan) could be developed either by the construection of a
mountain reservoir in the Sacramento Basin or by the construction of the
barrier below the mouth of the Sacramento and San Joaquin rivers. If the
equivalent to the water released from storage into the Sacramento River were
pumped from the lower San Joaquin, it would not particularly disturb the
condition of low water flow in the two rivers. Thus, although the barrier is
not a physical necessity to the first unit of the comprehensive plan in the
San Joaquin Valley it is an essential feature of the ultimate diversion of
Sacramento River water into the San Joaquin, for without it, there can
not be the complete conservation necessary to develop the large volumes
of surplus Sacramento water for exportation; but unless its construction
were assured, undoubtedly the first unit of the comprehensive Plan would
become embroiled in the water right controversies surrounding the incursions
of salt water into the delta region of the Sacramento and San Joaquin
rivers, and be subjected to court injunction.

Without the barrier, the ultimate plan could not be realized since,
with full conservation, water necessary to act as a natural barrier
against encroachment of salt would no longer be allowed to flow to
waste. If fresh water in amount less than about 3500 second-feet were
not allowed to flow into Suisun Bay, and on out to the ocean, the water,
in its transfer through the delta channels from the Sacramento to the
San Joaquin would be contaminated with salt.

Economic Aspects.

The investigation of the proposed Salt Water Barrier covered by this
report has not been extended to cover the economic phases of the prob-
lem, being limited to consideration of the physical features only. Such
an economic study must be made to determine whether the benefits to
b6_ derived from the construction of the barrier will be commensurate
With ifs cost. The economic phase is very ably discussed in Mr. Dan
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Hadsell’s letter of July 2, 1926, to Dr. Elwood Mead, Commissioner,
Bureau of Reclamation. The letter is included in volume 2, page 22,
as Exhibit 10. Mr. Hadsell’s discussion is predicated upon the assump-
tion that a body of fresh water can be created and kept fresh through |

construction of the barrier.
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CHAPTER III

FIELD INVESTIGATIONS
Barrier Sites Suggested.

An examination of the general maps of the San Francisco Bay sys-
tem leads one to believe that there are mnumerous sites at which the
construction of a barrier might be feasible. No less than eleven sites
have been suggested at various times. Proceeding downstream, they
are shown on Plate 2-1 as follows:

A. At the westerly end of Sherman Island.
B. At Chipps Island near the town of Pittsburg.
0. Army Point to Suisan Point.

D. At Benicia.

B. Dillon Point to Eckley.

. At Vallejo Junction.

@. Point San Pablo to Point San Pedro.
H. Molate Point to Point San Quentin.

I. Castro Point to California Point.

J. Point Richmond to Bluff Point.

K. At the entrance to the Golden Gate.

The Sherman Island and Chipps Island sites were dropped from
consideration early in the investigation for the reason that even though
foundation conditions might be found favorable, a dam at either place
would develop comparatively little storage back of it and, as will be
brought out in this report, storage is desirable in the operation of the
barrier. The foundation at either of the sites would be of peat, sand
and silt, similar in character to that found in the delta and deseribed
in Chapter II. As the barrier, to fulfill the requirements, must be
desioned to pass a flood of 750,000 second-feet, foundations can not be
considered too lightly.

The Golden Gate site was not considered; first: because a structure
there would obstruet the full use and development of San Franecisco
Bay as an ocean port or naval base; second, because a dam located at
any point between the headlands and the bar would be constructed on
the unstable sandy slope to the bar, and third, because, as indicated
on Plate 3-1, the structure would be located on or in the immediate
vieinity of the San Bruno fault zone.

; Although the Benicia site has been attractive from the beginning,
it was not selected for development by drilling for the reason that a
brief geological examination made by Mr. Alfred R. Whitman for
the State Division of Engineering and Irrigation in 1922, had tenta-
tlvely fixed the location of the Sunol fault as crossing Carquinez
Strait from the west side of Martinez to the east side of Southampton
Bay. Reference to Plate 3-2 will show that a fault line so located
would cut through the point off Benicia where, if that site were
adopted, the flood gates and ship locks would probably be located to
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take advantage of shallow rock foundations. Moreover, a barrier at’
this site, built to take advantage of the shortest distance across the
strait, would be transverse to the general trend of fault lines in this|
locality which would not be desirable. 1
The Vallejo Junction site, at the westerly end of Carquinez Strait, ‘
was at first considered a likely site. Subaqueous drilling done by
the Southern Pacific Company at this point had developed bedrock}
at a maximum depth of about 110 feet. No designs were prepared for |
this site for the reason that the distance across the strait is considerably
more than at the Dillon Point site; conditions along the precipitous|
shores are less favorable for construction of ship locks and for rail-
roads and highway approaches; and if a barrier were built there all
large number of ocean going vessels destined for Crockett would havel
to be locked past the barrier, which would not be necessary with the|
barrier built at one of the sites just upstream
The Point Richmond to Bluff Point site is believed to be the most
westerly site that, in any case, should be considered and for this reason
the geological study made in the course of the investigation included 1
it. The distance across the bay is here about 3.3 miles, the depth off
water, especially on the west side (where there is one sounding off]
108 feet) is comparatively great; and, as stated in the geological report, i
there was a possibility that unsatisfactory foundation conditions would¥
be found if drilled. As at the Benicia site, the direction of the barrier,
if built here, would be transverse to that of the two mearby major
fault zones. . The site has no apparent advantage over the Point San
Pablo site where the distance between shores is in comparison onl \
about 1.8 miles.
It is argued by somie, and very ably, that a wide site is desn'able-
if not essential, to provide length of dam ecrest on which to install
flood gates in number sufficient to pass the river floods. With the type
of gate proposed in this report, a wide site is not necessary and if
appears that selection of a wide site would result in additional cost
although no designs or estimates for the very wide sites were prepared
A Wlde site presupposes the installation of wide, shallow flood gates
while in the design proposed the gates are deep. It is the writer’s
belief that the adoptlon of shallow gates would defeat the purpose of
the barrier for reasons which are discussed in Chapters IX and X.
The Molate Point to Point San Quentin site, or the Castro Point to
California Point site, have no particular advantage over the Point
Richmond to Bluff Point site except that the depth of water is less
They have the same unattractive features. A review of the eleven
gites listed will show that all but three are eliminated from eons1der
ation at the present time.

Comparison of Sites.

Generally speaking, the farther down-stream the barrier were loca
the greater would be the benefits to irrigation and industrial inter
and the greater would be the effect upon navigation interests. Sta
more fully the farther downstream the barrier were located the grea
would be:

The area of salt marsh possible of reclamation ;
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The length of shore line for use of industrial plants requiring fresh
water in their operation; i

The protection against the ravages of the teredo;

The loss of fresh water by evaporation;

The area from which tidal fluctuations and currents could be elim-
inated ;

The reduction of tidal velocities through the Golden Gate and across
the Bar;

The number of vessels to be handled in locks;

The number and size of ship locks; and

The amount of fresh water required to flush out the area back of
the barrier.

Advantages and disadvantages are discussed elsewhere.

sites Selected for Investigation.

Following out the general plan of procedure agreed to by all parties
to the contract (Exhibit 7), field work in connection with the develop-
ment of sites was confined to the following three sites:

Army Point to Suisun Point.

Dillon Point to Eekley.

Point San Pablo to Point San Pedro.

In the report they are referred to as the Army Point, Dillon Point
and Point San Pablo sites, respectively.

It will be noted, by reference to Plate 2-1, that a barrier at either
of the two upper sites would serve to create a body of fresh water in
Suisun Bay and the delta channels, while a barrier constructed at the
San Pablo site would make possible the inclusion of San Pablo Bay
as well. In reality there are but two general plans involved, the Army
Point and Dillon Point sites being alternative sites for a barrier to
protect Suisun Bay and the delta channels against salt.

It is believed that the sites selected for investigation are typical of
any site suggested, with the exception of those at the eastern end of
Suisun Bay and that in the ocean at the entrance to San Francisco
harbor. The Dillon Point site represents a narrow site where the
depth of water is great; the Point San Pablo site is representative of
a wide site; while at the Army Point site average conditions are found.
Although a barrier constructed at either of the upper sites were
estimated to cost less than one at the Point San Pablo site, an eco-
nomic study might show a barrier at the latter, to make San Pablo
Bay fresh as well as Suisun Bay, to be much more valuable. With this
in mind an effort was made to develop each site in sufficient detail
to permit the preparation of designs and estimates of a character to
be of value in the study of the economic feasibility of the structure.

Geology.

_Ome of the first steps taken was to have a brief geological examina-
fion made of the sites selected to determine whether they were geo-
logically suitable before money was expended in their development by
Subacueous drilling. The examination was made in August, 1924, by
Mr. Kirk Bryan, geologist, United States Geological Survey. His
TEPort is attached as Exhibit 11.
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By reference to Plates 3-1 and 3-2, it will be noted that the Army|
Point, Dillon Point and Point San Pablo sites are all located away
from the principal fault zones and in each case the direction of thg

barrier would be approximately parallel to the general trend of the}
faults. In reporting upon his examination of Carquinez Strait, Mgy
Alfred R. Whitman says:

If a severe earthquake were to be produced by a longitudinal differentig]
movement on the Sunol or Avon fault there would probably be a tendency
for the mud of the strait to shift forward and backward in the direction
the fault movement, rupturing the dam if this lay diagonal to it; but if the
dam lay along a line parallel with the faults it would be least in danger frox
shifting mud. The safest point and direction for the dam would be betweey
the Sunol and Avon faults extending from Bulls Head Point to a little north
east of Army Point.

In summarizing the Bryan report the following points are of paz
ticular interest:

1. The region is one where earth movements of considerable mag
nitude have taken place in comparatively recent times.

2. He predicts that earth movements will continue and states tha
they may be considered as an irregularly recurrent hazard to structures

3. Regardless of the risk of earth movements, engineering structure
should be built to meet present conditions and contingencies.

4. In the design of structures for thig region consideration shoul
be given to the possible effect of earthquakes.

5. Major fault lines should be avoided as they represent lines o
greatest weakness along which earth movements are most likely
recur.

6. Minor faults, between the major fault zones, have little effeg
on the character of the sites as future movements on these lines at
unlikely. ,

7. A fault is suspected as lying in the draw just east of Heckle
and crossing the strait into Glenn Cove. It would be of the olde
type, considered no longer active, but if it exists it may cut throug
the southerly end of the Dillon Point site.

8. There is no objection, geologically, to the Army Point, Dillo
Point or Point San Pablo sites with the possible exception mentione
under (7). Mr. Bryan apparently does not consider the exception 4
of any importance.

9. The rocks at all sites are suitable as foundations for struectur
of ordinary size.

10. The quartzite in the vicinity of the Point San Pablo site §
excellent material for riprap and for erushed concrete aggregate.

11. The harder sandstones found at the upper sites are suitabl
for riprap.

12. ““As material for embankments under water it seems likel
that the shales and fragments of sandstone from the thinner beds wil
fill the voids of the larger stones derived from the massive sandston
beds and form a tight and relatively stable structure.’’

e —
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garthquakes and Construction.

The following quotation from pages 171 to 174 of Geologic Atlas of
the United States, Folio 193, San Franciseo Bay, California, by Andrew
¢. Lawson, U. S. Geological Survey, may be of interest:

The well known susceptibility of the region about San Francisco Bay to
earthquakes naturally raises the question how, in the light of geologic knowl-
edge, loss of life and property due to violent shocks may be guarded against
or minimized. In considering this question it should be noted, first, that
more than 99 per cent of the earthquakes that affect the region are harm-
less. They are tremors of the earth’s crust due to the adjustments of minor
stresses- in the rocks far below the surface. In regions where such tremors
are frequent, however, as in the region about San Francisco Bay, violent
and destructive shocks occur also, though at comparatively long intervals,
and it is to these greater shocks, of course, that attention is particularly
directed.

Next, among the many faults thus recognized it is necessary to discriminate
between those upon which there is no probability of future movement and
which are therefore harmless and those which lie in zones of active stress
and which are therefore dangerous. Of the many faults discovered in the
region of San Francisco Bay only two are certainly known to be zones of
active stress. These are the San Andreas fault and the Haywards fault, each
of which is a record of a ecatastrophic earthquake. Other zones of active
stress may yet be discovered, but most of the faults are the expression of
energies that have been long spent and are not in any sense a menace. It is,
moreover, barely possible that the stresses in the San Andreas fault zone have
been completely and permanently relieved by the fault movement of 1906.

* % % If we have positive evidence of recent movement—evidence of any
of these three kinds (historic, or geomorphic, or geologic), then all structures
such as roads, bridges, aqueducts, pipes, and tunnels, which cross the fault,
are in danger of destruction, and every effort should be made in their
design not only to minimize the destructive effect, but also to supply auxiliary
structures to tide over a period of repairs. * % *

# % % Tyen where there is no reason to suspect recent movement on
fault lines engineers should avoid them as far as possible in locating impor-
tant works, * & #

Besides the dangers that arise from the rupture and displacement of the
ground and that may either be avoided by wisely selecting the locations for
important structures or be minimized by providing auxiliary structures and
facilities for speedy repairs, there are other more general dangers due to the
vibration of the ground, concerning which a word of caution may be of service.
The principle to be observed by those who may design and locate large build-
ings or works in this region is that all structures which rest on solid rock are
very much safer than those which rest on loose, unconsolidated ground, whether
the ground is natural or artificial, and that loose ground saturated with water is
the most dangerous of all.

Another principle to be observed in any region subject to severe earthquake
shocks is simplicity and unity of structure. Two structural types combined in
the same building and not intimately and strongly tied together vibrate with
different periods and mutually tend to destroy each other. * *

* % % 1In general, all buildings erected in a country subject to severe
earthquakes should be made stronger than buildings erected elsewhere, and
the best provision against partial destruction is a large margin of safety in
strength,

Finally, it may be remembered that, although the coast of California has
never suffered in historic times from a sea-wave generated by a fault on the
sea floor, such an event is not beyond the range of possibility.

As will appear in Chapter IV the ship locks and flood gates of the
proposed barrier are so located as to be founded entirely upon bed rock;
they are made as simple as possible; all parts of the structure have
been tied together; and, in cases where the structure does not rest upon
bedrock, a type of dam (rock fill) has been adopted which, it is believed,
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most nearly satisfies the conditions suggeéted by the warning ‘‘and
loose ground saturated with water is the most dangerous of all.”’ ’

Plan of Development of Sites by Drilling.

In the general plan adopted a cross-section of the channel was first]
developed by drilling a number of holes on a line from one shorel
to the other at each of the three sites selected, followed by the develop
ment of foundations under the proposed ship locks and flood gates and|
over the area of approach to and exit from the flood gates. In eachi
set of drilling work started at the Army Point site and ended at thel
Point San Pablo site, the development of foundations at the formepl
site not being undertaken until after the cross-section drilling at allf
three sites had been finished. The cross-section drilling furnished data]
upon which to base preliminary designs. The drilling to develop|
foundations followed a plan laid out to fit the structures as tentatively]
designed upon the basis of the preliminary cross-section drilling. |

Results of Drilling Operations.

A detail log of each hole drilled is included in Volume IIT of thig
report. Following is a summary of the results.

In general, bedrock is overlaid in turn by gravel, sand, clay and muds
An exception to the general rule is found at the Dillon Point site wher
water, at one place, just off the Point, was found running on bare roe
at a depth of 136 feet below mean sea level. At each site investigate
both abutments are of rock and the concealed rock forming the floor o
the bay was found to be of the same character as that exposed on shore

It was early apparent that ship locks and flood gate structure shoul
be founded upon rock and preliminary studies of gate area required #
pass river floods indicated that with gate sills 44 feet below mean o8
level, the length of the flood gate structure would be about 2000 feet
The desirable site would therefore be one where bedrock would be
located at a depth of about 50 feet over about one-half mile of it
length. The nearest approach to this econdition was found along th
Martinez water front. A sloping bench of fair length was found ‘
the southerly end of the Army Point site and a very short one at
southerly end of the Point San Pablo site. At the Dillon Point
the rock drops off abruptly on both sides. A bench, just offshore
Benicia, is suspected.

The mud varies from a soft, black slimy ooze to clay, as depth
gained. In general the mud is gritty, the sand inereasing in size w
depth from an almost impalpable grit. The clay varies from soft, pl
tie, to hard clay, which is in reality softened shale overlying the dr,
rock formation. Gravel is usually encountered below depths of fr
100 to 135 feet and would not be involved to any great extent in exeay
tions for structures except at the Dillon Point site, where a cone
structure, founded on bedrock clear across the channel, is consider
as an alternative for the rock fill type of barrier. It has been assume
that pumping will prove to be the most economical method of excavatil
all material overlying the rock.

The statement contained in the geological report by Kirk Bryé
(Exhibit 11), to the effect that the rock at all sites selected for inv
gation is suitable as foundations for structures of ordinary size, W
borne out. 3
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The rock, in all cases, is sandstone and shale alternating in layers,
generally from one-fourth inch to 24 inches thick. At Point San Pablo
site the sandstone and shale is associated with quartzite. In rare
instances the sandstone is found in layers as much as 15 feet thick. Ag
a usual thing the sandstone is very fine grained and poorly cemented,
approaching a sandy shale. With a little effort it can be cut with a
knife. In some instances, the cementing is so poor that pieces one inch
in diameter can be crushed and rubbed to sand between the fingers. The
harder layers are extremely hard and analysis has shown the rock to
be a silicious limestone containing as much as 30 per cent lime. These
hard layers are found at all three sites. The shale weathers badly
upon exposure to the atmosphere and at Army Point site swelling
ground was encountered by the diamond drill bit.

The strata dip downstream (to the southwest) at angles between
45 degrees and 90 degrees. The usual dip does not exceed 70 degrees
from horizontal, the strike being across the channel. In most cases
the percentage of core recovered in diamond drilling was small, due,
perhaps, to the comparatively thin strata, their steep ineclination and
the friable character of the rock. HEvidently it was ground up in the
core barrel although a double tube barrel, yielding 12-inch diameter
core, was used.

The core recovery was approximately as follows :

Army BolntSsitdt il oo L oRia S ST e 5.69, to 30%
Dillon SEo 1Tl itc SNSRI RS SRS 15.0% to 509,
6.2% to 25%

Point San Pablo site

(Generally speaking, the rock at the Army Point site is softer than at
either of the other sites and the strata at the Dillon Point site are
thicker, especially at the north side of the strait. It is believed that a
dredge with powerful cutter head would handle most of the rock at
the Army Point site but it is just about on the border line and it
probably would be unwise to figure on this type of excavating equip-
ment unless extensive experiments showed it to be practicable. It is
believed that the rock will drill easily. The only difficulty expected
would be due to the steep inclination of the strata.

ARMY POINT SITE

Features of the Site.

querenee to Photo 3-1* will show that if constructed at this site the
baI:rler would join two prominent points, Army Point on the north and
Suisun Point on the south. The line on which the drilling across the
channel was done was so chosen that the length of the barrier would
be the minimum consistent with good alignment and approaches for
the railroad and highway if it were found desirable to carry them
across the water on top of the barrier. A topographic map and layout
(l)Df] ?Iloholes drilled in the development of the site are shown on

dLeR 53

Both points are of rock rising to elevations in excess of 100 feet.
The main line of the Southern Pacific Company from the east and
north rounds Army Point on the way to the ferry crossing at Benicia.
The point is oceupied by the U. S. Army Arsenal. Practically no
nterference with existing construction would be occasioned on this

b Not—included T printed . : g =
Hion, iDonves. Co]oraﬁo_ ed report. Fiims on file in office of U. S. Bureau of Reclama-
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side of the channel but construction of a barrier would interfere with
the plant of the Mountain Copper Company and Associated Oil Com-
pany on Suisun Point. As will appear in Chapter IV, alternative
designs have been prepared in an effort to reduce interference to the
minimum. Various features of the site are QhO\Vn on Photos 3-2 to 3-6
inclusive.

In drilling holes to the west of Suisun Point the ‘‘desirable bench’’
on which to build the flood gate structure and ship locks was apparently
located. As preliminary designs had indicated that a crescent shaped
area, such as that along the Martinez water front, would be required
to accommodate the structures and provide a channel for by-passing
river-floods, it was decided to extend the drilling operations to develop
the site from Martinez to Army Point. The axis of the barrier in thig
case was located to give the most suitable foundation conditions under
the ship locks and flood gates; good railroad alignment at the Army |
Point end without materially lengthening the barrier; and,a railroadH
approach at the Martinez end which would interfere least with
present construction. In the plan adopted the railroad would be
carried under the residence portion of Martinez in a tunnel; wouldH
encirele the town to the south and continue down the west side of the
Valley of Alhambra Creek to the present location of tracks along Car-
quinez Strait. The conditions to be met are indicated on Photo 3-7.%
Tt will be noted that there is at present no construction of any impor-
tance on the marsh land so that right of way should be comparativel
inexpensive. The railroad would pass under the hill at the left o
the picture and return to the present location of tracks at the extreme
right.

¢

Channel Cross-sections.

The cross-section between Army and Suisun points was developed by
drllhng 12 holes to and into bedrock as shown on Plate 3-4. The follow
ing summarizes the results-obtained :

Distance between shores——_________ St SR DN S Sk about 4900 feet
Maxdimumydepthyof swater el on @ P ur S Pl - ot oo s S
‘Average depth to: graveloc - - or 1 R e LS
Maximum. depth to bedrock— e = = e ce L oo
Peepest: tholegdrilledieasss St m o se S e o v SIBFih o o il S O
Area of waterway (below M.S.L.) o ___— b e o e 204, 500 sq. fee

As the holes are, in general, 500 feet apart, there is no assurance that
the deepest rock was located.

The bottom of the bays, almost everywhere, is soft mud, incapab
of supporting any material load. As a rock fill dam is the type
which prineipal consideration has been given in the prepafation
this report it was of interest to learn something relative to the sup
porting power of the mud. In order to throw some light on thi
important feature a record was kept of the depth to Whlch the dri
pipe used in drilling sank of its own weight. The weight of the pip
and the depth to which it sank without wash boring is shown on th
section, Plate 3-4. Additional data are presented later. :

Another cross-section was roughly developed from Martinez to Armj
Point by sinking three holes on line ‘‘M’’ in addition to those sumn

* Not included in printed report. Films on file in office of U. S. Bureau of Recla g
tion, Denver, Colorado.
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in the development along the Martinez water front. In driving these
three holes it was the object to locate supporting ground for a rock
f1l. Although the fill might not settle elear through the mud, clay
and sand to gravel it was assumed that it would, in any event, not
settle into the gravel. Instructions were therefore given to discon-
tinue driving when it was reasonably certain that continuing gravel
had been reached. Although no diamond drilling was done the indi-
cations were that bed rock was reached in all but one hole. The results
of drilling on line ‘‘M,”” which is in reality a continuation of line
CW 4500, are shown on Plate 3-6 and may be summarized as follows :

Distance from intersection with Southern Pacific tracks at Mar-
tinez to Army Point (measured along Line W 4500 and Line

I OIS oy ane it E S S Se e o lon st he ___ 8650 feet
Maximumtdepthhof Swaitent o= LF G S s = 3o e AR D E 59.2 feet
Depth to srayell= = & LB El s Fe R aon e i Tk Sl S, 80 to 110 feet
Maximum depth to bedrock (rock not reached in one hole)_____ 121.8 feet
Deepestitholesdrilled—r oo c s asune B I e i s —e————— 128.8 feet

Development of Foundations and Areas to be Excavated.

As the bench off Suisun Point, located when drilling the cross-see-
tion of the channel, was not sufficient to accommodate the ship locks
and flood gate structure as tentatively designed, it was evident that
Suisun Point would have to be encroached upon. The site was devel-
open by drilling holes on radial lines around Suisun Point and approx-
imately normal to the shore line along the Martinez water front as
indicated on Plate 3-3. The details of the drilling are shown on Plates
3-4, 3-5 and 3-6 and by the drill logs which are contained in Volume III.

It will be noted that there is a rock bench under the Martinez marsh
and tidal flat, terminating off Suisun Point. If 90 feet is assumed
as the maximum practicable working depth for the pneumatic caisson
process, structures built by that method could be founded on rock as
much as 1200 feet off Suisun Point and approximately 2000 feet out
from the Southern Pacific tracks on line ‘W 4500.”” East of Suisun
Point the rock drops rapidly and would not be encountered but for a
short distance from the point in exeavations proposed in Chapter IV.

The low saddle through Suisun Point, and the marsh to the east
between the point and the nearby hill, suggest the possibility of con-
structing ship locks ‘“in the dry’’ in a position to avoid serious inter-
ference with present structures. This is the explanation of the drill-
ing on the marsh adjacent to the Mountain Copper Company plant.

Where there was interest only in the character of material to be
excavated for estimating purposes the holes were drilled from 60 to
70 feet deep only, as there are no excavations having a contemplated
depth greater than this. In drilling the cross-section off Suisun Point
the holes were carried well into the rock to determine its character
to the depth of the proposed excavations.

The borings indicate that the bedrock under the Martinez marsh
and tidal flat, between Alhambra Slough and the submerged draw issu-
mg from back of Suisun Point, is in general a soft, sugary, compara-
tively coarse grained sandstone in which the cementing material has

very little strength. It is this material that can be rubbed to sand
between the fingers. ;

5—10686
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DILLON POINT SITE

Features of the Site.

As indicated on Plate 2-1,* and by Photo 8-1,% a barrier built at this
site would have less length than at any point in Carquinez Strait ors
in the bays. The axis of the proposed structure was fixed to give
the best alignment possible for the railroad and highway around
Southampton Bay if it proves desirable to carry either across the
strait on top of the barrier, and to take advantage of the draw at Eckley:
Station in making the right angle turn to the west. A topographie:
map and layout of the system of holes drilled in developing the site
are shown on Plate 3-7. i

The rock on each side of the strait rises abruptly to elevations 150
feet and more above the water surface. The main line of the Southern|
Pacific Company to Oakland and San Francisco skirts along the south
side of the strait, the Benicia to Port Costa Railway Ferry crossing]
being located just east of the barrier site. The precipitous hills onj
either side suggest the possibility of a railroad and highway crossing af:
an elevation to clear the masts of vessels being locked past the barrier:
without the necessity of raising bridges. The narrow channel, and
the comparatively little channel filling, suggests a barrier of the articu-
lated type in which the present waterway would be closed by large
gates carried between concrete piers resting on bedrock. Such a type
is presented in Chapter IV as an alternative for the rock fill type.

By inspection of Photo 3-1* it will be noted that there would bg
practically no interference with existing construction. Present con-
struction consists of the Southern Pacific Railroad, the high tension
suspended transmission line belonging to the Pacific Gas and Electrie
Company and a submarine telephone cable owned by the same coms
pany. Features of the sute are shown on Photos 3-8,* 3-9* and 3-10.%

i
B

Channel Cross-section.

The eross-section was developed by drilling 7 holes on line to, and
into, rock as shown on Plate 3-8. Following is a summary of resulf;
obtained : 3

Distance between shores— oo oo ahbout 2740 fee

Maximum depth of water___ Rl L O S S S R 136 fee
Depth to gravel___________ _88 to 136 fee
Maximum depth to bedrock 148 fee
Deepest hole drilled___ = o __— 152.6 fee
Area of waterway (below M. S. L.) oo __ 211,600 square fee

There is no assurance that the deepest rock was located since th
holes are spaced a considerable distance apart but the informatiol
obtained is considered sufficient as a basis for preliminary designs an
estimates. It should be noted that the rock drops off rapidly on ea
side of the strait and that at Dillon Point water runs on bare rock
the tidal currents being sufficiently strong to keep it swept clean. !

Development of Foundations and Areas to be Excavated.

As there is no bench in the present waterway upon which to buil
ship locks and a flood gate structure it was evident that if a rock
type of barrier were built it would be necessary to build the locks am

* Not included in printed report. Films on file in office of U. S. Bureau of Recla ot
tion, Denver, Colorado.
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Aood gate structure in the position now occupied by Dillon Point which,
in turn, means that approach to and exit from the flood gates would
have to be excavated in the region of Southampton Bay and Glen Cove
respectively. The site was therefore developed by drilling holes on
radiating lines around Dillon Point and on lines normal to the general
dirvection of the shore as indicated on Plate 3-7. The details of the drill-
ing are shown on Plates 3-8 and 3-9 and by the drill logs which appear
in Volume ITL |

The investigation shows that the rock of Dillon Point along the strait
is swept clean of any loose deposits; that on the eastern side the rock
drops rapidly as along the strait, and that a rock bench underlies Glen
Cove. As indicated on Plate 3-8 the exeavation of approach to the flood
oate in_Southampton Bay would be almost wholly in mud, clay and
sand. While of small extent, excavation over the area of exit in Glen
Cove would be partially in rock. See Plate 3-9.

POINT SAN PABLO SITE
Features of the Site.

As will be seen by reference to Plates 2-1 or 2-2, the gite between
Points San Pablo and San Pedro is the narrowest which could be
utilized to make San Pablo Bay fresh through the construction of a
Qalt Water Barrier, with the exception of the Golden Gate.
In selecting the line on which to develop a channel a cross-section
consideration was given to the shallow depth of water at the down-
stream end of Point San Pedro in comparison with that of the upstream
end. The shoal water at the downstream end indicated the possi-
bility of the existence of a rock bench on which to build the flood gate
structure, whereas there was no possibility of the existence of such of
a bench at the upstream end. If the barrier were built at the upper
location it would be slightly shorter and more nearly parallel to the
oeneral direction of fault lines, but quarry operations there would be
a source of inconvenience, if not of danger, in the operation of trains
and vehicles across the barrier. A topographic map of the site and
layout of holes drilled in its development are shown on Plate 3-10.
Both points are of rock and rise to an elevation in excess of 200 feet.
There would be no interference with present construction on Point San
Pedro unless a railroad were carried across the bay on the barrier, in
which case small adjustments might be necessary in case of the brick-
vard now operating there. At point San Pablo there would be inter-
ference with the Belt Line Railroad which serves practically all
industrial plants on the point and with plants located on the tip end
of the point. Some features of the site are shown on Photos 3-11* to
3-14.* inclusive.
i The existence of marsh country east of the ridge which terminates
in Point San Pablo suggests the possibility of building the ship locks
associated with the barrier ““ip the dry’’ somewhere on the marsh and
joining them with San Franeisco and San Pablo bays by ship channels
excavated in mud. Although available funds did not permit investiga-
tion of this plan, pictures were taken to show what would be encoun-
tered if such a plan were adopted. The country which would be
traversed is shown on Photo 3-15.*

* N _' n i i i : v
. Not included in printed report. Films on file in office of U. S. Bureau of Reclama-
ion, Denver, Colorado.
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Channel Cross-section.

The cross-section was developed by drilling 14 holes on line as shown
on Plate 3-13. 1In the first drilling that was done rock was developed
at each end of the site to depths of over 100 feet, and over the rest:
of the length of the site holes were put down 1000 feet apart to
develop gravel as was described for the Martinez to Army Point site.
Later, on two holes, located at about the third points of the length of
the site, were drilled to and into rock to give a general idea of bedroeck
conditions. Following is a summary of results obtained : ‘

Distance between shores—-__________ clialai s L LSS about 9560 feet
Maximum depth of A AR D RS LA = e Rl 87 feet
Average depth to gravel or coarse el e i L TR R R 140 feet
Maximum depth to bedrock (rock not reached in all holes) 240 feet
Deenestysholes drpilled=—as Sas B8 8 oo e =il - e e 255 feet
Area of waterway (below M.S.I1.)_____________________ 489,000 square feet

As at the Army Point site, a record was kept of the depth to which
the drive pipe used in drilling operations sank into the mud of its
own weight. The weight of the pipe and the depth to which it sank
without wash boring is shown on the section, Plate 3-13. : :

The three holes of particular interest are holes 2500, 3500 and
6500. In hole 2500 the only gravel encountered was contained in a
stratum of clay and gravel 10 feet thick from 168 to 178 feet depth.
This stratum is underlaid by soft clay of an undetermined thickness;
but at least 50 feet. In drilling hole 3500 nothing larger than coarse
sand was encountered above elevation —217.6. In hole 6500 a stratum
of sand and gravel over 50 feet thick rests on about 50 feet of mud
and sand. Similar conditions may have been developed in other holes
had. they been drilled to greater depths. In the preliminary studies
it has been assumed that a rock fill barrier will not settle below the
top of gravel or coarse sand but in the preparation of final designs
careful consideration should be given to the character of the channel
filling in arriving at its suitability as a foundation of a rock fill of
great weight. '

Development of Foundations and Areas to be Excavated.

The cross-section drilling failed to develop a rock bench at the
Point San Pedro end of the site nor one at the Point San Pablo ené
sufficient to accommodate ship locks and flood gate structure. It w
therefore apparent, as at other sites investigated, that if a rock f
type of barrier were adopted space would have to be provided for
the ship locks and flood gates, if they were to be founded upon rock
by removing a part of a point of land. Other things being equal the
ship loeks should be located at Point San Pablo in order to be on thé
course at present traveled by the majority of vessels. Conditions
making it desirable for large vessels to take the middle course, would
to a large extent, be changed with the barrier constructed.

The site was developed by drilling on lines normal to the generd
direction of the shore line as indicated on Plate 3-10. Details of th
drilling are shown on Plates 3-11, 3-12 and 3-13, and by the drill log
referred to previously. ]

The investigation shows that there is a small rock bench off Poil
San Pablo where the depth to rock is less than 90 feet for 1000 fee
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out from shore. The bench is not in position to be of use in connection
with flood gates but is well adapted for the ship locks. The rock drops
oft rapidly on either side of the point so that it would not be involved
to a great extent in excavations over the area of approach to and exit
from the flood gates. The excavation would be largely in mud, clay
and sand.

Tt will be noted that the bottom of the channel between Point San
Pablo and the Brothers Islands is swept clean to bedrock. The rock
here, at depths not exceeding about 90 feet, is attractive in connection
with the flood gate structure.

Tn drilling in the region of Invineible and Whiting rocks a ridge
was located, the high points of which protrude above the water surface
as the Brothers Islands. The ridge looked promising as a foundation
for ship locks until studies of vessel traffic indicated that locks in
number too great to be accommodated by the ridge were required at
this site.

BENICIA SITE
Features of the Site.

Although the site at Benicia was not developed by drilling there is
a possibility that a barrier could be built here at less cost than at any
other site. Examination of Plates 2-1 and 2-4 and Photo 3-1* will show
that on account of the low narrow point extending into the strait at
Benicia, and the marsh just upstream from it, the above water exca-
vations necessary to construct ship locks on a line drawn from Port
Costa to the tip of Suisun Point would be comparatively small. A
study of test pile data obtained in this locality several years ago by
the Southern Pacifie Company which will be presented later, indicates
that rock possibly extends out from the Benicia Point at depths, and
for a distance, to accommodate the flood gate structure. Whether the
site actually has merit can only be determined by development drilling.

The principal difficulty probably would be the interference with
operations of the Southern Pacific Company in the event advantage
was not taken of the barrier to carry trains across the strait. Aside from
this feature interference with present construction would be limited to
a few plants, warehouses and buildings in ‘‘the lower end of town.’’
As a recompense deep water would be made available in place of the
present mud flats.

As previously stated, this site was not considered seriously for the
reason that a fault line was suspected as passing through it. In view
of the geologist’s statement found in Exhibit 11:

It follows, therefore; that engineering structures should be undertaken
to meet present conditions and contingencies that may be reasonably predicted

during the life of the structure, without regard to the risk of earth move-
ments which is inherent in the region and is a part of man’s life in the area.

it is probable that the consequences anticipated as a result movement
on the fault line, if it exists, are overestimated. Perhaps the possi-
bility of earth movement should be overlooked in case it later develops
that a large amount of money could be saved through adoption of the
Site. 'With this in mind preliminary designs and estimates were pre-
pared for the Benicia Site, based upon foundation conditions which
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were, very largely assumed. A map of the site and the assumed}
underwater conditions are shown on Plate 3-14.

DATA RELATIVE TO UNDERWATER CONDITIONS
Other Cross-sections in the Bays.

During the investigation many data were gathered relative to unders
water conditions. Some of the most pertinent of these appear on|
Plates 3-15 to 3-19 inclusive. They include 17 channel sections at
various points from the eastern end of Suisun Bay to the lower end of}}
San Pablo Bay. Changes in the channels due to silting are shown,J
in some cases from 1857 to 1925. The record of borings at Vallejo
Junction by the Southern Pacific Company, at Valona by the Amerij
can. Toll Bridge Company and at Chipps Island by the San Francisco-}
Sacramento Railroad Company are shown, as are test pile data obtainedl
by the Southern Pacific Company in the vieinity of Army Point and
Benicia. - v

By reference to section 14, Plate 3-18, it will be noted that at Chippsl
Island no rock is reported to have been encountered although a num:
ber of the holes were put down about 130 feet; and that hard material
probably a mixture of clay, sand and gravel, was located under the
present channel at depths of about 100 feet.

It is interesting to compare the test pile data, section 12, Plate 3-17,
with the drilling record obtained in the present investigation as shown
on Plate 3-4, since the work was done on practically the same line
between Army and Suisun points. The similarity of the profiles
indicating the depths to which the test pile and pipe used in drilling
settled of their own weight is quite remarkable. Off Suisun Point)
the small penetrations, and consequent high caleulated safe loads
indicated the probable existence of rvock. Tts existence was demon
strated in the drilling operations. In fact, the top of rock as indi
cated by test pile 2a is checked exactly by drill hole 1000. The t
piles across the remainder of the channel were not driven far enougl
to reach the sand and gravel developed by drilling, but the mor
compact material found in drill hole 3000 was indicated by test pile
The absence of other material than mud in drill hole 4500 explair
the low calculated safe loads as determined from test pile 11. Th
diserepancy in the distance between shores, shown on the two platel
referred to, is probably due to noncoincidence of the lines on wh
the sections were developed.

As shown on section 15, Plate 3-19, the channel filling about
mile upstream from Army Point is firmer than between Army a
Suisun points. The conclusion to be drawn is that this loeation
better adapted-to a structure supported on piles although the distamnt
between shores is almost twice that between Army and Suisun po
The approaches to a structure at the upper location, however, woul
be across marsh land which has little supporting power. ]

Comparison of results obtained at the Army Point site with Souf
ern Pacific test pile data at Benicia led to the belief that rock wou
be found extending out from Benicia in the form of a flat bench whi
previously has been referred to, as at that location test piles show
no penetration. The results obtained by the Southern Pacific Col
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any are shown on section 9, Plate 3-16. These data were used in
drawing in the assumed underwater rock contours shown on the gen-
eral map of the Benicia site, Plate 3-14.

gacramento River Channel.

The channel of the Sacramento River has undergone very noticeable
changes since the gold mining era in California. Data compiled and
very kindly made available by Mr. George S. Nickerson, consulting
engineer of Sacramento, appear on Plate 3-20. The data were com-
piled from surveys made at various times between 1849 and 1917, from
the city of Sacramento to Suisun Bay. The information relative to
the lower reaches of the river are of particular interest in this investi-
gation.

The Key System Pier Fill at Oakland.

Tt was of interest to learn of the experience of others in building
embankments in the bays. The following is quoted from a memo-
randum of a discussion with Mr. Edward M. Boggs, consulting engineer
of Oakland, in December, 1925. Mr. Boggs, as assistant to the general
manager, was the engineer in charge of construction of the pier.

Originally the Key System’s work in San Francisco Bay consisted of a
double-track railway trestle three miles long, thirty feet wide, curved and
widened near the end into the form of a golf club; all carried upon wooden
piles.

The trestle was in its original condition when the earthquake of April,
1906, occurred. It would have been interesting to have seen the behavior
of this long wooden structure under the heavy shocks of that unusually
severe earthquake; but so far as known no one observed it, the ’quake
occurring at an early morning hour before train service had begun for the
day. The supposition is that a series of waves, both vertical and horizontal,
and of considerable amplitude, comparable to swells on a smooth water sur-
face, must have traversed the entire length of the trestle. All that is known,
however, is that whatever the distortion may have been the structure settled
back into its proper position with almost perfect accuracy, and without
material injury. Trains were run over it a few minutes later and regularly
thereafter. After the more urgent matters were taken care of the appearance
of the tracks was improved somewhat by “gpike-lining” the rails at a few
places, to the maximum of perhaps two inches; but nothing more was
required.

Tn 1908 a small portion of the trestle extending 1667 feet westward from
the subway crossing of Southern Pacific tracks was filled. All the remainder
of the present “pier fill” was constructed between June, 1913, and March 16,
1915, as to the dredge fill and December 1, 1915, as to the rock walls. The
apparent paradox in the dates of completion of the two principal classes of
work is explained by the fact that the rock contractor was many months
in arrears with the placing of the “facing rock”—heavy rock on the outer
face of the wall.

The fill consists of two parallel rock fills with a theoretical cross section
indicated on Drawing 9444-D, between which soft material borrowed from
Fhe bottom of the bay was pumped. Some modifications were made in build-
ing the fill. One of these reduced the width of the trench to be dredged as a
footing and gave it a form more readily excavated. The resulting fill has
an overall top width of 200 feet. The depth of water below mean lower
low water varies from nothing at the land end to about 8 feet where the pile
structure begins. (The drawing referred to appears as Plate 3-21.)

The rock work was done by the Daniels Contracting Company using
quarry run rock from MecNear Landing with the following limitations :
¢ The core of the rock fills making up 80 per cent of the rock was to be free
from dirt and waste and no piece less than one-half pound in weight was to
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be used. The core was to consist of rock from one-half pound to one cubie
foot or as much larger as practicable. The face rock making up not less
than 20 per cent of the total rock was to range in size between one cubic |
foot and six cubic feet or as much larger as practicable. The quantities
of rock were as follows:

Core rock, 577,478 short tons.

Face rock, 28,018 short tons.

The weight of the rock used was approximately 1% tons per cubic yard.

In placing the rock, bottom dump barges were used where possible. Other- |
wise the rock was loaded into skips at the quarry and hauled to the job |
by flat deck barges. The skips were handled at the fill by a derrick barge.
The contract price was 82 cents per short ton (about $1.10 per cu. yd.) in
place. Considerable trouble was experienced in getting the tug men to dump
the rock where the engineer in charge wanted it due to tidal currents and:
the disposition to get rid of the rock in the easiest and quickest manner. s

The dredging of the trenches for the vock fills was done by contract at
15 cents per cubic yard measured in the solid. The digging was done by a
clamshell dredge. The material was deposited in the prism between the rock
fills by simply swinging. i

The pumped fill between the rock fills was done by contract. The material
was obtained from the bottom of the bay alongside of the rock fills but at all
safe distance away.

2,456,313 cubic yards measured in the excavation were pumped at a contrae b
price of 8% cents per cubic yard.

Work was carried on 24 hours a day.

Actual dredging occupied 763 per cent of the calendar.

Actual dredging occupied 82% per cent of working days. 1

The average discharge for 204 24-hour working days was 12,040 cubie
yards, measured in the excavation, 500 cubic yards per hour. .

During the construction three local side slips of the rock fills were experi-i|
enced due to the side pressure developed by the hydraulic fill. None of the
slips were serious. Never had a slump in the fill.

The terminal is built on what is apparently a subaqueous hill. All of the
structures are carried on piles about 45 feet long (assumed below M. L. L. W.)
There are no depths anywhere at the terminal, or under the trestle approachy
over 70 feet to hardpan.

The hardpan is a fairly well cemented sandy clay. As a usual thing piles
60 feet long, or less are required. With piles 60 feet long no settlement has
been noticed although they are supporting their load by skin friction only.

Mare Island Dike No. 12.

As shown on Plate 2-8 the dike extends into San Pablo Bay in @
westerly direction from the end of Mare Island. It is reported to have
been built in 1912 for the purpose of creating a scouring velocity below
Mare Island Strait. Amnother objeet was to build land back of the dik
through deposition of silt in the quiet water there. Originally the di
consisted of a line of 12-inch sheet piling driven between waling tim
bers and supported laterally by batter piles. The timbers were attack
by the teredo and damaged to the extent that it became necessa
to reinforce the wall with rip-rap placed along the outer side. Thi
rock work was done by the Daniels Construction Company under con
tract dated January 2, 1923. About 400,000 cubic yards of quartzif
from the quarries at MeNear’s Landing, said to weigh approximately
2450 pounds per cubic yard in barges was used. Part of the rock W
dumped from barges, the remainder being placed in the dike by derric
barges handling the rock in skips.

To determine the behavior of the rock fill two test sections wel
selected as indicated on Plate 3-22. Soundings were made to devel
the original bottom and were repeated during the progress of the wi
After placing of rock had been completed a line of holes was drille
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| the center of each test section to develop the cross-section of the rock
fill. The results are shown on the plate referred to.

It will be noted that the rock settled into the mud to depths as great
| as 30 feet; that there was a bulging of the bay bottom out from the
| fill; and that the resulting fill is about 125 feet in width. Apparently
| cquilibrium was established through consolidation of the mud and by
the bulging of the bottom outside the fill. The timber wall restricted
lateral movement in one direction and the reactions of this wall prob-
ably explain the peculiar shape of the rock fill.

It is understood that in placing the rock a toe wall was first built
parallel to, and at the proper distance from, the timber wall. If it is
assumed that the toe wall was placed to produce a 1 on 13 slope it
must have moved laterally from 90 to 110 feet before equilibrium was
established. It is interesting to speculate what the shape of the rock
fill would have been had there been no timber wall to confine the move-
ment in one direction.

In the design of the Salt Water Barrier it has been assumed that if
the rock were all dumped within narrow limits along the axis of the
fill a wedging action would result. As the rock sank into the mud the
latter would be displaced horizontally, allowing the rock fill to attain
width. The bottom would bulge in the amount necessary to establish
stability. Tt is possible that lateral movements could be controlled by
dumping the first rock in an excavated trench but the utility of this
trench is not altogether apparent. Its cost would not be excessives
however: and future studies may demonstrate its utility. Settlement
might be controlled by resorting to the use of brush mats similar to those
used in building dikes in Holland.

American Toll Bridge Test Pile No. 12.

Foundations for the bridge across Carquinez Strait, at Valona, were
very carefully investigated by drilling and with test piles. Data
which have been made available through the courtesy of officials of the
Bridge Company are valuable for inclusion in this report in that the
results obtained are probably typical of those which might be expected
at-any one of the sites investigated for the Salt Water Barrier, where
similar materials were encountered. Test Pile No. 12 is of particular
interest. It was driven just inside the pierhead line, 80 feet west of
the center line of the bridge, where the water was about 32 feet deep
at mean high water. Data compiled from company records are shown
on Plate 3-23. The location of the test pile is shown on section 4,
Plate 3-15.

. By comparing the caleulated safe loads with the material encountered
I a nearby drill hole it will be noted that very little resistance was
developed by the mud, fine sand or vegetable matter above elevation
= Considerable resistance was developed by the clay, and inereased
at a nearly uniform rate until the soft sandstone was struck. From
here on the pile was driven through soft sandstone and soft shale. The
average penetration of the nile, just before driving was stopped, was
0.36 inch per blow of the 5000-pound steam hammer having a stroke of
3 feet. Tt will be.noted that there was very little settlement, if any,

at the end of the month during which the pile carried a load of 25 tons
of steel rails,
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Caissons at American Toll Bridge Site.

Experience gained in sinking the caissons for the center pier is o
value in considering the alternative design of the Salt Water Barrie
which is suggested in Chapter IV for adoption at the Dillon Point site

At the center pier of the bridge the depth of water below mean higl
water was about 80 feet. As the cutting edge of the open caisson neare;
the bottom, the effect of the increased tidal velocity under the caisso
was to scour out approximately 20 feet of mud. While the excavatiog
inside the caisson was reduced: the hazard in landing the cassion wag
no doubt, increased.

Deep Wells.

Data relative to the formation in Carquinez Strait at the poin
marked ‘“A’’ on Plate 2-4, which were supplied by the California an
Hawaiian Sugar Refining Corporation, are shown in HExhibit 12. :

The following are extracts from various reports on the well drille
at Benicia Arsenal at the location marked ‘‘B’’ on Plate 2-4:

Chief of Ordnance Report for 1876,

Page 8—By June 30, 1875, a depth of 1049 feet had been reached. At th
time the report was written the well was down 1093 feet. :

The ground surface at the well is about 20 feet above mean sea level. 4
Page 45—The strata are upheaved in all directions, and, in some place

are nearly vertical, and the number and nature of the strata to be pierce
before reaching a level at which a large supply of water can be obtaing
are unknown.

Chief of Ordnance Report for 1877.

Page 693—On reaching a distance of 1099 feet from the surface, the stratu
changed to that of hard sand rock, and the tools immediately gave evident
of this change * * * Changed from hard sand rock to sand and shale ai
finally to shale. This stratum of shale seems without limit in extent. At abg
1212 feet a bed of dense lime rock was struck—not very thick—then sand rof
and shale. At 1407 feet struck coal. Gas burned at the mouth of the hg
with a yellow flame. A new stream of water also came in.

Chief of Ordnance ‘Report for 1879.

Page 216—There were two sources of water—at depth 960 and 1407. M
water was very soft but organic matter made it unfit for food. It was ust
mixed with the hard water of the small well, for irrigation and for the anima
It did not disagree with the animals but violets which were irrigated fad
and died. It agreed with the grass and trees. Caving ground caused a gre
deal of trouble. ]

The formation under the Suisun marshes, as developed in the drillig
of several wells, is indicated in Exhibit 12. The well marked “K’’¢
Plate 2-4 is of particular interest as it throws additional light on ¢l
foundations of a dam if located at the Chipps Island site referreds
previously. The exact location of the well was not determined butbs
is reported as being on Van Sickle Island.
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DRILLING OPERATIONS
Summary.
Plan of procedure agreed upon by parties to the contract on June 9, 1924. See

Fxhibit 7.

Crews organized and drill equipment assembled during July and first half of
August, 1924.

Drilling started———————— August 16, 1924
Drilling completed e E R R e August 7, 1925

Number of holes drilled—

Army Point sitel S S ISERe e Hsvae Sl s iy Te e b 138
Dillon Point site———————___ 79

Point San Pablo site 105
TItaL wslensie e ot AU Vo AN BN o o N B o) e e B ) 399
Character of drilling—
WHEEE. . 2owet e o e e e e s e e 8,363.8 feet 34.0%
Channel filling— 15,477.7 feet 62.8%
Roek —unl ittt e e 798.6 feet 399
L 24,6401 feet  100.0%
Division of time— 3
Moving and repairs_— oo 243  shifts 41.8%
Wash boring —————— oo 974 shifts  471%
Drilling roek——— 6421 shifts 11.1%

S0 DG T U S 581% shifts  100.0%

Average progress per shift including proportional part of moving and repairs—

Total measured from mean sea level . - 424 feet
Channel filling between mud line and rock_— 56.5 feet
Drilling TOCK o e 12.4 feet

The deepest hole drilled was Hole 6500 at the Point San Pablo site. It was sunk
to a depth of 255 feet below mean sea level.
The carbon loss amounted to 8.77 carats or at the rate of 0.011 carat per linear

foot drilled in rock.

Time spent at each site—

Site Cross section Foundations
Army Point_______August 16-October 7, 15924 2 =0 December 30, 1924-March 28, 1925
Dillon¥Point - - - October 10-October 31, 1924____April 1-May 4, 1925

Point San Pablo-—_November 3-December 23, 1924_May 7-August 7, 1925

Equipment Used in Development of Sites.

The equipment used in drilling operations cousisted of a drill barge
carrying tools necessary for wash boring and diamond drilling, and a
tugboat serving as a tender. The equipment is shown on Photos 3-16*
and 3-17.% In the former, the drill column is lowered in working
position and in the latter, the drill column is raised while the barge is
being moved from one hole to another.

The Tug.

The tughoat ‘‘Bear’’ was chartered from the Crockett Liaunch and
;Fugboat ‘Company for the entire period of operations. It has an overall
:ongth of 42 feet, beam 11.9 feet, draft 4.6 feet and is propelled by a
-}-cyhnder, 80-horsepower Atlas gasoline marine engine. It proved
10 be an excellent boat, very dependable, seaworthy and with ample

not:.'-iil::(f{::id&?"\:hirw worked between August 16, 1924, and August 7, 1925, and does
e time occupied in assembling or dismantling the equipment used.
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power except that during severe wind storms the barge could not b
handled unless the tide was favorable. The vessel is shown o
Photo 3-18.*

The Drill Barge.

U. 8. Navy Coal Barge No. 187 with pile driver equipment, minug
the hammer, was obtained from the Mare Island Navy Yard through
an interdepartmental arrangement. The barge has an overall length
of 110 feet, beam 30 feet, depth 8 feet 2 inches and a rated capacity
of 250 tons. See Photo 3-19.* .

The barge was equipped with three 8-inch by 10-inch twin enging
double drum hoists. One, manufactured by the Washington Irog
Works of Seattle was used to handle the drill column, cage and tooly
while the two Lidgerwood hoists, one on each end of the barge, handled
the four anchor lines. Fuel oil was used in the generation of steam

The leads of the pile drivers were 66 foet high above the skids. Ag
will be noted on the photographs, an outrigger was added near the top
with pulleys arranged directly over the center of the drill platform
and at the bottom a timber yoke was built as a support and guide foy
the drill column.® These features, and the skids attached to the drill
column to provide for the rise and fall of the barge, are shown
on Plate 3-24.

Other miscellaneous barge equipment consisted of four 2500-pound
and two 1200-pound fluke anchors; four 800-foot lengths of three
fourths-inch 6 by 19 galvanized steel anchor cables; a 14-foot diameter
10,000-gallon water tank for boiler water; a portable shack; a skiff; g
““genco-light,”” model 19, Type A, electric lighting set of 32 volts, 30
ampere capacity, manufactured by the General Gas and Electric Com

pany ; fog signals and signal lights.
The Tools.

From inspection of the bay charts it was known that drilling woulg
be necessary in water about 140 feet in depth at high tide. Tt wa
evident that the tools must be designed to withstand lateral loads #
which they would be subjected by tidal currents in excess of 6 fes
per second. To meet the conditions a latticed steel column was designe
as a support for the drill casing within which the drill rods were to B
operated. The column was built in the shops at Mare Island Nay
Yard according to designs prepared in the Berkeley office. Tt wa
24 inches square and made in sections which were bolted together {
give any desired length within about 6 feet. There were six sectiol
20 feet long, two 9 feet and one 6 feet, making a total length of abot
145 feet. The lower end of one of the 9-foot sections was equipped wit
a cutting edge. In the center of each long section a funnel-shape
guide was provided which also served to hold the drill casing in a stead
position in the center of the eolunm. The design of the drill colum
is shown on Plate 3-25. Tt will be noted that the connecting plates wel
made heavy, long and were provided with plenty of connection bolf
The caleulated deflection of the total column. due to a 6-foot tid:
velocity, was about 11 inches and it is believed that the actual defle
tion in operation was approximately that amount.

*Not —included in printed report. Films on file in office of U. S. Bureau of Reclam
tion, Denver, Colorado.
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Drilling could not be well done from the deck of the barge on account
of the constant rise and fall of the tide, and the rocking of the barge
in rough weather. A platform 10 feet square was therefore designed
to be mounted on the drill column which in turn rested in the mud,
i or on the rock of the bottom. All wash boring and diamond drilling
8§l was done from this platform, steam and water being supplied through
i flexible hose. A cage, operated from one drum of the drilling hoist,
Wl a5 built into the pile driver leads so that in drilling a man could be
] ept in position opposite the water swivel regardless of the stage of
M (he tide, or the position of the chopping bit or.the diamond bit. The
al details of the drill platform are shown on Plate 3-26 while the drill
il vig. in full operation diamond drilling in rock, is shown on Photos
3.19* and 3-20.* The skids on the drill column, forming the sliding
connection between the column and barge, are clearly shown in
Photo 3-20.*

The diamond drill used is shown on Photo 3-21.* Its compactness and
small weight made it particularly suited to the work. The hydraulic
feed was well adapted to the character of rock drilled. Size ‘“‘B’’
drill rods were used, equipped with double tube core barrel yielding
a core 12 inches in diameter. Three sizes of casing were used, 23-inch
pipe inside of 4-inch and 4-inch inside of 6-inch. The three sizes, in
combination, were used only where the anticipated depth of driving
through channel filling was great.

Holes on the marshes at the Army Point site were put down by hand.
In this operation the tools included a timber tripod, ‘‘E’’ drill rods
and a hand pump. No diamond drilling was done in these holes.

The Crew.

Operations were carried on during six days a week upon a two
8-hour shift basis. Both crews were directed by one diamond drill
foreman who was in direct charge of all operations. He was a high
type man and his ability to operate a transit saved the services of an
instrument man to ‘‘spot the holes.”’” Each drill erew included a diamond
driller and two helpers. A repairman was ineluded on the day shift
and a watchman was always on the barge during the ‘‘graveyard shift.”’
The captain of the tug was on duty during both working shifts but
worked only as required in moving the barge and transporting men and
supplies.

Datum and Level Control.

According to practice established in the San Francisco Bay region,
all measurements are given as from water surface. In order that eleva-
tions reported may he referred to, the same datum as that used on
land (U. 8. @. S.), mean sea level was adopted as the plane of reference
rather than mean lower low water, which is the plane of reference upon
which the charts, prepared by the U. S. Coast and Geodetic Survey
are based. TLevel control was established at the Army Point site by
levels run from the U. S. G. S. bench mark at the Martinez courthouse;
at the Dillon Point site by levels run from the U. S. G. 8. bench mark
at Port Costa; and at the Point San Pablo site by connecting the
P- S. (z & G. 8. bench marks on Point San Pablo and Point San Pedro.
* Not incl

uded in i = o . s <
tion, Denver, Coloraggl_med report. Films on file in office of U. S. Bureau of Reclama
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In drilling operations depths were measured from the drill platformyf
the elevation of which was determined by leveling from shore. Thig.
elevation established, the depths of hole were adjusted to read below|
mean sea level. {

Designation of Holes.

where it was practicable to set up a transit. The transit points arg|
indicated on Plates 3-3; 3-7 and 3-10. Along the Martinez water frouf
a system of coordinates was adopted for designating holes drilled.

Reports.

The progress and results obtained were made the subject of dail
reports by each diamond driller. From these reports the foreman
prepared his log. The drill logs accompanying this report were pres
pared from the original daily reports of the diamond drillers, supplk
mented by data supplied by the foreman.

Methods Used.

The drill barge was spotted with a transit, distance being determing
by the stadia method. White targets were painted on the pile drivey
leads and no difficulty was experienced in spotting the barge, either:
to alignment or distance, except in foggy weather. .

‘With the drill column raised, the barge was towed to the appro:
mate location of a hole. Omne anchor was dropped from the ban
located so that the tide would carry the barge toward the line:
drilling. The tug then ‘‘ran out’’ the second anchor against the tig
These anchors in place, the other two were ‘‘run out’’ by the tug. T
anchors were so placed that an anchor line left each corner of the bar
at about 45 degrees, so that the barge could be accurately ‘‘spotted
by hauling in on one line and paying out others. ILong anchor lin
were used to allow the barge to rise and fall with the tide witho
dragging the anchors. As the verticality of the drill column depend
upon the support given it by the barge it was essential that the lats
be kept in one position. It was often necessary to ‘‘plumb the columi
by manipulation of the anchor lines. 3

Tn some areas the mud would not support the weight of the di
column without excessive settlement and to overcome this diffieul
& timber step bearing was added at the lower end. Where the m
was unusually soft the anchors would move, particularly dur
wind storms, when the high pile driver leads proved a very efficie
sail. At first 800-pound anchors were used. These were soon abi
doned in favor of 1200-pound anchors and when the barge was mo\
to the Dillon Point site, where severe conditions were to be encounte
2500-pound anchors were adopted. During stormy weather at the Po
San Pablo site, two 1200-pound anchors were used in combination W
the four 2500-pound anchors ordinarily used off each corner off
barge, one directly upstream and the other downstream. i

Foges interfered with the work to a considerable extent. No accid-;
oceurred although vessels came near striking the barge on seve@
occasions. Rough weather was experienced at the Point San Fa
cite. At times it was dangerous for the men to work above the
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At only one place did other construction interfere with the drilling.
At the Dillon Point site, the line on which to drill the cross-seetion was
chosen to avoid possible damage to the Pacific Gas and Electric Com-
pany ’s submarine cable across Carquinez Strait by the drill ecolumn
or anchors. = If it had not been for this the section would have been
drilled direetly off Dillon Point. See Plate 3-7.

samples.

Three kinds of samples were obtained. Wash samples were gotten
py catching the return water from wash borings at the top of the casing.
The sample is not representative as the fines are carried away in sus-
pension and sinee the velocity of the return water, up the casing, is not
qufficient to carry the heavier material. They are of considerable value
in drilling operations, however, and drillers keep constant wateh of
the “‘returns.”’

Drive samples, if properly taken, are truly representative. A number
were obtained by driving the hollow drill rods with the chopping bit
removed, or the 2%-inch pipe, into the material being sampled. Upon
withdrawal of the tool the sample was extracted.

Diamond drill core, representing bedrock, was obtained in the usual

way by drilling into the rock after seating the casing and sealing the
joint.
4 All core obtained was stored in ordinary core boxes. The wash
samples and drive samples were put into glass fruit jars. Hach was
identified according to the drill logs and as shown on the drawings. All
were shipped to the State Department of Public Works, Division of
Engineering and TIrrigation, at Sacramento, upon completion of the
work.

Cost of Drilling.

The detail cost of drilling, and the distribution of costs, are given
on the following pages. It will be noted that unit costs are referred
to depths below sea level and below mud line. Following established
practice, all measurements of depth were referred to water surface.
It is believed that it is proper to include the water as part of the drill-
ing although the unit costs are thereby reduced. Difficulties of drilling
increased with depth of water and the total cost of a hole was affected
more by the depth of water than by the depth of ‘‘mud.”’

SACRAMENTO VALLEY INVESTIGATIONS—SALT WATER
BARRIER

SUMMARY OF DRILLING COSTS
FIELD COSTS

Total Cost

2 Item cost per shift
Direct labor—

Total time hook charged tordrilling- 2t - = SESEET LG8 $12,847 92 $22 10
Indirect labor—

Boatman, watchman, repai i :

, 5 pairman and proportion of
Berkeley office expendeRmE s e 0 Ao e 7,614 27 13 10

Tughoat—

o sl e e 4,710 70 8 10
Drill barge—

Fuel, oil and wat
L ———— R "5

A
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SUMMARY OF DRILLING COSTS—Continued

Total Cost
Item cost per shift
Automobile expense—
Transportation for drill erews oo $843 81 $1 45
Miscellaneous supplies and freight— -
Material and supplies—Navy Yard - $2,018 71
Other supplies_—_ 1,356 05
Freight on equipment 234 79
3,659 55 G 30
Preparatory and dismantling expense—
Railroad fare and expense of crews____——_ $116 64
Labor——Navy Yard - mm—— 2,687 37
Labor—Bureau of Reclamation_ 1,590 56
Dockage - 24 00
_— 4,418 57 7 60 3
Depreciation oo = 2,131 82 3 67
Total field cost as of December 31, 1926 $37,261 43 $64 10

Drilling was begun on August 16, 1924, and finished on August 7, 1925
Total number of shifts worked, 581;;

Wages paid— ]
Diamond drill foreman——_ $250 00 to $275 00 per mon
Boatman _—— - —— 80 1
Diamond driller——____
Diamond drill helper-
Repairman ———————-
Watchman ——c— e — 1)

Tug boat rent (including NSUTANCE) - n s S LT e L

Overhead—Field office only—
Time of engineer in charge_—_
Time of clerk- ——___—___
Operation of one AUtomMObIlE S e e e s




DRILLING—SALT WATER BARRIER
Distribution of Field Costs

‘Wash boring Diamond drilling Combined
Ttem Total
Total Below Below i . Below Below

cost sea level mud line T‘)ti] d(;a_rﬁpnd Tgtil sea level mud line

23,841.5’ 15,4777 SO8 ;églg,g 905 24,640.1" 16,276.3"
Tirectlabora it cwmm S0 dr e rt oI LT NP R VSR $6,072 86 $0.255 £0.393 $1,414 95 $1.771 §7,487 81 $0 304 $0.460
Imdirectlaboria s ias Soere o Tl e e 3,607 99 0.151 0.233 842 47 1.055 4,450 46 0.181 0.273
fighoatesssiiman e S el o e T L SR R e e 2,235 66 0.094 0.144 526 02 0.659 2,761 68 0.112 0.170
Derllbarpessee. i cren e Fl e T R 38177 0.014 0.021 73 43 0.092 405 20 0.016 0.025
Carhon18ss s - W ol L cets = Ul SRS e e e R S e e e e AT R T T 342 92 0.428 342 92 0.014 0.021
Automobile_ - 404 18 0.017 0.026 88 36 0.111 492 54 0.020 0.030
Miscellaneous supplies and freight 1,214 23 0.051 0.078 359 82 0.450 1.574 05 0.064 0.097
PreparavionandidismantlimeSeSiun S SIS s il i e L R 2,555 35 0.107 0.166 677 22 0.847 3,232 57 0.131 0.198
Depreciationsttes e o It e s S L Ols . 10 Del I S T 1,035 50 0.043 0.067 229 21 0.287 1,264 71 0.051 0.078
Totals... ... el e e e $17,457 54 $0.732 $1.128 $4.554 40 $5.700 $22,011 94 $0.893 $1.352
PrODOL b GTEOPANOVIT T it S AN Dl 2 e S L I e 12,673 79 0.532 .819 2,575 70 3.223 15,249 49 0.618 0.937
N R o R A e T e e $30,131 33 $1.264 $1.947 $7,130 10 $8.923 $37,261 43 $1.511 $2.289

Norz:—Total cost is given in Exhibit 9 from which it willbe noted that about 179, should be added to the above field costs to include superintendence, accounts and general expense.

HIYIVE SHLVMA LIVS THL

o
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CHAPTER IV

DESIGN AND CONSTRUCTION
GENERAL

Object and Scope of Studies.

Assumptions fundamental to studies of design and constructio
involve many debatable technical points which have important bearing
on the cost of the barrier. Diversity of opinion may, therefore, lead|
to a wide range of results in the preparation of preliminary estimates|

An attempt has been made to tollow conservative engineering prae
tice but this object has been attained only in part. Certain conditions
have led inevitably to some structures that are unprecedented in ong
or more respects. Unusual features are in the minority, howeve
and the treatment of structures, in general, does not express undug|
optimism. Studies have been carried no farther than necessary fi
insure proper functioning of the main features of the barrier and f
establish the elements of cost where precedent is lacking.

Nineteen estimates are presented in Part Two of this volume fo]
works at the following sites:

Army Point—Suisun Point.

Army Point—Martinez.

Benicia.

Dillon Point.

Point San Pablo.

The provisions of the various estimates are described in connectiol
therewith.

No attempt has been made to include a study of docks, wharves @
warehouse facilities which will naturally find place ad]acent to th
barrier, for the reason that such a study is considered outside the scop
of this report. }

Foundation.

All conerete structures are founded on rock, and foundations whic
it is proposed to comnstruct behind cofferdams are limited in depth
90 feet below mean sea level at the original surface of rock. This lim
has been fixed in consideration of pneumatic work which may, ulf
mately, be deemed preferable to the open cofferdam construction pe
vided for in the estimates. The placing of concrete by the trem
method is contemplated when conditions make it necessary to exce
the 90-foot limit, as described subsequently.

The surface of sand and gravel occurs, generally, at greater depll
than 90 feet below mean sea level at the three sites and these materid
are therefore eliminated from foundation considerations by the fo
going restriction, except as a support for piling.

The feasibility of supporting concrete by piling merits discussio
Structures of this type have heretofore heen proposed for the barrl
and seem to offer an advantage in cost. Liarge quantities of excavatid
could be avoided by locating the structure wholly within the preses
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qubmerged areas, a plan that can not be followed with the imposed
Jimitation on account of the depth of rock. It is not claimed that pile
¢tructures are impracticable, but it is believed that their permanence
can not be predicted with certainty. In connection with the rock
embankment considered farther on in this chapter the action of the
¢ilt overlying the sand and gravel is discussed. Piling would neces-
qarily penetrate this silt, which it will appear is of a shifting, unstable
character, for considerable depth before reaching the firmer sand and
oravel. A bodily movement of this material at the structure during a
eismic disturbance is not inconceivable and might result in partial or
total destruction of the structure. HKven a slight movement caused by
unbalanced water pressure would be a source of inconvenience, if not
danger, by interfering with the operation of floodgates. In this con-
nection the report that the Ferry Building at San Francisco, con-
structed on piles, has settled approximately 14 inches since its com-
pletion in 1898 is of interest.

The cost of some of the proposed structures is largely influenced by
the allowable foundation pressure. Those subject to appreciable modifi-
eation in correspondence with various assumptions are discussed sep-
arately later on. No pressures have been allowed to exceed 12 tons
per square foot. They are generally limited to 10 tons but a margin
of 2 tons has been allowed to avoid unnecessary refinement in design.
Tt is believed that any eriticism invited by this limitation will favor
oreater liberality and that the requirements of conservatism are satis-
fied to a deoree sought in the studies. It was not considered warranted
to distinguish between the bearing qualities of the rock at different

sites.

Materials in Salt Water.

The doubtful aspects of reinforced concrete in salt water have received
consideration and structures that do not require reinforcing steel have
been adopted where practicable. The greater bulk of the plain concrete
structures, however, frequently leads to larger quantities under other
items, particularly excavation, and the effect may be so far-reaching
that any disadvantages of reinforeced concrete become relatively insig-
nificant. The choice of material, accordingly, represents a balance of
conflicting factors. All reinforcing steel is protected from salt water
by 12 inches of concrete.

Tt is not within the provinee of this report to discuss, at length, the
action of metals when exposed to salt water. Experience at Panama
indicates the need of careful selection, as deseribed in Engineering
News Record of June 27, 1918, under the title, ‘‘Protecting the Panama
Lock Valves against Electrolysis.”” At the Lake Washington Loeks
metals have resisted corrosion satisfactorily. The following is quoted
from W. J. Barden, Colonel, Corps of Engineers, at Seattle:

No trouble due to galvanic action has been noted at the Lake Washington
Canal T.ocks. Bronze is used under water only for bushings of rollers, for
roller traing, washers at ends of rollers, bushings and washers for gate cable
sheaves. Bronze bolts or nuts are not used on lock valves or gates nor on
any iron in contact with salt water. Babbitt metal is used in bottom seals
fOl: Stoney gate valves, and valves and lock gates inside and outside are
bainted with bitumastic solution and enamel.

At Panama the bottom seals for the valves were changed from Babbitt
metal to greenheart lumber and all bronze bolts were replaced with steel bolts.
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Zine strips were bolted to the valves on the lower edge on each side of t,' N

bottom casting. f

The use of metals at Lake Washington has been followed in t f
design of structures for the Salt Water Barrier. -
In salt water, where the teredo is active, the short life of timbey|
structures, partlcularly when unprotected, is a matter of common knowl i
edge. The belief that certain woods possess teredo-resisting qualitieg]

is evidently unwarranted. Colonel Barden is quoted again as follow

at the Lake Washington Lock was badly eaten by teredo in two years, and
greenheart timber attached to the concrete mitre sill was also destroyed
teredo.

Rubber and steel were substituted for the iron bark and greenhearf
at Lake Washington and complete satisfaction has resulted. Engineep
ing News Record of October 12, 1922, contains a description of t
disappointing results from the use of greenheart at Panama, notwi
standing definitions quoted therein from the New Internatio
Encyclopedla and the Encyclopedia Britannica which Justify confidencg
in its permanence.

The use of submerged timber has been avoided in designs for th
barrier so far as practicable. No other material appears suitablg
however, for fenders on lock gates. Guide walls in certain locations
of timber to avoid expensive cofferdam or caisson construction. T
estimates contemplate creosoting in such cases. Gate fenders could
renewed at little expense and it will be noted that the lowest estima'
provide for concrete and steel guide walls, though for reasons
have no relation thereto.

2 el N AN e = Ay

Excavation.

Wet and dry excavation in extremely large quantities is necessar
Sand and silt under water would be removed by suction dredges ai
disposed of at convenient locations along the shore. It may be pra
ticable to reclaim large areas of tidal lands with this material ax
introduce an element of profit in connection with the operation.

Sides of cuts in sand and silt for permanent structures require
slope of about 1 on 5 to insure stability according to local Arn
engineers, whose experience in harbor improvements constitutes reliak
authority. :

Special equipment would be required for wet rock excavation owl
to the unusual depths, with a maximum of 70 feet at mean tide. .
general, a large amount of wet and dry rock excavation Would
required for fill and further study is necessary to determme
feasibility of taking it directly to the fill after removal without inte
ducine objections as described later. Slopes of 1 on § have bé
adopted for unprotected sides of permanent cuts in rock.

Excavated Rock Used for Fill.

There is generally sufficient material available from excavation :
structures to satisfy the needs of the embankment and other perman
fills of broken rock. Borrowing is necessary in some schemes ho
ever, to supplement the supply from excavation and the cost
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g1l would depend upon the source of material. The fill in any scheme
¢or the barrier comprises a number of distinet units for which the
cost could mot be expressed as a function of the source of supply
without preseribing the disposition of each cubic yard of excavated
and borrowed rock. It was more convenient to allow for borrowing
in all unit costs for fill and make a single adjustment in the estimates
corresponding to the guantity available from excavation.

| TFollowing the gross total near the end of each estimate the above
| adjustment appears as a credit. To make its purpose clear a summa-
tion of the guantities in rock embankment and fill is presented in
terms of loose and solid measurement, the latter being necessary for
comparison with material to be excavated. The lesser of the two
quantities in solid measurement represents the overallowance for bor-
rowing which should be deducted. The swell of the rock when exca-
vated is discussed under embankment.

The foregoing considerations are of importance in studying the
influence of the various elements of cost on the total cost of the bar-
rier since the significance of those which involve rock fill is appreciably
altered by the subsequent adjustment.

Obstruction of Existing Waterways.

The formulation of a construction program which does not entail
dangerous restriction of flood and tidal action, and at the same time
promotes the utmost efficiency in construetion, is a matter which merits
intensive study. A fixed obstruction across the existing waterway
would not be permissible until artificial means of accommodating floods
had been substituted therefor and a problem develops in connection
with the disposition of the excavated material which would ultimately
comprise the embankment but could not be deposited at that location
as it became available.

A large quantity of the material would sink into the silt and it
could undoubtedly be deposited to an elevation somewhat above the
bed of the channel without serious consequences. In many cases the
cofferdams constitute an initial obstruction that would influence the
program for the rock embankment. The situation could be greatly
improved by devising means for putting a portion of the flood channel
and gates into service while construction was in progress on the
remainder. This possibility exists in the schemes proposed for Hsti-
mates 1 and 2 as described later.

By avoiding temporary storage of excavated material and subsequent
rehandling, a large saving would be assured and the matter will
undoubtedly he given thorough study before construction is under-
taken. Tt has been assumed that success will attend these efforts and,
aceordingly, no need for handling the material twice is recognized.

UNWATERING

Work Included.

; Unwatering includes the items under the same caption in the pre-
mary estimates. The econstruction of cofferdams required for

?smivtatel_‘mg at Stoney gate locations in Estimates 10 to 13, inclusive,
ftemized under control works. These cofferdams are formed by
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caisson gates as shown on Plate 4-40, and since the caisson gates are
intended to provide access to the Stoney gates as required after the
completion of the barrier, their cost is not included with temporary
works.

The construction of cofferdams involves excavation within the limits
of permanent structures that is essential to the operation of the latter,
aside from cofferdam considerations. These structures should, and
do, bear the cost of this work, but in order that the initial expenditure
for unwatering may be given in its entirety, the preliminary estimates
show a gross total from which items otherwise chargeable are subse-

quently deducted. The salvage value of sheet piling discussed later &

is included with these deductions.

Types of Cofferdams.

With modifications more or less fundamental according to the var-
ious needs, the main cofferdams are of the type adopted for the con-
struction of a 1000-foot pier at New York City, described in Trans. Am.
Soc. €. E., 1917. For structures offshore from Suisun Point, Martinez,
Benicia, Eckley (Dillon Point site), and to a limited extent offshore
from Point San Pablo, as described later, the type closely resembles
that used at New York and is shown on Plate 4-4. The maximum
height is considerably more, however, and splices, in large quantity, are
necessary to attain lengths of sheet piling up to about 130 feet for
the deepest portions. Off shore from Point San Pablo much of the
rock is bare and in the absence of supporting material for the piling,
a timber trestle has been provided with a rock jetty, immediately
upstream, to deflect the current during cofferdam construction. See
Plates 4-51 and 4-55. Smaller cofferdams are required in considerable
variety. In Hstimates 3, 4 and 5 (Plates 4-18, 4-20 and 4-22) the
east cofferdam consists of a single line of sheet piling driven to rock
through silt in its original position. The west cofferdam is located
in silt where bedrock is close to the surface and no sheet piling 18
necessary in combination with the rock fill.

The rock off shore from Dillon Point is bare but with a required
maximum height of about 40 feet, and with structures not opposing
the force of the current, construction is somewhat simplified. Coffer-
dams at this location are built with the aid of a trestle to support the
piling before placing the rock fill. See Plates 4-33, 4-35, 4-37 and 4-47.

In addition to the main cofferdams at Point San Pablo, Estimate 16
requires a rock fill similar to that in the west cofferdam at Suisun Point
(Bstimates 3, 4 and 5). See Plate 4-57. The north cofferdam for
Estimate 16, though comparatively small, is of the type shown on
Plate 4-4. :

The west cofferdam for Bstimate 6 (Plate 4-25) is necessal’y'ﬂﬂ'
the construction of the retaining wall which protects the Martinez
shore against erosion. It consists of a wide trench, formed by 2
double row of sheet piling with heavy timber bracing between.

In most estimates large areas, at present above sea level, must be
excavated to elevations below water surface. To carry on this work
in the dry so far as possible, the construction program contemplates
leaving material in place along the shore line, below HEl 10, in the

i
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a dike with a slope of 1 on 2 on the land side and a top width
ot to accommodate a double-track construction railroad. Exca-
within the protection of the dike would be carried to grade in
y and the dike subsequently removed as wet excavation. The
g been termed “‘patural cofferdam’’ in the estimates for lack

iminary estimates provide for sheet piling of uniformly heavy
similar to Lackawanna, or United States, weighing about 43

r linear foot and having a strength of approximately 9500
per linear inch at the interlock. A weight of 95 pounds per
t is assumed for the three-way piles at the intersections of
inal and transverse rows. The Bethlehem Steel Company
letter dated August 7, 1925, that lengths greater than 55
t are impracticable without splicing and that splices for
nna piling to meet the requirements would weigh 68.7 pounds

Construction.

onstruction of many of the eofferdams desceribed briefly above
difficulties and risks which are unavoidable without materially
sing the cost of other items. If it may be granted, however,
mplishment will continue to transcend precedent, the feasi-
the proposed schemes is not a matter for concern. In the
tted to the study of similar works, it became evident that
o radical departure from accepted practice. As the success
ained in the construction of the ship locks and flood gate
e in many of the designs presented is dependent upon the
ity of unwatering the site, a discussion of cofferdam construe-
however, considered warranted.
hl‘st operation in constructing cofferdams of the type shown on
is the driving of sheet piling which would progress from
e at both ends. Methods for driving the piling in the positions
on the drawing have been developed to meet earlier needs and
be discussed. Material to be penetrated would offer little
e and the driving is expected to be a simple operation. Splices
he a;ttached when the top of the lower section is a few feet above
rface.
vation on both sides of each longitudinal row of piling would
follow the operation of driving. Material would be removed
n about 20 feet of rock along the piling on the side to be
d, thence sloping flatly to the rock surface. Beyond the toe
- slope, material would be removed over the area ultimately to
ied by the rock fill. Beyond this area it may be left in place
arily, on as steep a slope as consistent with assurance against
t. It is expected that the rock fill will displace the material
ng the piling and reach rock with its interstices filled adjacent
bottom of the piles. At the same time the surface of silt in
pockets would be lowered, maintaining the surface about 15
ve that of the material inside the cofferdam. The surface of
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material at the piles on the outside of the cofferdam would be main
tained at the elevation of that in the pockets, and the mud would slopg
flatly upward from the piling to its original surface.

Expenence indicates the mnecessity for internal pressure at eagl
pocket to provide some tension at the pile interlocks and thereby avois
danger of collapse. Care must be taken, however, to avoid stresse
exceeding the strength of the interlock and it has been demonstrate
that unbalanced pressures of approximately the intensity to
expected from the foregoing program will lead to satisfactory resulfy

It is assumed that excavation in construction of cofferdams will k
performed by suction dredges. The material is almost entirely sany
and silt. Clay is encountered at these depths in quantities too smaj
for recognition in the estimates. ]

At this stage of the operations the piling would be largely unsuj
ported and there would be, in addition, an unbalanced pressure. |
pile section of appreciable horizontal length, if left thus, might invig
disaster and it is important to have the operation of placing rock follo
the excavation as closely as practicable. Owing to the flat slopes ths
must be maintained to avoid movement of the silt, there would be
number of pile pockets left unsupported to a greater or less degre
but it will be noted that this section must receive support from thos
at either end whose stability is assured by the presence of rock fill, ¢
silt, in its original position. The rock fill is to be placed on both sidy
of the double row of piling and the surface of the material in ¢

pockets would be raised, maintaining the original relative position
by depositing clay brouom to the site on a standard gauge constructic
railroad. It is impmtant to maintain a fair balance in pressure fro
rock fill on opposltc sides of the piling, as well as an excess of pressi
from the material in the pockets. The completed fills are shown |
Plate 4-4. :

If it is feasible to allow some of the silt to remain inside the cofferda
dunnq the placing of rock it would be excavated before the cofferds
is unwatered by the method employed for material adjacent to fl
piling. !

Off shore from Point San Pablo the situation is complicated by #
absence of mud over large areas. At such places some modificati
of the foregoing plan is necessary. Cofferdams extending into
current (Estimates 14 and 15) seem to require the protection
rock jetty during their construction. (See Plates 4-51 and 4-
Slopes of 1 on 2 with 10-foot top width are contemplated for fl
structure.

With the assurance of still water within the area of operation
timber trestle of 6-pile bents on 10-foot centers, with outer piles batf
for stability, would be built along the cofferdam line to furnish supj
for the steel sheet piling. Waling pieces would hold the piles in p
at the top and, for convenience, pockets rectangular in plan
x 24’) are proposed. The trestle must be loaded to overcome buoy
To insure a fixed position at the bottom, and to improve water tif
ness, piles would be driven to refusal in the rock which is gener
soft at the surface. ]

The pile pockets are to be filled to a depth of about 10 feet with:
as soon as they are ready to receive it, so that the danger of coll

B W Vi = | L
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would be removed as previously stated. The width of trestle that
appears necessary for stability and proper arrangement of the sheet
piling will accommodate a double-track railroad of standard gauge.

Subsequent operations would follow the program devised for coffer-
dams shown on Plate 4-4 until the surface of rock fill reached the
pracing near the top of the trestle. The bracing would then be
removed to facilitate the removal of the entire cofferdam deseribed
Jater. For the same reason the timber piles would be cut off at the
qurface of the fill after completion and the track laid on the fill.

The cross-section of completed cofferdam would differ from that on
Plate 4-4 only in respeet to the slope of rock fill, which would be 1 on 1%
on both sides, and the uniform width of 16 feet between the two rows of
piles. This leaves a level portion 17 feet wide at the top of the rock
fill on the outside. The fill, of course, would rest upon bedrock on both
sides of piling.

Sketches of the structure were prepared in connection with estimates
of quantities, but, except for the trestle, their similarity to the type of
cofferdam previously discussed makes it unnecessary to reproduce
them in this report. Estimates 14 and 15 require about 3500 linear
feet of this type of structure with the remainder, where mud is present
(about 2300 linear feet) as shown on Plate 4-4.

The smaller cofferdams present in a lesser degree the problems
already discussed and are omitted from further consideration.

In connection with the natural cofferdam, which was described
briefly with other types on a preceding page, Estimates 1 and 2 include
an item termed ‘‘plug’’ which requires explanation. Its purpose is
to fill a temporary gap opened in the natural cofferdam to permit
construction of the control works without discontinuity at that point.
See Plates 4-1 and 4-14. With the plug in place around the completed
eontrol works the unity of the natural cofferdam is restored, and the
main cofferdam may be removed before construction within the natural
cofferdam has been completed. An equivalent area across the original
waterway would thereby be made available for depositing excavated
material along the location of the rock embankment before completion
of the flood channel and control works.

Removal of Cofferdams.

The functions of the barrier can not be realized without removing
all, or part, of the cofferdams as will be seen by reference to the general
layouts. The lower portions of the cofferdams might generally be left
In place without causing interference. In such cases piles would not
be entirely freed from surrounding material and it becomes necessary
to decide between the alternatives of cutting and pulling to accomplish
their removal. Estimates contemplate pulling steel piles when the
penetration does not exceed 25 feet and cutting in other cases. The
determination of this limit is influenced somewhat by the salvage
value of the piles. Tt is assumed that 50 per cent of those removed
will be fit for further use and may be disposed of to lessen the ultimate
Cost. Investigation indicates that it is becoming common practice to
g‘;t tsﬁeel piling under water and no difficulty is anticipated within the
70Dfe:t1‘emm‘ed for the barrier, where the maximum would not exceed

It has been assumed that timber piles would be eut when

their removal is necessary.
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FLOOD CHANNEL
Requirements.

The capacity of the flood channel is fixed by that of the control gated]o:

Hydraulic Properties.

Gradual slopes and transitions have been provided so far as pragft
ticable to minimize the losses. Velocities vary uniformly from thg:
minimum at the upstream and downstream ends to the maximum g
the gates. These characteristics involve expenditures which may j
future studies be deemed unnecessary. Steeper slopes and mon
abrupt changes in cross-sectional area may be advoeated for excavatig
with assurance that the waters will secour their own channel. This vie
may be carried to great extremes, however, and the more conservatiy
treatment of prov1d1n0 a thoroughly adequate channel by artifiei
means is favored in this report, with recognition of the margin th
exists. Moreover, the uncontrolled deposition of large quantities g
silt at points downstream from the barrier might result in a hindrang
to navigation.

CONTROL WORKS
Requirements.

The gate area necessary to pass the maximum flood from the Saecx
mento and San Joaquin rivers, estimated to be 750,000 cubic feet pi
second, is discussed in Chapter V. Requirements are satisfied by thirt
50-foot by 60-foot gates or fifteen 70-foot by 80-foot gates, the fir
dimension being the width of waterway between gate piers and fl
second the depth of gate sill below El. +-10. At Point San Pablo t
freeboard requires greater height for the same elevation of gate si
Additional gates are provided in some cases when conditions pern
their use as an alternative for rock embankment which would otherwi
be required.

Substructure.

The term substructure has been applied to the concrete portio
of the control works below elevation 412 at Point San Pablo and bel
elevation 410 at other sites. Greater exposure to the elements at
former site indicates the need for more freeboard.

Two distinet types of substructure are contemplated in alternat;
schemes as shown on the drawings. At Army Point, Benicia, Poi
San Pablo and in one case (Estimate 9) at Dillon Point, the constru
tion would be carried on within open cofferdams. In schemes whi
provide for control works across all, or part, of the present waterya
at Dillon Point, however, the foundation attains depths too great
the success of this method and estimates contemplate the depositi
of concrete by tremie in caissons sunk to rock as described later.

Reinforced concrete is contemplated for substructures of the ty
shown on Plates 4-5, 4-16 and 4-24, built by the cofferdam meth
The width of gate piers influences the width of flood channel ant
will be seen from the general layouts that, with the position of
offshore end of struectures fixed by the 90-foot limit previously:
cussed, the amount of excavation would be materially increased by
use of wider piers of plain concrete. '
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Bach gate pier, with the footing parallel to its horizontal axis, has
cen designed as a unit. Resistance to overturning at the elevation
¢ the floor and bottom of footing has been determined transversely
¥ assuming an excess of head amounting to 10 feet on one side of the
sier, a condition that might be approached, if not realized, if one of
he adjacent gates were up and the other down. It was further
«umed that caisson gates were in place on one side of the pier in
he positions shown by the caisson gate seats on the drawings, and
hat the space between was unwatered for access to the Stoney gate.
., tractive force of 100,000 pounds from a locomotive on the bridge
Lvas added to the umbalanced water pressure, and stability was pro-
ided with uplift due to full hydrostatic pressure over the entire area
of the base.
The floor beams, which connect the footings and make an integral
structure of the control works, are an added factor in its stability
rather than a necessity, except when the space adjacent to the Stoney
gates 18 unwatered. Their value in the event of an earthquakq is
apparent; probabilities of a disaster are more remote than if the piers
were isolated ; and they perform the additional function of preventing
the serious undercutting of strong currents. Although the footings
are adequate to resist transverse overturning, except as previously
stated, the floor beams must inevitably take their share of the stress
when unbalanced external forces are acting and they consequently
require heavy reinforcement.
Resistance to unbalanced longitudinal forees provides for a wind
load of 30 pounds per square foot on all structures above water surface,
including the Stoney gates when raised. With gates down, unbalanced
heads of 12 feet downstream and 10 feet upstream were separately
investigated in combination with wind load and uplift.
Foundation pressures under the solid type piers do not exceed 10
tons per square foot and sliding does not require special provisions
in any case. The dimensions are governed by stresses in the concrete
and necessary resistance to overturning and would not be influenced
by more liberal allowances for foundation pressure.
Features of the design and construction of the substructure for
control works across the present waterway at Dillon Point site are
shown on Plates 4-39 and 4-40. The design is further shown by con-
trol works drawings for Estimates 10 to 13, inclusive. (Plates 4-41,
4.-42, 4-43 4 45 446, 4-49 and 4-50.) In this case the limiting founda-
tion pressure is directly responsible for the hollow type of pier adopted.
Steel eaissons for the deep portions of the channel are of enormous
weight, notwithstanding the adopted working stress of 24,000 pounds
PEr square inch. Unbalanced pressures are avoided so far as prac-
ticable. Tt was assumed that mud would be excavated to elevation
—10, where rock is below that elevation, before caissons are sunk,
henece ozl}y the lower portions must resist pressure from this source.
Unwatering is not contemplated. Salt water within- the caisson can,
of course, he replaced by fresh water before concrete is deposited in
case thg salt water is considered objectionable.
Riggd'le% 0|f.pre§sure induced by silt, made in connection with Colorado
45 fm\ estigations, 1nd]eat(.ed that material weighing 100 pounds per
€ 100t would exert a horizontal pressure of about 80 pounds. The
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studies included pressures recorded by Goldbeck cells in a number of
hydrauliec fill dams and recommendations of various experimenter§
in addition to data secured at Boulder Canyon, and may be considere
fairly representative of conditions in San Francisco Bay. On thi
basis the external pressure below elevation — 70, after excavation ¥
begun, would be 80—62.5 or 17.5 pounds per square foot (in fresk
water) for each foot in depth. The weight of one cubie foot of ““ooze,’
or slimy silt, as taken from the tidal flat just off Suisun Point has beel
found to be 81 pounds. The coze contains about 70 per cent moisturg
and, although of comparatively licht weight, probably exerts laterg]
pressure almost, if not quite, equal to that exerted by the matery
found at greater depth. '
A cofferdam is necessary for constructing the abutment pier at thi
side of the flood channel near Heckley. See Plates 4-35, 4-37 an{
4.47. This pier is similar to those at the ends of control works pn
viously disecussed. After completing the rock embankment inshoy
from the pier an area of sufficient size is available for erecting th
traveler shown on Plate 4-40. Subsequent operations, prior to co
creting, need no explanation further than to state that the travelg
controls the position of the pier caissons during sinking and the latf
performs a similar function for the corewall caissons. 1
The inner and outer skin plates of the pier caisson terminate’
different levels at the bottom to allow the tremied concrete to cow
the entire area within the outer plate to a depth of 15 feet. ;
With this type of pier the gate sill is at elevation —70 in all ea
and the foundation is never higher than elevation —1T75. Above |
clevation the design presents for unbalanced forces acting transvers
and longitudinally, but at lower elevations it has been assumed ¢
they would be absorbed by the rock fill shown on the drawings,
that no inequality can exist in the distribution of pressure over:
foundation, except from the eccentricity of the resultant of the verts
loads. Pressures include weight of water in the hollow portion
the pier up to elevation 0. : 3
Transverse stability, when the base is at elevation —75, sabis
the assumptions of unbalanced head (10 ft.), unwatering betw
caisson gates and locomotive traction that have been discussed in ¢
nection with solid piers of reinforced concrete. Resistance to un
anced longitudinal forces, however, is based on slightly diffen
assumptions owing, in part, to progress in studying flood and #
action during the period which intervened in the designs of the
types of piers. The same provisions were made for wind loads,
an unbalanced head of 10 feet was assumed to act either upstrean
downstream and uplift was anticipated over only two-thirds of
base area under full hydrostatic head. The conditions to be satis
are, therefore, somewhat less severe than in the previous case. =
When the base is lower than elevation —75, it is evident that stab
is dependent upon the rock fill, except for the support the coi
and pier afford each other by reason of their individual failux
necessarily being subject to the same combination of circumstan:
Foundation pressures under the hollow type piers do not €
12 tons per square foot and are generally lower. Tension do
occur at any horizontal section. Uplift is of importance in t
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nection at elevation —75, but at lower elevations its effect is negligible,
owing to the absorption of horizontal forces by the rockfill. The
eccentricity of the resultant of vertical forees is so slight that the
danger of tension is not approached under the influence of uplift.
The maxXimum pressure in the concrete of the pier is about 15 tons
per square foot and oeeurs at the top of the solid base. Sliding factors
are very low. In contrast with the solid piers previously discussed,
the allowable foundation pressure is of prime importance.

Pressure from the rock fill on the sides of the hollow piers indicates
the need of diaphragms below elevation —90 in most cases. The
caissons are somewhat complicated by this requirement but the height
above the top of diaphragm provides sufficient horizontal continuity
and rigidity when supplemented by bracing at lower elevations.

In the preparations of the designs considerable thought was given
to the action of salt water upon concrete although the salinity in the
vicinity of the barrier will never equal that of the ocean, on account
of the operation of the ship locks. It appears that there should be no
particular cause for apprehension providing the concrete is propor-
tioned to give low permeability. It is believed that good, tight concrete
may very readily be secured by careful grading and proportioning
of the aggregates and by demanding a high class of workmanship.
The subject is discussed by Mr. Irving Furlong, associate chemist,
Bureau of Standards, in a letter included herewith as Exhibit 13.

Mr. R. R. Arnold, county engineer, Contra Costa County, has used
salt water in gaging concrete for highway work and states that after
2 or 3 years service, (December, 1925), the concrete appears to be as
good as any in the county. The action of sea water on concrete struec-
tures is summarized in Exhibit 14 which includes extracts from a
report upon the subject, compiled by the Standard Oil Company.

There appears to be considerable precedent for building deep piers
by the open caisson method and for placing concrete by the tremie
method. '

The following are extracts from Vol. 1 (1916 Edition) of Waddell’s
“‘Bridge Engineering’’:

The open dredging process for deep foundations has been in use only
about thirty years, the oldest examples of it being the Poughkeepsie Bridge
over the Hudson River, where a depth of 134 feet below high water was
reached, the Morgan City Bridge over the Atchafalaya River, where eight-
foot cylinders were sunk to a depth of 120 feet below high water and the
Hawkesbury River Bridge in Australia, where the remarkable depth of 160
feet was attained,

_Probably the greatest depth ever reached was on the bridge over the Ganges
Rlve.r at Sara, India, the cutting edge of one of the piers for this structure
landing 160 feet helow lowest water, or 190 feet below high flood level.

In_ the Oregon and Washington Railway and Navigation Company’s verti-
cal_hft.bridge over the Willamette River, at Portland, Oregon, * * * the two
main piers * * * were sunk by the open dredging process under great difficul-
;JES. The depths to which their bases had to go, viz, 132 and 145 feet below
OW water, rendered the open-dredging process obligatory. In plan, each caisson
;;)ausldgﬁ ‘feet by 72 feet. The borings showed a bed of cemented gravel and
level €rs amply solid for a_foundat.ion; but unfortuqately, it was far from
the vd im one case thgre being a difference .of elevation of 19 feet between
mtte %;gonally Opposite corners of the caisson. Before any sinking was

mpted, the foundation was prepared by blasting to receive the caisson.
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Open dredging within caissons at depths found at the Dillon Poin
Site is considered practicable in view of the character of the channel
filling. No trouble in seating the caisson on the bottom is anticipated
on account of the generally soft character of the rock. ‘

In connection with placing concrete under water the following
references should be noted :

Engineering News, September 24, 1903. The new graving dock of t
Kawasaki Dock Yard Company at Kobe, Japan. The article described the
construction of a dry dock supported on piles, in which 27,200 cubic yardy
of concrete were placed under water by means of buckets. The thickneg
of the floor was 9 feet. Before concrete was placed the salt water wag
replaced by fresh. An interesting feature was the attempt to build coffe
dams on soft silt and sand, with resulting settlement of the fll and building
of the ground adjacent to it. )

Bngineering News Record, April 15, 1920. Heavy foundation work fg
bascule bridge at Seattle. Concrete placed under water by means of tremig
was used to seal two caissons, the seal at one caisson being 23 feet thigl
with bottom of footing 54.5 feet below the water surface, the seal at th
other caisson being 15 feet thick with the bottom 43 feet below water suj
face. A total of 6,493 cubic yards of 1:2:4 concrete was deposited unde
water at an average rate of 25 cubic yards per hour. It was found ¢
concrete which flowed readily on a 1 on 3 slope in metal spouts would flat
out and flow a distance of 30 feet at a slope of 1 on 6.5 under water. HExam
ination after the caissons were unwatered disclosed hard, dense concret
without any lamination except in small spots and on the toe of one pier.

Bngineering News Record, May 26, 1921. Concrete Sea Wall. Poured i
Block Sections By Tremie. Sea wall 6 feet thick on top and 12 feet th
at the bottom was placed on rock foundation about 15 feet below low wa’
surface, the concrete being poured through tremies. This wall served
part of foundation for a steam plant of the United Electric Light and Poy
Company on the Hast River, New York City. 1:2:4 concrete was use

Hngineering News Record, November 3, 1921. Concrete River ‘Wall Po
Inside Large Steel Forms. Ohio Basin Terminal of Barge Canal at Bu
Under water concrete placed true to line and grade by flexible syste
forms. A concrete gravity wall 1,550 feet long was founded on roc
to 28 feet below normal water, part of the concrete being poured u
water. The portion of wall below an elevation 12 feet below mean v
surface was specified as 1:3:6 concrete providing that one extra sac
cement per cubic yard of concrete would be used if the concrete was pl
in water, which the contractor elected to do. The form is of novel
struction, designed by the Blaw-Knox Company. In order to examine
concrete several 30-inch diameter test wells were provided and examin
showed that the concrete is of excellent quality.

Transactions, A. 8. C. E., page 223, Vol. LXXX. Pearl Harbor Dry D
Approximately 14,840 cubic yards of concrete deposited through tremi
water varying in depth from 54 to 44 feet. Article contains a large a
of good information about placing concrete through tremies and about
water foundation work. 1

Transactions, A. S. C. E., page 289, Vol. LXXIV and Engineering
March 17, 1910. The Detroit River Tunnel. Concrete placed through
ies in water from G0 to 80 feet deep. Samples of 1:3:6 tremie placed
crete, 2 years old, tested from 2740 to 4000 pounds, per square inch,
contains much valuable information about under water concrete work,

Superstructure.

In most cases the proximity of the bridge to the superstr
of the control works has suggested a single structure to mee
requirements of both, with its cost shared according to its funecti

The term, ‘‘pedestal,’”” has been applied to the concrete SUpp
under the gate towers which are shown in combination with cone
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pridge piers. The pedestal presents no unusual features. The extreme
test of stability occurs with a wind load of 30 pounds per square foot
and the gates raised. The steel gate towers are stressed to capacity
under the same conditions.

Al stoney Gates.

Stoney gates seem to offer the best solution of the problems of flood
control and salinity. They are easily operated and funetion properly
with any size of opening above the gate sill. It has been demonstrated
that the salt water will seek the lower levels in the basin above the
barrier and some provision for drawing off this water from the bottom
is an established necessity.

Gates have been designed to withstand a head of 15 feet from the
upstream side. With water on both sides, the unbalanced head is, of
course, constant below the elevation of the lower water surface. The
gates would be appreciably heavier with a skin plate on each side
since both would have to resist the head above the gate sill.

The double skin plate would provide protection for interior members

and prevent the deposition of silt and debris on the horizontal girders.
However, since protection against corrosion is of greatest importance
on the salt water side, this danger may be largely avoided with a single
skin plate. With only one skin plate the annual task of painting the
gates would be simplified. These considerations, and the advantage
of presenting a smooth surface in opposition to the greatest wave action,
led to the arrangement shown on the drawings. The amount of silt
in suspension on the fresh water side is not likely to be great when the
gates are down and the skin plate would unavoidably, at times, be on
the tension side of the gate since it is expected that the elevation of the
salt water will occasionally exceed that of the fresh. The thickness of
the skin plate which is perhaps somewhat unusual is a precaution
against corrosion.
Preliminary designs for the gates are shown on Plates 4-8 and 4-17.
It will be noted that concave rollers are provided in anticipation of
deflection of the gate leaf, and that staunching rods are provided to
prevent leakage from either side. : ‘

Counterweights.

Counterweights were studied in connection with their relation to the
weight of the Stoney gates and in the brief time allotted to this
work it seemed advantageous to make their weight equal to that of the
submerged weight of the gate and two-roller trains.

The hpavy steel members are intended to serve the double purpose of
Supporting the forms while the counterweights are being concreted in
place on the gate piers and of taking the place of reinforcing steel
Subsequent to construetion.

Operating Mechanism.

Details of the operating mechanism have been worked out as shown

?}111 Plgte 4-7 but do not warrant discussion. By placing the motors at
: :nrr_nddle of the spans across the gate towers unequal t_orsiongl deflec-
: In the shafts connecting them with the sprockets is avoided and

€ movement of the lifting chains is synchronized. The designed 1ift-
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ing speed is 4 feet per minute. The load on a motor during the raising
of a gate is more constant than might be supposed. As a gate emergeg
from the water it gains in weight, but the rolling friction, due to watex
pressure, becomes less and the combined effect of these two factors 1§
fairly constant at times of maximum head.

Caisson Gates.

Reference to caisson gates will be recalled in the preceding discus
sion. Their function is to provide access to the Stoney gates and gat
seats when either of the latter are in need of inspection, repair of
replacement. After floating the cassion gates to place, and sinkin
at the gate seats shown on the drawings of control works, the wat
between the caissons would be pumped out. The space between th
calsson gate seats has been made as narrow as consistent with freedom
of action during the progress of work on the Stoney gates for Teasor
that have appeared in the discussion of stability of the piers. A furt
use for the caisson gates which has also been mentioned is illustrateq
on Plate 4-40.

The cost of the caisson gates is a comparatively small item in the cog
struction of the barrier and since their form is not unlike the guar
gates in the larger ship locks, the latter have served to determine tha
weight, after due allowance for differences in size and water pressui

I’

BRIDGE
Requirements.

The bridge is more or less an accessory to the barrier. It has il
been regarded as indispensable and is omitted from some schemesg
anticipation of indifference on the part of railroad and highway int
ests toward the opportunities afforded by the barrier. This attit
will undoubtedly be influenced by the choice of site, which will to som
extent determine the communities that may be served and the ben
that would acerue. A barrier at the Point San Pablo site would
offer railroad facilities to replace the Port Costa-Benicia Ferry.
proximity to the Carquinez Bridge would lessen its value as a cros
for the highway. It is, however, not for the purpose of this repo
argue the case or to predict the outcome, but rather to anticipate
alternative.

If the need for a bridee aceommodating railroad and veh
traffic be granted, the provision of two tracks is evidently indi
The width of highway has been.fixed at 30 feet as a result of co
pondence with R. M. Morton, State Highway Engineer, who states:

We consider that a 20-foot width of roadway will handle, at a redue
speed, 10,000 vehicles per day. A 24-foot width will handle no more ina
as it does not greatly increase the opportunity for vehicles going in th
direction to pass each other. A 30-foot width provides three definite 10
lanes for traffic, and makes it possible, at times of peak load, for two |
to proceed in one direction and one line in the opposite direction. -4

The designers of the Carquinez Bridge have provided a 30-foot wi
roadway, I believe, with sidewalks in addition, and it would be my j
that 30-foot widths should be provided at barrier “A” (Army Poi
and “C” (Point San Pablo Site), but in estimating, a 20-foot width of |
ing would probably be sufficient for a time, the balance of the spa
occupied by a sidewalk. Then, when the traffic required additional Sp:
sidewalk could be thrown into the roadway and some scheme de
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overhang or support a sidewalk structure over the slope of the rock embank-
ment.

If the need for a sidewalk across the bridge develops, it can easily be
constructed below the level of tracks and roadway by utilizing one of
the girders of the railroad bridge and a truss under the highway which
are shown on Plates 4-5 and 4-16. The double-deck bridge in HEstimates
11 to 18 (Plates 4-41, 4-45 and 4-49) does not offer the same convenience
put cantilever construction at the highway level would be feasible.
Grades of 1 per cent have been adopted as the limit for the railroad.
The highway is necessarily in conformity therewith, except in some cases
at the ends where grades up to five per cent have been allowed. Curves
were unavoidable at some locations. Their use is governed by limits of
6-degree curvature for railroad and 23 degrees for highway.
Bridge clearances over navigable waterways are discussed in Chapter
VI. Estimate 13 (Plates 4-48, 449, and 4-50) provides for a high
crossing which eliminates all sources of interference between bridge and
water traffic but, with this exception, a elearance of 50 feet above high
water at the locks has been adopted, with the consequent necessity for
lift spans over all but the 40-foot ship lock. A clearance of 135 feet
above high water is attained by the bridge in Estimate 13 and by the
lift spans in highest position.

Bridge Piers.

The piers present no unusual features. The same allowance for
locomotive traction (100,000 pounds) that was used in determining the -
control works substructure is applicable in this case.

Superstructure,

The double-deck type of superstructure was adopted when conditions
permitted, but owing to the general use of rock embankment, such
cases were limited to the Dillon Point site, estimates 11 to 13. The
upper deck would necessarily be extended over a portion, at least, of the
rock embankment and the inevitable settlement of the latter would lead
to difficulties. It will be noted that in estimates 11 to 13 the super-
strueture is supported by piers which reach bedrock under the embank-
ment (Plates 4-38, 4-44 and 4-48).

In studying the superstructure, preliminary designs were prepared
of eoncrete and steel bridges. Where 50-foot x 60-foot flood gates are
used the piers supporting the bridge are spaced 65 feet apart while if
70-foot x 80-foot flood gates are adopted, the pier spacing is 90 feet, or
120 fe'et, depending upon the type of pier used. For the 65-foot spans it
18 believed that. in case of the highway, at least, reinforeed conecrete
girders would be found cheaper than steel trusses but with the longer
SPans the use of steel trusses would result in economy. ~In any. event,
steel' Spans have been adopted in all preliminary designs as they are
considered hetter adapted to a strueture subjeet to possible seismie
disturbances.

Further study is necessary to determine the best type of lift spans.
mates were prepared by approximate methods for a vertical lift
?;::]n 1}1“1'5 figures were submitted by The Strauss Bascule Bridge Co.

W€ Scherzer Rolling T.ift Bridge Co. for alternative types. While
T—70686
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the estimates and drawings present the data for the vertical Ii i
preference is not thereby implied and the matter of selection is lefi
entirely without recommendation,

The requirement for a movable bridge over the lock gates suggest
the possibility of utilizing the bridge as the upper support for t
emergency lock gate. Such a combination has been adopted for t
locks of the Trolhattan Canal at Strom, Sweden. The designs wepd
prepared by the Strauss Bascule Bridge Company. A description of
the structure is contained in the July, 17, 1919, issue of Engineerigg
News Record. |

The weights of fixed and movable spans and of towers for the vertieg
lift, have been computed by formulas with no investigation of stress
Cooper’s Class H-60 loading was used for railroad spans. Informati
from the California State Highway Commission relative to span lengt}
and weights of several bridges now in operation served to indicate
formula of general application which satisfied the requirements in the
specific instances.

T R G T R

SHIP LOCKS
Requirements.

The requirements as to number and size of ship locks are discusse
at length in Chapter VI. With these features established, the subs
quent work of designing and estimating was materially expedited }
the acquisition of data on the Lake Washington Ship Canal Log]
through the courtesy and consideration of William .J. Barden, Colon
Corps of Engineers, and his assistants, at Seattle. Owing to the sin
larity between many features of the barrier locks and those at La
Washington, which has been realized to the utmost both by necessi
and intention, it has been advantageous to estimate their cost £
drawings furnished by Colonel Barden. Other features were adaptal
with changes more or less fundamental. Reports of the Isthmian Cax
Commission constitute another source of information that has
of great value. 3

As previously stated, it is the opinion of officials at the Lake Was
ington Locks that interruptions to bridge traffic would be reduced
a minimum when the bridge is located at the upstream or downs
lock gates. It would, of course, be impracticable for the bridge to i
at an intermediate point because the lift span would then remain \
raised position while the vessel occupied the lock. Aside from C
interference, if the bridge crossed at a point removed from the 1
bounded by the lock gates, an extension of lock walls would be nece 1

a
C

B T o O e T T it e

A 1 e I et

to provide support for the piers and junction with the control w
It was deemed preferable, on account of the detrimental effect o
water on conerete, to locate the bridge at the downstream lock 0 v
so that the greater part of the locks would be in fresh water but tHl

arrangement was generally not adaptable to the topography. : T
The proximity of the flood channel in some schemes may be re
as a menace to navigation on account of the oceasional high velo i
Maximum velocities are shown on Plates 5-17, 5-18 and 5-19 to v
up to about 20 feet per second momentarily during a 750,000 a
foot flood. Although the guide walls afford some protection to t
it is expected that those interested will favor an arrangement of I
tures which eliminates this danger, such as that shown on Plates 4 T

4-20 and 4-22. . 0
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1 Lock Walls.

It was impracticable to rely entirely on precedent in determining the
dimensions of lock walls and computations for stability were therefore
repared. They are, however, not thorough, owing to lack of time and
wd further investigation is recommended in the belief that a saving in cost
il can be effected.
The width of lock walls at the top is fixed to some extent by consid-
all erations of operating space for workmen and machinery, except where
M 1l behind the wall provides the equivalent. Bridge piers and gate
anchorages determine the minimum width at some points. It was not
apparent that the locks could be built in space appreciably more con-
fined by using reinforced conerete, hence plain concrete was adopted.
Reinforcing steel, is, however, required at localized areas such as gate
anchorages, footings and adjacent to culverts and other openings. Free-
board is the same as for the control works substructure.

The investigation of stability followed the customary procedure for
oravity sections, allowing for openings in the concrete and unwatering
of locks, with pressures against the opposite side of wall from sub-
merged rock fill, silt and water, or water only, as the case might be.
Uplift was assumed to act over two-thirds the base, under full hydro-
static head on the water side of the wall, diminishing to zero at
the unwatered side. At gate recesses stability allows for a gate on
the unwatered side in position against the gate sill, a condition in which
the horizontal forece at the top of the gate acts with maximum com-
ponent in the same dierction as the forces on the opposite side of the
wall.

Pressures were limited to 10 tons per square foot. No tension was
permitted at the base but was contemplated at higher elevations in
some cases where reinforc ment could be provided. The rock fill shown
between the lock walls on some of the drawings is an added factor of
safety which may be omitted if so desired. There are, however, obvious
advantages in having a level bottom at the elevation of gate sill and
the space below offers a convenient means of wasting excavated material.

Liock wall quantities would not be affected by more liberal allowance
in foundation pressure when the base is at the higher elevations, but
when the location of the locks is fixed by the 90-foot limit in depths
of rock previously discussed some saving would result although the
base width is, in general, fixed by provisions for safety against over-
turning and tension. If it were assumed that the rock fill would
absorb the horizontal forces in the manner previously discussed in
connection with control works substructure across the present water-
way at the Dillon Point site, the quantity of concrete would be
materially less, but the saving in cost would not correspond if it were
neeessary to borrow the rock for fill.
~ The least total length of lock walls results from arranging the locks
n order of size across the channel and, in general, concrete quantities
Yary accordingly. Tt will be noted, however, that the arrangement
:ﬁaghghPomt Sfm Pablo site is somewhat different (Plate 4-53) in
The adg' t6'0-foob lock is located betwegn the two of next larger size.
e 1lelonal 1ength of wall needed for this arrangement seemed to
of the i SS material than a wider wall to accommodate two culverts

1€ necessary for adjacent 80-foot locks, sinee it did not appear
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feasible to locate one above the other in this case. It is not unlikely
however, that further study would suggest advantageous modificatio

Sills for Miter Gates and Emergency Dams.

gency dams when they ocecupy positions across the locks. There are n
features that merit discussion.

Miter Gates.

All gates are intended to be electrically operated. The guard gaf
must withstand unbalanced head above the gate sills and are cons
quently heavier than the service gates which are designed only for he
between the extremes of water surface elevations up and down streaj
Each lock requires but two pairs of guard gates, but, owing to the n
sity of providing for an execess of head from either direction, twi
that number of service gates are required, execlusive of intermed
gates. The purpose of the intermediate gates is discussed in Chapte
VI and IX. The requirements are the same as for service gate
either end. All gates are intended to resist water pressure only fg
the side away from the sill.

No drawings of miter gates were prepared for the report. Estima
are based on designs for Lake Washington and Panama, correcti
approximate methods when necessary for differences in height
width. The minimum depth on gate sills is very nearly the same i t
locks of the same width but the lift of the locks, and consequentl
unbalanced heads on the service gates, would be appreciably less
Larrier. The range in water surface elevation is shown on the dra
of locks in cross-section, Plates 4-10, 4-30 and 4-54.

Stoney Valves and Cylinder Valves. St

The Stoney valves and eylinder valves which control the flow t th
the culverts during lockages have been estimated from data on the ”]
Washington locks, with due allowance for differences in size an §
where requirements are not the same. Valves have been provid P
pairs for security against interrupted service in the event of dai ¢
the number of valves being double the requirements for ope .
Stoney valves have been provided for emergency use and also £ c‘fj
tinuous service, except in the 40-foot lock where -cylinder val ol
contemplated at times other than in emergencies. ij)a

Emergency Dams.

Emergency dams are provided to maintain the elevation of
surface above the barrier in the event of damage to miter gates
to prevent losses and accretions respectively of fresh and salt w
such an emergency.

For these structures also, data from lLiake Washington and
were used in preparing estimates. The emergency dams for
foot lock are of the swing bridge type used on the Isthmus wh
for the smaller locks include a derrick for placing the bridy
type used for the 80-foot lock at Liake Washington served to @
their weights by applying corrections according to differences
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..t Water Relief Conduit.

The necessity for drawing off water from a sump located at the
ipstream end of the locks, to retard contamination of the basin is dis-
qussed in Chapter IX. The conduit to serve this purpose is shown on
b1 lock drawings. A capacity of 250 second-feet was assumed and it is
V xpected that at times pumping will be necessary. However, if a short
onduit can be used, a gravity flow will oceur under favorable condi-
jons, although the most favorable would probably exist during floods
vhen the purpose of the conduit would be more effectually served by
3k 1e flood gcates.

Fish Ladder.

Considering the number and size of the ship locks, it appears that
10 anxiety need be felt about fish finding their way past the barrier,
wut a fish ladder has been included in the designs and estimates for
he reason that omission of this detail might be interpreted as an
intention to evade the law.

The locks seem to offer the most convenient location for the fish
ladder and, with a view to their supplementing the latter as a means
of access for the fish to the fresh water basin the proximity of the two
structures is advantageous.

The chief problem is to provide a structure that will function with
an excess of head from either side of the barrier. It is also important
to avoid losses of fresh water and to exclude the salt water from above
the barrier. These requirements are fulfilled to a limited degree by the
structure that is proposed but modifications would not necessarily add
to the cost and, from this standpoint, exhaustive study is not war-
ranted at this time. ;

It was estimated that a flow of 25 or 30 second-feet would provide
sufficient depth to accommodate the fish. During floods, however, when
the gates are open and the conservation of fresh water is not an object,
the flow from the fresh water basin may be allowed to exceed this
amount. Under other conditions partial submergence provides the
neeessary depth with much less discharge.

To avoid the interchange of waters in some degree the use of water
from the salt water conduit is proposed. The purpose of the salt water
conduit has been explained. Its operation involves an unavoidable loss
of fresh water. The chlorine content of the mixture would be consider-
ably less than that of sea water and contamination of the fresh water
basin would be retarded by allowing a small amount of water from the
conduit to return by way of the fish ladder, in place of an inflow of
an equal quantity from the salt water side. Furthermore, the loss
of fresh water would be diminished by providing for the discharge of
water from the conduit through the fish ladder to the salt water side.

. A pool was provided at the summit of the fish ladder to receive water
rom the salt water conduit through a feed pipe as shown on Plate 4-12.
aﬁg‘i’;ng 1S necessary under certain conditions while others are fa'vor-
tions frgra‘&lty flow. Water would flow downstream or in both direc-
o elemmt' ¢ Porol according to upstream and downstream Water_sur-
i 1 bvlons.. I‘l}e.bottom of the pool is below low water on either
™ ’ﬁow . Y ma_lptalnl.ng the proper elevation of water surface therein,

rom either side of the barrier may be controlled. The follow-
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ing tabulation illustrates the action under different conditions. Dig
charge from the pool is controlled by the baffles and does not vary i

accordance with the difference in head shown in the table.
Elevation water surface—

UpsStreaniiie SuuEvEan i 6.0 2.5 2
InSpoels £ -t =0 00 2.8 2.3 6
Downstream —3.5 —3.5 6

Flow in second-feet—

From salt water pipe_______________________ 0 25 31
From fresh water side——__________ "~ __ 35% 5 0
Hroragsaltiwyate sl dof R iaT it SR RE T D 0 0 0
Imtolfneshitwater Ssicle s SRE AP S SEREEGNS N 0 0 0 18
Into salt water side——————__________________ 35 30 13

*Fresh water not conserved during flood.

From the above it will be seen that the losses of fresh water ag
very little. The only water which enters the basin comes from th
salt water conduit and is only partially saline.

‘When the water surface is higher downstream than upstream th
water flows in both directions from the pool, and from this point ¢
the basin the fish would be travelling in the direction of flow. If th
instinets oppose this course the function of the fish ladder would not
realized at such times and unless further study reveals ways of ow
coming the objection it may be periodically inoperative.

The estimates provide for a feed pipe leading directly from the fre
water basin to be used instead of that from the salt water condui
desired. (See Plate 4-12.)

Guide Walls.

The usual functions of guide walls are exceeded at the barrier
reason of the protection they afford vessels from the high velocitie
the flood channel when the latter is adjacent to the locks. The gener;
layouts show their importance in this respect. i

Three distinet types of guide walls for the 80-foot and 110-foot loe
have been adopted to meet the conditions and are shown on Plate 4
No drawings of guide walls for the 40-foot lock have heen prepar
The latter are solid walls of concrete except for the limited wuse
piling in some schemes where the location of the cofferdam interfe
with concrete construction. Gravity walls are necessary at some lo
tions on account of unbalanced pressure, while others require only
wall with vertical faces, strengthened against shocks from vessel I
buttresses on a wide base.

Of the three types designed for the larger locks the concrete W
requires a cofferdam and the other two are, to some degree, in
changeable. The caisson type wall was contemplated, however, whe
1eud overlies rock in depths too shallow to support piling subjectec
shocks from large vessels. The general layouts show the type adopte
for each case. g

No deseription of the timber and concrete walls is necessary to
plement the drawings. The caisson type is not shown in detail
has been worked out as required to insure reasonable quantities in
estimates. The pressure of silt was computed with the same as
tions discussed in connection with substructure caissons for com
works at the Dillon Point site. The estimates provides for excavatl
and conereting without unwatering. '

P - e e e e g

-~ As



THE SALT WATER BARRIER 103

EMBANKMENT
Requirements.

Except for differences shown on Plate 4-3 to meet alternative require-
ments, the rock embankment is essentially the same in all schemes.
Where the rock would have to be deposited in water characterized by
tidal currents, which is the prevailing condition, slopes of 1 on 3 were
adopted for most of the height below water surface. At higher eleva-
tions, and when the embankment is to be constructed within a coffer-
4 dam, or around a corewall that would retard the current, slopes of 1 on
8l 11 were deemed adequate. The change in slope before riprap is placed
was assumed to mark the highest elevation that could be attained in
depositing material from bottom dump barges. Above elevation —7.5
the use of derrick barges and skips is contemplated. It is believed that
above elevation —7.5 the 1 on 1} slope can be maintained since the
depth of water flowing over the fill at that time will have become
relatively small.

Material for the embankment is available in sufficient quantity from
excavation in all schemes except those presented in Estimates 6, 14 and
15, which provide for borrowing to make up the deficiency. The con-
tingent necessity of rehandling during the transition of the material
from its original state to final disposition in the embankment was dis-
cussed at the beginning of this chapter. Materials for construction
of the embankment are discussed in the Geological Report included as
Exhibit 11 which is summarized in Chapter TII. It will be recalled
that it was Mr. Bryan’s belief that the rocks found at the various
sites, when deposited underwater in an embankment, would form a
tight and relatively stable structure. To insure watertightness, how-
ever, the estimates provide for pumping mud from the bottom of the
channel to fill the interstices of the rock, the necessary quantity being
determined from the assumption that if concentrated at the surface

of the fill it would cover both slopes below water level to a depth of
6 feet.

Unfortunately, the drawings of the cross-sections of the embankment,
with the exception of those shown on Plate 4-3, are misleading in that
the relative size of the rock in the fill and that used for riprapping
above elevation —7.5 are reversed. Neither is drawn to scale and the

method of illustrating the two kinds of rock must be considered sym-
bolic only.

Settlement,

The subject of settlement at locations where firm material is overlain
by S.llt.in a semi-fluid state has received considerable attention. Data
on similar structures in the Bay region were secured and it was found
that extensive displacement of the mud in some cases has oceurred
under the weight of superimposed rock. Data on the character of the
channe] filling and examples of settlement were presented in consider-
able detail in Chapter IITI. No attempt will be made here to enlarge
pon the discussion.

It is generally agreed that quantities should include a liberal allow-
:‘;103 for settlement although the disposition of the material below

ud line, after equilibrium has been reached, cannot be predicted




104 DIVISION OF WATER RESOURCES

with any degree of certainty. Tt seemed likely th
be displaced for its entire depth where the weig
that quantities based on more optimistic assumptions would not satisfy
conservative opinion. To expedite the work of computing, it was
assumed that the amount of settlement would be equivalent to a prism
defined by a rectangle, or trapezoid, of width equal to the width of
embankment at the surface of mud ang height equal to the mea
depth of rock, or other firm material such as sand and gravel, belg
top of mud. A fow exceptions to the forecoi oy
duced where the water ;
great. The relative height and width
approached absurdity and practical considerati
extending the 1 on 3 slopes below the surf
treatment involved more o less extreme modification of the foregoi

rule but such ecases were rare and had no appreciable effect on
quantities.

at the mud would
ht is greatest, angd

Swell, Shrinkage and Waste.

It was assumed for estimating purposes that a cubic yard of ol
rock would be equivalent to 1.85 cubice yards after exeavation whie
means 26 per cent voids. Tt is probably that a high Dbercentage of fin
particles would be present after blasting and subsequently carried awa
if the material were deposited in running water., T+ Wwas assumed thg
this loss below elevation —7.5, combined with shrinkage, would amoun
0 35 per cent of the quantity as measured in place in the embankment
or in other words, that a cubic yard in situ would make g cubie

of fill. Above elevation —17.5 a large part of the m
be subjected to the action of the current and 10 per cent is consid
a fair allowance while shrinkage alone, assumed at 5 per cent,
estimated for embankment placed on unwatered areas,

Highways,

heavy maintenance disbursements,
with a surface of oiled sereenings. '

to add from 2 to 3 inches to the Southern Pacific road bed across Sui
Marsh about every 4 to 6 monthg to maintain the elevation of grad

APPROACHES
Requirements,

To provide easy grades (1 per cent maximum for railroad) 1
approaches to the main st

as shown on the general layouts and involve lar

ge items of expense. T Al

limit of curvative ig the same as for the bridge, which has bee;; the

cussed, and the width of highway is the same. :_'1)1'(

: r

Rock Fill and Open Cut. 3 Ex

Rock is available with the same exceptions that were noted in the ;

cussion of embankment, Exeept for the absence of riprap and, for
ferences in top widths when adjacent locations for the railroad
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ighway were not selected, the rock fill, in section, is the same as em-
sankment placed on unwatered areas. Slopes of 1 on 4 were provided
n open cut as previously stated.

unnels.

The schemes presented in estimates 6, 13, 13-A, 14 and 16 (Plates 4-25,
.47, 4-51 and 4-57) include tunnels. In all but the last named, which
rovides separate tunnels for railroad and highway, they are for the
scelusive use of the railroad. Timbering has been generously estimated
n anticipation of needed protection against disintegrating rock
hroughout the length during construction.

CONSTRUCTION

offerdams.

Construction of cofferdams, perhaps the most difficult feature of the
vork, was discussed in considerable detail under ‘‘Unwatering’’ and
vill not be repeated here.

Construction Materials.

There are a number of Portland cement mills in the region, the
earest at present being located at Tolenas and one near Mount Diablo.

The largest local source of sand and gravel suitable for concrete is
located on Alameda Creek, at Niles. Another deposit is found on the
delta of Walnut Creek a short distance south of Concord. Execellent
<and and gravel may be obtained from Marysville by railroad but can
not be barged down the Sacramento without rehandling for the reason
that the Yuba River or the American River are, at preesnt, not naviga-
ble at the sand and gravel plants. River sand used to'a large extent in
the bay region is obtained by pumping from the Sacramento River
hottom near Clarksburg and barged down the river. The river sand
is the least expensive but is rather fine for use in conerete. In the
preliminary estimates of the barrier it has been assumed that river sand
would be mixed with Marysville or Niles sand in equal parts.

It is estimated that there are 75,000 cubic yards of slag suitable for
conerete aggregate available at the Mountain Copper Company smelter
on Suisun Point. The slag dump is shown on Plate 3-3. This slag can
be purchased at the rate of 25 cents per cubic yard on the dump.

_As stated in the Geological Report, Exhibit 11, excellent material for
nprap and for crushed concrete aggregate is found in the quartzite
quarries on Points San Pablo and San Pedro, particularly the latter.

The suitability of the rock at the damsites for building the embank-
ment portion of the barrier as diseussed in Exhibit 11 is summarized
In Ch?}Dter III.  Suffice it to say that it is considered suitable for con-
Structing a stable, ticht dam.

A Clay for cofferdam work may be obtained from the delta slopes of
thl:me&a, San Pablo and Walnut ereeks. There are many places on
edsgain gmar(s)}%ii arolund (iahe bays Whelre good clay may be secured by

z : T cla eposit 1
Orinda and Lafayette}_f posits are located near Bryant, Glorietta,
Excavation,

The character of

materi
r handling it v erial to be excavated and the methods suggested

ere discussed in Chapter ITI. The operation will be
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hindered somewhat by the oscillations of the tides, which reach
maximum of about 10 feet, and by tidal currents up to about 6 fe
per second.

If it becomes necessary to waste solid material, other than on adj
cent marshes, it may be dumped shoreward of the bulkhead line esta
lished by the War Department but, generally, it must be retained ]
suitable structures to preevnt its finding its way back into the chann
A permit must be secured from the District Army HEngineer to dumn
material bayward of the bulkhead line, or at any place where harh
lines are not established. Dredged material may also be dumped -
water over 50 feet deep, under permit, in selected spots approved }
the district engineer. Harbor lines are shown on the topographie may
of each of the sites investigated. There are no established harbor lin,
at Point San Pedro or anywhere on that side of either San Franeisg

or San Pablo bays, nor in San Pablo Bay just upstream from Poi
San Pablo.

[
)

Time Required for Completion.

The matter of time required for construection of the barrier is og
to which little consideration has been given. The undertaking ig
large one and while construction should be pushed to completion
expeditiously as possible there is no apparent reason for purcha
a large amount of plant for the purpose of rushing the work in ‘o
to make a record. It seems that a construction program coverin
veriod of from 5 to 7 years, depending upon the site chosen, woul
reasonable. Excavation could be under way throughout the wh
period.

Right of Way.

Information secured from the U. S. Land Office at San Franes
indicates that there are no vacant public lands in the vieinity o
sites investigated for the barrier. These lands are covered by Span
grants, swamps or overflowed lands. The lands within the grants w
deeded by the Spanish Government before California became a
of the United States, and the state claims all swamp or overflowed
under the act of September 28, 1850. However, the state has sold
of the land to private interests. 4

In some cases construction of the barrier will require the acquisit
of lands now occupied by various types of plants and buildings. -
attempt has been made to reduce interference with present construet
to the practicable minimum. Right of way required is indicated
various layouts. Ownerships, as nearly as it has been practicable
secure the information, are shown on Plates 3-3, 3-7 and 3-10.

Unit Costs.

In considering wnit prices it must be noted that the location
barrier, at any site investigated, is one that favors low costs. Co
tion materials can be brought directly to the site by water o
There are excellent quarries, sand and gravel pits, clay deposi
Portland cement mills within short hauling distance. Large ma
turing plants, foundries and machine shops are located nearbj
any one of the sites investigated is convenient to the homes of a
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vorking population of mechanics and laborers. San Francisco and
)akland are headquarters of numerous contracting firms.

The unit prices used in the preliminary estimates of cost are the
esult of an intensive study of the subject. While it is very d‘ifﬁcult
o estimate the cost of items like Class III, subaqueous excavation on

B ccount of lack of precedent, it is believed that, in general, the esti-
nates ave conservative. They are, of course, based upon present prices
f material and labor and must, in the future, be adjusted as required
to take into consideration the then current prices. The preliminary
¥ stimates which accompany the report are in great detail so that a
W rther discussion of unit prices would be superfluous. The unit prices
W ssigned to the principal items of cost are, for convenience, summarized
@in the following list. They are field costs, exclusive of engineering,
@ dministration and contingencies and, as indicated at the end, include
no allowance for interest during construction.

LIST OF PRINCIPAL UNIT COSTS

Item Field cost
Open caisson excavation, Class I_.____ ___ $0 75 per cubic yard
Open caisson excavation, Class IIT-_______________ ~ """~ 15 00 per cubic yard
Subaqueous excavation, Class I—mud pumped average of
Comile AR L e 0 12 per cubic yard
Subaqueous excavation, Classes I and IT—Removing rock-
EliRcotferdams.__——____ = el —2.0185 ta 05 per cubic yard

Subaqueous excavation, Class ITI (maximum depth 50 feet)
Subaqueous excavation, Class III (maximum depth 70 feet)
Dry excavation, Class III—Quarrying in deep cuts___._.___.
Dry excavation, Class III—Stripping and cut-off trenches
Tunnel excavation, Class III (timbered)______________
R corfordanis_ ol i R SR R R T
Rockfill in barrier below elevation —7.5 (bottom dump

25 per cubic yard
50 per cubic yard
25 per cubic yard
00 per cubic yard
50 per cubic yard
90 per cubic yard

i eon o SRSRRRRRRRE F 8 L T 10 per cubic yard
Rockfill in barrier above elevation
iRl 40 per cubic yard

90 per cubic yard
per cubic yard
50 per cubic yard
50 per cubic yard
80 per cubic yard
00 per cubic yard
60 per cubic yard
00 per cubic yard

Reclniprap- . ________
Grouted paving_____ o
Cement delivered to bins_____________~ "7 s Lo
Sand for concrete (509% river sand and 509, Niles sand)-—
Crushed rock for concrete, Army Point and Dillon Point sites
Crushed rock for concrete, Point San Pablo site________
Plain concrete in lock walls_______ SRl R el ) $10 25 to

- =
CONMHNHNNWO- H oouiHmwH
(=3
>

Plain concrete in lock sills___ 25 to 75 per cubic yard
Pla;n concrete in guide walls—____ 10 25 to 10 75 per cubic yard
Plain concrete in sea walls (1: ) R AR ) S 9 75 to 10 25 per cubic yard
Plain concrete in abutments (128 )it E S BETN 9 75 to 10 25 per cubic yard
Plain concrete filling under floors (1:3:6)______ 7 75 to 8 25 per cubic yard
Plain concrete in tunnel Lining @2/ L0 aS e N SR 15 25 to 15 75 per cubic yard

Reinforced concrete in flood gate piers (1:21:5)_ 15 50 to
Reinforced concrete in bridge piers above eleva-

jory
=7}
S
>

per cubic yard

0 0 T == 22 00 to 22 50 per cubic yard
Re;nforced concrete in floodgate footings ( 5) 16 00 to 16 50 per cubic yard
€inforced concrete in floodgate floors (1:2%:5)_ 10 50 to 11 00 per cubic yard

Plain conerete in flood gate piers and ourtain
leialls placed 1n open caissons by tremie
R?? concrete in flood gate counterweights_ ... 20 75 to
Ril’rlmf‘”‘ced concrete in deck of guidewalls (1:23:5) 26 50 to
torced concrete in guidewalls placed in open
€aissons by tremie G122 500
Inl’orcmg Steel in place_._____
}: sheet piling in place._______________
gt Bate leaves, structura] steel, in place-_
Bior Y gate leaveg Structural steel in place__
ley ga.te' towers, structural ste
road bridge, plate girder

I

I

!
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I
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per cubic yard
25 per cubic yard
per cubic yard

Do DO
-~ =
(=3
=3

per cubic yard
05 per pound
-0 05 to 0 055 per pound
; 10 per pound
095 per pound
08 per pound
065 per pound
per pound
12 per pound
40 per pound
00 per M B.M.
g 05 per lineal foot
forn=and fcontinscr cics BN EEINORIIE S 25%
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CHAPTER V
TIDES AND FLOODS

Purpose of Study.

The primary object sought has been a determination of the gate ang
that must be provided in the barrier for the passage of flood wa
from the Sacramento and San J oaquin rivers. A determination of
volume of water in the tidal prism of the bay at present and g
effect of a barrier on the size of these prisms, and on the strength
the tidal currents, were other objects sought. A closely related subji
is the effect of the barrier on the deposition of silt in the bay, which yw
be discussed in a separate chapter, 3

It should be stated in the beginning that the results of the stud;
made ean, in no wise, be considered final. The work done opened
a vast field for investigation which, if undertaken, would have requiz
more time and funds than were available. Tt is realized that the stud
presented are more or less superficial. They have, however, ma
possible to design the barrier with considerable confidence as
capacity for passing floods and as to its probable effect upon the
surface elevation in the delta region during flood. TIn reading w
follows the need of additional study will be evident. 4

Data Available from Other Sources.

Tidal measurements around San Francisco Bay were begun as ea
as 1852 and continuous records have been kept at Golden Gate
that time. Continuous observations have also been made at Mare
by naval authorities since the early fifties. Most of the data
Golden Gate, made by the United States Coast and Geodetie
and those at Mare Island, have been recorded by automatie tide
Many observations have been made at other points throughout
region, some by the United States Army Engineers, but prineiy
the Coast and Geodetic Survey.

The results of the work of the U. 8. Coast and Geodetic Sur
been collected in a pamphlet recently issued by the Survey v
title ““Tides and Currents in San Francisco Bay,”” a copy
will be found in the envelope at the back of Volume 1T of th
as Exhibit 15.

Flood flow studies in connection with flood control works
Sacramento and San Joaquin rivers have been carried on
years by the California Debrig Commission and by the Floo
Department of the California State Division of Engineering.
these data have been freely made available for the investig

-have been invaluable in the preparation of this report, i

T e P

New Data Collected. !
Owing to the fact that the tidal data heretofore gathered I

o)
mainly for the service of navigation and the general stu

phenomena, they were not in such shape that they would s
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hases of the proposed studies and it was found necessary to do some
additional work along this line. Advantage was taken of the presence
of the drill barge to make current meter measurements throughout a
tidal cycle at each of the three barrier sites investigated. One cyele was
observed at Point San Pablo, one at Dillon Point, and three at Army
Point, the last one being made during the high water of February,
1925. While the current meter measurements were being made, read-
ings at 10 to 15 minute intervals were also made of a tide staff at the
site. i

On July 6 and 7, 1925, during a eycle of the greatest range occurring
during the year, a series of simultaneous tidal gage readings was
obtained for various points extending from the Presidio to Sacramento
on the Sacramento River and to the Southern Pacifiec Railroad bridge
near Lathrop on the San Joaquin. Automatic tide gage records were
available for the Presidio, Mare Island, Sacramento, Stockton and Lath-
rop bridge. These were supplemented by 15-minute readings on tide
otaffs established at Point San Pablo, Dillon Point, Suisun Point, Col-
lLinsville and the highway bridge at Rio Vista. Mr. Wm. Pierce also
established an automatic gage in the slough at Suisun; the curve could
not be plotted, however, because while the high and low points were
recorded, the clock mechanism was out of order so that the time interval
was incorrect. All other records have been plotted in superimposed
position on Plate 5-6. The combined river discharge into Suisun Bay
varied approximately from 135,000 second-feet on July 1 to 10,500 on
July 7.

Current Meter Measurements.

Measurements were made to ascertain the velocities that might be
-expected during construction, and to furnish additional data in con-
nection with tida! studies. The first observation was made at Army
Point at hole 2500 (Plates 3-3 and 3-4) from 5.10 p.m. September 19,
to 6.35 p.m. September 20, 1924. The maximum range during this
period was only 4.5 feet, or 55 per cent of the range that was found
on July 6-7, 1925, which is close to the normal maximum range at
this point. The second observation was made at hole 3550 at Army
Point, from 8.40 a.m. Oectober 1, to 5.55 a.m. October 2, 1924. The
greatest range was 5.5 feet, or 67 per ecent of the July 6-7 range. - The
third observation was made at hole 1900, Dillon Point site (Plates 3-7
and 8-8), from 9.25 a.m. October 30, to 10.10 a.m. October 31, 1924. The
greatest range was found to be 7.28 feet, or 85 per cent of the July 6-7
range. The fourth series of measurements was made at hole 4500, San
Pablo site (Plates 3-10 and 3-13), from 5.30 p.m. November 25, to
640 p.m. November 26, 1924. Here the greatest range was 8.03 feet,
or 93 per cent of the July 6-7 range. The last current meter measure-
Went was made at Hole 3550 at Army Point from 11.45 a.m. February
’{]’mto ‘9 pm. February 8, 1925, at a time when the rivers were dis-
;ee:gél_lfgeefg‘ood waters into Suisun Bay at the rate of about 150,000
Ell?:a{c.lons of the water surface were determined during the first two
o a IP(‘)ns bﬁf reading a s‘taff gage attached to the drill column of the
P the néareq(;re; e balance of the observations a staff was established at
. ~ conivenient dock and readings made every 10 or 185 minutes.

0
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The results of the observations are shown on Plates 5-1 to 5-5 inely
sive, and are discussed in memoranda accompanying this report
Exhibit 20.

Bench Marks, Datum Planes, and Location and Tide Staffs.

Tide staffs in all cases were referred to mean seal level as detey
mined from the nearest U. S. (. S. B. M., where available. The sta
at Point San Pablo, however, is referred directly to the U. S. C. anf
+. N. B. M. at that point. This is a standard tablet set in the wall
feet north of the southwest corner of a brick house located at the edg
of the water, about 1000 feet north of Point Orient. The elevation ¢
the B. M. is given as 7.62 feet above mean lower low water at t
point. Ievel shots were taken in each direction across the straits ff
targets tied to this B. M. and to the one at MeNear Landing, who
elevation is given as 11.44. These levels checked within 0.02 feet.
taking shots in each direction, curvature and instrumental errors wel
eliminated. A line of levels was run from the San Rafael U. S. G. §
B3. M. (deseribed on page 136, Bulletin 342, U. S. Geological Survey
Results of Spirit Leveling in California), but there is too much di
crepancy—4.376 feet—between the elevation above mean sea level g
published and that given for the Coast Survey elevation above med]
lower low water to place much reliance on any check from this B. ¥

‘When the tide staff readings for July 6-7, 1925, were plotted ove
the record from the Presidio, the San Pab]o graph appeared to T
referred to a plane that was too high. The tide staff at Point S
Pablo was checked and found to be set 0.13 feet too low, resulting i
readings that would place the graph too high. Furthermore, it we
estimated that the true plane of reference—standard sea level—is 0.
feet higher than the plane of mean tide level to which this bench
referred (determined from only two high and two low waters) or, |
other words, the elevation of this B. M. above standard sea level
4.25 feet. The result of these two changes was to reduce the readid
of this staff by 0.25 feet, and to lower the plotted graph to a positie
which appears to bear a more correct relation to that of the Presid
graph. The San Pablo staff is located on the shore side of the lan
ward ‘‘L’’ of the Standard Oil Co. dock at Point Orient, just souf
of Point San Pablo. This staff, as well as all others used in this wou
was made of an unpainted 2-inch by 3-inch plank, with knife cuf
mark the feet and tenths. The “0’’ of all staffs was supposed to |
set 6 feet below standard sea level.

After making the correction of 0.25 feet to the Point San Pab
readings, the elevation of the mean tidal plane during the cycle W
found to be 0.155 feet above standard sea level, while that for f
Presidio gage was 0.152 feet.

Costa, elevation 16.787. This B. M. is described in bulletin 342, pag
128, as being a bronze tablet stamped ‘‘17’’ in a concrete column
the Carquinez Market, now the post office.

The gage set at Smsun Point has been destroyed, but its ‘0’ W
set, 6 feet below mean sea level as determined by a closed level line £I
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Tubthe bench mark at the Court House in Martinez, elevation 23.04. The
Joriginal U. S. G. S. B. M. was a bronze tablet stamped ‘27’7 in .the
§eront wall of the County Building, elevation 27.082. When the build-
§ing was replaced, the B. M. was set in a granite blqclg at bottom of
steps at the left side of the west entrance of the bulldlpg. In 1923,
#County Surveyor R. R. Arnold determined the new elevation to be 23.04
hy levels from the Port Costa and Coneqrd ben.ch marks.

The permanent gage at Suisun Point is a painted staff, probably set
b,y the Army Engineers, located at the interseet_ion” of the eurved and
il <traicht portion of the outer end of the Mou.ntam Copper Co. dpck at
B Suisun Point.  This gage was compared with the gage used in the
observations of July 6 and 7 and found to read 3.65 when the Reclama-
tion Service gage read 6.0. TIn other words, the reading for mean sea
level, as determined above, on the present gage is 3.65 feet. :

The Collinsville gage, made like the others, is nailed to a pile just

west of the inclined landing platform at the main dock. The elevation
of the ““0’” of this gage is also 6 feet below mean sea level as deter-
mined by a closed line of levels run from the U. 8. G. 8. B. M. at the
southwest corner of the school house grounds, one-half mile north of
jollingville. The B. M. is marked ““5B.”” and its elevation, given on
page 140 of Bulletin 342, is 4.927.
At Rio Vista, permission was granted by the Army Engineers to
move one of their gage boards, painted white with black tenth marks,
from the timber bulkhead near the highway bridge to one of the piles
on the west side of the west guard piles, near the bridge tender’s house,
where it could be conveniently read by the bridge tender. The datum
of this gage was not changed, ‘0’ on the gage being 3.6 feet below
mean sea level. This was checked to a known elevation on the southwest
corner of the west pier and found to be 0.08 feet low, but this adjust-
ment was not made in plotting, as uncertainties in the gage readings
and levels did not warrant it. This elevation was run by the Army
Engineers from the bench mark at the southeast corner of the Rio
Vista Bank Building (now the stage station), a bronze tablet set in
the brick wall 2 feet above the ground, stamped ‘‘23B,’’ elevation
22,425, as described on page 141, Bulletin 342. The U. 8. @&. S. eleva-
tion of this B. M., as furnished by the Army Engineers, was 22.404.

U.S. G. 8. Bulletin 342 was published in 1908. In 1925 a new Bul-
letin of Spirit Leveling in California, No. 766, was published, but a copy
Was not available until the work in conneetion with tidal studies had

Sl completed. Below are given the elevations of bench marks upon
Which the plotting of graphs of the simultaneous tidal readings depends,
48 given in Bulleting 342 and 766, respectively.,

s

I - 1 Bulletin 342 Bulletin 766
ocation Page Hlevation Page  Elevation
Port cost

o Carquinez Market_____ 2¢ 6.787 e o

Bollinsville, Sehoo] et 140 g 590 5.509

Bank Building. e 17 22.425 591 22.985

Coo Corner_ 2 15.633 538 16.083

Ve ourt House_ 219¢ 15.170 T R

0, Post Office__ 3 30.527 601 31.086

ez Court House ?‘ : 55 3?2 ; YRS e o
Betll(:la, U. s. C. & G. 5.980

17, :
=BBed in studies Teported herein.

14..704. aﬁd'znmlges gast of Fairfield Cour

t House is given in Bulletin 342 as elevation
03;3 766 as 15.183.
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|
The datum planes for Presidio, the standard for all bench .;..1
work, is best set forth in correspondence with the U. S. Coast a
Geodetic Survey, included as Exhibit 16. |
In plotting the simultaneous gage readings, that for the Presidioy
referred to the latest standard sea level datum, 2.97 feet above i
plane of standard lower low water. The datum for the Point §
Pablo curve, already deseribed, is also compared with this latest stan ‘
ard sea level plane. All the other curves were referred to elevations
bench marks as given in Bulletin 342. ]
As will be explained under the discussion of tidal prisms, any sm
change in the adjustment of bench marks would not affect the resul
the study of volumes in tidal prisms. It would, however, affect ff
relative positions of the tide graphs and the slopes of water surf
as shown on Plate 5-6. Since the change in elevations given in
tin 766 is greater than the change in datum at the Presidio, and
it is impractical to go into the adjustment of levels used in obtain
the new bench mark elevations, it has been deemed best in this§
liminary study to plot the curves in accordance with the datum pla
explained above. Before final studies of the Salt Water Barrie
completed, however, careful levels should be run from the Presidi
connect up all the bench marks involved in order that all elevat

may be tied to one plane of reference.

Distances, Area and Volume Curves.

The distances used in conneetion with the tidal studies were s@
from the Coast and Geodetic Survey charts of San Francisco Bay
the average flow line of the tidal currents, and are shown in Tabl
The areas in Suisun and San Pablo bays are shown in Table 5
the volume curves for the delta channels have been plotted o
5.7. For convenience and accuracy in computing the volumes
tidal prisms, the areas in the bays are tabulated for every two:
in distance from the lower end of each bay. In the delta, the vol
for the prism between elevations —3.6 and 4-6.4 (0.0 and 10.0 UZ
D. datum) have been computed and the results shown by ecur
1 and No. 2. Plate 5-7, for every two miles in distance from thes
end of Chain Tsland, near Collinsville, to the point where theses
tions run out above Sacramento and Stockton. The volume cu
the entire prism is also shown by curve No. 3. In order to
volume curves in connection with the tidal prisms, the rates of
lation for the different elevations on the volume curve were dete
Assuming that the total accumulation of this eurve is 1 acre
rates for the different elevations, expressed as a fractional par
acre-foot. have been plotted on the rate of accumulation of Curv
Tt may be assumed that the abscissae of the rate eurve repres
fractional part of the whole which is included in a section
deep at the elevation shown on the scale of ordinates. The
using this eurve is explained under «“mjdal prism graphs and
tion of volumes.”’

Because of lack of detail information as to elevations in
hetween low water and high water, it has been assumed that
«raight line variation of areas between these elevations, and
eurves were plotted for the tidal studies, as they were not ¥

this work.
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Tidal Prism Graphs and Computation of Volumes.

The volume of water in the tidal prism above any cross-section of the
channel, which in this report will be designated the ‘‘home section,’’
is represented by the volume that passes the home section between two
successive slack water periods, corrected for river flow and opposite
tide. Slack waters are not coincident with high and low water, but
usually occur one to two hours later. True slack water is very difficult
to determine. If the definition is assumed as being that period when
the total passage of water by the section is zero, then it is entirely
possible to conceive that there may be no place in the cross-section
where the current is zero; but that the algebraic sum of the
up and down stream velocities is zero. There is an old belief, partially
borne out by data shown on plates 5-1 to 5-5, and also substantiated
by studies by John R. Freeman in Boston Harbor (See Report of Com-
mittee on Charles River Dam, 1903, pages 398 to 403), that the flood
current starts first at the bottom. At times this may be neutralized by
a surface current in the opposite direction, so that true slack water
oceurs with appreciable currents flowing. This condition will be very
noticeable if there is a heavy flow of fresh water from the rivers.

This phenomenon of flood current first existing on the bottom, accom-
panied by a second phenomenon, that the fresh water does not imme-
diately mix with the salt but floats on top, can readily be studied at
the mouth of the Klamath River, or any similar stream, when flow
conditions are right. During the summer the Klamath empties through
a narrow channel, restricted by sand bars, directly into the ocean, but
has a small bay above of such size that the tidal prism can not be
fully supplied by the flow of fresh water. Within the straits, and not
more than 200 to 300 feet from the ocean, during flood tides, a very
distinet line exists on the surface, marking the division between fresh
and salt water. For three or four hours during the strength of the tide,
this line maintains a position varying not much more than 100 feet up
and down stream. For some distance from this line, on the fresh water
side, there is practically no surface eurrent, but below the surface a
very strong flood current of salt water will be found moving upstream.

Unless the discharge of fresh water is considerable in proportion to
the volume of the tidal prism, the period of slack water for purposes
of study of the tidal prism can be determined fairly closely. Even if
there should he considerable error in time, the error in the volume of
Wwater that passes will be much smaller in proportion, because the rate
of passage of water at this time is much less than the average rate for
the eyecle.

When the gages were read on July 6 and 7, 1925, the time of occur-
ienc% of slagk Wwater was also determined so far as this could be done
w};to Servations from shore. In addition to shore observations, salt
& eil‘ Sam}rl)les were taken at the slack after higher high and lower low
1000 Ofn the morning of the seventh at Point San Pablo from a boat
While a:eé out in _the channel, and 200 feet out at Cplllnsv1lle,
e 318111]1 Point, samples were taken from juhe Mountain Copper
and bott ock. As these were taken at 10-foot intervals between top

{OM, a better determination of the time of slack could be

ned by observine the inclinati i
b ot ation of the line to the sampler, than
from surface Indications. 1 :

- 8—7063¢
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The estimated time of slack water, after adjustment for consistency
among the various observations, are shown on the tide graphs, Plate
5.6. Slack water data for the observations recorded on Plates 5-1 to
5-5 are shown in Table 5-3.

The graphs of the tidal prisms, shown on Plates 5-8, 5-9 and 5-10
for Presidio, Point San Pablo and Army Point, represent, for July 6
and 7, 1925, the elevations of the water surface throughout the extent
of the tidal area above the home section for the instant of slack water
at the beginning and end of the tidal interval, and also for each
intervening hour. In case of the tidal prism above the Presidio, how-
ever, no graph has been shown for the tidal prism in south San Fran-
cisco Bay because of the fact that no tide gage readings were available.
The water surface elevations shown were determined from the tidal
oraphs on Plate 5-6. Whenever interpolations were made, straight line
variations of water surface and velocity of the tidal wave were assumed.

For Point San Pablo and Army Point, the volume was computed
by breaking the hourly strata into sections two miles long and deter-
mining the number of acre-feet in each of these blocks. For example:
For the flood tide beginning at 8.50 p.m.,, July 6, at Army Point,

between 11 p.m. and midnight, for the block, 4 miles to 6 miles above

Army Point, the rise of water surface for the hour is 1.06 feet, and the ‘

average elevation is 2.65 feet. Assuming the marsh line to be at eleva-
tion 3.2 (See Table 5-2), and the minimum area at low water to be at

5.85
elevation —3.2, the area at elevation 2.65=4480-- (m) =4635

acres. The volume — 1.06 X 4635 — 4910 acre-feet. Considering the
block, at this same hour, from 6 miles to 8 miles above Collinsville, the
rise of the surface is 1.08 feet and the average elevation is 1.25. From
the table on Plate 5-7, the volume of storage for 10 feet of depth at
this distance is 18,500 acre-feet. From Curve No. 5, the rate of
increase at elevation 1.25 is 0.1006. The total volume of storage in
this 2-mile block is equal to 0.1006 X 18,500 X 1.08 = 2110 acre-feet.
The results of these computations are given in Tables 5-4, b-5 and
5-6 for Army Point, Point San Pablo and Presidio, respectively. Fl
flows have been given the plus sign and ebb flows the minus. Si
the fresh water flow is in the same direction as the ebb, it also ta
the minus sign. The sign of the “opposite’’ tides, explained below
will always be opposite to that of the main tide. ,
Inspection of Plates 5-6, 5-8, 5.9 and 5-10 shows that there is:
fairly uniform progression of the tide phases from the Presidio to
head of tidewater. This is further brought out in Table 5-7. Since
average time interval from high water to low water is only 6 ho
and 12 minutes, it follows that at points approximately 85 miles ap
the tides must be in opposite phases, that is, if it is high at one P
it ic low at the other. Between these points is a third where the g
of the tidal prism appears to have a node. This is not a perman
nodal point. for the nodal points, like all other phases of the
progress. They are the points where the tidal surface has the S
elevation at the beginning and end of a period of time during Wit
the tide is passing from one phase to the opposite phase at some
point. Tf, at the beginning and end of any six-hour period, the
nodal points at B with respect to A, then for a period beginning t
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hours later, there will be a node at, or near A with respect to B. The
word ‘‘appears’’ has been used above to distinguish this type of node
from the usual conception of a nodal point with respect to vibrations,
where the node is a point about which oseillations occur. In case of a
true nodal point the elevation remains constant, but at B the elevation
of the water surface will have risen to high, or dropped to low, after
the lapse of three hours; and at the end of the six-hour period it has
returned to its midtide elevation.

In the following discussion of ‘‘opposite’’ tides, it will first be
assumed that there is no inflow of fresh water. Then, if the main tide
is rising, the opposite tide must be falling. If there is only one tidal
node, due to the defined limits of the length of the estuary, the water
comprising the prism of the opposite tide must pass by the nodal point
into the prism of the main tide, thus decreasing by this amount the
amount of water which must pass the home section in order to produce
the full volume in the main tidal prism. The opposite econdition oceurs
when the tide in the main prism is falling.

If there is a flow of fresh water, its effect is to help supply the water
in the tide prism when it is rising, thus cutting down the quantity of
water that passes the home section during the flood tide, while on the
ebb, not only the water in the tidal prism must pass the home section,
but also the fresh water flow during that period. Thus, the sign of the
flow of water in the opposite tide prism is always opposite to that at
the home section, while the sign of the fresh water flow is the same as
the ebb, but opposite to that of the flood.

If, for any particular tide, the flow of fresh water is sufficient to
raise the surface of a basin as rapidly as the tide would raise it, there
would be no flow in the upstream direction during the flood tide past
the home section, although the tide would be rising; but at points
below there would be an upstream flow, necessary to fill the tidal
prism below the section of no flow. This neutral section will always
exist at some point within tidal influence if there is an appreciable flow
of fresh water, the neutral section moving downstream as the flow
increases, and receding as the flow decreases. The position and char-
acter of this neutral point will be influenced by the presence of salt
water, as previously mentioned, but usually the plane of neutral flow
will be a considerable distance upstream from the point where the saline
content is high, so that the flows in opposite directions in the vertical
section are not so likely to be found here. When the flow of fresh water
1S very large, however, and the neutral section is well downstream, say
at Carquinez Strait, it is very probable that at points farther down-
Stream there will be found a condition of upstream flow of salt water
along the bottom, and ebb flow of fresh water on top.

Discussion of Tidal Prisms.

The volumes of the tidal prisms, as caleulated from measurements
made on July 6 and 7, 1925, have been summarized in Table 5-8. It
Will be noted that for Point San Pablo and Army Point the sums of
th? 100d and ebb check very closely. It is not probable, however, that
foi-s tl}s1 an exact measure of the accuracy of the volu_me determinatior}s
=i te_reason that thg qua}ntlty in_ the tide covering the marshes is
Checlz aln.  An error in this quantity, however, could not affect the

» because the same quantity of over-marsh water appears in both



116 DIVISION OF WATER RESOURCES

flood and ebb, Moreover, the volume of the marsh overflow is only a
small percentage of the total tidal prism; therefore the total volume
would be affected very little, even with considerable error in the marsh
overflow. No graph could be constructed for south San Francisco Bay
for the reason that 1o gage readings were available for the period
July 6-7. It, therefore, appeared to be a useless refinement to attempt
a close computation of that portion for which there were reeords, so
the areas in thig prism were divided into distriets, and the tota] depth
of each portion was computed at one operation ; consequently the vol-
umes in the four prisms do not check ag closely as the prisms at the
other two points, but check sufficiently close for all practical purposes.

To check the volume of flood against ebb flow, it is necessary to
deduct from the ebb the total volume of fresh water that has flowed
throughout the period of both the flood and ebh tides, or else to elim-
inate the fresh water flow from the volume of both the flood and ebb
tide prisms. Allowance must also he made for the difference in eleva-
tion of the water surface at the beginning and end of the period of
measurement,

Inspection of Plates 9-8, 5-9 and 5-10 shows that if a barrier were
placed at Army Point, the reduction of the tidal prism at the Golden
Gate would not be equal to the tidal prism above Army Point, but
would be that portion of the Presidio prism lying above Army Point
less the opposite tide, the latter being eliminated if the barrier existed
at any point below what 1S now a node,

The effect of the construction of a barrier on the volume of the tida]
prism above the Golden Gate ig summarized in Tableg 5.9 and 5-10,
Tides of July 6 and 7, 1925, are used. River flow is not included, |
because the assumption is that, except in flood times, this will not pass
the barrier, .

The volume of the four tides at Army Point is 13.8 per cent of the
volume at Golden Gate, while the reduction in the Golden Gate tides
by a barrier at Army Point is 7.5 per cent. The San Pablo tides are
35.8 per cent of the volume of thoge at Presidio, while the barrier at:
Point San Pablo would reduce the Golden Gate tides by 35.3 ‘
From the above, the conclusion can safely be drawn: Ag the barrier ig:
located farther from the Golden Gate the influence of the elimination:
of the tide above the barrier on the volume of the tidal prism above
the Golden Gate decreases, till the reduction is zero : and if the barriep

_1s placed at the nodal points, the Presidio tides wil] actually be
increased by an amount nearly as great as the volume of the opposite
tides.

The elevation of the water surface, or of the center of gravity of the
tidal prism, ag well as the range of the tide, has an influence on the
volume of the tidal prisms, because of the fact that the higher the
elevation of the surface, the greater the area to be flooded. Taple 5. B
gives the ranges of tide and volumes in the four tidal prisms af |
Presidio, Point San Pablo and Army Point on July 6 and 7,1925. Thy
volumes in Taple 9-11 are not the same as those in Tableg 9-4, 5-5 ani

2-6, for in the latter, the volumes given are those whiel pass the hom t
section during the phase of the tide while in Table 5.11 the quantif] 0;
of water in the main tide between the upper surface and the lower suf el
face at the beginning and end of the tidal period is given. From th th
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quantities in this table it is possible to arrive at the volume in any
tide above any of the given home sections when the range and eleva-
tion of half tide is given.

The U. S. C. & G. S. Bulletin, ‘‘Tides and Currents in San Franecisco
Bay’’ (Exhibit 15), gives the mean range for the Presidio as 3.93 feet,
for Point San Pablo, 4.42 feet, and for Army Point, an average of about
4.7 feet. The San Pablo record is for only one day and appears large
compared with other stations in the vicinity with longer records. As
indicated in Table 5-11 for the July, 1925, series of measurements, the
mean Presidio range was 5.37 feet and the Point San Pablo range 5.65
feet. Comparing these with the mean range at Presidio of 3.93 feet
gives a mean range for Point San Pablo of 4.14 feet, which compares
favorably with the range of other points near Point San Pablo.

Using the respective ranges 3.93, 4.14 and 4.7 feet, the approximate
volumes of the tidal prisms of mean range above the different stations
are: Presidio, 1,173,000 acre-feet; Point San Pablo, 414,000 acre-feet;
Army Point, 157,500 acre-feet. The volume of South San Francisco
Bay (south of Goat Island), computed from mean tide range, is 625,000
acre-feet. The volumes were arrived at by plotting the values shown in
the last column of Table 5-11 as absecissa and the half tide elevations
shown in column 4 of the same table as ordinates. From the resulting
curve the probable value for the volume per foot, for a tide with mean
elevation at zero, was deduced, and this value, multiplied by the mean
ranges, gives the volume in the average tidal prism. The determina-
tion of exact volumes is difficult for the reason that the plotted curves
are irregular, the iregularity being due to the fluctuation in the position
of the nodes, to the effeet of the over-marsh tide and to various other
tactors.

On page 82, Professional Paper 105, Geological Survey, ‘‘Hydraulic
Mining Debris in the Sierra Nevada,”’ the volume of the mean tidal
prism above the Presidio is given as 1,205,000 acre-feet, which checks
within 2.6 per cent the value given above.

To arrive at the quantity flowing past the home section, it would be
necessary to correet for the opposite tides, whose volumes can be taken
from Tables 5-4, 5-5 and 5-6, and also for river flow.

It is evident that if the flow of fresh water at a section is equal to
the upstream flow producing a certain flood tide, then the flow during
the flood tide will be practically zero, while the ebb flow will be approxi-
mately twice its normal quantity. At the same time the volume in
the tidal prism may be practically the same as if there were no fresh
water flow. :

Under the headink “Bench marks, datum planes, and location of tide
staffs,”” it was stated that any small change in the adjustment of
bepeh marks would not affect the result of the study of volumes in tidal
Prisms.  These volumes are determined from elevations of water sur-
dace recorded on tide gages, and the depth of water in a prism is
efinitely fixed from these readings, irrespective of the correct eleva-
om\:vof the gage. An adjustment of benqh marks might affect the areas
Plevaat;er surface slightly, due to the variation of the area of successive

o ons, .but. any bench mark adjustment would be so slight that

OTrection in area could not be determined from any existing data.
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Height of Tide Below the Barrier.

When flood tidal flow starts at the Golden Gate, the mass of water
comprising the tidal prism receives its energy from the head that is
built up through the approach of the ocean tide wave to the shore. As
shown on pages 102 to 106 of Exhibit 15, the velocity of the current
in this rising tide is small compared with that through the Gate. If
we conceive of a barrier at the Golden Gate, we have a condition of a
continuous shore line, and no heavy currents would be likely to be
found. With conditions as they are, there exists a large area in the
bays to be supplied with water through a restricted opening, with a
constantly increasing head outside. A column of water, whose cross-
sectional area is that of the Golden Gate, is thus set in motion, with a
velocity equal to that due to the head of the tide plus the head of
the veloeity of approach of the ocean current, minus the decrease in
head due to the rising water in the bay. Just inside the gate this |
stream divides, one portion flowing south and the other north. These
flowing streams are of large eross-sectional area and several miles long.
To the south the bay' tapers almost to a point, with gradually shallow-
ing depth. The area to be flooded is insufficient in size to absorb all
the water that has been set in motion in the channel to the north,
with the result that the energy, and volume of flow of the moving
column, must be absorbed in filling up the south end of the bay to a
level nearly twice as great as that at the Presidio, thus neutralizing the
energy of flow of the moving column by ereating a counter head and .
by absorbing an extra portion of the volume of flow. To the north &
this condition exists to only a minor degree. '

The width of water surface at ses level, the eross-sectional area of
the channels at the various control sections below mean sea level, and
the values of the hydraulic radii are given in Table 5-12. .

The mean velocity at these control sections, in feet per second, coms
puted from mean tidal prisms and areas of waterways are: Golden
Fate, 2.4; Point San Pablo, 1.66; Army Point, 1.51; Goat Island, 1.78
Since velocity varies as the square root of the hydraulic radius, the
velocities should be divided by this quantity if it is desired to compar
the conditions of flow at the various sections. For the various sections
V, the square root of r gives: Golden Gate, 0.178; Point San Pabl
0.232; Army Point, 0.234; Goat Island, 0.230. '

This would indicate that the energy of the moving column of wate
at each station, compared with the tidal prism beyond that station,
equal in all cases except through the Gate. On page 121, Profé
sional Paper 105, Geological Survey, ““Hydraulic Mining Debris in i
Sierra Nevada,”’ Mr. Gilbert states that the bed of Golden Gate is
rough, due to the presence of many ledges. This condition w
account, in part, for the low value of the factor of flow at this p
for much of the energy would be absorbed in overcoming resistaz
to flow. There is evidently a flatter slope through the Gate than

other points, because the tide tables give a lag of only 10 minute: ]
Aleatraz Light, which calls for g higher velocity of the tidal I
than at other points in the bay with a corresponding flatter slop b
the water surface. The presence of the flatter slope has heen den t]
strated in the investigations, as indicated by the slope curves on P i
5-11. This flatter slope would also reduce the value of the flow fact of
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This relative area south of Goat Island to be flooded is smaller than
that beyond Point San Pablo or Army Point; therefore, in order that
the energy of the column of moving water may be absorbed or in other
words, that storage room may be provided for the water that is erowd-
ing in, it is necessary that the depth of storage be increased, which can
be done only through raising the water surface. This is what actually
oceurs, for the tide range gradually increases with the distance from
Tort Point, till at the south end the range is 1.9 times that at the
Presidio.

For the bays north of the Golden Gate, the area, in general, is suffi-
cient to allow the spreading of the water that passes the various straits
g0 that no such large ranges are found as at the south end. The
greatest range to the north is found at Carquinez Strait. A probable
explanation of this is the fact that the cross sectional area compared
with the surface area is large, allowing a large amount of water to
enter, with the resulting tendency to a rapidly rising surface. This
tendency is mainly neutralized by the fact that the greater portion
of the entering water can pass on into Suisun Bay, but before a
complete transfer has taken place, a reversal of current causes the
excess water to pass back into San Pablo Bay.

Neglecting sediment brought down each year by the rivers, it is
safe to assume that the areas of the channels in the bays, and through
the straits, have practically reached a stage of equilibrium so that
the velocities necessary to pass the water in the tidal prisms is such
that no further progressive erosion is taking place, and furthermore,
<o that these channels are of sufficient size to permit the interior tides
to rise as high, or higher, than those at the Golden Gate. If these
channels were not of sufficient size, the range at interior points would
be less than at the entrance but the velocities through the straits would
be greater because of greater differential head.

This condition is analagous to that in two tanks A and B, separated
by a diaphragm with a small opening. If the water in tank A were
made to fluctuate by means of suitable inlets and outlets in a manner
similar to tide movement, then, after its surface has risen above that
in tank B, water will start flowing to the latter and continue till after
A has reached its peak and then recede until it is below the surface
in B, when the direction of flow would reverse. If the connecting pipe
is relatively small, the water surface in B will not rise as high as in
A, nor will it drop as low, but its mean elevation will be the same as
that in A. The smaller the relative size of the opening, however, the
greater would be the velocity, for the fluctuation in B would vary
directly as its size and, consequently, the maximum heads would vary
nversely.

The construction of a barrier at any point in the bay would disturb
this condition of equilibrium and have an effect on the tides below.
If placed at Point San Pablo, the area north of the Golden Gate would
be $o reduced that it would fill rapidly with the large channels sup-
plying it. The velocity in these channels would, therefore, be reduced

ecause the differential head would be cut down. This reduction in
the.veloei'ty would reduce the tendeney of a piling up below the barrier,
\vhm.h might be expected under other conditions. The time interval
of high or low water between this point and Presidio would also be
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reduced. The earlier filling of North San Francisco Bay would also
advance the time of the tide phases in South San Francisco Bay, but
otherwise would have little effect.

With the barrier at Army Point, the reduction of the Presidio tidal
prism would be comparatively small, and consequently the velocity of

It has previously been shown that the volume of the tidal prism above
Army Point is 13.8 per cent of that above Presidio; while the portion
of the Presidio prism above Army Point is 7.5 per cent of the Presidio
prism. Tt follows, then, that that part of the Army Point prism equal
to 6.3 per cent of the Presidio prism is supplied from points inside the
bay. Tn terms of the Army Point prism, these percentages are 100,
94.4 and 45.6. Two and one-tenth per cent of the latter comes from the
opposite tide, so that 43.5 per cent of the Army Point tide is supplied
from that portion of the bay lying between the Golden Gate and Army
Point. The area to the north of Point San Pablo is considerably in
excess of that to the south, and. likewise, the tide phases are later, so that 3

water in the Army Point tidal prism, is supplied from San Pablo Bay.
The above figures are from the average of the four tides of July 6 and
7, 1925, but the percentage would he practically the same for mean .
tides. "
In South San Francisco Bay, the piling up of the tide varies approxf-‘
mately as the distance from Golden Gate. Table 5-9 shows the volume 4
of reduction of the tidal prism at Golden Gate through the construe-
tion of a barrier at Army Point. The area of water surface at the
high tide, north of the Gate, is 144,100 acres. If it is assumed th

of water as at present, and that this piles up at a constantly increasi
rate from the Presidio to the barrier, there would be an inerease
the rise at the barrier and vieinity, in amount equal to twice the wat
formerly flowing to Suisun Bay, divided by the area. For the twe
July, 1925, tides this inerease would amount to 1.36 feet and 1.74 feet

of the U. 8. C. and G. Survey dated December 18, 1925, quoted o1
page 228. The subjeet is one requiring further consideration if Cor
struction of the barrier is decided upon.

Velocity and Slope Curves.

Plate 5-11 shows the velocities and slopes at Army Point and P
San Pablo for the tides of July 6 and 7, 1925. The velocities are
mean for the section and were obtained by dividing the discharge
Lour, as determined from the volumes of the tidal prisms (T
9-4 and 5-5), by the cross sectional area of the respective seetio
area being corrected for the mean elevation of water surface for i
hour. The ordinates between the curve and the zero line rep
the veloeity at the time indicated by the abscissa.
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The slopes were obtained by moving a tracing of the Army Point
tide curve horizontally to the left an amount equal to the time interval
of corresponding tide phases between Army Point and Dillon Point,
which is equivalent to replacing the Dillon Point curve by the Army
Point eurve. The quotient, obtained by dividing the vertical ordinates
between the two curves by the distance between the two points, is the
glope of the water surface at Army Point. These slopes were obtained
for each half hour and the points joined by a curve. The ordinate
between the ecurve and the zero line represents the slope of the water
surface at the time indicated by the abscissa. For Point San Pablo,
the San Pablo tide curve and the time interval and distance between
that point and the Presidio were used. This method of determining
the slope eliminates errors in determining the true elevation of the
gage staff, but gives the true slope for only that stretch of channel
through which the shape of the tide graph is identical.

Tt will be noted that the phases of the slope curve precede those of
the velocity eurve by from 1% to 2 hours, which well illustrates the
gurging action of the waters in the bay. Attention is also called to
the relative steepness of the early part of each phase of both the
slope and velocity curves compared with the later part of the phase.
This is especially noticeable in the large tides, and is somewhat more
pronounced in the curves for Army Point than for those at Point San
Pablo. The same general characteristics of the velocity eurves may be
noted on Plates 5-1 to 5-5, inclusive.

Two possible explanations of this phenomenon are suggested. Ome °
of these is the more rapid filling, or emptying, of the portion of the
respective tidal prisms near the observing stations, with a relative tardi-
ness of the passage of the water comprising the tidal prism in the more
remote and shallow portions of the two tide prisms, and, especially, of
the water that floods the marshes. In the case of each of these stations
the remote portion of the prism comprises a large part of the total
volume.

A second possible reason is that it is a manifestation of the law
governing the proper design of Venturi meters and transitions in flow
channels, namely, that acceleration of velocity of flow is accomplished,
without undue loss of head, through a shorter space or in a shorter
time than deceleration.

Comparing the velocities of the tide phases given in Table 5-7 with
the average velocity of the water given on page 201 and with that
shown on Plate 5-11, it will be seen that the tidal phases travel from
six to seven times as fast as the water itself moves. This is a function
?‘f the relative areas of the channels of flow—including the values of

1 and “n’’ of these channels—and of the volume of the tidal prism.
The action of the water in the bays is in accordance with a surging
- motion, due to momentum of the column of moving water which
receives its energy from the tidal action in the ocean. This is illus-
trated in the graph of simultaneous water surface elevations, Plate 5-6,
and also on Plate 5-11.

Record Floods.

DThe largest flood of record is quite generally assumed to be that of
ecember, 1861, and January, 1862. The most serious flood in the
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Sacramento River, of which there are fairly complete and reliable
records, occurred in March, 1907, and January, 1909. Floods from
the Sacramento are effective on the lower San J oaquin by reason of the
many interconnecting channels throughout the delta. The largest
recent flood of record on the San J oaquin is said to be that of J anuary
31 to February 3, 1911.

The 1907 Flood.

The flood of March, 1907, is of particular interest because it-is
generally believed to have been larger than that of Jan}lary, 1909,

of the delta. See Mr. Atherton’s letter of June 27, 1925, contained
in Exhibit 19. Tt ig reported that the 1909 flood was better sustained

During the 1907 flood the U. S. Geological Survey, in cooperation
with the State of California, made a study of the runoff from the
Sacramento and San Joaquin valleys. A very complete article ¥
entitled ““The Flood of March, 1907, in the Sacramento and San
Joaquin River Basins, California,”’ prepared by Messrs. W. B. Clapp, &
E. C. Murphy and W. F. Martin of the U, S, Geological Survey,
together with diseussions, is found in Volume XTI, Transactions of

the American Society of Civil Engineers.

It is stated in the article that the flood was preceded by a period

of heavy precipitation, and consequent flood stages in all streams,
a condition which had prevailed intermittently for several precedi

were made of the San Joaquin itself. Where data were lacking
mates were made upon the basis of runoff per square mile.

A G e Ul | 554,700
From San Joaquin Basin__________ . E SR o)y 226,960

Combined mean Guschiameeep d o o g 1 781,660

It is estimated that the maximum flow in the Sacramento w
have occurred below the mouth of Cache Slough at 8 p.m., March
if the water had been confined in the channels, and would
amounted to about 640,000 second feet. Likewise, it was estim
that the maximum flow in the San Joaquin occurred on March
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at the rate of approximately 313,000 second-feet. The hour of the
peak is not stated but it is not probable that the peak discharge from
the two rivers coincided.

The authors state that:

It is doubtful if any combination of causes or conditions will ever produce
a larger rate of delivery of water to this valley for a four-day period than
occurred during the flood of March, 1907.

In discussing the above quotation, Mr. Luther Wagoner says:

The writer believes that it would be unsafe to accept this statement as a
basis for planning reclamation and flood prevention, unless it is qualified by
a large factor of safety. It is generally believed that the flood of 1862 was
greater in volume of water discharged into the basins and bay. * * *

While it may be true that a flow of 782,000 cubic feet per second for four
days may not be exceeded, there are two points to be considered. The flow from
the San Joaquin region might occur as in 1862, and in combination with a
1907 flood on the Sacramento, in which case the quantity would be greatly
exceeded. Again, suppose the rivers were leveed in accordance with the plans
of the Engineering Commission of 1904, it would not require a four-days
sustained flood to overtop the levees, and the probabilities are always in favor
of the shorter but perhaps more intense run-oft,

It was the opinion of the same gentlemen who discussed the article
that the discharge had been overestimated. For example, Mr. C. E.
Grunsky says:

By the mass-curve method, already described, it can now be shown that
the maximum discharge of the Sacramento River below its lowest tributary
would have been about 540,000 cubic feet per second, and that this would have
occurred late on March 19th, or on March 20thigs ot aet

Tt is believed that 540,000 cubic feet per second as an approximation of the
maximum discharge that would have resulted in Sacramento River below
Cache Slough if water had been delivered into the valley as estimated by the
quthors and if it had all been confined to adequate channels, is nearer
the correct value than the 640,000 cubic feet per second noted in the paper.
& * *

The same criticism relating to overestimates that has just been made with
reference to the regulated flow of the Sacramento River applies in the case
of the San Joaquin. * * *

In refuting the arguments presented in the discussions of their
paper the authors state in part:

Tt is believed that the estimates (of flood flow) are quite conservative,  and
rather inclined to be too low than too high, ® * 0% s

The simultaneous occurrence of a very large flood on both the Sacramento
and San Joaquin rivers, is possible, but its probability is very small, on account
of the great length of these two basins. Storms of great intensity seldom
oxtend over very large areas. The maximum rate of flow of nearly all the
tributaries of the San Joaquin River was greater in 1862 than in March, 1907,
but this latter is the greatest recorded flood on the lower San Joaquin that
has occurred simultaneously with a very heavy flood discharge of the Sacra-
mento River.

The 1862 Flood.

The flood of January, 1862, which followed a previous one in Decem-
ber, 1861, is generally conceded to be the greatest of record. Extracts
from the Journal of the California State Qenate for 1863, relative to
this flood, accompany this report as Txhibit 17. It will be noted -by
inspection of the exhibit that the impressions of some of those reporting
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were apparently more vivid than those of the others. There is a lack
of positive information as to the actual amount of run-off, but it
probably was not as great as some of the published reports would
indicate. Below is a quotation from Baneroft’s Hand-book Almanac

for the Pacific States, 1863, page 85-86.

The great floods of 1861-62 were the most overwhelming and disastrous that
have visited this state since its occupation by Americans. The first flood sub-
merged the Sacramento Valley about the 10th of December, the water rising
higher than in either of the memorable floods of 1849 and 1852. For six
weeks thereafter an unusual amount of rain descended; and during that time
the deluge but partially subsided, the streams still carried torrents, and the
lowlands were overflowed, On the 24th of January the second flood attained
its greatest height, and the Sacramento and San Joaquin valleys were trang-
formed into a broad inland sea, stretching from the foothills of the Sierras

to the Coast Range,
Michigan.

The raging mountain torrents swept away bridges, fences, houses,
the most durable improvements in their reach ; not infrequently pleughing new
channels throu

large sections of cultivated land.
But the flood was not attended with unmixed evil. The streams that had’

been choked by tailings for years were suddenly cleared of their obstructions,
and extensive river beds were again opened to the enterprise of the miner,
The work of rebuilding bridges and mills, and of repairing other damages,
called into profitable employment a large number of persons; and trade and.
commerce and actual improvement suffered less interruption than mig
naturally have been expected, after so great a blow to our prosperity; a
such are the wonderful energies and resources of our people, that in a f

months the ravages of the flood had disappeared, and losses estimated af

millions had been retrieved.

Likewise extracts from an article in the same publication by Tho
Rowlandson, F. G. 8. L., entitled *“Notabilia of the Floods of 1861-6

* % * Dp, Logan remarks that, on the occasion of the first inundation a
Sacramento on December 7, 1861, “It commenced raining at 12 m., and ende
at 9 am on the 9th; amount in inches, 2.570; the flood commenced at 10
of the 9th of December and at 10 p.m. had reached 2 feet 6 inches in
office; by daylight it had all subsided. At the second inundation, on Jan
5, 1862, rain commenced at 10 a.m. and ended at 1.30 a.m. on the 6th; dur
that interval there fell 2.690 inches. On January 8th, rain commenced
11 a.m. and ended at 7 a.m on the 10th; between which periods ther
2.840 inches. On January 10th the flood reached my floor at 2 p.m. an
8 p.m. came to a stand of 3 feet 11 inches above my floor. The Sacram
River rose during this night to 24 feet above low water mark. On the 1
the water had receded from my floor, * * % »

Assuming the entire watershed drained through the Straits of Carq
as occupying an area equal to 50,000 square miles, and that the rainfall :
aged over the entire area a depth equal to four inches in twenty-four hou
and for some days in January last it certainly must have exceeded
amount—it would be equal to 5,377,785 cubic feet per second, or four
the highest gage ever made of the Mississippi at its highest floods. The
of this immense volume has no outlet excepting a passage not greate:
300,000 feet sectional area, with the further disadvantage that this ouf
subjected to tidal influence. Under such circumstances, that the low
country to the east of Carquinez should become inundated, and that for
period, is not surprising. The inundation thus caused, extended over p
more than 6,000,000 acres. * * * WMost singular of all, however,
fact that the bay fishermen frequently caught fresh water fish in the b
from two to three months, the surface portion of the entire waters of th
San Francisco consisted of fresh water, to the depth of from eigh
twenty-four inches. * * * At the Golden Gate, for nearly a fortnigh
gtream ¢on the surface wasg continuously flowing toward the Pacific,

and somewhat similar in extent and shape to Lake &

mills, and

gh the country, and depositing the debris of sand and rock upon
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entirely of fresh water, the tide not affecting the surface flow, and the water
was brackish at the Farallone Islands.

Facts and fancy are strangely blended in this last quotation, and the
exaggerated accounts undoubtedly have had much to do with magnify-
ing the probable height of the flood.

Attention is called to the statement of the County Surveyor of Yolo
County, in Exhibit 17, that ‘‘a barn floated two miles upstream and
landed on the other side,’’ indicating that the velocities were very low.
Undoubtedly the restricted condition of the lower reaches of the
Sacramento had much to do with cauing general inundation. In
recent years this has been greatly enlarged to permit the passage of
floods. Another agent assisting in the general inundation was the
choked condition of the streams brought about by hydraulic mining,
as indicated in the first quotation from Bancrofts Almanae, and from
the following quotation from page 11, Hydraulic Mining Debris in the
Sierra Nevada by Gilbert.

In the early days of gold mining in the Sierra Nevada only a moderate
amount of earth was disturbed. An army of men were engaged, but they
worked as laborers, with pick, shovel and rocker. It was only gradually that
more efficient methods were developed; but finally the resources of the
engineer were brought to bear, water power was substituted for man power,
and vast quantities of earth were handled. At the height of the hydraulic
mining, when hundreds of large jets of water were turned on the auriferous
deposits, the material annually overturned was reckoned in scores of millions
of cubic yards.

The material thus washed from the hillsides consisted chiefly of sand and
the finer detritus called “slickens,” but included also much gravel and many
cobbles and boulders. The slickens was taken in suspension by the water
used in mining and went with it to the creeks and rivers. Much of it escaped
from the mountains altogether and found eventual lodgment in the Great
Valley of California or in the tidal waters of San Francisco Bay and its
dependencies. The coarse stuff tarried by the way, building up alluvial deposits
on the lower hill slopes, in the flatter creek valleys, and in the river canyons.
When rains and floods came the sands and gravels were moved forward toward
the lowlands, and in 1862 a great flood washed so large a quantity into the
lower reaches of the Sierra rivers and into the rivers of the Great Valley that
the holders of riparian lands became alarmed. The mining-debris question,
then for the first time generally recognized, assumed greater and greater
importance and prominence in subsequent years and led to protest and litiga-
tion which in 1884 culminated in a series of injunctions whereby the miners
were restrained from casting their tailings into the streams. The petitioners
were valley dwellers, and the evils cited by them included the burial of
alluvial farming lands by the flood of debris, the obstruction to navigation from
shoaling of Sacramento and Feather rivers, and the raising of the flood levels
of the valley streams whereby the area of periodic inundation was increased
and protection against inundation became more difficult and expensive.

Mr. Rowlandson gives the impression that the floods were caused in
great part by the restriction at Carquinez Strait. This is well refuted
by statements of the county surveyors appearing in Exhibit 17. The
réport from Solano County stated that the water stood about 2% feet

€ep over the marshes at Suisun. The present elevation of these marshes
above mean sea level was found in the investigation just completed,
10 be ahout 3.5, making maximum water surface elevation about 6.0 if
418 elevation of the marshes has not changed. Other extracts from these
:ame Quotations also report that the flood conditions on the marshes
found Suisun Bay were not unusual.
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In March, 1907, the water reached an elevation, as measured by the
11.0 at the head of Seven-mile Slough, 3

U. S. Army Engineers, of ]
miles below Rio Vista. Mention was made in the items quoted 1n

Tixhibit 17 that there was a depth of about 8 feet over the marshes
at the latter place. The elevation of these marshes varies from 0 to 3.5
as shown on the maps of the War Department Survey of the Sacra-
mento River. If the depth given is correct, the elevation of water
surface at Rio Vista during the great flood could not have exceeded 11.5,
which would have been less than the elevation in 1907, for the drop
in three miles above Seven-mile Slough during the latter flood would
undoubtedly have been more than 0.5 of a foot.

The statement from Dr. Logan of Saeramento, given in the quotation
from Mr. Rowlandson, places the height of high water at Sacramento at
94 feet above low water. So far as known, this gage was the predecessor
of the present weather bureau gage with the same datum plane and$
was established in 1849. The flood of 1909 reached 29.6 on this gage. &
The project flood planes are shown on Plate 5-20.

The American River appears to have been one of the worst offenders
in the 1862 flood, as indicated by the marks of extreme high wate
along its course, marks that have been defimitely identified as made at
that time. Likewise, the evidence of the county surveyor of San Joa-
quin County, quoted in Exhibit 17, and the following quotation from
page 95 of the ““Teonomiec Aspects of a Sacramento Ship Canal’ by

C. E. Grunsky and L. M. Cox strengthen this evidence.
till living who may remember the course which the wate
across the eastern portion of Sacramento in th
great flood of 1862. The small levee that had been provided to keep out th
‘American River proved inadequate. Tt was easily breached by the river ai
the water followed a natural depression southwesterly into the City of Saet
mento and thence southerly toward Sutterville and into the Sacrame )

Basin.

There are those s
of the American River took

ble that the flood of 1862 was greater than any that hé
he evidence does not seem to support the belief'¢
£ the floods of 1907 and 1909.

It is proba
oceurred since, but t
many that it was greatly in excess O

Flood to be Passed by the Salt Water Barrier.

In determing the maximum flood for which the flood gates in the S
Water Barrier must be designed information was sought relative
the magnitude of floods for which other important works are now bet
designed and built. The following quotations are from what @
believed to be the best authorities. ;

House Document No. 81, 62d Congress, 1st session, ¢ Reports ont
Control of Floods in the River Systems of the Sacramento Valley d
the Adjacent San Joaqin Valley, California.” Transmitted on &
27, 1911, by the Secretary of War.

Report of California Debris Commission.

Page 5—All projects prior to this one, however, have been based on a 1
flood discharge (in the Sacramento River) of about 250,000 cubic
second at Collinsville, while the floods of Marvch, 1907, and Januar
showed that it will not be safe to provide for less than 600,000 cu
per second. It is evident that when the maximum flood discharge €O
was less than one-half of what it is known to have been at a later da
modifications must bg made in the projects that have been advanced. 1
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Page 16—* * * It is considered that this flood (1907) was the greatest experienced
since the flood of 1862, and while a discharge of any one tributary may occur
that will exceed that of the flood of 1907, the possibility of a greater discharge
than that of 1907 simultaneously in several important tributaries is so remote
that it is not considered advisable to provide for a greater flood over the entire
river system. * * *

Page 19—* * * The floods of 1907 and 1909 have proved conclusively that a
2 flood in this (Sacramento) river may continue for several days at almost
the point of maximum discharge. Failure to provide for a discharge such as
is shown by these floods of 1907 and 1909 would leave open the way for
damage by the occurrence of a similar flood.

Page 20—It is considered advisable, therefore, by this commission to provide
capacity for a flood of the extent and duration of that of March, 1907, or
January, 1909, and that provision for anything less would be not only unwise
but unjustifiable.

Tetter of November 12, 1925, from Mr. BE. A. Bailey, Flood Control
Engineer, State Department of Public Works, to the writer of this
report :

Our estimate of the total discharge which would probably have occurred at
Collinsville from the combined floods of the Sacramento and San Joaquin rivers
in 1907, if the flood control projects had been completed during that flood,
was 750,000 second-feet, about 530,000 of which would have come from the
Sacramento River. Some of this, however, would have reached the San Joa-
quin through Georgiana and Three-Mile Sloughs.

As to the discharge which actually did pass through Suisun Bay in 1907,
with both Sacramento and San Joaquin Valleys flooded, it is probable that

" not much over one-half of the 750,000 second-feet actually reached the bay
but we have never had occasion to make any detailed analysis of that flood
with the conditions existing in 1907.

U. S. Geological Survey, Professional Paper 105, “Hydraulic-Mining
Debris in the Sierra Nevada’’ by Mr. Grove K. Gilbert:

Page 120—* * # It is impracticable to gage the flow of Sacramento and San
Joaquin rivers at their mouths, because there the rivers are tidal. The best
available data on their discharge are derived from gagings on numerous
branch made for the most part where they issue from the uplands. * * *

Page 89—* * * All authorities agreed, however, that such a rate of delivery
(782,000 cubic feet per second estimated by Clapp, Murphy and Martin) has
not been realized in the past, and before the construction of levees it was
not even approached. So much flood water was stored in the lateral basins
of Sacramento Valley and on the delta marshes that the delivery to the bays
was regulated as by a reservoir. Its rate may never have exceeded 300,000 cubic
feet per second, and 400,000 cubic feet can be accepted as an outside estimate.

House Document No. 123, 69th Congress, 1st. session.
“Qacramento and San Joaquin Rivers, California.”’
December 7, 1925, by the Secretary of War.

Page 330 Table I— Existing Conditions, Sacramento River. Tlood discharge from
_Smsun Bay to Steamboat Slough 600,000 cubic feet per second. The figure
is for the flow in the river channel, assuming the by-pass system of the Sacra-
mento River flood-control project complete.

Page ‘_16 Table M—Existing conditions, San Joaquin River: Flood discharge,

Suisun Bay to Stockton Channel, 280,000 cubic feet per second. The flow

exceeds the channel capacity.

Page 53— By section 2 of the act approved March 1, 1917, Congress adopted a

complete flood-control project for the Sacramento River, from which consid-

er:able beneﬁts will result also for the lands lying along the lower San Joaquin

mi‘s’:}‘- This projectl outlined and recommended by the California Debris Com-

- ﬁ(}n (published in H. Doc. No. 81, 62d Cong., 1st sess., and Committee

ivers and Harbors, H. Doc. No. 5, 63rd Cong., 1st sess.), provides * * *

Transmitted on
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(5) for the enlargement and straightening of the river channel below . the
mouth of Cache Slough to safely carry the full flood run-off of the watershed,
estimated at approximately 600,000 second-feet. * * *

Transactions American Society of Civil Engineers Vol. LXXXIV
(1921). .

In discussing an article upon the ‘‘ Control of Flood and Tidal Flow
in the Sacramento and San Joaquin Rivers, California,”’ by Capt.
C. 8. Jarvis, in which the construction of a Salt Water Barrier is pro-
posed, Maj. H. H. Wadsworth, who made detail studies of the floods
from the two rivers, says:

Page 474—The project for the control of floods on the Sacramento River now
being carried out under the direction of the California Debris Commission, with
funds contributed by the Federal and State Governments, provides channel
capacity for 600,000 second-feet of water, with a mean water surface elevation
at the mouth of the river of 7.0 feet, U. 8. Engineer Department datum (which

is 3.6 feet below mean sea level and about 3.4 feet below half tide level at
this place) and calls for levees of heights sufficient to protect the lands against

tides 38 feet above this mean flood elevation.

The tentative flood-control project for the San Joaquin River which serves
as a temporary guide to the state and federal authorities in passing o
reclamation projects on the San Joaquin River is planned to provide for thy
discharge of that stream, at its mouth, of 260,000 second-feet, with the sa
water surface elevation at the common mouth of the two rivers. The maxim
simultaneous combined discharge of the two rivers is estimated at 750,00(

second-feet.

Letter of February 19, 1926, from C. S. Ridley, Major, Corps o
Engineers, U. 8. A., and District Engineer, to the writer of this reporg
Referring to the above quotation from Mr. Wadsworth, Major Ridle

states:
The Sacramento River Flood Control Project has not been changed sin
this was written, although there is now a report before Congress for a revisi
this project. If this revision is adopted the mean water surface at the mou
of the river at extreme flood will be considered to be 10.7 and the extreme hi
tide elevation will be taken as 12.1. Otherwise, the proposed revision ¥

not change the plans or policy as outlined in this quotation.

Referred to mean sea level datum, the elevations given by Maj
Ridley are 7.1 and 8.5 respectively. The data are shown on Plate 5-
As a result of the analysis made of data pertaining to past fl
and in view of the above quotations setting out the view of those con
ered best qualified to discuss the subject, 750,000 cubic feet per see
has been assumed as the maximum combined flow of the two =
which is likely oceur at Collinsville. If such a flood should oceu
probable that some of the levees would be overtopped and fail as
have in the past, permitting storage of a part of the flood in the
basins, and on some of the delta area, with the result that the
of discharge into Suisun Bay would be decreased. However, prov
for a smaller rate of discharge past the barrier would be attend
considerable risk in view of the fact that coincidence of the peal
the 1907 flood in the Sacramento and the 1911 flood in the San Ji
would result in a combined maximum discharge of nearly one n
second-feet, if the estimates of Clapp, Murphy and Martin n
assumed as correct, and furthermore, since it is possible, altho
probable, that such a flood might occur simultancously with

it
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ligh tides occasioned by a storm such as that of January, 1914, which
is diseussed in the following paragraphs.

Extremely High Tides.

Mention has previously been made of an elevation of approximately
6 feet for high water at Suisun during the 1862 flood. The quotations
also stated that the highest tide at Benicia oceurred several days
pefore the January flood of 1862. The actual elevation of this high
tide is mnot known. The highest elevation recorded at Army Point
is 5.8 at 1 p.m., January 21, 1909, when the Army Engineers had an
qutomatic gage in operation at this point. The pencil at this time
ran off the paper, however, 80 the actual height may have been a little
greater. An automatic gage in operation at the same time at Collins-
ville produced a complete record, with a maximum height at 1 pm,
January 21, of 6.1 feet. A copy of these two records is shown on
Plate 5-12.

Tetters from Mr. F. N. Chaplin to Mr. Wm. Pierce, and from W. T.
Richards, construction engineer of the San Trancisco-Sacramento Rail-
road (the O. A.and E. R. R. referred to by Mr. Chaplin) are here
quoted to show the elevations that have been reached in recent years.

F. N. CHAPLIN.
506 First National Bank Building

Miami Florida, September 10, 1924.
Mr. William Pierce,
Yuisun, California.

Dear Sir:—

My sister, Mrs. Wilson of Grisly Island, wrote me that you desired
information regarding the floods on Van Sickle Island; that you are gather-
ing data, relative to conditions that would be affected by the Carquinez Dam.

T moved to Van Sickle in 1913. The first flood came on January 25, 1914.
The water covered most of the levees surrounding Van Sickle. There was
a flood on the river, and a terrific storm on the ocean. At the drawbridge
of the O. A. and E. R. R. across the Montezuma Slough, the water arose
to a line two-thirds the width of the wheels on which the bridge turns. The
diameter of the wheels is about 16 inches. The water rose up on those
wheels above the center of the wheels. The flood on the river did not greatly
increase the height of the tide (water at high tide). Several days before,
the scheduled tide was higher, and the flood on the river higher. The
storm drove the water up from the ocean.

The second flood came on February 25, 1917. There was only a 5.4 tide
marked in the tide book, and no food on the river. Water was low in the
river. Not much rain that winter. But a terrific storm blew from the
southwest. The water rose at the same railroad bridge about 2 inches
higher than during the storm of 1914.

- The flood tool out, in one tide, about one mile of levee, on the bay side,
opposite Pittsburg. So the water rose about as high inside the levee as
outside.

When I left Van Sickle, about 18 months ago, the marks of the 1917 flood
were still on the building around the house, near where the railroad crosses
the Montezuma, The water was 21 inches deep in the dwellinghouse, at
%he ddoor between the dining room and the bedroom at the time of the highest

ood.

At other times we had breaks in the levees, during storms, but the island
would be flooded only in small parts. The breaks always came during
storms at high tide.

970636 F. N. CHAPLIN.
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SAN FRANCISCO-SACRAMENTOQ RAILROAD CO.
Oakland, California, October 11, 1924,
Mr. Walker R. Young, Engineer,
Bureau of Reclamation,
Berkeley, California.

Dear Sir:—

In reply to your letter of October 10th relative to flood planes on Suisun
Bay. The information in the letter which you quote from F. N. Chaplin
is verified by our own employees who were at the drawbridge during the
periods mentioned. It is undoubtedly true that the sweep of the wind across
the bay is often as damaging as any extremely high tide, provided, of course,
that conditions are gemerally favorable for high water. |

The elevation of the bottom of the rollers referred to is 5.94 U. S. G. S.
Datum. The rollers are 16 inches in diameter so that as the water rose
approximately to about two-thirds the height of the rollers above their bottom,
and later two inches higher still, the high water mark could be considered
at an elevation of 7.00 U. 8. G. S. Datum. This is the most accurate
reference we have to high waters in that vicinity.

Yours very truly,
SAN FRANCISCO-SACRAMENTO RAILROAD CO.

W. T. RICHARDS,
Construction Engineer.,

These data are set forth in the following table :

Jan. 25, 191} Feb. 25, 1917
Dia. rollers=—16" =i=3.8% 2” higher than 1914
8 el — 0.89 In 1914 6.83
2N == A7
El. W. S. =5.941.89=6.83 U. 8. G. S. El. W. 8. 7.00 U. S. G. 8,

By reference to the map of Suisun Bay, Plate 2-4, it will be noted
that Van Sickle Island is a little below Collinsville, and the crossin:
referred to is about 2 miles below that point. Txcept as protecte
by levees, this, as well as all the other islands, is ecovered by the hig
tides, and probably is one of the islands referred to in the previou
quotations stating that live stock was not injured by the flood in 186!
in this region.

While there was high water in the river during 1914, it was by n
means of record proportions, and there was no flood of moment in 19
The following is quoted from a letter of March 26, 1925, from M
W. T. Richards: ]

In reply to your letter of February 18th, 1925, regarding high wate
Suisun Bay during February of this year. The highest water recorded

our drawbridge over Montezuma Creek during this high period, was
February 20th, when it rose to an elevation of 5.6 U. 8. G. 8. Datum. *

Weather Bureau records indicate that the February flood peaked:
Sacramento on the 6th, the gage on that date reading 26.5 feet. T
flood was probably the highest in the Sacramento River since 19
The maximum combined flow in the rivers occurred on February 8
at which time approximately 153,000 second feet were being dischar
into Suisun Bay. 8

High Tide of 1914.

The highest water recorded at the city of Suisun in recent ye
stood at elevation 5.34 on January 25, 1914, as noted by a deptl
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three-quarters inch on the floor of Hoxie’s boathouse near the head
of Suisun Slough. The elevation has been determined by a line of
check levels from the U. S. G. S. B. M. at the Fairfield courthouse.
The elevation attained at Suisun by the high tide of J anuary 21, 1909,
is not known.

The high water of January, 1914, in the upper bay region, resulted
from the coincidence of a severe storm on the ocean, seasonal high
water in the rivers, heavy rains over the region and a spring tide.
There was a new moon on the 25th of the month. It had reached its
maximum southern declination only two days earlier. Weather bureau
reports for San Francisco Station show that a southwest gale prevailed
all along the coast, continuing from January 23d to 25th. On Jan-
uary 24th, a maximum velocity of 43 miles per hour was reached at
4.54 am. At Point Reyes (Plate 3-1) a velocity of 72 miles per hour
was reported. On the following day the maximum wind velocity at
San Francisco Station was 37 miles per hour at 7.41 a.m. and again
at 5.30 p.m. The 24-hour precipitation at San Francisco was 0.52
inch on the 24th and 0.86 inch on the 25th. The rainfall at Sacra-
mento, Suisun Point and the city of Suisun, and the Sacramento River
gage readings at Sacramento for January, 1914, are shown on
Exhibit 18. .

By reference to the exhibit it will be noted that the river was at
a higher stage on January 1st than on the 25th, and that the maximum
for the month oceurred two days after the highest water at Suisun.
The effect of the storm upon the elevation of the surface of the water
against the delta levees, and the comparative elevations attained during
other recent periods of high water, are discussed by Mzr. Geo. A. Ather-
ton in the two letters attached as Exhibit 19.

Plate 5-22 was prepared to show the relation between certain char-
acteristics of the tides of 1914 and those of the past three years. Tt
will be noted that the period of winter high tides includes the months
in which large river floods have usually occurred in the past. It will
also be noted that the highest water at Suisun did not occur at the
time of maximum predicted tide at Presidio which was 0.3 foot higher
on the 11th and 12th of the month than on the 25th. The combined
effect of the river discharge and storm on the ocean was to raise the
water surface at Presidio 1.4 feet above the predicted higher high
tide and over 0.8 feet above the predicted lower low tide. Had the
Same storm and river discharge coincided with the high tide of Decem-
ber, 1914, it is possible that even higher water would have been exper-
leneed in the upper bay region. As shown on Plate 5-22, the predicted
maximum tide for that month was 0.6 feet higher than in January,
but the effect of this higher tide upon the discharge through the flood
gates would be counteracted by the lower elevation of the correspond-
g low tide indicated on the same drawing. :

It is difficult to predict the result of discharging a flood from the
HIVers, such as occurred in 1907 and 1909, into Suisun Bay under
conditions ag they were in 1914. These were severe as indicated by
the following quotation from page 9 of Exhibit 15:

During the 26 years of observation (at Presidio, 1898 to 1923 inclusive)

Sea leyel was lowest in 1898 with a value of 8.30 feet, and highest in 1914
With a height of 8,81 feet. The value for 1914 is principally affected by
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the extreme height of 9.16 feet for December of that year (0.6 foot above
mean sea level). It is recorded that during that month the tides were
unusually high and that the Key Route Ferry steamers between San Fran-
cisco and Oakland were obliged to shorten their flag poles in order to avoid
striking the sheds in their slips on the Oakland side.

In the above, the heights are yearly or monthly means, as the case
may be, and are referred to the 1897 staff. Mean lower low water,
adopted as the datum plane by the U. S. Coast and Geodetic Survey,
reads 5.55 on this staff. (‘‘Tides and Currents in San Francisco Bay.’’
Special Publication No. 115, p. 16. Included in this report as Exhibit
15.)

Comparison of Extremely High Tides.

In the design of the Salt Water Barrier it was important to learn E
whether maximum requirements would be satisfied by assuming the
tides of January 25, 1914. The letters quoted in Exhibit 21 give
some interesting data relative to extremely high tides. :

Following is a comparison of some of the important features of the
high tides used as a basis of design in this report (1914) ; the highest
of record in Golden Gate (1918); and the tides during the river flood
generally conceded to be the greatest of record (1861-62): ‘

Feature Jan. 191} Nov. 1918 Dec. 1861-Jan. 1862

Elevation of sea level during the
month in which the high tide

eeeurredis_sefinn, niiecis o 0.5 0.4 f a 2
Maximum velocity in miles per 3 - S

hour and direction of wind at 43 45
San Franciseos.s autel cad 1, Southwest Southerly
Elevation of maximum tide +4.6 ft. )
above mean sea level________ +4.5 ft. +5.2 ft. No record. See Ex. 21(
Raise in water surface above :
predicted high tide in Golden 1.4 ft 1.4 ft 1.8, Dec. 31, 1861
Gate due to storm and flood__ * 3 s d {1.5, Jan. 1, 1862
Tiver stage... L 1R LT Ordinary
seasonal 3
high water Low flow Extreme ﬁoodi

That the high tide of November 18, 1918, can in nowise be attrib
to high river discharge is demonstrated by the following table givi
the discharge of the important tributaries of the Sacramento and £
Joaquin drainage basins for November 17 and 18, as furnished by

District Engineer, Geological Survey :
Discharge in second-fee

Stream Now. 17,1918 Now. 1
SacramentoriRiveriat Red pBluffer SfSonsnfne o T8 T8 5,600 5
Feather River at Oroville——_________ 2,250 2
Yuba River at Smartsville 935
Bear River at Van Trent_______ T 200
American River at Fair Oaks___ 1,040
CarherUreele b Nolos . o2 o o n moe | o 3 0 5.5
Putah Creek at Winters——_________ o SN S A 1.8
San Joaquin River at Newman—______________________ 630
Tuolumne River at La Grange______ 570
Stanislaus River at Knights Ferry. 378
Mokelumne River at Clements_—______________ s 246
Cosumnes River at Michigan Bar—________________ _____ 89

That a large flow of fresh water has an effect on the general
tion of the tidal prism is brought out in the following let
Mr. R. L. Faris of the U. S. Coast and Geodetic Survey.
1 and 2 referred to were:
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(1) ““If the barrier should be constructed at any one of the three
points indicated upon the map (the three sites investigated for this
report) what would be its effect upon the height of the tides below the
structure?’’

(2) ‘““What is the offect in raising the surface of the bays caused
by the inflow of a large quantity of fresh water from floods in the
rivers?’’

DEPARTMENT OF COMMERCE

1. S. Coast and Geodetic Survey

Washington, D. C., December 18, 1925.
Mr. Walker R. Young,

. 8. Reclamation Service,
Department of the Interior,
Berkeley, California.

Dear Sir:—

In reply to your letter of December 3, 1925, receipt of which was previously
acknowledged, relative to the effect of the construction of a barrier at some
point in San Trancisco Bay to prevent the encroachment of salt water into
Sacramento and San Joaquin rivers during periods of low flow, upon the
heights of the tide, the following information is submitted :

In connection with question (1), it ig reasonable to assume that a barrier
constructed at the Army Point site, or the Dillon Point site, would increase
the range of the tide below the barrier in the vicinity of Caryuinez Strait
and Mare Island Strait. The eastern part of San Pablo Bay shows a con-
traction in width with extensive flats and narrowing channel. As the tidal
wave advances up this narrow funnel-like body with shallowing bottom
toward Carquinez Strait, the confinement of the energy of the moving mass
of water into narrow limits causes it to be raised to a higher level. This is
manifested in the large range of tide in Carquinez Strait, and it appears
reagonable to conclude that if the tide were entirely blocked in Carquinez
Strait the range in the converging part of San Pablo Bay and in Carquinez
Strait would be increased, but it is doubtful that the range of the tide would
be materially affected in San Francisco Bay proper. With regard to the
effect of constructing a barrier at Point San Pablo site, it would appear
that the range of the tide would probably be sncreased slightly in North
San Trancisco Bay below the barrier. :

In general large ranges of tide may be ascribed either to the configuration
and hydrographic features of the locality or to the character of the tidal move-
ment, such as that resulting from the stationary wave type. In the Bay of
Fundy both causes cooperate to produce the very great range of tide found
there. These matters are discussed .in an article entitled “Tides in the Bay
of Fundy” published in the Geographical Review for April, 1922.

In connection with question (2) there is enclosed herewith a set of curves
which represent the monthly heights or annual variation in sea level in San
Francisco Bay and tributaries. The first curve shows the annual variation at
Presidio averaged over a period of 26 years from 1898-1923. The second curve
gives the variation at Presidio for the period March, 1908-March, 1909. The
third curve gives the variation at Collinsville for the same period, and the last
curve gives the variation in river discharge at a station near Red Bluff on
the Sacramento River during the period March, 1908-March, 1909. The
data used in plotting this curve were obtained from the U. S. Geological
Survey Water Supply Paper No. 998. The variations in river discharge
from the San Joaquin River during this period were small compared to the
Sacramento River, and would not appreciably affect the curve given for the
Sacramento River.

From these curves it appears that the variation in sea level at Presidio
%Tﬂd Collinsville for the period March, 1908-March, 1909, except for the short
Pr:al_x in January, 1909, has the same general form as the mean curve at
: Riﬁmdm. .It is also apparent that the Jarge river discharge in the Sacramento
a5,y mel’: during January, 1909, was reflected in a considerable elevation of

evel at Collinsville, but to a much lesser extent at Presidio. The curves
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also indicate that, in general, sea level at Presidio and Collinsville are
influenced mostly by causes other than river discharge except when this
discharge is counsiderably above the average. At such times the discharge
of fresh water into the bays may he sufficient to mask the effects of other
influences and materially affect gea level, especially in the eastern tributaries
of San Francisco Bay.

With regard to the question in the seventh paragraph of your letter per-
taining to the drop of the low water plane below sea level as compared with
the rise of the high water in the case of excessive tides mentioned in your
fifth baragraph, this survey does not have sufficient records of continuous
observations in the Bay of Fundy or the Guit of California to furnish the
information desired. From a publication by the Department of the Naval
Service, Ottawa, Canada, entitled “Tidal Levels and Datum Planes in Eastern
Canada,” high water in Cumberland Basin is approximately 17 feet above
mean sea level, while low water is approximately 20 feet below mean seg
level. In connection with these elevations it ig noted that the results are
based upon day tides only, and, therefore, can be considered ag approximate
only. At Dumbarton Point 45 days of observations in 1923 gave mean high
water as 5.10 feet above mean sea level, and mean low water as 3.20 feet below
mean sea level.

There is being forwarded to you, under separate cover, Special Publication.
No. 115, Tides and Currents in San Francisco Bay. (See Bxhibit 15.) Thig
publication containg the tabulated results from various tidal and curre
observations made in San Francisco Bay and tributaries, and may be
service to you in comnection with your investigations,

Very truly yours,
R. L. FARIS,
Acting Director,

The curves referred to by Mr. Faris are reproduced as Plate 5.
Plate 5-14 shows the predicted and actual high and low waters at
Presidio, and the actual at Mare Island, for the flood periods of Man
1907, January, 1909, and January, 1914. Asg only a comparise
between predicted and actual tidal heights were desired for thig st
the true tidal graph was not plotted, the high and low points b
connected by straight lines. It will be noted that the actual mean i
in practically all cases shown, stands considerably above the prediet
elevation. Winds and other meteorological conditions undoubte
have much to do with the extra height of the tidal elevation, b
seems probable that excessive flow of fresh water has the major e

especially when the super elevation of the plane lasts for several i
or even weeks. This condition may be ascribed to the lesg dens ]
the fresh water which requires a higher elevation of water surfa
balance the greater pressure of the salt water in the lower reache S
the bay, or in the ocean. As the salinity increases gradually t ¢
the ocean, the superelevation of the water surface gradually dee De
Another condition enters, however. When the point is reached an
the flow of fresh water is insufficient to supply the storage in th at
prism as rapidly as the tide rises, there must be an influx of th;
from lower reaches of the bay, and this influx, being more d the
account of its greater salinity, will flow along the bottom. This 191
tends to retard the mixing of the fresh and salt water. The f Wit
riding upon the salt, thus tending to increase the elevation of t! sho
surface. o
This influence of the fresh water probably is not pereeptibl Teel,

lower reaches of the bay at times of ordinary river flow. Th - Taq,
of the mean tidal prism above Army Point has been shown ¢
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199 to be 157,500 acre-feet, equivalent to an average flow during each
turn of the tide of 300,000 c. f. s., or a constant outflow of 150,000
¢c. . s., since the tide is ebbing only half of the time. This is nearly
four times the average combined river discharge, so it is evident that
the point where the influence of the fresh water inflow on the elevation
of the tidal surface of the bay is perceptible, must, for the greater part
of the time, be some distance above Army Point.

Study of Discharge.

In calculating the discharge through the flood gates of the barrier,
consideration must be given to the fluctuating water surface below.
The discharge will vary from a minimum at high tide to a maximum
at low tide, the bay above the barrier serving as a reservoir to equalize
the discharge from the rivers and that through the flood gates. The
water surface above the barrier will also fluctuate but to a less degree
than below. To be conservative, the flood gates should be designed
to pass the probable maximum flood oceurring during a period of high
tides, without injury to the levees in the delta region. In order to
determine the most critical conditions, econtinuous tide graphs should be
available for each barrier site investigated. Unfortunately, the water
stage recorder at Army Point was out of commission during the greater
part of the oceurrence of the high tides of 1909 and it was necessary
to study other tide graphs which may be considered comparable. Since
the tidal conditions at Mare Island are more mnearly representative
of those at Army Point than are those at the Presidio, a study was made
of the Mare Island tide graphs to determine the most unfavorable
tidal conditions for a 24-hour period. While the high water of Janu-
ary 25, 1914, was not as high as that of January 21, 1909, the mean
elevation for the tidal cyecle was considerably above that of 1909. For
this reason, the 1914 tide graph was adopted, and applied directly to
the study of a barrier at Army Point. The tide at Army Point was
known to be higher than at Mare Island but to arrive at the maximum
probable elevation at Collinsville, it is safe to add to the computed
elevation at Collinsville the difference in the height of the Mare Island

%raph that was used and the height that actually was reached at Army
oint. :

No tide graphs were available for the study with the barrier at Point
San Pablo. To supply the deficiency, a graph was interpolated
(Plate 5-17), by adding to the tide graph at the Presidio, for the
period January 24-25, 1914, 0.3 of the difference between the Presidio
and Mare Tsland graphs, and assuming the time 42 minutes later than
at the Presidio. The January, 1914, tide was not the maximum tide
that has' been recorded at the Presidio. As indicated on Plate 5-22,

€ maximum was 5.2 feet above standard sea level on November 18,
19,18, 0.7 feet higher than the one used. but for purposes of comparison

With studies at Army Point, it was believed that the same tidal period
should be ysed. H , "

re('g;l_e assumptions were made that all the islands in Suisun Bay were

mad med against high water; that no channel improvements had been

negl:c'ze%ow Collingville; and flow through Montezuma Slough was
ad.

These assumptions confined the flow to the present main
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channels, the cross-sections of which were taken from the U. S. C. and
G&. Survey chart for Suisun Bay (Plate 2-4). No allowance was made
for surge above the harrier, although this might have a minor effect
on the elevations. As there is no reversal of current, the surge effect
would not be large, although the alternate decreasing and increasing
of the flow below Collinsville would undoubtedly cause some surge or
reflex tidal action.

In all of the final studies 30 flood gates, 00 feet wide and with sill
90 feet below mean sea level, were assumed. For different tide phases,
the water surface elevation below the barrier was used to determine -
the area of the opening. Table 5-13 shows the discharge capacity of
the 30 gates, with elevation of tail water at mean sea level, for various
heads. For any depth, d, other. than 50 feet over the sill, Q! —d==%
50 X Q, where Q= discharge with tail water at elevation O. The
assumed effective area of opening, with tail water at elev. O — 30 X
50 X 50 X 95% = 71,250 sq. ft. An entrance loss of 10 per cent
the veloeity head was used, which is equivalent to using an effecti
area opening of 95 per cent of the total area. The discharges in the
table are based on a correction for velocity of approach in an approack
channel of 200,000 square feet assumed area. The velocities show
are those for the static head plus head of velocity of approach. The
values of discharge for various heads were also plotted as a curve
are shown on Plate 5-15.

For a flow of 750,000 c. f. 8., it was assumed that with the struct
located at Army Point it would be possible to keep all the ship lo
open, thus inecreasing the discharge capacity by 8 per cent. For
study at Point San Pablo, however, it was assumed that the regulat;
of the War and Navy Departments would not permit the openi
the ship locks to the passage of flood waters, as this procedure
temporarily prevent their use for shipping. _

In caleculation of flow through the bays a value of “‘n’’ in Ku
formula of 0.020 was used. This is lower than is ordinarily use
earth channels, but consideration of all the conditions appears
rant its use. Wherever the flats are exposed, at low tide, the
a very smooth, ‘‘slick’’ surface. indi cating very little resistance to
Flow has been in both directions, due to tidal action, and this w
have had a tendency to prevent the formation of abrupt ba
other obstructions to easy flow.

In Volume CCXVI, 1922-23, part 2, of the Minutes of the P
ings of the Tnstitution of Civil Engineers (British) is a D
Arthur Burton Buckley, Jr., associate member, discussing
in connection with the gaging of the Nile. Tig paper indicate;
‘that the value of ““n’’ in Kutter’s formula varies for the same
being smaller when the watér is charged with silt and ten
deposit, and larger when the silt content is low and erosion of
is taking place. On page 246, Mr. Buckley, in his discussi
E. 8. Bellasis: “Hydraulics’”’: % % * over a hundred
observed near the head of a large eanal in India show the ave
of ““n”’ to be 0.025 when there is no silt, but 0.013 when the de;
is 0.5 foot npwards * # %7 (See R. B. Buckley’s Irrigati
Book.) :
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Mr. Buckley goes on to say that he found in his work along the
Nile values of Kutter’s ‘‘n’’ varying from 0.009, when the water was
charged with silt, to 0.039 when the water was clear.

An effort was made to determine the value of ‘‘n’’ from slopes and
discharges through the bays but an inspection of the curves on Plate
5-11 will show that little reliance can be placed in the ordinary
methods of determining this factor. There is, theoretically, only one
point in time, during a turn of the tide when slope and velocity are in
equilibrium, and this point can not be determined without a previous
knowledge of ““n.”’ A further proof that the friction factor is low
may be deduced from the facts that at interior points, far distant
from the Golden Gate, the tide range (exclusive of storm tides) is
greater than at Presidio; and that mean tide level ceincides very closely
with mean sea level. If the frictional resistance were large, the range
of the inland tides would not be likely to be as great as that at the
Presidio. This point was brought out previously in the discussion of
“Height of tide below barrier.’”’

The soft mud that everywhere rests on the bottom of the bays could
not offer the resistance called for by a high value of ‘‘n,”’ with the
high velocities that exist during the tropic tides. The chemical and
mechanical analysis of samples of mud taken from the bottom are
given in Chapter VIII. The particles are extremely fine and the
mud is slippery.

If conditions affecting flow in the Nile can be compared to those in
the upper San Francisco Bay system a relatively low value of Kutter’s
“n’ is applicable to the latter for the reason that the water contains
considerable silt, especially during periods of large discharge from
the rivers and during wind storms which agitate the shallow water
of the upper bays. As will be shown in Chapter VIII, the silt content
increases with depth. In taking numerous samples of water it was
noticeable that the bottom sample always contained a relatively large
amount of silt, although an effort was made not to disturb the bottom
with the sampler.

Storage over marshes was not considered, as these were assumed to
b_e leveed. Storage in the tidal prism above Collinsville was not con-
sidered as it is not known how far back the tidal effect reaches during
great floods. It is probable, however, that the tidal effect is so small

that it can be neglected—an assumption which is on the side of safety.
In determining flow, allowance for the change in elevation of water
21111rfacelwas made in determining the hydraulic functions of the various
annels,

When computing the hydraulic functions, the channels were sub-

di

Vided, according to the different values of ‘‘r,”” and the flow
,gtermmgd for the individual sections. This will always result in a
Higher discharge than will be obtained if the whole channel is con-
it) ered ag a 1}11i1. and is more in aceordance with actual flow conditions,
@: ﬂ{e velocity in the deeper portions of a section are always greater

S8l the more shallow portions.

md Planes.
- Usi . ¥
Ené the value of ““n’’ — .020 previously mentioned, the slopes
1Scharge (f 750,000 c. f. s. and 480,000 c. f. s. were computed
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o Army Point with elevation of water surface 6.0
level at Collinsville. The results are shown on
Nos. 7 and 8 on this plate were obtained by plot-
ting the cross-sectional areas as ordinates and slopes as abscissae with
area of sections corrected for new water qurface elevations. Using
values from this curve, the curves of water surface elevation between
Collinsville and Army Point were deduced for clevations of - 4 feet
and of -+ 8 feet at Collinsville. As the purpose of the study is to
determine probable flood elevations at Collinsville, with a barrier at
Army Point or Point San Pablo, the total difference of elevation
between Collinsville and the barrier site is the information desired.
Curve No. 9 was constructed by interpolating values for drop among
values of @ =0, Q — 480,000 e. f s and Q= 750,000 c. f. s., and
exterpolating values beyond this point. By computation the following
relation was found, where F — difference of elevation between Army

Point and Collinsville:
480,000 3¢ 750,000 #°° —0.75 : 3.8

from Collinsville t
feet above mean sea
Plate 5-16. Curves

Then for any other value of Q,, we have:
@ 750,000 = F : 3.85

Curve No. 10 was plotted directly from values from curves Nos. 2,4
and 6, and curve No. 11 was derived from 10 by assuming that w
750,000 c. f. s. are flowing, with water surface at Collinsville at elevat
+ 4.0 or 4 0.15 at Army Point, conditions are average. For any ot he
elevation of water surface, points for curve No. 11 were obtained h
dividing the slope for the given elevation at Army Point by the sl
when the water surface is at - 0.15. When computing the fle
planes above Army Point, curves No. 9 and No. 11 are the ones actua
used. Having given a definite flow with a definite elevation of wi
surface at Army Point just above the barrier, to determine the eleval
at Collinsville: from curve No. 9 is taken the drop for the given i
between the two points; from curve No. 11 is read the multiplier for
given water surface elevation at Army Point ; then, applying the mu
plier to the value read from curve No. 9, the result is the differenc

elevation between the two points. This 1s all based on the assumpt

not absolutely true but very closely so, that if the dron between the

points, for a certain value of Q, follows a certain law of variat
expressed by curve No. 11, for different elevations of water surface;
for any other value of Q this same law of variation holds good. =
Investigations of flow and slopes were made also for Carqu
Strait and Pinole Shoal. The results of the study for Car
Strait are given in Table 5.14. As the slopes through the St
very small, they are neglected in the final studies. The res
studies across Pinole Shoal are shown on Plate 5-16, by curves \
13 and 14. The derivation of these was the same as for the oth
on this plate, already explained. ‘
Attention is called to the rapid increase in the rate of €
slope in curve No. 9 at a rate of flow of 20,000 acre-feet per hi
or approximately 500,000 c. f. s. This would indicate that th
has been eroded to accommodate flows not greatly in ex¢
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quantity, and that the natural limit of capacity of the channel is
rapidly approached beyond this point.

The results of the flood discharge studies through a barrier located
at Point San Pablo and at Army Point are shown on Plates 5-17, 5-18
and 5-19, and in Tables 5-15, 5-16 and 5-17.

It was necessary to assume that flow across the stretches over which
slope was considered as uniform, although this is not strietly true,
for very seldom is the flow actually uniform. Inspection of the flood
discharge curves shows that this is practically always affected by stor-
age action, and that this action is seldom the same at the two ends of
the bay. Storage, or release, will generally be acting at a different
rate, and frequently at one end storage will be taking place while at
the other there is release from storage. Surge effect was also neg-
lected. These two features could be taken into consideration, but
limitations on time available did not permit it; and it is questionable
whether this refinement, in view of the many uncertainties in the
whole problem, is warranted. It is doubtful whether the final results
would be appreciably changed by consideration of them. The slopes
between Collinsville and Army Point, and across Pinole Shoal, were
assumed to be those necessary to carry the estimated average amount
of water, determined by consideration of storage conditions, flowing at
any time with water surface as shown by the plotted elevations. These
slopes were determined from the eurves on Plate 5-16.

At the beginning of each study, the assumption was made that all
slopes and discharges were balanced ; that is, the head above the barrier
was assumed at the proper height to discharge the incoming fresh
water flow, no change in storage conditions was taking place, and the
slopes across the various control sections was ecorrect to carry the
uniform flow. While this might not have been found to be the actual
condition if the study had been carried through the previous tide, the
adjustment to the probable true condition would have been made
before the peak of the higher high tide was reached. If the elevations
were assumed too high, the discharge through the gates would have
been greater, so that the aceumulation of storage would have been at
a slower rate. On the other hand, if elevations were assumed too low,
discharge through the gates would be less and the accumulation of
storage more rapid. Thus incorrect assumptions of elevations at the
bjsglnning of the study soon automatically correct themselves.

1t will be noted that in case of a 750,000 ec. f. s. flood, with the bar-
Ier at Point San Pablo (Plate 5-17), the tide rises more rapidly than
the bays are filled by the incoming fresh water from the rivers. Con-
Sequently, to prevent inflow from the downstream side, it would be
leeessary to close the gates for a period of about four hours during
ih% rise of the lower high tide. With the barrier at Army Point, and

: e(i)W of 750,000 e. f. 5., there would always be an outflow through
checkalérler, With 500,000 c. £. s., the outflow is almost, but not quite,

& rz . The condition of no flow through the barrier depends upon
Bt Pldity with which a particular tide rises, the quantity of fresh
. ow, apd the capacity of the storage reservoir back of the bar-

. Ameidentally, referring to conditions during great floods, they

do : ; o
Mn;:ze%;gfﬂ‘ materially from conditions as found with the barrier
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The studies made indicate that the effect of a barrier at Army Point,
would be to increase the rise in water surface immediately behind the
barrier by 0.7 feet with 2 flow of 750,000 c. f. s. Owing to the resulfc-
ing increase in depth in the channels, the slope to Collinsville is
flattened a little, so that the increase in height of tide at the latter
point above the height it would reach under natural conditions without
the barrier would be a little less than the increase at Army Point.

As shown on Plate 5-18, the study of a 750,000 c. f. s. flood through
a barrier at Army Point, the top elevation of levees recommended by
the Flood Control Office, State Department of Public Works, at
Collinsville is 13.52 feet above mean sea level. The probable extreme
height of water under the assumed maximum flood conditions has
been computed by the flood control bodies of the State to be elevation
8.5. The maximum recorded elevation at Collinsville is 6.1 on J anuary
21, 1909.

The maximum computed elevation found in the three flood plane
studies embraced in this report is 1.75, shown on Plate 5-18. The
maximum tidal elevation recorded at Army Point is 5.8, 0.7 feet higher:
than the height used in the studies. It has been shown that the full
amount of this addition should not be assumed at Collinsville. Assu
ing that with this tide of 5.8, the elevation would be increased 0.
feet at Collinsville, the maximum height at that point would be 8.3 »
which is well within the limit of the height of water surface for which
recommended heights of levees have been fixed. F

Mention has previously been made of the surging action above th
barrier, analogous to tidal action, but differing from the latter in t
there is no reversal of flow. The curves on Plate 5-11, and the gra
of simultaneous water surface elevations on Plate 5-6, illustrate
action of the moving stream of water against the adverse grade tha
set up by the alternating tidal movements. In these flood stud
there is no reversal of slope, and no allowance has been made for
absorption of the average energy of flow when the discharge has T
checked by the rising tide below the barrier. The probable effect
the energy of flow would be to carry the water to the lower end
the storage basin nearer the barrier, where a greater head to produ
discharge would be maintained, thus cutting down the amount
water required to be taken into storage. This reduction in stors
would result in a lowering of the water surface at Collinsville, at
peak period. Consideration of storage above Collinsville would hg
the same effect.

Summary.

Due consideration of all the factors entering into the problem
show a tendency toward a general averaging of the elevation of
water surface at Collinsville during a tidal eycle. E

The study on Plate 9-19, which is for a flood of 500,000 c. £
through a barrier at Army Point, shows the maximum elevation reag
at Collinsville to be 6.1, which is well below the safe line, so that
cussion of this assumption ig unnecessary.

It has been shown that in case of a 750,000 c. £. s. flood, the
a barrier located at Point San Pablo would have to be closed di
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certain periods to prevent an upstream flow. Because of this, the
theory has been advanced that the construction of a barrier at Point
San Pablo would reduce the elevation of the water surface, during
floods, at Collinsville below the height it would reach under natural
conditions. This contention is not borne out by the results of the study,
nor is the argument believed to be logical, unless an excessively large
gate area be provided. The study shows that the height of water
qurface immediately above the barrier would be 0.35 feet above that
of the water surface below the barrier. The elevation of water surface
at Collinsville would not be as high as that shown on Plate 5-18, due,
in part, to the fact that the height of tide used was not as great as
that used at Army Point, and, partly, to the fact that the large storage
pasin appears to have a tendency to smooth out the water surface at
Collinsville, or to partially eliminate the tidal action.

The faet that the inflow of water from below the barrier is assumed
to be prevented by the closing of the gates has less effect than might
at first seem probable. To illustrate, assume the same flood and tide
conditions shown on Plate 5-17, but without a barrier. The lapse
of time of the first flood tide is 7.8 hours. The elevation of mean
tide is —0.4 and the range of the tide 5.8 feet. KFrom Table 5-11,
the volume of this tide per foot would be 96,900 acre-feet, or a
total volume of 561,000 acre-feet. During this same period, the inflow
from the river would be 483,000 -acre-feet. The back flow from the
tide then would be 78,000 acre-feet. The period of the next rise is
6.3 hours, the range is 3.25 feet, and the volume per foot is assumed to
be 120,000 acre-feet, giving a total volume of 390,000 acre-feet. The
inflow during the same period is equal to this quantity. The total
period between the two points considered is 18 hours, during which
the total inflow was 1,114,000 acre-feet, so the back flow represents only
7 per cent of the total discharge through the straits. It is difficult to
eonceive how any structure could be designed for any of the sites,
whose cost would not be prohibitive, that would not retard the discharge
of flood waters by more than 7 per cent.

The maximum elevation of water surface immediately above the
barrier, according to the studies, would be 0.35 feet at Point San
Pablo and 0.7 feet at Army Point, higher than that below the barrier
- due to the fact that at the lower site the larger storage basin prevents
the water from rising as rapidly. On the other hand, this same fact
delays the acquiring of head for maximum discharge, but maintains
it for a longer period during the ebb tide. It is also this fact that
tends to smooth out the tidal effect at Collinsville.

The reason for the excessive height of tide at Army Point on Janu-
ary 21, 1909 (5.8 -+ ft.), compared with that at Mare Island (5.25),
and at Presidio (4.5), is not known. It previously has been stated
that the tides may rise higher just below the barrier, if constructed,
ﬂlal_l they do under present conditions. It is probable, however; that
during periods of excessive floods, the great outflow of fresh water
would neutralize this, due to the fact that the momentum of the flood
tidal flow from the ocean does not exist in that locality under these
eonditions,

The construction of a barrier at Army Point would reduce the tidal
Volume passing through Golden Gate by less than 8 per cent. Under
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normal conditions, the height of tides below the barrier would prob-
ably be increased somewhat at high water and decreased at low water,
with possibly a maximum increment or deecrement of two feet; but
during periods of excessive flood flow the change from present condi-
tions would not be nearly as much. The increase in height of water
at Collinsville, with a flood of 750,000 e. f. s. would not exceed 0.7
feet above that under natural conditions without the barrier.

The effects from a barrier at Dillon Point would be practically the
same as though it were located at Army Point.

A barrier located at Point San Pablo would reduce the volume of
tidal water passing through Golden Gate by about 85 per cent. The
elevation of tides below the barrier probably would not be inecreased
as much as at Army Point, although there is nothing certain on this
point. The increase in water surface immediately above the barrier
over that below would be about 0.35 feet but the increase at Collinsville
would not be as much as this unless an unlooked for piling up of the
tide below the barrier should develop. If a height of tide of 5.2, the
maximum for the Presidio, had been used, it is probable that the
maximum elevation attained at Collinsville would have been a few
tenths higher than shown in the study.

The designs, to be in conformity with the studies outlined in this
chapter, must provide a flood gate area of approximately 75,000 square
feet. At the Army Point site the additional sectional area in the shi

Pablo site should not be considered available for discharging floods
because of the necessity of keeping the locks at that site open to navi
gation, even during extreme river floods. It is believed that in the
preliminary designs and estimates the area of the flood gates should
be made the same at all sites investigated. If the 0.7 feet raise i
water surface (possibly 0.55 feet at Collinsville) caused by a bare
at the Army Point site is considered reasonable, it might be assum
that the gate area provided at the Point San Pablo site could |
reduced. Whether this should be done to effect economy would depen
upon the type of structure adopted, because, in some instances, closul
of the present waterway can be effected by the construction of g
and piers as cheaply as by some other means. In arriving at a decisi

bays as evidenced by the records for January, 1914, and Novem
1918. Tt can not be said at this time that the effect of such extm
tides upon the discharge of floods through the gates would be d
mental over a period of 24 hours, but it seems likely that such
be the case. It appears, therefore, that until additional studi
made it would be unwise to estimate a smaller gate area at the
San Pablo site than at the Army Point site. In any event, a
© gate area is considered good insurance, and if a smaller raise in
surface at Collinsville will result through construetion of the b
at the San Pablo site with a gate area equal to that at the Army F
site, this should be considered as an advantage of the lower site,

ol - TR
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CHAPTER VI

NAVIGATION AND BRIDGE TRAFFIC
GENERAL DISCUSSION

San Francisco Bay is considered one of the finest harbors of the
world, being accessible through Golden Gate to the largest ships afloat.

By reference to the general map, Plate 2-1, it will be seen that the
bay system is made up of San Francisco Bay proper, San Pablo Bay .
and Suisun Bay. The total length of the system is approximately 80
miles while the width varies up to about 12 miles. Both the Sacra-
mento and San Joaquin rivers, which discharge into Suisun Bay at
its easterly end, are navigable streams of importance. The accessibility
of the upper bays, as well as the Sacramento and San Joaquin rivers, 1s
Iimited at present only by the depth of channels which are maintained.
Tt is evident that any plan proposed for the control of salinity in the
daeramento-San Joaquin delta should, if practicable, be coordinated
with the requirements of navigation.

In the study of a Salt Water Barrier located at any point between
the Golden Gate and Collinsville the volume of traffic, both present
and future, and the size of vessels used in that traffic, become considera-
tions of vital importance. It appears that it is only a matter of time
until the eity of Sacramento or Stockton, possibly both, will be made
accessible to ocean going vessels. Future industrial development, to
be expected along the shores of any body of practically fresh water
which may be created through construction of the barrier, makes it
imperative that the ship locks be made sufficient in size to accom-
modate the largest commercial vessels which enter San Francisco Bay
and with capacity to permit of considerable growth in traffic. With
these two points in mind data have been assembled in an effort to
determine the requirements.

Volume of Traffic.

An idea of the commereial importance of San Francisco Harbor may
be gained from a study of traffic figures shown in Tables 6-1 to 6-11.
Th(_e data shown are extracted from the 1924 Annual Report of the
Chief of Engineers, U. S. Army, and are for the calendar year 1923.
As.the barrier site located at the lower end of San Pablo Bay, between
Pomts San Pablo and San Pedro, is the most westerly site considered
I this report, figures for traffic on the navigable waterways east of
that point only are included.

Type of Vessels.

iny:}slsels enter San Frfancisgo Bay from all parts of the world, includ-
e e largest battleships with large beam and draft, airplane carriers
: %I‘eat length, sailing vessels with tall masts and ocean liners with
in%l ddeck structure and funnels. Boats navigating the bay system

ude those of almost all conceivable types. There are commercial
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freight carriers, large and small. There are fast passenger steamers
operating on regular schedule between San Francisco and upstream
points. There are many river boats of light draft but large beam,
usually propelled by means of a stern wheel. There are motor driven
barges of various types, sea going tugs, harbor tugs, towed barges,
pile-drivers,- dredges, derrick-barges, yachts, fishermen’s boats and
miscellaneous other ecraft.

_All of the vessels could be handled in ship locks as at many places :
throughout the world. Some classes are more troublesome than others.
For example, barges laden with crops from the Great Central Valley
are towed downstream by one transportation company and returned ||
with freight from San Francisco for distribution in the valley. They |
are towed in tandem in strings said at times to include as many as
cight or ten barges. The barge ordinarily in use is about 46 feet wide:
and 235 feet long having capacity of around 800 tons, ““Strings’’ of
five and six barges are quite common. A string of five barges is shown
in Photograph 6-1.*

As the length of these tows ranges from 1200 feet to one-ha
mile, it is obviously not practicable to construct locks which wou
pass the “‘string’’ as a unit. Long rafts of logs would he difficult
bandle at the locks but it is believed that they need not be considere
in the designs for the Salt Water Barrier. No rafts have been observe
during the two years occupied in the investigations although piles are
oceasionally towed in the water. '

Size and Number of Vessels.

Considering the probable industrial growth in the Bay region
& result of the creation of g practically fresh water lake, and
development of commerce expected to follow the construction of g [
water channel either to Sacramento or Stockton, it is believed f
provision should be made at all barrier sites under considerati
for passing the largest commereial vessels. Tven under present ¢
tions of channel improvement hoats having a length considerabl
excess of 400 feet navigate Suisun Bay, above all of the sites u
investigation. Incomplete lists and dimensions of vessels greater
400 feet in length, which pass Army Point and Point San Pablo g
sites, are given in Tables 6-12 and 6-13. The dimensions of vel
which pass Dillon Point site are not available except as may be ag
from the above tabulations. »

The number of vessels of various lengths calling annually at whi
of some of the more important industrial plants in the Bay region
the Point San Pablo dam site under present conditions of develo
is given in Tables 6-14, 6-15 and 6-16 in which data furnished
companies named are tabulated. E

Continuous records of the number of vessels passing various
of interest, during the periods given below, appear in Tables and
as follows: -

Table 6-17: Rio Vista bridge, July 6 and 151985
Table 6-18: Collinsville, July 6 and 7, 1925.
Table 6-19: Pittsburg, May 14 to 20, 1925.
Table 6-20: Avon, May 14 to 21,/ 1925,

Table 6-21: Oleum, May 19 to 26, 1925.

* Not included in brinted report. Films on file in office of U. S. Bureau of
tion, Denver, Colorado.
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- Plate 6-1: Rio Vista bridge, April, 1924, to October, 1925.

Plate 6-2: San Pablo Strait (discontinuous), May 12 to June 23,
1925.

Four of the largest commercial vessels which at present enter San
Franeisco harbor are listed below :

Length, Beam Draft,
Name feet feet feet Owner
Amerieg S AT L B e 2o 26169 T4 34 U. S. Shipping Board
Minnesota, ——_—___ - 622 T4 32 Panama-Pacific Line

Manchuria —__ L.776120 65 31 Panama-Pacific Line
PresidentaRafii= i oRE e 517 72 31 Dollar Steamship Co.

At the present time there are two-stern-wheel boats being built at
Stockton for use on the rivers which are reported to be 286 feet long
and of 58-foot beam. -

As will appear later, locks are proposed at each of the barrier sites
which are sufficient in size to pass a boat considerably larger than the
¢ America.”’ As the very large boat is the exeception, rather than
the rule, other and smaller locks are proposed for reasons which will
Le discussed.

Draft of Vessels.

Quantities of data relative to the draft of vessels serving San Fran-
¢sco harbor have been assembled by the War Department by reason
of its jurisdiction over navigable waters and by others who have been
interested in developing transportation facilities. Data that are of
particular interest in the study of locks for the Salt Water Barrier
were gathered in eonneetion with the investigation of the proposed deep
water channels to Sacramento and Stockton. The subject has been
s0 thoroughly covered that no attempt has been made in the investiga-
tions of the barrier to do more than summarize the data. Portions of
various reports will be quoted which bear directly upon the lockage
requirements at the barrier.

*“The question of draft is less easily settled, the draft of ships varying
according to weight of cargo and salinity of the water, and there being no
obtainable compilation of the average or maximum drafts of vessels operating
on the Pacific Coast. To determine the relative proportion of ships now
entering the port of San Francisco that could use either a 24 or a 30 foot
channel the pilot records have been gone over and summarized in the following
Table B (6-22). In this table actual draft at the time of entry into port
has been considered, and the record is thought to be trustworthy as the
pilots’ remumneration varies with the draft of the ship when docked. To
eliminate, as far as practicable, any eccentricity resulting from war conditions,
the table has been prepared to comprise a six months’ period before the war
and the last six months for which complete records were available. The
* ¥ * qnvestigation shows that 24-foot channel will ‘be ample for 73 to 88
Del‘ cent of the vessels normally entering San Francisco during a year.”

*“Following are excerpts from a letter by Capt. John W. Wallace, port
agent, San Francisco Bar Pilots: \

‘We are pleased to advise you that the average draft covering vessels
entering this harbor under our control for the period of six months ending
ggzt’ember 24, 1924, is 20 feet 3 inches, the number of vessels involved being

¢ . . .
I computing this average we have taken the give-and-take system; that
1s, on vessels drawing less than 6 inches, we dropped the inches, and in those
Tawing over 6 inches, we called it another foot.””
an
No. 5;2‘3‘;}801’1 San Joaquin River and Stockton Channel, California ; House Document
Ao e ot Congress, Second Session, p. 35.

OUSe Document No, 554 82
10—70636 e
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Table 6-23 is a summary of the work sheet kept in the office of Cap-
tain Wallace. Inspection of the details indicates that the maximum
draft by any vessel entering the harbor under San Francisco Bar
Pilot’s control was 30 feet.

! “Grain is now mostly shipped from the east side of San Francisco Bay and
from Port Costa. In both cases a depth of 32 feet or more is available ; it
is therefore to be expected that the ships now engaged in the carriage of
grain would usually have, as they do, a draft approximating 26 to 28 feet,
The accompanying Table R shows the draft of the ships that actually went out
of San Francisco Harbor with barley cargoes during the calendar year 1923."

Table R, referred to above, shows that in the calendar year 1923
there were 97 large ships that left San Francisco Harbor carrying barley
as a part of the cargo. The average draft of all of the vessels when

leaving San Francisco was 26.5 feet. The minimum was 17 feet 7 inches -

while the maximum was 84 feet. The “Tenyo Maru’’ was the largest
vessel, having the following dimensions : Length 558.0 feet, width 61.9
feet, depth 85.5 feet, draft on leaving the port 30 feet 10 inches. There
were 4 vessels 500 feet or over; 10 with length 485 feet or over; 29
with length 450 feet or over; and only 23 less than 400 feet in length,
The minimum length was 337.7 feet. The ‘‘President Cleveland’’ had
the greatest width and depth, 72.2 feet and 36.8 feet respectively. Its
length is 517.0 feet. The draft when leaving port was 29.5 feet.

* “This concern (Luckenbach Steamship Co.) is reputed to operate the ‘la
est and fastest’ vessels in the intercoastal service. The cargo capacities of thy
vessels range around 11,500 tons and the exact full-cargo drafts of 10 of them
are as follows: 31 feet 8% inches, 31 feet 8% inches, 31 feet % inch, 30 fi
6 7/16 inches, 30 feet 6 3/16 inches, 30 feet 6 7/16 inches, 31 feet 1 in
30 feet 41 inches, 29 feet 43 inches, and 29 feet. Their lengths between

perpendiculars vary from 445 feet to 496 feet, and when they arrive at S
Francisco from the northwest their drafts range around 25 and 26 feet.”

In the design of the ship locks the fact that a vessel has a gre
draft in fresh water than in salt water must not be overlooked.
has been estimated® that in passing from salt water to fresh water
vessel of the size suitable for navigation of the upper bays and d
water river channels, if built, will increase its draft at the maxim
about 8 to 10 inches. { b

In Tables 6-2 to 6-11 data are presented which indicate the nu
of vessels of various drafts in use on the bays and lower rivers,
of which, under present conditions, would have to pass through
ship locks at a Salt Water Barrier.

Vertical Clearance.

The following quotation is taken from Military Engineer for
August, 1920, to indicate the seriousness of the problem enco
in an attempt to build structures across important navigable
‘ways sufficient in height to clear all vessels.

Height of Vessels and Clearance of Bridges.

An investigation has recently been conducted by the Port Facilities
mission, United States Shipping Board, to ascertain the maximum

* House Document No. 554, p. 57.
# House Document No. 554, p. 79.
# House Document No. 554, p. 22.

ah]

Test
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of seagoing vessels above light and load water line, the results of which
are of interest in connection with the vertical clearance of bridges, and cable
lines across navigable waters.

Data were received as to 53 vessels ranging in gross tonnage from 4170
to 54,281 and in height above water line from 96.8 to 217 feet.

Tifteen of the 53 vessels have a maximum height above light-water line
greater than 150 feet, as follows:

FIFTEEN VESSELS OF MAXIMUM HEIGHT (In Feet)

Gross Height
Name Built tonnage Light Loaded
Aquitanisl —ooomm———m——m— == 1914 45,647 217.0 205.0
Leviathan ———————-———c———r—— oy 11904 54,281 192.8 186.5
Stavangertjord =, Ay 13,600 191.0 183.0
Ccarmania ———---- o B 19,5624 181.0 173.0
Caronia, ———- = 1905 19,687 181.0 173.0
Mauretania - S 001 30,704 173.0 170.0
Nestor EEEESEtes S 1913 14,601 168.5 153.0
TLenderson ———————————————=——==-= 1917 7,493 164.4 157.0
Rotterdam —-———————————=—=————== 1908 24,149 162.3 149.0
Geo. Washington-————————————- R 19108 25,5669 159.7 154.0
Von Steuben—-_————————————————-= 1901 14,908 154.8 151.0
Noordam ——-—o——--————= e 002 12,5631 153.5 185.8
Ryndam --- g S 90400 12,527 152.5 135.8
Aeneas —-—-—- A9 10 10,049 1540 136.0
ASCANIUS ——m——mm—m—m——m——=——m 1910 10,048 151.0 136.0
AVErage ————————oo——————— __ 1909 21,014 170.0 5949

"The following table contains data on the more jmportant bridges under which
ocean-going vessels pass:

CLEARANCES OF IMPORTANT BRIDGES

Vertical
Maximum clear-
horizontal ance
Name of bridge Type Waterway spamn in feet in feet
Poughkeepsie——.——- Cantilever— . ————- Hudson River——_—- 547 160
Firth of Torth____Cantilever——— _ ___Firth of Forth——_- 1,700 157
Quebec———————————- Cantilever____———--St. Lawrence River. 1,800 150
Vancouver_———————- Vertical lift-—————- Columbia River———- 250 i 150
Glison street, Port-
land, Oregon____Vertical 1ift____——- Wwillamette River—. 205 144
Tower Bridge, Double bascule with
oBdon -~~~ overhead footway-.Thames Riverct - 280 141
Brooklyn____-————-Cable suspension__. East River———— _ 1,546 135
Manhattan-—— ————— Cable suspension__.last River—— 0 135
Williamsburg-———— _Cable suspension__. East River—— _ 1,536 139
Hell Gate————————— Fixed arch_ . ————— Hast River———————- ikt 135
. B .
Queenshoro_ - ————- Cantilever__ East River__. { %?essttssl?v;?{ 1’%; iggg

Of the 53 vessels reported on, 52 have a height above light-water line greater
than 135 feet and are therefore unable to pass under the Hast River bridges.

Of 19 vessels whose gross tonnage ranges from 12,527 to 54,281, 12 exceed
150 feet and 16 exceed 135 feet in height.

Of 18 vessels whose gross tonnage ranges from 10,048 to 11,850, 2 exceed 150
foet and 9 exceed 135 feet in height.

Of 16 vessels whose gross tonnage ranges from 4170 to 9996, 1 exceeds 150
feet and 7 exceed 185 feet in height.
lO(?f the_ 53 vessels, only one, the Powhatan, gross tonnage 10,531, is less than

feet in height. Its height above light-water line is 96.8 feet.
inThe vessels built during the war for the Emergency Fleet Corporation, ranging
~ gross tonnage from 2020 to 7898, all have heights less than 100 feet. This
" due, however, to the fact that the height of "these vessels was, prior to the
i!iflznxllg'()f the armistice, kept as low as possible. Restrictions upon the allow-

I EI_ght of vessels of the Emergency Fleet Corporation have now been removed.
i!np;lrt“ew .of the constant tendency to give deep water access from the sea to
mmefnt cities at moderate and even considerable distances from the ocean, the

ed heights of bridges are a serious problem.
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There seems to be no relation between the size of boat and the height
of masts or permanent deck structures. Small schooners have tall
masts. The Matsonio and Maru, owned by the Matson Navigation
Company of San Francisco, ships 501 feet in length, with beams of 58
feet, are reported as having masts 1231 feet above light load line.
This eompany, however, has plans for building a steamer requiring
a vertical clearance of 180 feet.

The highway bridge recently completed over San Joaquin River
near the town of Antioch, was built under a permit issued on December
20, 1923, by the War Department which specified a vertical clearance i
above high water of 70 feet under fixed spans and 135 feet under the ]
lift span when raised. ‘

The original permit for the construction of the high level highway
bridge erected across Carquinez Strait, near Crockett, provided for a
vertical clearance of 135 feet above mean high water. The plan was
revised to include a roadway built on a grade and on January 17, 1924,
permit was issued providing for a vertical clearance above mean high
water of 135 feet at the south pier and 158 feet at the north pier. ;

No definite information has been obtained relative to the clearance
required by the ordinary smaller vessels in the vicinity of San Franciseo
Bay, but data obtained in the operation of the Lake Washington loe
at Seattle, Washington, show that gas schooners of only 26 tons ha
39-foot masts; 60-ton tugs have 40-foot masts ; 100-ton tugs ha
38-foot masts; 200-ton tugs have 40-foot masts and 400-ton boats ha
55-foot masts. The height of deck houses of these tugs above water
line vary from 20 feet for tugs up to about 150 tons to 30 feet, am
over, for the larger tugs. If it may be assumed that the smaller boa
in use on the San Francisco Bay system are similar to those on Puge
Sound, which appears reasonable, the determination of the clearans
necessary to pass the bulk of the smaller vessels without lifting tk
bridge is difficult. i

Harbor regulations require all craft navigating ocean or inland wa
to show range lights, but as far as has been learned no definite mir
mum height of the uppermost light has been established for San Frs
ciseo harbor. Establishment of uniform bridge clearance is now un
consideration by the War Department, but no conclusions have
reached to date.

One of the controlling considerations in the construction of the
Central Railroad of New J ersey bridge over Newark Bay, was to pr
sufficient vertical clearance to permit all low vessels to pass wi
raising the lift span. The clearance above mean high water
feet with the lift span in lowest position and 135 feet when rai

Data obtained relative to the operation of the Lake Washin
canal are of value in indicating the vertical clearance required to
ordinary small boats. The lowest city bridge across the canal
vertical clearance of 30 feet. This bridge carries more street
than any of the others and is required to be opened oftener.
Distriet Engineer states that a vertical clearance of 45 feet
have been much better, as it would have allowed practically all
small craft, which use the small ship lock, to pass under the:
bridge thus avoiding interference with vehicular traffic. :
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As the smaller lock of those proposed at the Salt Water Barrier is
longer than the small Lake Washington lock (40’ x200” in comparison
with 30’ x1507), it is probable that the vertical clearance required
will be greater than found advantageous at Seattle. In the design of
the barrier to which prineipal consideration is given in this report,
provision is made for a minimum clearance of 56 feet above mean sea
level, or 50 feet above the highest observed tide. It is assumed that
any vessel requiring a vertical clearance of more than 50 feet would
be too large, otherwise, to use the small lock and the bridge span over
that lock is made a fixed span although it could be made movable at
very little added expense. If deck houses of the smaller craft will
clear a bridge it is not a difficult matter to arrange the masts and
stacks to be lowered to avoid opening or lifting the movable part of
the bridge.

Movable bridge spans are provided over the larger locks proposed
for the barrier. Two types have been considered—the bascule and
the vertical lift. In case of an open bascule bridge the sky is the
limit of vertical clearance. In case of the vertical lift the clearance
has been made 141 feet above mean sea level or 135 feet above the
highest observed tide.

A minimum clearance of about 70 feet would be advantageous in
that practically all, if not all, regular river boats eould pass under the
closed spans, thus avoiding interference with trains or vehicular
traffic, and although the inereased cost of the barrier to provide the
additional 20-foot clearance has not been considered warranted by
those responsible in the investigation just completed, it is possible
that further consideration would alter this point of view. Since most
of the river boats are too large to be accommodated by the small lock
there would be no object in providing a greater minimum vertical
elearance other than to minimize interference with vehicular or rail-
road traffic. Delays to overhead traffic are discussed later.

Navigation Projects.

_The depths of water below mean lower low water in the San Fran-
cisco Bay system are shown on Plates 2.2, 2-3 and 2-4, respectively.

Entrance to Harbor.

The following quotations are from House Document No. 124, 67th
Congress, 1st Session, which contains reports upon the ‘‘Emntrance to
San Francisco Harbor, California,”’ transmitted by the Secretary of
War on November 17, 1921 :

1The entrance to San Francisco Harbor is through the Golden Gate,
\vhe.re there is ample depth and width., TFive to six miles outside there is a
semicircular bar through or around which are three channels, two of which
—the main ship channel directly opposite the entrance and Bonita or North
Channel along the shore—are now used. The controlling depth and width
of the former are 36 feet and 1600 feet, respectively, and the latter 54 feet
and 730 feet. In Bonita Channel there are some rock obstructions and
for some distance it runs approximately parallel with the rock-bound coast,
rendering navigation somewhat hazardous. The main ship channel is the
usually ‘travelled route, but the depth is mot sufficient in times of heavy
swells to prevent large vessels from striking the bottom. The mean tidal

1
House Document No. 124, p. 2.
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range on the bar is 3.8 feet. The improvement desired is a channel which
will permit deep-draft vessels to enter the harbor safely in all kinds of
weather. A study of the draft of vessels using San Francisco Harbor shows
that to comply with this requirement the depth should be 40 feet at mean

lower low water. * * *
After due comsideration, * * * T (Major General Lansing H. Beach)

concur in the views of the District Fngineer and the Board of Engineers for
Rivers and Harbors, and therefore report that the improvement of the
entrance to San Francisco Harbor by the United States is deemed advisable
to the extent of dredging a channel through the outer bar on line of the main
ship channel, 40 feet deep at mean lower low water and 2000 feet wide,
at an ‘estimated cost of $530,000 for original work and $100,000 annually

for maintenance. * * *
¥ # % During the calendar year 1920, 176 foreign and 371 American

vessels entered the port. The largest of these had a draft of 32 feet. The
largest vessels of the Navy are reported to draw 33 feet. Hxperience has
shown that in rough weather there should be at least 7 feet between the
keel and the bottom to insure safety. This indicates a depth of about

40 feet.
2% % % MThe maximum draft of commercial craft likely to use this harbor

at present is 32 feet, and of naval vessels 33 feet. It has been noted that
there are large transatlantic vessels of much greater draft than this, but it
is not expected that these vessels will trade in San Francisco in the near

future Sy X 7
g% % % In the Annual Report of the Chief of Engineers for 1920, p. 274,

it is noted that a ship with a reported draft of 42 feet, 10 inches navigated
Ambrose Channel, New York Harbor, in 1919.

San Pablo Bay.

The authorized project for San Pablo Bay and Mare Island Strait
provides for dredging a channel 44,000 feet long, 500 feet wide, an
35 feet deep at mean lower low water, thence through Mare Islan
Strait, a channel 16,000 feet long, 500 feet wide and 35 feet deep, with
a turning basin 1000 feet wide in front of the quay wall at the Nayvy

Yard.

Suisun Bay.

The authorized project for Sunsun Bay from Martinez to Antio@
provides for a channel 300 feet wide, 24 feet deep across the lower sh
near Bullshead Point, thence 18 feet deep across Point Edith
Middle Ground Shoals, thence 18 feet deep through New York Slougk
In addition, an existing project for Suisun Channel (commonly know
as Suisun Creek) provides for dredging a channel 125 feet wide ar
6 feet deep up to the head of mavigation at the town of Suisun,
a harbor of the same depth, 1400 feet long and 150 feet wide.
depths are referred to mean lower low water.

Sacramento River. i

* The State of California has, by statutory enactment, declare m

. . . 2 e

navigable waters and all streams of sufficient capacity to transporf T

produce of the country are public ways, for the purpose of navi it
and of such transportation. Among the streams denominated a

igable is the Sacramento River, between its mouth and the mo f:‘

¢

! House Document No. 124, p. 3. ste

i

® House Document No. 124, p. 20.

3 House Document No. 124, p. 18. f
“ Report on the Economic Aspects of a Sacramento Deep Water Ship Cai

C. B, Grunsky and Leonard M. Cox, p. 96.
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Middle Creek. This river is thus declared to be a public way to a
point in Shasta County.

The Sacramento River has been under improvement from its mouth,
at Collinsville, to the city of Red Bluff, a distance of approximately
950 miles. The existing project provides a low water depth of 7 feet
from the mouth of the river to Sacramento, 60.7 miles; 4 feet from
Qacramento to Colusa, 86.2 miles; 3 feet deep from Colusa to Chico
Landing, 51.3 miles, and such depths as practicable from Chico Land-
ing to Red Bluff, 52.4 miles. Below Sacramento the results are
obtained by means of wing dams at the shoals, supplemented by dredg-
ing when necessary. Above Sacramento the results are obtained by
the removal of snags and concentration of the channel by temporary
works.

Under present conditions it is probable that Sidds Landing, east of
Willows and about 120 miles upstream by river from Sacramento, is
the practicable head of navigation. Diversions for irrigation purposes
affect the navigability of the upper river at low stage and it is the
helief of some that ultimately Colusa must necessarily be regarded as
the head of navigation during the low water season.

In the study of the Salt Water Barrier the requirements of naviga-
tion on the Sacramento River below Sacramento are important con-
siderations. The project depth of 7 feet has, in recent years, been
maintained without great difficulty. A projeet which proposes to
provide a depth of 10 feet at mean lower low water up to Sacramento
has been approved by the War Department and is now before congress.
Any lock proposed for handling river boats should therefore provide
a depth over the gate sills of at least 12 feet at mean low water.

Navigation below Sacramento is not dependent upon river discharge
{o the same extent as above. On July 7, 1925, the range of the spring
tide under approximately normal conditions of summer river flow,
was 2.12 feet. The following figures are taken from the eurves shown
on Plate 5-6:

COMPARATIVE TIDAL FLUCTUATIONS AT COLLINSVILLE AND
SACRAMENTO ON JULY 7, 1925

Elevation of water surface
U. S

. 8. G. 8. datum
Tide '’ Collinsville Sacramento
gl Thie)s R SO SRR e I R B b e +3.80 +4.83
e O - oed s e e S —2.28 —+2.71
Bonge ... o R 6.08 feet 2.12 feet

_ The curves referred to show that the maximum instantaneous drop

In water surface from Sacramento to Collinsville was 6.28 feet in 60.7
El'illes while the greatest slope in the opposite direction was 0.74 feet.
é’hf eorresponding slopes are 0.1034 and 0.0122 feet per mile, both very
at.

In 1924 the flow past Sacramento dropped to 705 eubic feet per
SECOHd,_allowing for the draft and American River flow between the
easuring section and Sacramento. *In spite of this the largest river
Ws maintained their regular schedules between San Francisco

1 ’
p. lg;'ﬂcm_edmgs of the Second Sacramento-San Joaquin River Problems Conference,
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and Sacramento and it appears that requirements at the locks for the
Nalt Water Barrier are independent of any action that might be taken
relative to the division of water between navigation and irrigation
i terests.

The Army Engineers have investigated various schemes whereby
irrigationists might be allowed to take a maximum amount of water
from the Sacramento River without impairing the navigability of
the river during the low water period. One plan investigated con-
templates canalization of the river by a system of four dams which
would provide slack water navigation during the low water period
to the vieinity of Butte City. HBach dam would be provided with a
ship lock 76 feet wide by 450 feet long. 2The dams proposed would
be located as follows:

No. 1. Near Freeport, about 13 miles below Sacramento.

No. 2. Near Collins Eddy, about 13 miles above Knights Lianding.

No. 3. At Kent, about 6 miles below Colusa.

No. 4. At Comptons, about 124 miles above Colusa.

It is said that the scheme, supplemented with some dredging just
below each dam, would provide a minimum depth at low water of 9 £
to Sacramento and 6 feet from there to Butte City. It appeared
those who made the study that the project might be operated w
not more than 500 second-feet of water and perhaps much less. The
argument is advanced that the amount of water required for operatior
of the system would be well under the amount which must of necess
he allowed to pass on down the river for the use of irrigationists
the delta region. This is no doubt true, but the system of d
would not solve the salt water problem in the delta, as none of
dams proposed are downstream far enough to be of any use in stop
the encroachment of salt water. No claims have been made in
direction. Upon the other hand, if, in the future, slack wate
the depths indicated were provided, the effect of increased commer
on the river would probably be to inerease the number of loc
at the Salt Water Barrier and this should not be lost sight
considering the number of locks required.

San Joaquin River.
The existing project for the maintenance of navigation on thi
Joaquin River provides for a channel 9 feet deep and 200 feet
from the mouth of the river to the mouth of Stockton Channe
in Stockton Channel to its head at Stockton, a total distance
miles; and for snagging, removing overhanging trees and con
ing brush wing dams to facilitate light draft navigation from the
of Stockton Channel to Hills Ferry, a distance of 86 miles.
A large amount of commerce is handled on the lower San Ji
«nd on the many navigable channels of the delta. Navigation
dependent upon the discharge of the river. During the low 3
season the entire river is diverted for use in irrigation and t
through the delta is return flow only. The slope of the river
the delta is even flatter than that of the Sacramento River.
present conditions tidal fluetuations extend well above the
Pacific bridge near Liathrop but are not noticeable at the

“ Proceedings of the First Sacramento River Problems Conference, p.
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gaging station. The figures appearing in the following table are
taken from the curves on Plate 5-6. They may be of interest in com-
parison with figures given previously for the Sacramento River.

COMPARATIVE TIDAL FLUCTUATIONS AT COLLINSVILLE AND
STOCKTON, JULY 7, 1925

Elevation of water surface
U. 8. G. 8. Datum

Lathrop Bridge

; ! (Southern
Tide 4 Oollinsville Stockton Pacific R. R. )
Higher hight. oot oo = AR e Bt o0 L +3.80 +4.31 +5.54
Tower lom—— i T S St S —2.28 0.00 +4.12
Ranger - SLINE (gt ey L ST o) 6.08 feet 4.31 feet 1.42 feet

The curves on Plate 5-6 show that the maximum instantaneous drop
in water surface from Stockton to Collinsville was 4.26 feet in a
distance of about 42 miles while the greatest drop in the opposite direc-
tion was 2.13 feet. The corresponding slopes are 0.1014 and 0.0507
feet per mile respeectively.

Future Requirements.

Under present conditions approximately 200 vessels visit Mare Island
Navy Yard annually. In addition, a Yard tug makes two trips a week
to San Francisco. At a time of emergency it is estimated that possibly
as many as 800 to 1000 vessels would go to the Navy Yard in the
course of a year. If a Salt Water Barrier were constructed at the
lower end of San Pablo Bay, all boats going to the yard would be
passed through the ship locks, while, if located above Mare Island
Strait, the barrier would not affect navigation between the ocean and
Mare Island Navy Yard, other than to reduce the velocity of tidal
eurrents through a small reduction in the effective tidal prisms pass-
ing in and out through Golden Gate.

The largest dry dock now constructed at Mare Island Navy Yard
is approximately 740 feet long from the inside of a caisson gate to
the head of the dock, with an entrance width of 102 feet. These
dimensions diminish toward the bottom so that the maximum theoretical
ship which could be docked would have a length of 719 feet, a beam of
about 90 feet and draft of 29 feet.

At present the largest battle cruisers have a length of approximately
875 feet, beam of 102 feet and maximum draft of 33 feet. The Wash-
mgton Limitation of Armament Conference limits battleships to about
35,000 tons displacement which provides for a ship about 650 feet long,
100-foot beam and maximum draft of approximately 35 feet. The
plan for the proposed development of a Naval Base at Alameda con-
templates a dry dock which would accommodate a vessel of this size
Which might, when disabled, draw 40 feet of water.

If the barrier should be constructed at the Point San Pablo site
at 1e_ast one lock similar to those of the Panama Canal should be
g:‘mdgd‘ They practically fix the limits of vessel dimensions for

Me fime to come. The Panama lock chambers are approximately

3 0' feet long, 110 feet wide and provide a depth of about 40 feet
Water on the gate sill.
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The ability to lay up vessels in a fresh water basin has its advan-
tages in the retardation of marine growth and in arresting the corrosion
of the steel hulls. Tt is not probable, however, that a considerable
amount of money should be put into large locks having these benefits
solely in view, as the majority of naval vessels of greatest value to
the fleet are necessarily in active commission and would not be lying
around in basins merely for the purpose of destroying marine growth
and arresting deterioration of the hull. They have their periodic dock-
ing at least twice a year to remove the growth which retards their
speed and to permit the hull otherwise to receive proper care. It
therefore appears that locks to pass large war vessels may he dropped
from consideration at sites located east of Mare Tsland Strait.

The population of the bay region is increasing at a rate which
merits careful consideration of future traffiec. Moreover, the presence
of a fresh water basin may hasten the influx of industries that depend
upon its use and if the water surface were maintained above present
low tide level, shipping would be promoted by the greater depths.

Consideration must also be given to proposals which have been mad
to build deep waterways making both Sacramento and Stockton acees-
sible to large ocean going vessels. Construction of either project wouid:
influence the growth of traffic through the ship locks at the barrieps

San Joaquin River and Stockton Channel.

In April, 1925, the city of Stockton voted a bond issue for th
construction of deep waterway to Stockton with federal and state a
The project was studied by the War Department, the results of
Investigation being reported to congress by the Secretary of War
House Document No. 554, 68th Congress, 2d. session, from which thy
following extracts are taken : y

*The floor of the San Joaquin-Sacramento Valley is formed by some 1
counties having a total area of over 38,000 square miles. Tributary
the valley because of natural conditions, are 12 foothill and mountain cou
covering about 30,000 square miles, Nearly half of the land in farms, w.
the State of California, is in these counties. Also tributary, in a
limited sense, are 12 counties of Nevada having an aggregate area of a
61,000 square miles and Klamath County (in Oregon) with an area
approximately 6000 square miles.

?The principal navigable waterways serving parts of the area wi
bear on this study are the San Joaquin and Sacramento rivers. The
Joaquin River below the mouth of Stockton Channel serves a highly p
ductive agricultural area and at present is tributary to Stockton and &
Francisco commerce. :

®The board (of Bngineers for Rivers and Harbors) has made a (¢
study of the case, has held several hearings, and has made an inspecti
the ground through a committee of its members. It (the board) dis
in detail the economic aspects of the proposed improvement, basing
cussion primarily on a brief submitted by local interests. In this
is estimated, with certain assumptions as to present and future r
water rates, and based on available figures of present commerce, tha
existing conditions the potential traffic of a deepwater port at Stoc
770,000 tons a year, with a corresponding annual saving of $694,00
the year 1930 it is estimated that these figures would be increased to 1,
tons and $900,000 annually. The board is of the opinion that the
the brief have been carefully and conservatively gathered, and
assumptions regarding rates are justifiable. Some reduction of the

1 House Document No. 554, p. 85.
2 House Document No. 554, p. 86.
8 House Document No. 554, p. 3.
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of tonnage and savings appears desirable, however, in view of the uncertainty
of the movement of certain commodities, including a portion of the barley and
much of the canned goods and vegetables which are included in the potential
commerce. It concludes that, even with this correction, the probable saving
would still be sufficient to justify federal participation in a deep-water proj-
ect on suitable terms of cooperation.

The Chief of Engineers, on page 5 of the Document, reported: “That the
further improvement of San Joaquin River and Stockton Channel is deemed
advisable to the extent of providing for a channel from deep water in Suisun
Bay to the city of Stockton, 26 feet deep at mean lower low water and 100
feet wide on the bottom, following the river route, in general as laid out
by the district engineer, with levees set back 230 feet from the center of the
channel, and having suitable passing places and a turning basin at Stockton;
and for dredging in Mormon Slough from its mouth to Center street, to a
depth of 9 feet at mean lower low water and a width of 100 feet; at a total
estimated first cost of $3,715,000 for excavation, levee work and dredging
plant, and $195,000 for maintenance the first year, and $125,000 annually
thereafter; subject to the provisions that local interests shall * *
submit plans for an ultimate terminal development capable of handling at
least 1,000,000 tons per year. * * *

On page 57 of the Document the District Engineer states that 87
per cent of the vessels entering the port of San Francisco during the
period April-September, 1924, could have gone to Stockton with a
96-foot project upon the assumption that it would accommodate a ves-
el drawing 24 feet or less.

Some difference of opinion exists among ship operators as to the
dimensions of future vessels. The following is found on pages 86 and
37 of House Document 554 :

The charts (not printed) collated with similar more general studies *
indicate that by 1951 a channel 37 feet deep, with bottom width 274 feet
and low water surface width of about 550 feet will be required for navigation
by the largest Pacific coast ships. * * * The possibility of their (these larger
ships) going to Stockton can not now be foreseen. * * * Moreover, it is the
consensus of opinion among operators that the 12,000 to 15,000 ton ships
drawing not more than 32 feet are an economic maximum, which will persist
as such until there is some radical change in trade conditions, in the costs of
operation, or in the kind of motive power ; such a change can not now be fore-
seen and can not, therefore, be provided for with any reasonable assurance of
the provision being adequate when the changed conditions do occur. A 30-foot
channel may then be considered as the limit for which provision at the present
time is economical and practicable.

A 30-foot channel was the deepest for which estimates of cost were
prepared for inclusion in the District Engineer’s report. It cannot
be concluded from this that locks providing a 30-foot depth over the
gate sills would meet the requirements of navigation in the future. As
noted in Chapter IV the preliminary designs for the Salt Water Bar-
tier provide a mean depth of 40 feet over the sills in the lock which
would most likely be used by the larger ships. The ship predicted for
1951, with a 37-foot draft, could pass over the gate sills at any stage
Ot ordinary tides. It could not pass at extremely low tide.

Sacramento Deep Water Ship Canal. -

Sonstruetion of a deep water canal from some point on the lower
m;'amento or San Joaquin River to the city of Sacramento for the
\mmOdatlon of ocean going vessels has been under consideration for

* Paperg
DErs of the Twelfth International Congress of Navigation, Philadelphia, 1912,
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some time. The physical aspects of the project were investigated by
the State Department of Public Works in cooperation with the Sacra-
mento Chamber of Commerce. The investigation was made under the
direction of the late Major Paul M. Norboe. The results of the investi-
gation were reported under date of October 7, 1922. The economic }
aspects of the project, including a terminal port at Sacramento, were
investigated by the C. E. Grunsky Company, Engineers, who reported
under date of February 28, 1925. The Grunsky Report includes the
Norboe Report as an appendix. Both are drawn upon freely in the
following discussion of the project :

Of several plans studied : “Alternative IV, known as the Norboe plan,
with such changes in alignment as may be indicated during the preparation
of detail studies, appears to be the most logical and feasible plan for a ship
canal to Sacramento.,

*The canal and port should ultimately provide facilities for the larges
vessels which are likely to make use of such a canal. Construction may b
progressive beginning with a canal and harbor 26 feet in depth, but lookin
to a canal with ultimate depth of 30 feet,

® The project contemplates the continued maintenance of at least a 35-fool
depth (M. L. L. W.) through San Pablo Bay ; maintenance of the same dept
through Suisun Bay and the San Joaquin or Sacramento rivers to the loes
tion of the southern end of a proposed canal.”? * * %

“In the report principal consideration is given to a canal 30 fe
deep below mean low water, having a bottom width of 160 fee
Estimates were also prepared in less detail for a canal 26 feet deg
with a bottom width of 100 feet. A summary of the estimated cost o
the 30-foot project is as follows :

® The hinterland, or region which will contribute to the business of a
ramento deep water port, if there be no competition of a second interior
water port, is the Great Central Valley of California and adjacent mou

slopes. The dependable tributary district is the Sacramento Valley and : (
cent counties, a region with a present population of about 300,000, an b
assessed valuation of real estate and improvements of about $325,000, W

¢ While it is possible, or even probable, that with a port at Sacram
first in the field the already important shipping center of Stockton

become a lighterage tributary and load its shipments on ocean carrif £
Sacramento wharves, a conclusion based upon such a contingenecy th!
not be justified. Your Commission should face facts at the very e,
of your investigation and it is a fact that Stockton, already taking S ha&
in that direction, can at any time with the improvement of an existing Wl

Wway somewhat shorter than the wholly artificial Sacramento ship h
become a competing port to which favorable differentials in freight ar
would draw shipments south of the Mokelumne River. 3 be;
; tong

In the economic study made by Mr. Grunsky, only the Sacra ing
Valley and adjacent counties north of the Mokelumne River an ;

* Report on the Economic Aspects of a Sacramento Deep Water Ship
C. B. Grunsky and Leonard M. Cox, p. 111.

? Grunsky Report, p. 3.

¥ Grunsky Report, p. 39.

*Grunsky Report p. 55.

> Grunsky Report, p. 5.

* Grunsky Report, p. 6,
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assumed to be tributary to the port at Sacramento. The total area
of the 20 counties within this district is said to be 26,215,680 acres of
which 8,148,827 acres are in farms valued at $577,428,862 according to
the 1920 census.

! From computations made by the State Board of Public Works, Division of
Engineering, the total cultivatable acreage comprised within the district
appears at 5,295,600 acres.

20Of the freight which originates in the dependable tributary area about
450,000 tons per annum is of a character which could be handled through
a Sacramento port. Of incoming freight the amount which could better
reach this area through a Sacramento port than through any other water
terminal is about 125,000 tons.

The above estimate of tonnage is based upon present conditions.
Of the exports, probably grain would be the largest item, estimated
at 230,000 tons annually.

3 Assuming cargoes of from 5 to 10,000 tons, this total would annually

bring to the port some 25 to 40 ships—peaked during the season of grain
movement.

Any improvement, such as the proposed Sacramento Canal, will
obviously contribute to general prosperity and growth of population,
and increased activity. Industries will be attracted to Sacramento on
aeccount of the deep waterway.

The forecast of future outbound water-borne freight originating in
the Great Central Valley is given on page 52 of the Grunsky Report
as follows, in tons:

Origin 1930 1940 1950
Canal Hinterland (north of Mokelumne River) _ 650,000 850,000 1,050,000
San Joaquin Valley (South of Mokelumne River) 850,000 1,050,000 1,450,000
fotals cooemoptnaeile onlnad Sy vt e eny pe -~ 1,500,000 1,900,000 2,500,000

The figures for the ‘‘Canal Hinterland’’ are based upon business
which would belong solely to the Sacramento Deep Water Canal,
regardless of whether there be established an additional port in the
Central Valley of California. The totals represent the tonnage to
be expected upon the assumption that no other new port be established
which would draw water-borne freight from the Great Central Valley.

It is probable that a deep waterway either to Stockton or Saera-
mento would serve the Great Central Valley. As previously stated,
the War Department has approved construction of the Stockton Chan-
nel and the matter is now before Congress. The Sacramento Canal
has not been made the subject of investigation by the War Department.

ether one or both deep waterways are built the tonnage to be
handleq through the locks at the proposed Salt Water Barrier would
be al}ou‘c the same, estimated as above at from 1,000,000 to 1,500,000
tons in 1930 and inereasing perhaps to 2,500,000 tons in 1950. Assum-
g that cargoes carried on the deep waterways average 5000 tons,
40 annual report of 2,500,000 tons would not tax the capacity of the
: D locks proposed as they would be required to handle, on an average,
—Y 0me or two large boats a day each way from that source. The

1

:G:‘SI‘SRY Report, p. 7.
1 apilsky Report, p. 5.
0sky Report, p, 17.
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navigation channels in either case would probably be built first to
a depth of 26 feet below mean lower low water with the idea of
inereasing the depth as required. The depth over the sills at the
ship locks need be no greater than in the channels above the barrier.
Dimensions of constructed canals are of interest in the study of
ship locks as they indicate the present requirements of large vessels.’
Some of the more important canals are as follows:
Bottom width Depth of Water

ST e e S B e 108 feet 36 feet
MANCHESEOr — e o e 104 feet 28 feet
Amsterdam (North Sea)-——-———-——m———m——m——mm———— == 164 feet 32 feet

144 feet 35 feet

North Sea-Baltic (Kiel)-woe—commmmemmmmmmmmmm o=

2 The dredged channel below the ship locks in the Lake ‘Washington
Canal, at Seattle, has a bottom width of 150 feet and a depth of 308
feet at low water; from the locks to i i
wide on the bottom and 36 feet deep has been dredged; and between
Lake Union and Lake Washington, the channel is

of commerce.
SALT WATER BARRIER LOCKS

General Features. .
The number and size of the ship locks at the various sites for the
proposed barrier are subject to the following considerations:
(a) Requirements of present and future water traffic.
(b) Loss of fresh water.

(¢) Incursion of salt water.
It has been assumed that no serious interference with water traffi

will be tolerated; consequently the time consumed in locking shoul
be reduced to a minimum and the number of locks should be sufficient
preclude the liability of waiting for other vessels beyond a reasona
limit. A bridge with a lift span at the locks would not be an obstruet
to navigation if water traffic were given precedence. Each lock probd
bly would be unwatered for renovation during a period of a week or:
annually. Delays at such times might be permissible but there sho
be facilities for passing all classes of traffic when one lock is ino

tive. ‘
Ship locks of the following dimensions were selected for study

various combinations:
Depth o
Inside Length between sills b
width service gates mean Se
Aot AR bR W RS et e 200 feet o —em—mmm—mm 26 feet
60feet ket SV 7 L T gl ST 500 feet-——————m———m e m—mmm— 33 feet
80 feet e 895 feet o e —mmmmm e mm 40 fee
170 feetoamooana im0 A== 1000 feetmmmmmmm e 44 fe

d

As shown on the drawings, intermediate lock gates are utilized W
vesults in a greater variety of lock sizes than indicated above. ;

1.
1

Loss of Fresh Water.
The loss of fresh water can be minimized with locks econo n;"i‘i"
uited to the size of vessels. Intermediate lock gates allow adjust

1 Grunsky Report, p. 122.
3 Military Engineer, July-August, 1920, p. 322.
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in length; and in the final designs it may be practicable to provide
economy in depth by dividing each gate leaf into two parts along a
horizontal plane so that the upper section can be moved independently
of the lower. No adjustment in width appears to be feasible, however,
and a choice of different sized locks is the only recourse. The 110-
foot lock should be reserved for warships so far as practicable. Empty
lockages are a source of waste that can be largely avoided with locks in
generous number, if the saving in water justifies the expense of their
construction. The alternative of detaining a vessel until one has
passed in the opposite direction is not consistent with locking provisions,
as previously stated.

Incursion of Salt Water.

The remedy for excessive salt water incursions is similiar to that
for saving the fresh water. Heonomie depth is probably of prime
importance in this case, owing to the tendency of the heavier salt
water to progress upstream along the bottom of the channels.

Analysis of Water Traffic.

Comprehensive records of traffic at Point San Pablo, Dillon Point
and Army Point were obtained from continuous observations during
a period of about 27 hours on July 6 and 7, 1925. Incidentally, the
traffic for 24 hours of this period has been summarized in Table 6-24.
The purpose of these observations, however, was mainly to secure data
for analyzing the operations of several combinations of locks with
tvaffic as it actually oceurred. These analyses depend upon assump-
tions as to the time required for handling vessels. In Table 6-25 the
time consumed in locking through the 40 feet and 80 feet locks has
been estimated from experience gained at Lake Washington locks near
Qeattle which also furnish a good indication of what may be expected
in operating the others. It is believed that the figures are conservative.
No distinction, as to time of operation, has been made between the two
divisions of a lock having intermediate gates and the lock as a unit.
1t is assumed that vessels will proceed through the locks under their
own power. Officials at Tiake Washington are of the opinion that tow-
ing locomotives would not expedite the lockages at that place although
they are used at Panama.

The above mentioned analyses of lock operation; with respect to the
traffic on July 6 and 7, are given in Tables 6-26 to 6-33 inclusive. It
is assumed that advance information will allow all empty lockages to
be_ completed hefore approaching vessels have arrived at the locks.
River hoats less than 150 feet in length could enter the 40-foot lock
but a tug with tow might exceed its capacity unless the one were less
than 60 feet in length and the other less than 150 feet. The summary
(Table 6-33) shows that a reduction of time lost in waiting for passage
¢ be accomplished only by sacrificing economy in the number of

0cks and lockages, and by introducing long periods of idleness when
the traffic is not at the peak.

. If vessels arrived at the locks in suitable order, or if long delays
I passage were permissible, one or two locks at any of the sites con-
:%ered would he ample. This will be evident by inspection of Table

- With only two locks at the Army Point site one lock would have
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heen in operation only 7 hours and 42 minutes out of 24 and the other
14 hours and 50 minutes, according to the assumptions made.. With
only three locks at the Point San Pablo site, the lock working over
the longest period of time would have been in operation only 18 hours
and 40 minutes out of 24.

By increasing the number of locks at Army Point to three, the cal-
culated number of delays was reduced from 32 to 21; the total waiting
time was cut from 7 hours and 52 minutes to 2 hours and 34 minutes;
and the maximum single waiting was reduced from 1 hour and 10
minutes to 30 minutes. The total number of lockages was reduced
from 100 to 98 but in all other cases the number of lockages, and
therefore the tendency to feed salty water into the upper bay, increases
as the number of locks is inereased. |

By increasing the number of locks at the Point San Pablo site from &
three to five the calculated number of delays was reduced from 71 to
45; the total waiting time was cut from 32 hours and 28 minutes to
> hours and 8 minutes; and the maximum single waiting was reduced
from 1 hour and 88 minutes to 13 minutes. The number of lockages
was increased from 118 to 131. Some other use of the locks undoubtedly
would have resulted differently. The man who made the analysis was
placed in the position of the superintendent of the locks who would
dictate the program of lockages. :

The total time occupied by a boat in passing the barrier, including
time required in the locking process and time lost in Waltmo to he
admitted into the locks, is an important consideration and has muel
to do with the selection of the number of locks to be built at any s
With the locks clear, the time required to lock a single vessel past th
barrier, according to Table 6-25, varies from 5 minutes for a sm
tug ‘rhrough the 40-foot x 200- ioot lock to 55 minutes for a large s
through the 110-foot x 1000-foot lock. During peak periods, howe
the locks must be operated to the best advantage, which requires
two or more vessels be passed at each lockage. Thlb expedient res
in better overall efﬁc1encv but introduces some delay to boats

which there is not room in the lock, or which arrive at the locks ¢“j )
too late.”” The following summary has been prepared to show the
tion between the maximum time required at locks, had they been i
operation at the various sites on July 6 and 7, 1925 according:
the assumptions shown in Table 6-25. In each case the period Ic
Waltlng and locking which resulted in the maximum time at the loe P
is shown. : W
3 Time at locks—DMi sh
Site Combination of Locks Waiting Locking t
Army Point 1-40x200" and 1-80’x825'__________________ 70 20 &
1-40'x200’, 1-60’x500’, and 1-80'x825’______ 0 60 in
Dillon Point 1- 40’x200’, 1-60’x500, and 1-80'x825'_—_____ 41 65 1
1-40'x2007, 2-60'x500, and 1-80'x825’______ 8 65 01
Point San Pablo 1-40'x200", 1-80'x825’, and 1-110’x1000’____ 98 95 ‘
1-40'x200%, 2-80’x825”, and 1-110x1000’-___ 39 65
1-40'x200%, 1-60'x500, 2-80'x825’ and at
T O AT B AR IS T 10 90 wh
: : ; 1 oSt
The two days preceding the observations were holidays and the
was probably in excess of the average. From Plate 6-2 the ma
number of vessels passing San Pablo Strait in 24 hours, for the ﬁum
shown, was 151, while the number was 145 on July 6 and 7.  Pojy

latter probably may be taken as close to the peak for this time of y
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It is not unreasonable to assume a corresponding fluctuation at the
other sites with the data contained in Table 6-24 representing their
heaks.

\ Plate 6-1 indicates that the occurrence of the annual peak is not
regular, but the spring months show more than average activity. A
longer period of record might establish the seasonal fluctuation. The
class of transportation which predominates at Rio Vista is subject
to greater irregularity than that farther downstream and records for
short periods at the proposed dam sites should be closer to the maxi-
mum. Seasonal uniformity is not sufficiently well assured, however,
to justify the assumption that traffic shown in Table 6-24 is never
exceeded and provisions for present traffic should recognize this con-
tingency.

Table 6-34 gives the estimated number of vessels and lockages per
year under present conditions in comparison with records at. Lake
Washington. The figures contemplate similar fluctuation at the three
local sites with an average for each equal to 105/145 of that on July
6 and 7, shown in Table 6-33. The numerator of the ratio is the aver-
age for San Pablo Strait from Plate 6-2 and the denominator is the
traffic at the same place on July 6 and 7.

Table 6-34 shows that the amount of traffie which passes through
each of the locks at Liake Washington exceeds that contemplated for
the locks at the Salt Water Barrier as discussed in the following para-
graphs. The annual traffic at the barrier may, however, exceed the
estimate and even if the latter be representative the greater capacity
of the Liake Washington locks might be accounted for in a number of
ways. There may be a larger percentage of small vessels at Lake
Washington, requiring less time per lockage and the element of waiting
may not be avoided to the degree deemed desirable at the barrier.
Comparison is therefore dangerous without complete knowledge of
the facts. Moreover, Liake Washington was not accessible from Seattle
Harbor before the construction of the locks, hence as a hindrance to
navieation the latter have not the same status as locks in a channel
hitherto unobstrueted.

Provisions for Ship Locks in Preliminary Estimates.

With the July 6 and 7 observations as a basis, it is evident that
locking requirements ean be satisfied with least expense at the Army
Pomt site and conditions are most unfavorable at Point San Pablo.

ile it may be claimed with some justice that data are meager, they
Show a relation that might be expected, and there can be no reason
10 question their value for comparison. It is probable that any error
ifroduced by using the records as an indication of traffic during
ger periods is very nearly the same at all sites.

at'lt‘ﬁble 6-33 indicates that a uniformly generous provision for traffic

W€ various sites is satisfied by locks in the combinations listed below
ey have been adopted in the preparation of the preliminary
Hates presented in this report.

Number of locks of indicated size

40'2200°  60'2500°  80'm825°  110'21000'  Total
L . e 1 1 1 0 3
R 1 2 1 0 :
I N T 1. i 2 1 5
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It is believed that under present conditions there are no vessels
passing Army Point and Dillon Point sites that could not be accom-
modated by the 60-foot lock. At Point San Pablo large vessels could
use either of the 80-foot locks. Two 110-foot locks might be deemed
necessary at this site in case one needed repair at a critical time, but
in this report it is assumed that one would suffice.

Indirectly, the barrier will induce a more timely arrival of vessels
at the locks, which will offset, in some degree, the future increase of
traffic. Observations show a marked tendency of vessels to follow the
tides as exemplified by the classification in Table 6-35. This character-
istic of the July 6 and 7 observations is sufficiently well established to
preclude the possibility of accidental coincidence. The tidal prism
above the barrier will be eliminated and its volume, for some distance
below, will not reach the quantity necessary to produce a strong cur-
rent. Vessels should, therefore, arrive at more regular intervals and
avoid the congestion to be expected intermittently under present tidal
conditions. Since the peak of the traffic will determine the number |
of locks, if delays are to be avoided, it is evident that some advantage™|
will result. Allowance for this condition can not be made with any
degree of assurance, however, and it is safer to recognize it as a margin®|
of safety rather than justification for modifying locking requirements

Provision for ultimate traffic should not be necessary at the time th
barrier is constructed since flood control on the upper rivers will doub
less improve to permit the replacement of flood gates by locks as th
need for the latter develops. Consideration should, however, be given
to the requirements of the immediate future. |

BRIDGE TRAFFIC

Provisions in Preliminary Estimates.
Provision is made for a bridge across the barrier in all but four ¢
the preliminary estimates. The vertical clearance, with movable §
in the lowered position, is 50 feet above high water with one exce
where 135 feet is provided. The latter is, consequently, not subje
any objections arising from interference with water or bridge tr.
and is excluded from discussion in that connection. Bridges
50-foot clearance have a fixed span over the 40-foot by 200-foot le
as previously stated, and lift spans over all others. .
The study of railroad and vehicular traffic has been correlated w
the passage of vessels through locks which have been selected a
three sites for estimating purposes. The precedence of water t
is thus assured since the analyses of lockages do not take the b
into consideration as a source of delay. Bridge traffic is conside
subject, at all times, to the convenience of navigation.
Under the foregoing conditions a determination of the interru
to bridge traffic involves assumptions concerning the operation
lift spans over the locks. Experience at the bridges across th
Washington ship canal and data on a number of other lift b
together with some arbitrary assumptions, have contributed
figures presented in Table 6-36, which is the basis of the stud
With a bridge located at the lock gates the period of interr
will depend upon the direction from which the vessel appre

vl T e e B e

et
=S
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The period will be shorter when following a lockage than when pre-
ceding it. In the former case the vessel would be stationary in the
lock a short distance from the bridge which need not be raised until
the lock gates are opened to permit its departure. The interval
between the raising of the bridge and arrival of the vessel is therefore
very short even when the average speed of approach is assumed to be
only one mile per hour. Coming from the opposite direction, however,
safety would require a greater margin in time, because the vessel might
not come to a stop before passing the bridge and its speed of approach
would not be under such direet control by lock officials. At the Great
Northern Railway bridge across the Lake ‘Washington ship canal the
lift span is raised when a vessel is about 1000 feet distant, and the
gpeed of approach has been observed to average about two miles per
hour. It is assumed that similar conditions and requirements will
prevail at the barrier. The lock gates are deemed the most favorable
location for a bridge by offieials at Lake ‘Washington.

With a vertical lift bridge at the barrier the span would be raised
85 feet from lowest to highest position. An assumption of one and
one-quarter minutes for this operation is consistent with standard
practice and would apply as well to a bascule bridge.

It is impracticable to allow for differences in the time required for
_yessels to pass the bridge. The interval has been made constant by
assuming an average length of vessel of 300 feet and a speed of one
and one-quarter miles per hour, to apply to all passages.

During the observations of July 6 and 7, 1925, vessels passed simul-
taneously. If they were destined to use the same lock, however, it
would be necessary for one to have precedence over the other whether
their directions were the same or opposite. If they arrived from
opposite directions a lockage would occur between their times of arrival
at the bridge and a lift span operation would be necessary for each
vessel, but if their directions were the same there would be but one
lift span operation which, however, would cover a longer period to
include the passage of both vessels at the bridge.

It is assumed that the movable spans, in their lowest positions, will
not interfere with the passage of fishing boats, yachts, tugs with or
without tows, or river boats less than 150 feet in length, but must
be raised for all other vessels.
~ The operation of the lift spans during a continuous period is analyzed
m Tables 6-37 to 6-40, which show the effect on bridege traffie. It is
Obviously necessary to assume the location of the bridge before the

mterference of a vessel with overhead traffic can be expressed in a
Period of time. Tf the number and size of vessels proceeding in opposite
. Wirections were the same, which would be virtually the case over a long

Period, no ultimate inequality would be introduced by such an assump-
S ion, but in a limited period an advantage will be indicated by ome
- E the other of the two locations (the upstream or downstream lock
' .gates) which reflects the error due to the brevity of the observations.
o0 all estimates for a barrier at the Dillon Point and Point San
: Sites which provide for a bridge, the upstream lock gates mark
M °‘;atf§il and i@ occupies a similar position in the best arrangement
g my Point-Suisun Point site from the standpoint of cost
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(Estimate No. 4). The operation of the lift spans has, accordingly,
been analyzed for this location.

In the case of vessels approaching the bridge from the side away
from the locks (proceeding downstream in the cases that have been
studied) the time of arrival at the bridge and locks is practically the
same and has been so assumed. The time at which the lockage is com-
pleted has been taken to represent arrival at the bridge when approach-
ing from the locks. Owing to the fact that the time consumed in
lockage provides for the passage of a vessel beyond the restricted water-
way at either end where it could not pass another vessel approaching
the same lock, the arrival at the bridge would actually occur within
the lockage period. It is impracticable to estimate the exact time of
arrival for each vessel and no advantage would acerue since all arrivals
would be advanced a small fraction of time without altering the result.

The average length of vessel passing the barrier sites increases with
proximity to San Francisco, hence the assumed average of 300 feet,
which fixes the time consumed in passing the bridge, is on the safe
side at Army Point and presents the situation somewhat too favorably -
at Point San Pablo if the assumption is correct for Dillon Point, the
intermediate site. Further refinement is not warranted by the period:
of observation however. :

Table 6-40 is a summary of bridge traffic interruptions at the three
sites during a 24-hour period on July 6 and 7, 1925. In drawing e
clusions the growth of navigation merits serious consideration but it i
believed that the figures show a fair margin to provide for this con:

tingency.
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CHAPTER VII

STORAGE IN DELTA CHANNELS AND BAYS
Purpose of Study.

The principal object of the study was the determination of the
amount of water which could be stored behind a barrier constructed
at any one of the three sites investigated. A second object was the
development of data for use in the studies of salinity and silting of
the bays.

Storage behind the barrier will include not only that in the bay
or bays, as the case might be, but also that in the lower river and delta
channels to the point where the level of the pond intersects the slope -
of each river. In the following paragraphs the storage in the river
and delta channels, and in each bay, will be considered separately.

Storage in the River and Delta Channels.

In determining the amount of storage in the lower river and delta
channels above the confluence of the Sacramento and San Joaquin,
approximately 400 typical cross-sections of the various channels were
selected from maps on file in the U. S. Army Engineer office, 2d Dis-
trict, drawn to scales of 400 and 800 feet to the inch. Cross-section
notes were prepared by scaling on the typical sections distances between
soundings made by the Army Engineers. Distances between typical
sections used in the calculation of volume were also scaled from the
same maps. As the work progressed, the typical sections were located
on smaller scale maps and numbered consecutively. These maps are
ineluded in this report as Plates 7-1, 7-2 and 7-3. As it was not possible
to obtain information on soundings covering the entire delta region
during a recent short period of time, it was necessary to use data
obtained as of 1908, 1913 and 1920.

There are a few short sloughs east of the Mokelumne River, and
drainage canals west of the Sacramento River, on which no soundings
have been made. The volumes of the sloughs east of the Mokelumne
were calculated by multiplying their approximate end area at the
junction with the Mokelumne by one-half their scaled lengths. The
storage in the drainage canals west of the Sacramento River was
estimated by using sections which appeared to have the proper dimen-
sions for excavation necessary to construct the dikes whose approximate
dimensions were known. The quantities obtained from these two
sources are very small in comparison with the whole and an error in
either would not materially affect the result. ;

Results of the study of the lower river and delta channels are shown
on Plate 7-4. The data are summarized on Curve No. 6. It will be
noted that the area and volume curves do not extend below elevation
—3.6 nor ‘above elevation - 6.4, referred to mean sea level (0 to 10
i ts Engineer Datum), the former being the plane of mean lower low

ater at the mouth of the rivers, below which it is considered the water
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behind the barrier will never be drawn, and the latter being the
extreme height to which it is believed water will ever be stored. Ele-
vation -+ 6.4 is only 0.3 feet below the high water of the 1907 flood in
the delta region. While storage to that elevation is not advocated
herein, it is possible that at some future time the delta levees might be
enlarged and strengthened to make this feasible. The only object in
extending the curves downward would be to furnish data for compari-
son with earlier data in the study of the reduction of storage in the
delta channels caused by silting. Since comprehensive earlier data
are not available for the delta region, the comparison can not be made.
The storage below elevation —3.6 U. 8. G. S. (0, U. 8. E. D.) is,
however, indicated on each curve. ‘
- It was not determined whether the surveys of the delta region by °
the Army Engineers have ever been ‘‘tied in’’ by carrying levels
to or from the U. S. G. S. Bench Mark (Elevation 5.98) at Benicia,
but it was assumed that they are based upon the same datum. Should
it be found in future studies that this is not the case, adjustments
should be made since the studies of the area and volume of the bays,
and of Carquinez Strait, are based on the elevation of that bench
mark.

Storage in the Bays.

The results of the study are shown on Plate 7-5 and in Table 7-1. If
will be noted in this case that the curves have been extended from the
bottom of the bay to elevation + 6.4, U. 8. G. S. (10, U. S. E. D.) the
latter having been selected for reasons previously stated.

Points on the area curves were obtained by planimetering, on the
most recent U. S. Coast and Geodetic Survey Charts (No. 5533 of Jun
1925, and No. 5534 of March, 1925), the area enclosed within contou
drawn at each fathom (6 feet) of depth below mean lower low wa
the datum plane to which all soundings shown on the charts are refer
The charts are included with this report as Plates 2-3 and 2-4, res
tively.

The depths shown on the charts are referred to mean lower
water at the nearest tide gage established by the Coast and Geod
Survey. The datum plane is not at the same elevation at all locali
It is not a gradually sloping plane between points of change, but
series of steps, the area of which are laid down arbitrarily from f
to time as the need arises.

Since the elevation of the plane of mean lower low water is n
same at the various tide gages throughout the bays, it was nece
to determine the average elevation of this plane of reference fo

R
three divisions of the bays for which curves are shown on Plat q
Furthermore, it was necessary to determine the relation of this )
ence plane to mean sea level in order that the curves for the t
and those for the delta region, could be drawn upon the same | 1]
Data available in the San Francisco office of the U. S. Coast an 1
detic Survey, relative to tides at various points in the area under h

sideration, are shown in the following table:
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TIDE DATA FOR SAN PABLO AND SUISUN BAYS

Location of gage Mean H. H. W. Mean tide Mean sea level Mean L. L. W.
Point San Pablo—————._———— +2.65 0.00 #—0.04 —3.25
Mare Island—_——_————_ e I 0.00 —0.04 —3.58
Crockett - - +2.95 0.00 Not given —3.55
Benicia ————————mmmmeo +-2.92 0.00 —0.14 —3.55
Martinez ——————— ——————— +2.92 0.00 —0.14 —3.55
Bay Point - -+2.90 0.00 Not given —3.40
Ryer Island - - +2.78 . 0.00 Not given —3.45
collinsville — e +2.60 0.00 -+0.04 —2.91

# Relation to mean sea level assumed same as Mare Island.

The caleulations made resulted in the establishment of the following
relations:

Section Mean H. H. W. Mean tide Mean sea level Mean L. L. W.
gan Pablo Bay—-————————— -+2.80 0.00 —0.04 —3.40
Carquinez Strait.—_________ 12.95 0.00 —0.09 —3.55
Suisun BaY ———ommmmmmo—- -+2.85 0.00 —0.05 —3.40 .

Tn determining the location of the average mean lower low water
plane in San Pablo Bay from which soundings were taken, and its
relation to mean sea level, it is assumed from the shape of the bay and
tributaries that half of the soundings were referred to the Mare Island
gage and half to the Point San Pablo gage; and that mean sea level
at Point San Pablo is 0.04 foot below mean tide level at the same point.

For Carquinez Strait an average of the gages at Mare Island and
Benicia was used for the relative positions of mean sea and mean tide
levels and it was assumed that mean lower low water is — 3.55, gages at
Benicia and Crockett being adjacent to the entire area.

For Suisun Bay, which is very irregular in shape, it was estimated
that soundings over probably one-twelfth of the area were referred to
the gage at Collinsville, two-twelfths to the gage at Benicia and nine-
twelfths to the average of the gages at Bay Point and Ryer Island.
An average of the relative positions of mean sea level was taken for
the gages at Benicia and Collinsville.

From the above table it was found that the relative position of ele-
vation - 6.40 U. S. G. S., above the average mean lower low water
for the three sections, is as follows: San Pablo Bay, 9.76 feet; Car-
quinez Strait, 9.86 feet; and Suisun Bay, 9.75 feet.

The curves shown on Plate 7-6 were used in the early studies but
are superseded by those on Plate 7-5 which are based on the latest
charts. A comparison of the two sets of curves throws some light
upon the deposition of silt in the upper bays.

Volume of Tidal Prism Above Barriér Sites.

As used in this chapter the term, ‘‘volume of the tidal prism,”’
should not be confused with the same term as used in Chapter V.
Tl}e tidal prism, as discussed in Chapter V, is the portion of the bay
¥ing between the plane of mean lower low water and the surface of

e bay at mean high tide, the bays’ surface being curved vertically for

€ reason that no phase of the tide occurs simultaneously throughout

‘ hai' bay System. In this chapter it is assumed that tidal movements
€ been eliminated through construction of the Salt Water Barrier.
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The water surface, therefore, would be a level plane and the volume
of the tidal prism would be an altogether different amount than con-
sidered in Chapter V. '

The calculated volume of the tidal prism upstream from each barriep
site is shown on Plate 7-7. As before, the curves are drawn between
Elevations — 3.6 and -I- 6.4, U. 8. G.S. (0 and 10, U. S. E. D.). These

beneficial use and in the operation of the barrier. For convenieng

reference the data shown by the curves have been summarized in
Table 7-2.
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CHAPTER VIII
SILT

General.

As far as could be learned, no extensive study of silting of the San
Franecisco Bay System has been made other than that by Grove K.
Gilbert, whose report was published in 1917 by the U. S. Geological
Survey as Professional Paper 105. The Army Engineers have made
yarious studies of shoaling in dredged areas, including those recently
made of the dredged channels in Mare Island Strait and across Pinole
Shoal.

In this chapter it is the intention to cover the subject in a general
way, only, and in so doing an attempt will be made to summarize
information obtained from other reports, adding data that have been
secured during the progress of this investigation. Conclusions as
to the effect of a Salt Water Barrier upon silting of the bays, and
upon the Golden Gate Bar, can be drawn only after studies more
comprehensive than it was possible to make with funds available for
the present investigation have been made. Mr. Paul Bailey, on page
46 of his Supplemental Report on the Water Resources of California
(Bulletin No. 9), states that studies of the effect of the barrier on silt
deposits in Suisun Bay and San Pablo Bay, and on the flood heights
in the lower river region, are being conducted by the Division of
Engineering and Irrigation, but that additional money will be required
to complete them.

Formation of the Bays.

In U. S. Geological Survey Folio 193, ‘‘Geologic Atlas of the United
States,”” Mr. Andrew C. Lawson states that San Francisco Bay is a
submerged valley and is a most notable example of a great harbor
formed by the influx of the sea into the low parts of a subsiding coast.
Before submergence, the river that drained the Great Central Valley
probably flowed between Tiburon Peninsula and Angel Island and
thence, through the gorge of the Golden Gate. Mr. Lawson states
further that :

Outside the Golden Gate, extending out to the Farallon Islands, there is
a broad submerged embankment, which lies beneath an area of very shallow
water. This embankment probably in part represents the delta of the ancient
tiver that once flowed through the Golden Gate before the depression, but
it has been also in part built up by deposits of fine silt, which in the flood

?ﬁason are carried through the bay of San Francisco and dropped outside
he gate.

At the time the valley became submerged the seat of deposition of
fee sediments brought down by the rivers from the interior was trans-
eo;r:d from a delta outside the Golden Gate to the bays which, as a
gmve&luence, are gradually filling up, the coarser and more pervious
B!mdes and sands having been buried by silt, elay, or dark colored
Y mud, as indicated by the logs of the holes drilled.
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According to Gilbert, there ig Some reason to believe that the areas
in which the debris comeg finally to rest are undergoing a slow down-
ward movement, but after g review of the evidence, the possible eco-
nomic subsidence Seems to be limited to San Francisco Bay proper.
In Supporting thig contention My, Gilbert gives as reference: (1)
Lawson, A, C., The Post-Pliocene Diastrophism of the Coast of South.
ern Cah'fornia; California Uniy, Dept. Geology Bull,, Vol 1, No. 4,
pp. 115-160, 1893; The geomorphogeny of the coast of northern (ali.
fornia , Idem., No, 8, pp. 241-272, 1894, (2) Trask, J. B., report on the :
geology of the Coast Mountaing ang part of the Sierra Nevada, p. 27,
1854,  (3) Newberry, J. 8, U 8 Pacific R. R, Ex. pl., Vol. 6, pt. 28

i

by the Haywards fault extending along the southwestern face of th
Berkeley Hillg to Pinole Point, acrogs San Pablo Bay in g northwester
direction, ang along the northern edge of Petaluma Valley. In tp
eastern area the latest recorded movement, according to Mp. Gilber
was downward, byt the changes have not been the same as for th
western area. Since Sacramento Rj €T excavated the Carquinez gor,
there have heen three distinet changes; first, a subsidence of more th
100 feet; second, an elevation of more than 50 feet; and thip

subsidence of about 30 feet. J oS Newberry hag noted that the up.
was not shared by San Franecisco Bay. While the latest recorded m
ment in both areas ig downvvard, it 1g indeterminate whether this mou
ment is still in brogress, but it ig reasonably safe tq assume that it

sinee the development of deltas in the bays by streams from
neighboring hills s tomparatively small. There are deltas be
deveIoped, but they are not being extended to the marsh plane,

marsh planes have been built up by the water, Had subsidence ¢
place rapidly and reached completion before the building of the m,

)

1n
lands the wavyes would have made their records on the coastal g 8
and that recorq would now be visible but such is not the case 4
facts would indicate that subsidence hag continued go nearly 16

t
bresent time ag to establish the bresumption that it ig still in pro
and that the general rate of subsidence iy ng more rapid th tain

upward growth of the marsh lands. fgg“
On page 23 of his report, Mr. Gilbert says: addl-l;
The general fact appears to be that the delta deposits, including ¢ to“'é{l
marshes and thejp silt rimg, rest Ol a pre-existent surface with alluvial deb“f
and that the outlet of the earlier drainage, like that of the present Suj
ward to the Suisun Basin. Ip all probability these slopes record ! CDarts,‘
Great Valley an epoch in which the Sacramento anq San Joaq E gbﬁrqul
flowed as a river through the Carquinez ang Golden Gate gorges to tl 0al,
and the bresent bays did not exist. Since that epoch the delta tbo ar,
subsided through 5 vertical distance equal to the maximum depth 0! if Der
plus the faqq of the ancient riyer between the bassage at the B
Hills and jtg mouth, (21,§ 9(
This Subsidence ig the latest recognized vertieal movement o T

in the deltn region. It may have been slow and continuous,
been interrupted by period of rest or of elevation, It may ha )€
pleted long ago or it may be still in brogress. If it wag comyj ; of
ago, it created g bay in the Great Valley, a fourth bay of the Sar

chain, ang within thig bay the delta plain was afterward built.
gradually anq slowly and ig still incomplete, the growth of the
may have kept pace with it, breventing the formation of a ba

e ———

It 1
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If subsidence is accepted as the general character of crustal movement
at the present time, alike in the bay region, the delta region, and the Sacra-
mento Valley, it does not follow that the change has everywhere the same
rate. Diversities such as have characterized the movements of the past in
different areas may plausibly be ascribed to those of the present.

Changes in the Bays Due to Silting.

The following extracts from Mr. Gilbert’s report indicate the changes
that have taken place in the bays due to silting:

The streams that discharge to the chain of bays (Suisun, San Pablo and
San Francisco) deliver along with the water a quantity of fine detritus, con-
gisting of mud and sand. Lodging on the bottom the detritus tends to shoal
the bays, and combining with vegetation along the margins it tends to con-
tract them. These tendencies are opposed by the slow subsidence of the
land, and in the natural condition of the region there may have been an
approximate balance between the opposed factors. If such a balance existed,
it has been overthrown by the activities of the white man, which have so
increased the detrital loads of the streams that the bays are now losing in
depth and area.

The water of Sacramento and San Joaquin rivers reaches first Suisun Bay,
then San Pablo and San Francisco bays, and then escapes through the Golden
Gate to the ocean. The forward movement is not continuous, but is reversed
twice a day by the tides, with the result that many eddies are formed and
the river water is gradually mingled with ocean water. The river water is
also carried to all the remoter reaches of the bays. The sediment is widely
spread within the bays, mingling with smaller quotas from minor streams.
1t is evident also that a part of it reaches the ocean, for in times of flood, while
the rivers are turbid and opaque, the outgoing tide through the Golden Gate
shows a tinge of yellow.

Some information as to the extent and distribution of the recent deposits
is afforded by the charts of the United States Coast and Geodetic Survey,
which give soundings in all parts of the bays and at different dates. Complete
surveys of Suisun Bay were made in 1867-68 and in 1887-88. A complete
survey of San Pablo Bay was made in 1856, a small part was resurveyed
in 1887, and the remainder was resurveyed in 1896. The northern part of
San Francisco Bay was surveyed in 1855 and again in 1895-1901 ; its
southern part in 1857-58 and in 1895-1899.

The interval of 20 years between the two surveys of Suisun Bay included
16 years of the most active hydraulic mining, together with the 4 years
immediately following, when the temporary deposits of debris in the moun-
tains presumably yielded their maximum quantity of waste. The interval
between surveys of San Pablo and San Francisco bays, averaging for all parts
about 41 years, covered the same time as the Suisun Bay interval, with the
addition of an earlier decade during which hydraulic mining was advancing
toward its maximum and a later decade during which the flow of mining
debris was slowly diminishing.

Suisun Bay (See Plate 2-4) is relatively deep in the southern and middle
parts, .Where it ig traversed by a group of channels from the river mouths to
Carquinez Strait. Among the channels are islands and a broad, irregular
shoal, to part of which the name Middle Ground is given. At the north are
two arms, broad and shallow, known as Grizzly Bay and Honker Bay. In

th‘e period of 20 years the shoals, having a total area of about 30 square
£ nn'les, received an average deposit of 1.63 feet, the quantity of sediment
being 50,000,000 cubic yards. The depth of fill was greatest in Honker Bay
T feet) and least on the Middle Ground (1.25 feet). The channels are
Tegular .in form that it is not practicable to compute their changes with
approximation by means of the published soundings, but the general
€ of their modifications is quite clear. Almost without exception they
:erl_lalrrower and deeper; almost without exception, also the quantity
betv;a added at the sides was notably greater than the quantity scoured
€en, so that a net fill resulted. A rough estimate places the net

channels at 13,000,000 cubic ; it i
f ,000, ! yards, and makes the total deposit in the
64’()0()’000 cubic yards. :
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In Carquinez Strait, which connects Suisun and San Pablo bays, the
bottom is irregular. The depth changes so greatly within short distances
that the magnitude of each recorded sounding may be assumed to depend
in part on an accident of location, and computations of average depth are
subject to considerable uncertainty. Moreover, the surveys on which t
earliest and latest maps are based were made at uneven dates, so that t
intervals between dates contrasted in different parts of the maps range fro
20 to 41 years. A comparison was made by dividing the area into 14 pa
and studying each part separately, and it was found that the depth h
apparently increased in 3 divisions and diminished in 11. The aver
apparent loss of depth in the 11 divisions was much greater than the aver
gain in the other 3. From the data thus obtained it was estimated that
total amount of material deposited in the strait from the beginning of hydraulj
mining to the year 1890, was 40,000,000 cubic yards.

San Pablo Bay (See Plate 2-3) is traversed, from Carquinez Strait to
constriction separating it from San Francisco Bay, by a broad chann
simple contour. North of this is a great shoal occupying more than half
total area, and south of it are minor shoals. In the 41 years between su
the channel was much reduced in width and was also reduced in depth.
filling along the middle line was small compared to the marginal filling,
great northern shoal received a large deposit, and the eastern division o
southern shoal an important though small deposit, but the western di
of the southern shoal suffered a loss. To give quantitative expressio
some of these facts the computations were made by divisions, the e
being arbitrarily limited by the position of the 3-fathom contour in
and the northern shoal being separated into two parts, distinguished
different dates of resurvey. The data are exhibited in Table 3. It is 3
of note also that the eastern part of the northern shoal received
heavier deposit than the western part.

MR. GILBERT’S TABLE 3 t;

5 A - b 0

Data on Sedimentary Deposits in San Pablo Bay Between the Survey ¢ It

and Later Surveys ot

Period Area Depth of is

Part of bay (years) (square miles) deposit (feet) ;

Chanmelif= some.  ex oo 42 29.4 4.86 :

North part of north shoal_ 31 8.4 2.11 ent
Main part of north shoal. 41 60.9 297
Southeast shoal__________ 42 .3 2.84
Southwest shoal__________ 42 7.2 —1.25
Means and totals—__ 41 113.2 *3.13

* The mean depth and total volume of the deposits are adjusted to
period of 41 years.

A summary of the above estimates as given by Mr. Gilbert, revised
percentages, follows : '

Volume of Volume
Dates of deposits between of deposits
Body of water SUrveys dates of surveys  1849—1914
SuisuntUBayEinel. &, Do s 1867-1886 64,000,000 200,000,000
Carquinez Strait ——— 1861-1890 40,000,000 50,000,000
SamtPablos Bayyed T ST S 1857-1897 366,000,000 570,000,000

During the progress of this investigation storage ca
computed for Suisun Bay, Carquinez Strait and San Pab
the Coast and Geodetic charts, dates of 1918, 1923 and 192
7-5 and 7-6). For comparison with Mr. Gilbert
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STORAGE IN ACRE-FEET

Sitt
Body of water 1918 chart 1923 chart 1925 chart Storage Loss  cu. yc’ls.
SUISUTL VB ey 547,655 529,390 18,265 29,460,000
Carquinez Straits———. ________ 127,020 121,010 6 010 9,700,000
gan Pablo Bay_———-- SRR S A e e 1,194,180 58,095 93,700,000

The estimate shown above was computed from all areas affected by
‘high tide, not including marsh land. Mr. Gilbert does not give the
poundary limits within which his study was made, but it is assumed
that the two estimates so nearly cover the same area as to be closely
comparable.

After computing the storages from the charts for the three years
data were obtained from the Coast and Geodetic Survey office, show-
ing the limits and dates of surveys from which each chart was made.
By proportioning the dates and areas for each chart the average date
of surveys included in each chart was determined as follows:

Average date Period covered

Section Date of chart of survey by estimate
M Boy-coied LR e S 1923 1895
E ey T S b 1925 1923 28 years
Carquinez Strait- 1923 1877 .
Carquinez Strait— - 19256 1922 45 years
gan Pablo Bay———— Sz A998 1896

San Pablo Bay-—* - 1925 1922 26 years

The survey of Suisun Bay for 1923 covered only 23,200 acres and the
two charts differ in this area only, therefore the difference in storage
of 18,265 acre-feet shown in a preceding table is relative to this area.
It is probable that the sloughs leading into the bays have reached a
stage of equilibrium but in any event silting in this part of the area
is negligible. :

It is probable that an assumption that silting is uniform over the
entire area exclusive of sloughs with but a slight per cent of error
would be safe. Correcting the estimate for Suisun Bay for the entire
area exclusive of sloughs during the period of 28 years, the amount
would be 41,727,000 cubie yards. In order to arrive at the amount of
silting for each one of the sections for a period of 28 years it must be
assumed that the annual rate of silting is uniform. Following is a
mected estimate for the entire area for a period of 28 years, 1895

Storage Storage Storage
ac. ft. beginning loss loss Silt Per cent
period ac. [t per cent cu. yds. total silt
_______ 547,650 25,870 4.7 41,727,000 28
4iNez Strait___ 124,750 3,740 3.0 6 030,000 4
Pablo Bay___ 1,256,700 (62,560 5.0 101,000,000 68

fotal amount of silt carried annually to the bays and strait,

I 1n the above table, amounts to 5,313,000 cubic yards, with an
Storage loss of 0.0017 per cent. ; :

€ the period covered by Mr. Gilbert’s report includes the period

Mum mining activities the reduction in annual silting from

90 to 5,313,000 cubic yards is very likely due to the ban placed
raulic mining.
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The accuracy of any estimate upon the quantity of silt deposited
must depend entirely upon the aceuracy of the methods employed in
making the soundings and the conscientious employment of this method
by those making the soundings. As all soundings to date have been
made for the purpose of navigation, and are probably considered
sufficiently accurate to the nearest foot or one-quarter fathom, it seemsg:
reasonable to assume that any results obtained as to the amount of
silting may vary widely in per cent of accuracy, unless the appreciable
errors in two or more surveys oceur in the same direction. It is very
likely that the soundings shown on the charts are somewhat greater
than the actual depth, due to a slack line, or line deviating from the
vertical. Tt appears then that the probable errors for separate surveys
are in the same direction, and that the average difference in depthg
shown may be fairly accurate for large areas, if there is no personal
equation involved. It is believed that a higher class of employ
were used in making the earlier soundings but better methods ag
used in making soundings at the present time. There seems to be n
way of reckoning with these two conditions except to consider th;
they may eliminate the personal equation. )

By a comparison of the percentages shown in the two tables obtain
by difterent methods and for different periods of time, it will be not
that the rate of silting in the various sections is slightly chan
Considering both estimates correet to a certain degree of accur,
the indication is that Suisun Bay and Carquinez Strait have no
reached a stage in silting where the currents have been stabiliz
inereased to such an extent as to carry a larger per cent of the

silt to Pinole Shoal in San Pablo Bay. Carquinez Strait was orig; 1]
the control section west of Suisun Bay, but now the control sect P
at Pinole Shoal and the silting of Carquinez Strait is still in pr 0
(See Plates 3-15 to 3-19, inclusive.) This transposition of the eg
section may be due to natural silting at Pinole Shoal, decreased ¢
volume in Suisun Bay, uplift and subsidence east of Hayward’
or to a combination of several or all of these causes. .
The two estimates indicate that during the past 28 years th It
has not been moving any more rapidly toward San Pablo Ba the
previously, and is not apt to encroach upon the water volume dri
Francisco Bay to any great extent for some time to come. S the
Gilbert has shown that between the years 1849 and 1914 there Wit]
a filling of San Francisco Bay to the extent of 326,000,000 cub i long
it is assumed that this silting will continue, but as the volum negy
Is a very small percentage of the water volume of the bay th up .
apparently little cause for alarm. The volume of the bay riy,
mean lower low water and a plane approximately 6.7 feet ab e,

lower low water is about 1,225,000 acre feet. The plane 6.7
mean lower low water, is the caleulated average elevation
higher high water for San Franecisco Bay. ,

Changes in the Golden Gate Bar.

When silting in San Francisco Bay inereases, it does not
mean that an increase in the amount of silt carried to tl
occur at the same time. Inereased silting in the bay may
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for some time before it reaches a point where its effect will be noticed
at Golden Gate. As any decrease in the tidal prism tends to decrease
the currents through the Golden Gate with an attendant decrease in
the transporting power of the currents, it is not expected that silting
on the bar will increase unless the tidal prism is reduced to such an
extent that the flood waters in the rivers will have a noticeable effect
upon the currents at the Golden Gate. Although it has been deter-
mined that the greater supply of material to the bar comes from along
the coast, any decrease in velocity through the Golden Gate, resulting
from a decreased tidal prism, should have its effect upon the deposition
of the material on the bar. Mr. Gilbert, in making a study of the bar
to determine the effect of a reduction in the tidal prism in the bays,
found that between the years 1873 and 1900, the crest of the bar was
lowered through most of its length, the average amount being 0.9 of
a foot; the bar became notably narrower near its base; and its crest
line moved between 400 and 500 feet toward shore. In taking up the
study where Mr. Gilbert left it, the U. 8. Army Engineers, 1st Distriet
Qan Francisco, California, determined the change in the bar between
the survey of 1900 and the survey of 1921 by the Coast and Geodetic
Survey and Army Engineers. (See Plate 8-1.) The change during
this latter period conforms to the movement of the bar of the earlier
period. A oeneralized cross-section of the bar in its middle division
shows that from 1900 to 1921 the crest moved shoreward about 1500
foet and the height was lowered about 3 feet. As the survey of 1921
covered a portion of the middle section of the bar only it is not possi-
ble to give data on the change in length and only a part of the change
in width can be noted. The area covered by the 1921 survey shows
a decrease in width on the bottom which also conforms with the change
of the earlier period.

Character of Silt.

The bottom of the bays is, almost everywhere, covered with soft blue
mud described in Chapter IIT. On top it is jelly-like and is very slick.
It has very little supporting power as indicated by the depth to which
the drill column and drive pipe settled of their own weight in the
drilling operations. A stick one inch square was pushed into the mud on
th_e tidal flat off Bull’s Head Point at low tide for a depth of 10 feet
with one hand with very little effort. Had the stick been twice as
long it is helieved that it could have been sunk to its full length. As
near as could be estimated it required as much effort to pull the stick
up as to force it down. The mud is sticky and adheres to an object
drlveq into it. On page 94 of his report, Mr. Gilbert, in speaking of
dredging on Pinole Shoal says:

I am informed by Capt. H. L. Demeritt, the engineer in immediate charge
of the work, that all the dredged material would be classed by dredgers as

blue mud—it is so coherent as to “stand up” on the dredge bucket like stiff

mud or clay—but that a magnifying glass shows that it contains much fine
gray sand,

Tgle matfbrial deposited on the shoals has been carried to the bays by
Ham 7’3;‘8 In suspension. Deposition has been in part due to the slack-
~8 OL currents as the muddy water enters the bay and in part to
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floceulation as the silt laden river water met and mingled with the -
salty water in the bays. Tt is extremely fine, as shown in Exhibit 22,
which is a report by the Bureau of Standards upon a mechanical
analysis of sediment taken from Mare Island Strait in the operations
of the U. S. Army Engineers. It will be noted that 97 per cent of the
material would pass a No. 500 sieve if such a sieve could be made. ‘

The following chemical analysis was made in the laboratory of the
Mountain Copper Company of mud taken from the tidal flat just off
Bull’s Head Point in August, 1925. The data were obtained through -
the courtesy of Mr. T. B. Swift, : ‘

Weight of mud as it is found on the tidal flat, 81 pounds per cubie
foot :

Salical} e daied T skl e T 51. per cent
LBone c o R0 per cent
(Equivalent Ferri per cent
Aluminum oxide per cent
Calcium oxide____________ A per cent
L assFonkterittlon A rar Al R LT FEL g 13.30 per cent
Slolsture o2 Eine Lt s T e e 69.58 per cent

]
amount during low stages of flow. As a matter of interest in
investigation of the Salt Water Barrier samples of bay water w
analyzed to determine the amount of solid material carried in s
pension. The first set of samples were taken on February 8, 192
the Army Point site to determine the relative amount of silt in
pension at various stages of the tide. On the day the samples
taken the predicted tidal range at the Presidio was 6 feet. The

th

Joaquin rivers into Suisun Bay was 153,000 second feet, the ma e
for that year. The samples were taken just below the water S feet
at high and low tides with the following results 18511-1
Tide Time sample Chlorine, 20
Feb. 8, 1925 was taken P.P.M. 30 _
luowen g hu ERISIEE IR Iee s i e 2.15 a.m. 262 1 Av) ;g ~
Hicherslow S G @i SEoF T 8.25 a.m. 140 201 §0
Highorihioh S ST Rk 250 Sy 1.55 p.m. 318 Ay, 70
Ligiwer: Uow 8l W RN RITE= G757 7.25 p.m. 41 180 )
Averace 2t e ITEE JEUE SSIE Sl S S 190 DB;’Ottox

The solids are reported in parts per million by weight.

was thoroughly dried but not ignited. :
The average amount of solids carried in suspension in ea 3
foot of water represented by the samples was 0.007 375 pound ) -':ﬁ?"
0!

calculated net discharge of the rivers past Bull’s Head Point
s.£.) would carry 1128 pounds of silt per second—equivalent to
~ imately 49,000 tons per 24 hours. If the material, after being ¢
on the shoals, weighs 81 pounds per cubic foot, about 45
yards of silt would be deposited west of the Army Point s
hours.

On February 12-13, 1925, samples were taken to ascerta
tive amounts of silt carried in suspension at the Army Point
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San Pablo sites. The caleulated combined discharge of the rivers into
Suisun Bay was 132,200 s. f. on the 12th and 134,650 s. f. on the 13th.
The color was about the same as on February 8. The predicted tidal
range at Presidio for the two days was 4.1 and 3.7 feet respectively.
The samples were taken at ‘‘slack’ following the higher high and
lower low tides for the reason that maximum salinity and minimum
«ilt content were expected to oceur at slack tide following higher high
tide and minimum salinity and maximum silt content were looked for
at slack tide following lower low tide. The results of the investigation,
in which the salinity is reported as parts of chlorine per million and
¢ilt as parts of solids per million by dry weight (not ignited), are as
follows.

ARMY POINT SITE—FEBRUARY 12, 1925
Samples from tug at Hole 3550 (See Plate 3-3)

Depth Higher high tide Lower low tide

in Samples 3.50 to 4.00 p.m. Samples 10.45 to 11.00 p.m.

feet Chlorine Silt Chlorine Sitt

Surface — e

) SRR s L 65 . 166 35 146

e e 62 163 33 144

B 63 163 36 157

L SRR L s 63 161 33 163

B gle 2 63 167 30 239

Bottom

_— SER TR ot e 26 7656*

e 68 279 2 HLL
[Averape coelgeTE 64 183 32 PNV

Average exclusive of
hott o 63 164. 33 170

* Sample not representative. Sampler touched bottom and picked up some of
the bottom material.

POINT SAN PABLO SITE—FEBRUARY 13, 1925

Lower low tide

Higher high tide From tug upstream from Hole
NE. cor. Standard Oil Co. wharf 1000 (See Plate 3-10)
Samples 3.50 to 4.00 p.m. Samples 10.45 to 11.00 a.m.
Chlorine Silt Chlorine Silt
2250 48
2150 46
3330 57
3280 61
2340 58
2380 62
2710 103
ARG G 0 S **5850 284
R 5660 51 3036 90
Average above 40’
it R R P Ss 2752 53
Average exclusive of
\n i N S oy 2634 62

4‘;%\,“1‘ bottom—no scouring action.

Tom a depression in the bottom.

inspection of the data for each site it will be noted that with an
ated 133,000 s. f. discharge from the rivers into Suisun Bay the
" at slack higher high tide is approximately double that at slack
0w tide, but that the silt in suspension at any depth is some-
near the same. By comparing the two sites it is seen that the
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salinity is very much greater at the lower site and that the silt content
is only about one-third as much. The conclusion reached is that the
difference in silt content is a measure of the amount of silt that is
deposited in Carquinez Strait and San Pablo Bay.

It will be observed that the silt content near the bottom is much
greater than above. The exception is at Point San Pablo where, at
the Standard Oil Company wharf, water runs on bare rock. Out in
the channel, at this site, the silt content at the bottom was found to
be 284 p. p. m., while above a depth of 60 feet it varies from 48 to 62
p. p- m. At the Army Point site the silt content at the bottom wag:
practically the same (279 p. p.m.), although above a depth of 50 feet
the content was from 161 to 167 D- p. m. At a distance of 5 feet above
the bottom the silt content was 239 p. p. m. The significance of thig
observation appears to be that the tides scour the bottom in their move
ment up and down the bays. Whether this scouring action tends tg
maintain or destroy fixed channels remains for determination.

Pursuing the suggestion that the difference in the amount of silf
carried in suspension represents the deposition of silt between Arn
Point and Point San Pablo the following computations are presente
Before any conclusions could be drawn a detailed study would |
required involving a very large number of samples over a long perig
of time. In the calculations the bottom samples are disregarded.

Army Point Site

Average silt content at att=d ol 2e oy R WRT P SIRAT e O 164 p.p.m.
Average silt content at low WkelE e e s i 170 p.p.m.
Average silt content at Army Peint Site_ o) 167 p.p.m.
Point San Pablo Site
Average silt content at hichyiide. se B Wos. 5. ) 51 p.p.m
Average silt content at low ot =yt L1 S TH) 62 p.p.m
Average silt content at Point San Pablo Site__ 56 p.p.m,
Loss by deposition between the two Sitag L R nS 111 p.p.m.,
0.00694 p

Solids per cubic foot of water________________ 2 il
Amount silt per second in 133,000 sec.-ft. of net river flow to ocean 923.

Hquivalent to about 40,000 tons per 24 hours.

The computations indicate that silt was being deposited b
Army Point and Point San Pablo, under conditions as of e
12-13, 1925, at the approximate rate of 36,600 c. y. per 24 h
the silt is assumed to weigh 81 pounds per cubic foot. It is pr
that a large part of this silt is deposited in the eastern end
Pablo Bay where there is a sudden slackening of currents.

Unfortunately, the samples taken during the high water
ruary, 1925, did not include any from the eastern end of Suis
If these had been included it would have been possible to compa
probable deposition in Suisun and San Pablo bays of silt e
suspension-during the spring run-off. In the absence of these
another attempt was made later to determine the comparis
silt content at various points.

The greatest predicted tidal range for 1925 occurred o
This tide was selected for studying hydraulics of the bays
and silt. As a part of this study, measurements and sa
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obtained at Collinsville, Suisun Point and Point San Pablo. The tidal
oraphs are shown on Plate 5-6.

Samples of water were taken at slack water following higher high
tide and lower low tide at each of the three locations. They were
taken at the surface, at each 10 feet of depth and at the bottom. Each
sample was analyzed for chlorine but in this diseussion the average
throughout the entire depth only will be shown. The details are
oiven in Chapter IX. In order to arrive at the average silt content at
each location equal amounts of water from each sample were mixed
together and this mixture was analyzed. Following is a summary of
the results:

Awverages expressed. i parts per million

Collinsville’ Army Point site * Point San Pablo®
Tide Chlorine Silt Chlorine Silt Chlorine Silt

Higher high___— 493 52 8548 75 15,860 26
Lower low-———— 72 70 2460 64 11,270 84
Average -- 282 61 5504 69.5 13,565 55

1 Samples from row boat 200 feet out from Collinsville Whart.
High tide samples— 4.00 to 4.25 a.m.
Low tide samnles—12.27_to 12.40 p.m.
> gamples from NE. corner Mountain Copper Co. whart.
High tide samples— 2.50 to 3.10 a.m.
Low tide samples—10.30 to 10.40 a.m.
s Samples from tug approximately on line of profile drilling at Hole 1000.
High tide samples—12.30 to 12.50 a.m.
TLow tide samples— 8.55 to 9.10 a.m.

The calculated combined discharge from the rivers into Suisun Bay
pad dropped to 10,470 s. f. on July 7 as indicated on Plate 9-8.

By comparing the results with those obtained on February 12-13,
1925, it will be noted that the average silt content at Point San Pablo
was practically the same on the two dates. 1f the samples may be
eonsidered representative, it appears that with the rivers discharging
from 10,000 to 130,000 s. £. the amount of silt carried past Point San
Pablo toward the ocean is directly proportional to the net discharge
of the rivers.

Comparing similar tides at Point San Pablo on February 13 and
July 7, it will be observed that on the latter date the silt content is
only 50 per cent of that on the former at slack high tide which follows
the flood tide; and 35 per cent greater at slack low tide which follows
the ebb tide. From this the conclusion that the more saline water
of July 7 was transporting more «ilt toward the ocean on the ebb tide
than on February 13, seems warranted. In other words, it appears
that. a portion of the silt deposited on the shoals of San Pablo Bay
during the period of high water are weoured out and carried toward
the ocean during the following summer months by the more saline
and, consequently, heavier water.

The redistribution of silt deposited during the spring run-off as a
probable result of scouring by the less turbid and more saline water
i also indicated by the results of the July 7 work and this, perhaps,

the most interesting feature of the study. Tt will be noted that
i m: average silt content of the water at the Army Point site is greater
than at either Collinsville or Point San Pablo. Sinee the difference

; A een Army Point and Point San Pablo is less than between Army
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Point and Collinsville it follows that the net result is the transporta-
tion of silt from Suisun Bay to San Pablo Bay.

A study of the details of the table indicate that on July 7, material
was being secoured from the bottom of San Pablo Bay and redeposited
west of Point San Pablo and east of the Army Point site. Comparing
the silt content at higher high tide, and keeping in mind that this
follows the flood tide traveling up the bays, it will be noted that it
increases from 26 p.p.m. at Point San Pablo to 75 p.p.m. at the Army

Point site, which indicates that silt is picked up between the two S

points—how much, can not be said at this time. Following the same

line of reasoning it appears that a portion of the silt brought to Suisun

Bay from San Pablo Bay lodges there for the reason that the silt
content at Army Point at higher high tide is greater than at Collins-
ville and is less at slack lower low tide following the ebb tide traveling
down the bays. '

Comparing the silt contents at lower low tide on July 7, it appears
that the ebb tides are scouring the bottom of San Pablo Bay and carry-
ing the silt thus picked up down the bay past Point San Pablo.

Rate of Settlement of Silt. -
On July 20, 1925, the Mountain Copper, Company investigated the
rate of settlement in still water. The sample contained 0.1480 gram§
of solids per liter, equivalent to 0.00914 pounds per cubie foot of water.
The results follow : ;

Period of Total Per cen
settlement solids settled settled
At 0

4 0.1230 grams 83

8 0.1300 grams 88
12 0.1400 grams 94
24 0.1450 grams 98
48 0.1460 grams 993

Colloidal Silt.

The word, ‘‘colloidal’’ is defined as resembling jelly or glue, un
talline, semi-solid, and capable of but slow diffusion; partly amor

Colloidal silt is extremely fine and is in a state of semi-solution
is usually a very finely divided clay which may be thought of as
partially dissolved. In the consideration of fineness p (Mu) is
at 1/1000 of a millimeter. Double Mu (pp) is then 1/1000 X 1/
mm. Particles greater than 100 pp in diameter are said to beha
a mechanical manner, while those below 5 pp in diameter beh
a chemical manner. Those between these limits behave in one
or the other. Each particle is supposed to carry a charge of
tricity, generally assumed to be negative, but, in any case, all p
carry the same kind of charge which causes them to repel one a
Hence, the particles do not unite to form heavier particles whi
deposit through the action of gravity. The particles will, h
in time settle in quiet water to form an impalpable, greasy-like

When salt is introduced into water carrying colloidal silt th
charge carried by the particles is said to be neutralized aft
it becomes possible for them to get together in large numbers, &
a particle having weight sufficient to cause it to sink. The
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ization is instantaneous and the time required for precipitation depends
only upon the amount of disturbance in the water.

In depositing, a very smooth and compact surface, or skin, is formed
which is not readily disturbed after remaining undisturbed for some
time. This may account for the low value of Kutter’s “‘n’’ which
apparently must be assigned in hydraulic computations to acecount for
the high discharge through the bays. Mr. Gilbert says on page 91
of his report that:

It is conceivable that the floccules on reaching the bottom become units
of the bed load and are rolled by the current, but it appears to me more
probable that the same property of surface tension which determines floceu--
lation serves also to weld the particles of the channel bed into a coherent
mass which resists the scouring force of the current.

In its original form, clay contains ferric iron, giving it its yellow,
or red color. After depositing and being cut off from an air supply the
ferric iron changes to ferrous, which probably accounts for the dark
color of the mud found everywhere on the bottom of the bays.

~  As far as known the amount of silt carried by the rivers in colloidal
form has not been determined. Although the proportion may be small
it may be an important consideration in the study of the silt problem
for the reason that its deposition occurs largely where the fresh water
meets the salt. During periods of high river discharge, when the silt
econtent of the water is high, the meeting ground is in the eastern end
of San Pablo Bay which may, in part, account for the diffieulty in
maintaining the channel across Pinole Shoal.

Probable Effect of Salt Water Barrier Upon Silting in the Bays.

Tt is generally believed that the channels of the bays are maintained
by the passage to and fro of the river and tidal waters. It is evident
that the currents have a scouring effeet from the fact that the deepest
channels occur at points of greater constriction as in the Golden Gate,
in Carquinez Strait and between points projecting from opposite
shores. Moreover, samples of water taken near the bottom show a
great deal more silt than those above.

In discussing the changes in the channels in Suisun Bay during the
silting process, Mr. Gilbert says:

Almost without exception they become narrower and deeper.

In describing the channel through San Pablo Bay, he states that:

In the 41 years between surveys the channel was much reduced in width
and was also reduced in depth. The filling along the middle line was small
compared to the marginal filling.

The question as to whether the bay channels would silt up if the
tidal currents were eliminated seems open to argument. As will be
. Seen by reference to the charts (Plates 2-3 and 2-4) the bottom of the
- 94¥5, especially that of Suisun Bay, has the form of a submerged delta
- WMlarregular channels enclosing submerged islands as it were. Some
'ﬂxgue, with considerable logic, that these channels would maintain
8 Selves even hetter if the scouring were done by the discharge from
SETvers only, The surging back and forth of the tide has possibly

-
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done more to shoal the channels than to deepen them. It is certain
that the tidal currents do not prevent shoaling entirely, as evidenced
by the dredging required in Mare Island Strait, across Pinole Shoal
in San Pablo Bay and over the Middle Ground Shoal in Suisun Bay.

Under the action of the tidal currents the particles of silt secoured
from the bottom are moved back and forth with a gradual net move- §
ment toward the ocean. The construction of the Salt Water Barrier |
would effect the bays above and below differently. Above the structure
reversal of currents due to tidal movements would, of course, be elimi-
nated. The movement of silt would then be influenced only by the
discharge from the rivers and the movement would be in one direction
only—toward the barrier. During the floods from the river the ¥
tendency would be to scour out the channels and carry the material §
thus eroded past the barrier. It is believed also that the bulk of the
colloidal silt would lodge below the barrier since it would be there
that it first met the salt water. Immediately below the barrier tidal
currents would also be eliminated. At any other point below the bar-
rier tidal currents would exist, but would have less velocity than af
present as a result of the tidal prism above the structure having been
cut off. It appears that the principal effect of the reduced tidal
velocities below the barrier would be that smaller particles and less
material would be carried back and forth with the tides.

The committee reporting upon the feasibility of a dam across the
Charles River at Boston, which structure is similar to that propose
in this report, said : ‘

It is important to note that tidal scour is an advantage only when un
exactly the right conditions. There are well known instances of harbors
little or no tide or river currents that have maintained their depths
better than other harbors with strong currents. Whatever is eroded £
one place finds lodgment in another, and the place of settlement often tur
out to be in some of the broader parts of the lower harbor, or at its moui

An instance of this appears in the case of the Clyde at Glasgow. .
old weir or half dam in the upper reaches was removed in 1879 for i
express purpose of benefiting the harbor by increasing the scour. It wo
so badly and caused so much damage and expense that the weir has
rebuilt solely for the purpose of preventing the damage that was being
to the harbor by the currents.

The Thames Conservancy Board-predicted * * * that the half d
then about to be built at Richmond, and which would cut off a large pai
the tidal prisms, would result in serious shoaling below. That Board
states, “Its effect upon the regime of the river as a whole can not be
to be injurious.”

Without hydraulic mining it is safe to say that deposition of il
the bays would have been much less. With the barrier const
there will be no more or less silt brought to the bays than with
Hydraulic mining has, for the time being, been discontinued
again permitted under federel or state control, some means
undoubtedly be taken to prevent the debris from entering the
channels. Maintenance of the flood control projects, and of the
posed deep waterways to Stockton and Sacramento will requir
ing of material from the lower rivers which would otherwise r:
bays. In this connection, Messrs. C. E. Grunsky and Leon
in their report of February 28, 1925, on the Economic Aspec
Sacramento Deep Water Ship Canal, state on page 98: ;

B R R ' et 9 b s . L
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The only purpose of this discussion is to show that in the long run the
silt problem as a menace to navigation is not to be feared. Nevertheless the
fact must be recognized that in a year of extreme flood conditions—such high
stages for example as prevailed in the season 1861-1862—there will be large
quantities of sand and gravel swept into these channels that will for a
time make difficult the maintenance of the full depth demanded by the navi-
gator. Such years are, however, of rare occurrence, and ill effects resulting
from the occasional flood stage can be forestalled in the lower rivers, at least
by continuous dredging operations to provide the space in the channel bed
for the sand which would otherwise encroach on the navigation section of
the river. The figures above cited would seem to indicate that the dredging
required to keep the lower Sacramento River at the desired navigable depth,
with possible interference therewith only as a result of the great floods of
rare occurrence even under the influence of hydraulic mining, would have
been only two to three million cubic yards per annum. Now that hydraulic
mining has ceased it would seem safe to assume that not more than the
smaller of these amounts or 2,000,000 cubic yards of material per annum
would require removal by dredging to make certain of the maintenance of
the desired depths in navigable waters of both the lower river and the bays.

With the development of irrigation and flood control in the Great
Central Valley, the amount of silt carried to the bays will become less
for the reason that a large portion of the floods, which under present
conditions carry large quantities of silt to the bays, will be stored in
mountain reservoirs to be released during the summer months as clear
water.

1f a barrier is constructed at any one of the sites investigated for
the purpose of this report, there surely will be a change in currents
with a resultant effect upon the deposition of silt. The extent of this
effect is more or less problematical and any conclusions must therefore
take somewhat the form of conjecture. A few deductions will be noted
for the purpose of determining what may be anticipated with the bar-
rier constructed at any one of the sites. '

Considering a barrier constructed to hold the water level on the
upstream side no higher than elevation 4+ 2.9 U. 8. G. 8. Datum, the
initial silting that oceurs in the Sacramento and San Joaquin rivers
will be unchanged for the reason that during flood stage the control
seetion at Chipps Island holds the water level above this section much
higher than below. At low river stage there will no longer be a flow
to and fro across the tidal flats as the water surface above the barrier
will be nearly stabilized, and the current will be in the same direction
at all times. This will tend to reduce the transportation, along the
stream beds, of the silt initially deposited because of the reduced cur-
rents toward the bays and the loss of the stirring effect of the reversal
of currents. It therefore seems probable that there will be a greater
aceumulation of silt in the rivers and may even become of such pro-
Portions as to necessitate the heightening of levees or in increased
dred_glng activity—probably the latter. This condition holds for a
barrier gt any one of the locations, but may be offset by the develop-
Ment of new reservoirs in the upper reaches of the Sacramento River
and itg tributaries, which would materially diminish the supply of
o léear its source. No serious trquble is contemplated with silt from

of than' Joaqum'. Mr. Gilbert estimated that only about one-seventh

. € silt reaching Suisun Bay during the period of 1849-1909 came

M the San Joaquin River. This proportion may be slightly changed
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under present conditions as the period 1849-1909 covers the years of

enough to take care of the flood flow in the river, the deposition of
colloidal silt will be somewhat changed, depending upon the location of
the barrier since this deposition oceurs principally at the junction of
the fresh and saline waters,

junction of fresh and salt waters where colloidal silt is deposite
through floceulation during the flood season. Therefore, the effay
upon this area with a barrier at any one of the three sites should :
given primary consideration in regard to silting.

If the barrier is constructed at the Army Point site it is proba

and for the
reason the reverse current would be materially decreased. This w
retard the movement of silt toward San Pablo Bay. In Chapte
it is shown that with 2 discharge from the Sacramento and San Ji
of 500,000 s.f. or more, there will be a continuous outward flow th:
the flood gates, but this flow would be absorbed at flcod tide a
distance below the barrier. The general tendeney at flood stage
then be a reduction of currents in the straits for the same reasor
at low stage, resulting also in a slower movement of silt ( D
Pablo Bay. This would tend to slightly reduce the accumula én

The currents through Suisun Bay and Carquinez Strait will b ]
rially decreased in velocity, and the stirring effect of reverse ad
will be eliminated. The beneficial effects of the reduction of _b’u'
outward velocity due to an average tide and average flood in t Sury
probably will be negligible for the reason that the present th

ever, the outward veloeity probably has its effect upon mo
silt toward San Pablo Bay. This condition will be eliminat
due consideration given to the above line of reasoning it .
be impossible to come to any conclusion as to whether the ¢
barrier at Dillon Point will he beneficial or detrimental to Pin
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Apparently the greatest beneficial effect upon the Pinole Shoal
would be derived from the construction of a barrier at Point San
Pablo. Instead of a large fluctuation of depth on Pinole Shoal as at
present there would be a more uniform depth near that attained at
hieh tide except in years of deficient run-off. The deposition of col-
loidal silt would be removed from Pinole Shoal to an area directly
pelow the barrier and might, in time, reach such proportion as to
require dredging there.

Sinece, at times of flood stage in the rivers, muddy water is easily
discernible in San Francisco Bay, it may be assumed that there is at
present some silting in San Francisco Bay from this source. Cur-
rents, carrying this silt, in general traverse the east side of the bay
and reach south San Francisco Bay one hour before and at low water
dack tide at the Gate. (Refer to pages 91-92, Exhibit 15.) It is
therefore believed that an increase in the silt deposit along the east
shore may be expected as floceulation of colloidal silt will not occur
until it has reached the upper end of San Francisco Bay and a large
percentage of this will not settle immediately, but will be transported
by the current for some distance before it reaches its final resting place.
This increase may or may not be offset by the decreased transporting
power of the current above the barrier.

There is one point connected with silting which heretofore has not
been mentioned in this report and which may have an important bear-
ing on the subject. As the salt disappears from above the barrier an
aquatic plant growth may result. Such a growth.would cause more
rapid silting along the shores and in back water channels and small
pays. This, however, may not affect the velocities in the central chan-
nels to the extent of increasing the amount of silt transported beyond
the barrier, and certainly will only hasten the ultimate condition that
is at present being approached at Pinole Shoal.

Probable Effect of Barrier Upon Golden Gate Bar.

It appears from the foregoing that neither the reduction of the tidal
prism broucht about by silting of the bays and reclamation of delta and
marshes around the bays, nor the silt being carried through the Golden
Gate, are havine a detrimental effect on the bar and that there is
reason to believe that the construction of the Salt Water Barrier might
not be detrimental in its effect upon the bar, especially if built at one
of the upper sites investigated.

Mr. Gilbert’s investizations tend to show that, theoretically, with
a decreasine tidal prism there should be an increase in the size of the
- bar and he has not advanced a reason for an actual decrease. Since
(SUrveys at different periods show conclusively that the bar is moving -
Shoreward and at the same time is decreasing both in height and width
- Hhere must be a steady increasing or decreasing in currents at present
\ ‘l?deﬁ.ned which have their effect upon the deposition of the bar '

Materia],

ifhas ocenrred to those employed on the present investigation that
"HACt that the currents through the Golden Gate are decreasing, on
t of a decreasing tidal prism, might be the solution of the
ed bar volume, and a discussion of what might be expected will
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be given here for what it is worth. In this connection reference should
be made to Plate 3-1.

Since it has been accepted as very probable that the bar has been
made up largely of material transported by the northward ocean cur-
rents along the coast, it is assumed that the original location of the

- bar was at a point where the strongest current of previous time through
the Golden Gate caused an eddy in the northward current of the ocean,
As the current through the Golden Gate has steadily decreased in
strength it is natural to assume that the location of the bar would
gradually move toward shore, and probably assume the same propor-
tions or increase in volume. The reason, however, that the bar hag

and to the fact that the strongest current, which has a greater si
transporting ecapacity than any current nearer shore, probably exte
in almost a straight line between Pescadero Point and Point Re
As the eddy line moves nearer shore, the currents, having less silt
suspension, naturally deposit less, and the stronger current on :
outside of the bar is moving the silt from this side of the bar farthe
along the coast. Thus the bar is gradually diminishing in size.
If the above theory is correct, any decrease in the tidal prism
the bays should have a beneficial rather than a detrimental effect
the Golden Gate bar which is contrary to general opinion. In
final studies careful ‘consideration should be given to this phase
the problem. ' :
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CHAPTER IX

SALINITY

1f it were not for the discharge of the Sacramento and San Joaquin
rivers, salt water, practically equal in salinity to that of the ocean
water, would oceupy all of the bays, delta channels and river chan-
nels to points well above the cities of Sacramento and Stockton since
all are arms of the Pacific lying below sea level. This condition is
preven’red, however, by the discharge of fresh water from the two great
rivers which serves to push back the ocean water.

1f the river discharge were uniform throughout the year, and if
there were no tidal eurrents, the salinity at any point in the bay sys-
tem would be practically con%tant Under conditions of tidal fluctua-
tions, however, the line of demarcation between fresh and salt water

moves up and down stream twice each day even though the river dis-
¢charge vemains uniform. The changes of tides are both daily and
ceasonal so that the movements of water up and down the bay vary
between wide limits. Spring tides, being higher than the ordinary
tides, carry the ocean water farther into the bayq and from the bays
farther up the river and delta channels. The advance of salt water
is therefore most rapid during the season of low river discharge and
high tides occurring in the middle of the summer.

As has been brought out, the discharge of the rivers has a wide range,
varying, roughly, from three times normal in wet years to one-third
normal in a dry year such as 1924 was. The rivers are usually high
in the early spring and serve to flush out the brackish water from the
delta channels and Suisun Bay resulting from encroachments of salt
water during the previous summer and fall when the river discharge
had dropped to the extent that it was not sufficient to act as a natural
barrier against the encroachment. In years of large run-off fresh
water extends through Carquinez Strait and into San Pablo Bay, but
88 the river discharge decreases with the advancing season the brackish
Waters from San Pablo Bay find their way through the strait and into
. Bay. The time of the first appearance of brackish water at
Heupper end of Carquinez Strait, as well as at other upstream points,
€pends principally upon the discharge from the rivers. The distance
eam the brackish water extends depends upon the river discharge
upon the time element. With a given river discharge, less than suf-
It t0 act as a natural barrier against salt water, the salinity at
4 points increases as time goes on as will be shown in the fol-
Paragraphs.

of Salt Water Up the Bays.

t Well Inown fact that when salt water is brought in contact
Swater the former, on account of its greater specific gravity,
¢ the latter. In his report upon the Charles River Dam
. John R. Freeman found that:
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If a layer of turbid fresh water be run carefully upon the surface of turbid

salt water in such a manner that the two waters mix but slightly, a peculiar
phenomenon is noticed; that is, the finely divided matter in suspension in
the salt water begins to precipitate, and shortly a layer of clear salt water
appears below the fresh water, which still retains its turbidity. In case
the fresh water in this experimental work contains any heavy particles thega
break through the line of demarcation between the fresh and salt water afte;
a short time, and soon cause a mixing of the two waters, with a consequen;
precipitation of all the turbidity. Changes in the surrounding temperatu
or a difference in the temperature of the two waters, will hasten their ing
mingling and complete sedimentation. If the waters are of practically equ
temperature, and are allowed to remain quiet at a constant temperatu
the layer of turbid fresh water may remain on the surface of the salt wat
for some hours, the turbidity of the salt water in the meantime being enti:
precipitated,

The phenomenon described is the key to the entire salinity pro
of the delta. It explains the relatively great salinity of water fog
in deep channels; the increase in salinity as depth is attained:

salt water to higher elevations through ship locks where these sepa
bodies of fresh and salt water. The relative rates of precipitatios
fresh and salt water are of particular interest in connéction wit
ing of the bays discussed in Chapter VIII.

Mr. Freeman states further that:

The effect of the influx of a volume of salt water under a body of ;
water is much the same as above, the salt water floating the turbid
water without mixing” with it to any great extent, if its influx is slow,

It will be recalled that in a quotation in Chapter V, relative 1
1861-1862 flood, it was reported that for two or three mon
surface portion of the entire waters of the bay consisted of fres
to a depth of from 18 to 24 inches and that at Golden Gate, f
a fortnight, the stream on the surface was continuously flowin,
the Pacifie, composed entirely of fresh water, . the tide not
the surface flow. :

the strength of the early ebb tide near the surface is foun
marked excess of the specific gravity of the relatively salty, coo
ing water from the ocean, as compared with the ebb water
been warmed by the sun over the shallow portions of the
further lightened by the admixture of river water.

It has been determined that salt water will travel long
under fresh water occupying deep channels in which there
flushing current from g river or other source. The deeper pc
the upstream progress of the salt water only for the time :
displace the fresh water in them. Since resistance to How i
small with very slow velocities, it requires only a small di
the specific gravity of the fresh and brackish water to cause
of the latter if sufficient time is allowed.
" The Army Engineers developed some interesting data in
of the practicability of a salt water guard lock in the

Waterway, Texas. The reports are contained in House
234, 68th Congress, 1st session. :
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Sabine Lake, a comparatively shallow tidal basin approximately 17
miles long and averaging about 6% miles in width, is joined with the
Gulf of Mexico at one end through Sabine Pass much as Suisun Bay
is connected with San Pablo Bay by Carquinez Strait. At the other
end it receives the discharge from Neches and Sabine rivers so that the
conditions are very similar to those being considered in this report.
The United States has improved the system of waterways at Sabine
Lake by providing a channel with a project depth of 30 feet at mean
low tide through Sabine Pass thence via a canal around the northerly
gide of Sabine Lake and up the two rivers. Movements of salt water
up the Neches River are quite common at low river stages as in the case
of the Sacramento and San Joaquin rivers.

In speaking of the ecanal around the lake the Chief of Engineers
says:

The presence of the Port Arthur and Sabine—Neches canals with guard
Jock open modifies in several ways the natural diffusion of salt water in the
lake, but with one exception these modifications are negligible. The exception
concerns the action of so-called salinity currents, which are currents set up
due to the difference in specific gravity of salt and fresh water, and the
consequent tendency, when the two come together in a channel, is for the
. galt water to move upstream along the bottom forcing the fresh water down-
stream along the top. This action is much more pronounced with deep chan-
nels than with shallow. It follows that when salt water makes its appear-
ance in Sabine Pass, and when the discharges of the Sabine and Neches
rivers are sufficiently low to permit it to enter, it will, through the action of
galinity currents, move more rapidly up the canal than up the much more
shallow lake. Therefore, given the conditions that Sabine Lake is com-
paratively fresh and that the river discharges are low, the existence of the
open canal will result in the appearance of salt at the mouth of the Neches
(river) at an earlier date than would occur were the canal absent or closed
by a guard lock.

It is reported that, other things being equal, salt water will advance
up the canal about four times as fast as up the lake when both are
filled with comparatively fresh water and the river discharges are low.

A portion of the discharge of the Neches River finds its way to Sabine
Pass via the canal. Observation shows that when the Neches is discharging
15,000 cubic feet per second or above, the current down the canal overcomes
the advance of any salinity currents while if the discharge falls below 8000
cubie feet per second that of the canal falls below 3000 cubic feet per second
and under unfavorable tide conditions there may be an advance of salt water
up the canal toward the guard lock; when the Neches falls below 4000 cubic
feet per second the canal discharge becomes less than 2000 cubic feet per
seeond and the salt water will soon make an appearance at the site of the
guard lock. During this period there will be a similar advance of salt up
the nearby lake, but at only about one-fourth the rate up the canal. With
conditions reversed, we find, as might be expected, that the canal is quickly
01911}'Ed of salt whereas the lake may remain polluted for many months. If,
a8 i 1917 and 1918, the Sabine and Neches rivers show low discharges
through the winter and spring, Sabine Lake may remain continuously salty
AI0m one season to the next and exceed the canal in salinity.

€ property owners on the lower Sacramento and San Joaquin
€ar that channel enlargement which is now under way and the
€€p water ways to Sacramento and Stockton will induce a
’tendeney for salt water to find its way into the river and
" nels, During the trial of the Antioch case it is said that
€hice was presented to show that the deepening and widening
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of the channel of the Sacramento River was largely to blame for the
increase in qalinity in lower rivers. On page 90 of the 1921 Report &
on the San Francisco Bay Marine Piling Survey, it i stated: ‘
The situation relating to the upriver penetration of the (brackish) bay
water is aggravuted, too, by the fact that the work of channel enlargementsy
in progress since 1913 and being done by the U. g, Government, in cooperas
tion with the State of California, on the Sacramento River below Rio Vista¥|
has been a material factor in facilitating tidal flow in the lower reaches of ¥
that river and in augmenting the circulation of water around Sherman Island,
thereby expediting the upriver adyance of the bay water.

Tt has been demonstrated on San Francisco Bay, on the Liake Wash
ington Ship Canal at Seattle, and more particularly on the Sabines
Neches Waterway in Texas, that salt water, on account of its greatel
density, seeks the deeper channels and holes. Deep channels per;_
the heavier salt water to flow upstream along the bottom, underneat]
the fresh water which it tends to displace. It gollows that any dredg
ing done to deepen the channels through the bays and up the rivel
would result in inereased salinity in the delta region. Generall
speaking, any increase in the carrying capacity of the lower rive
through deepening, widening, or straightening of the channel, will,
the writer’s opinion, permit of easier access of salt water into the delf
Tt is believed that insofar as salinity is concerned the deepening
channels is the more important consideration, which suggests the
bility of increased salinity resulting through the construction of
proposed 96-foot ship channel through Quisun Bay and San Joadt
River to Stockton. As deseribed in Chapter VI the present authorl
navigation project through Suisun Bay provides for an 18-foot
across Point Edith and Middle Ground shoals at mean Jower low wa
which, it will be seen from inspection of Plates 5-20 and 5-21, 18
than the present depths in the lower Sacramento River channel.
shoals in Suisun Bay under present conditions therefore tend to et
the upstream advance of salt water. With a 26-foot channel excaw
through the shoals the advance of salt water probably will be &
rapid than under present conditions. Assuming, however,s
improvement of the lower Qaeramento River is necessary for prote
against floods, and that in the natural development of the Great
Valley deep waterways will be of economic importance, it is e
that some artificial means must be adopted to prevent the easier
of salt water through the deepened channels. It is believed tha
responsible for ihe investigation of the proposed Salt Water b
had in mind the increasing danger ¢rom salinity under conditi
future development at the time funds for the investigatiol

requested.

¢

Mixing of Fresh and Salt Water in the Bays.

Tt has been shown that where there is 2 glow influx of sa
under a body of fresh water they will not mix materially S0
there is no disturbance. In his study of salinity in the Liake
ton Ship Canal, Mr. W. M. Meacham concluded that the che
fusion of salt water upward through a body of fresh water
as to be negligible. Mechanical diffusion, or mixing, and M
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to difference in the temperature of the salt and fresh water, are material
factors.

Mechanical mixing is due to a number of causes among which are the
tidal currents, currents produced by the discharge of the rivers into
the bays, winds which create considerable disturbances over the shallow
waters of the bays, and the propellers of numerous vessels plying
the bays. It is probable that the tidal currents are largely responsi-
ple for the thorough mixing which takes place in the bays, for
by reference to Table 7-1 it will be noted that the amount of water
above the Army Point site is over 700,000 acre-feet at low tide and
about 1,200,000 at high tide while corresponding figures for the Point
San Pablo site are about 1,500,000 and 2,500,000 acre-feet. These
volumes of water are pushed back and forth by the tides, becoming
more salty during the protracted annual low water stage of the rivers
and freshening again as the rivers rise to their winter and spring high
stages.

Tt is reported that in Awugust, 1920, tests were made by placing
floats in the rivers at their mouths to determine the movement of
water upstream during the period from low tide to high tide. The
floats were so designed that their motion would not be affected by
wind and would correspond closely with the upstream flow of the
water. Tests were made on three days in the Sacramento and on three
different days in the San Joaquin. The floats moved upstream 10.3,
10.05 and 10.25 miles up the channel of the Sacramento and 10.6, 10.35
and 10.46 miles up the San Joaquin. As tides are effective to points
well above Sacramento and Stockton it is apparent that any salt water
which might creep up along the bottom of the deeper channels would
become thoroughly mixed with the fresh water in the river channels
even though it escaped thorough mixing in the bays.

Due to the mixing of the salt water entering the bays through the
Golden Gate with the fresh water from the rivers during low stages
of flow only a portion of the salt water arriving with the previous flood
tide leaves the bays at ebb tide, carrying with it a portion of the fresh
water which was originally in the bays. The result is that after one
tidal cycle the bays are saltier than they were before and that the salt
has been diffused to a considerable distance from the Golden Gate.
Likewise, some of the brackish bay water which in dry years enters
the river and delta channels during the late summer and fall months
with each flood tide is retained in the river channels causing the water
i these channels to become saltier with each flood tide until the river
ghseharge increases to the point where it is sufficient to push the brack-
Bh water hack toward the bays.

Periods of Low River Discharge.

k. In considering salinity in the delta region it is interesting to look
to the past to determine the seriousness of the situation for, in years
'Porn}al river discharge, there is no salinity problem in the delta.
B said that in 1921-22, when the run-off was something less than
S, salinity was mnot noticed at points above Sherman Island.
le measurements of stream flow are not available for years prior

- 905 but the run-off from the Great Central Valley is closely related
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to the seasonal rainfall and rainfall records are available as far back

as 1850.
On page 117 of the 1923 Proceedings of the Sacramento River Prob- '
lems Conference, Mr. C. E. Grunsky, Jr., says:

The rainfall records of the U. S. Weather Bureau indicate that the season
1919-20, which was one of less than half normal, was preceded by two
séasons, 1916-17 and 1917-18, which were 70 per cent and 55 per cent of
the normal, respectively, and by a third season, 1918-19, which was barel V.
normal. These figures show a four-year period, 1916-1920, during which the
annual rainfall would average about 68 per cent of the mnormal annual,
Looking backward to find a period that even approximated this shortage, th
most protracted period of shortage prior to 1916-1920 is found to be th
three-year period, 1868-1871, during which the annual rainfall averaged
per cent of the normal annual. Shorter periods where two years of s
normal rainfall occur are found between 1850 and 1920, but the two peri
of most protracted shortage are 1868-1871 and 1916-1920.

In this connection a former resident of Mwitchell Island testified in 1
Antioch case that he resided at Kentucky Landing from 1870 to 1875
that on one or two occasions during that period the water in the San Joagq
River in front of his residence became so salty or brackish that it ecoy
not be used for household purposes, and he was forced to sail upstream sor
times as far as the mouth of Mokelumne River so as to get water f
enough to drink. The witness could not remember the exact year, but jud
ing from the rainfall records, the conclusion may be reached that such a e
dition would have occurred in the fall of 1871. q

It will be recalled that Commander Ringgold found brackish wa
near the mouth of the Sacramento and San Joaquin rivers in Au
1841, as mentioned in Chapter I. :

Monthly Distribution of River Discharge.
Since all of the flow of the San J oaquin River is diverted for

gation purposes early in the season, dependence must be placed

Sacramento to supply the needs of the delta irrigators and to a

natural barrier against invasions of salt water. The characte T
of the Sacramento are therefore of particular interest in this stu W
* From long-time records of measurements made by the U. S as
logieal Survey, in cooperation with the State of California it h fo
determined that the average annual run-off from the Sacramer th
prineipal tributaries is 21,400,000 acre-feet. It has been es rec
by the State Department of Public Works that the mean annual floy
from the entire drainage basin for a 50-year period is 25,200, dat
feet as stated in Chapter II. The difference of 3,800,000 &

(15 per cent) represents minor drainages not measured by
logical Survey and includes diversions that are made above th
stations. i

From the data appearing in a paper by H. D. McGlashan
Engineer, U. S. Geological Survey, contained in the 1923 P:
of the Sacramento River Problems Conference, the measured
in typical years is about as follows : ; 7

Run-off from Sacramento
tributaries

Year Total
[venagol veame il wieorles ety S 21,400,000 acre-feet
High water 1906-07--__.___ "~ ""°°° 35,900,000 acre-feet
Low water 1919-20______________ 8,640,000 acre-feet
* Lowest of record 1923-24____________ 5,200,000 acre-feet 7,

* From data furnished by Mr. McGlashan during the investigatioh- ._
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Under present conditions of non-regulated flow, the monthly distri-
bution of the discharge from the Sacramento and tributaries is esti-
mated by Mr. McGlashan to be as follows:

Monthly distribution in per cent of total for the yéar

Year Oct. Now. Dec. Jan. Feb. March April May June July Aug. Sep.
Average ___ 2 4 6 1’5 16 16 15 13 8 3 2 2
1906-0/75 2= il 2 6 7 i, 25 16 10 8 4 2 2
1919-20 ———__ 5 4 i 6 6 14 22 17 8 4 4 3
%1923-24 ____ 8.3 7.5 8.0 9.2 19.6 942 e 8.0 4 QBT AT 6438

#* From data furnished by Mr. McGlashan during the investigation.

The table shows that only 15 to 20 per cent of the annual discharge,
regardless of the type of year, runs off during the low water period,
June to September, which is the period of steadily decreasing discharge
with practically no chance of replenishment from precipitation. It is
also the period of heavy demand for irrigation and for water to act
as a barrier against salinity in the delta.

Return Flow.

As previously stated, all of the natural flow of the Sacramento and
San Joaquin rivers is required during the irrigation season in years
of low run-off to supply the requirements of the upper valleys and for
this reason the delta users would be dependent upon return flow to
supply their mneeds unless restrictions were placed upon upstream
diversions. Return flow is already an important factor in relieving
the salinity situation in the delta region, particularly in the late sum-
mer months, and the situation would be less serious if the volume of
the return water increases with the continued development of irriga-
tion in the two valleys through the use of water which of necessity
will have to be provided through construetion of storage reservoirs
on the upper reaches of the rivers and their tributaries. The increased
return flow will tend to sustain the river flow throughout the low
water period but it is doubtful that its volume will be sufficient to act
as a barrier against salinity even though the water could be spared
for that purpose. Not all of the return flow would be available for
this purpose as some of it, under ordinary circumstances, would be

- rediverted before it reached the delta. The measurement of return
flow had been sadly neglected until 1924 and as a result there are little
data available relative to its quantity or quality.

In his report for 1924 the State Water Supervisor says:

The conditions surrounding return water to the Sacramento River differ
~ Comsiderably from those on the San Joaquin. Here a large portion of the

return flow follows the troughs in the basins on either side of the river, and

gdischarged to the river in definite channels at points fairly well down-
Team,

8 was found that in 1924 the total return from Red Bluff to Sacra-
0, for the four months, June to September, amounted to 33 per

£ the diversions in that period on the same streteh of the river.
Mter Supervisor’s report for 1925 shows 40 per cent return on
¢ bortion of the river from July 1 to October 31 and it is

H j:hat the only return water considered was that which entered
70636
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through definite return channels. It does not include seepage or
return water which could not be directly measured. |

There is apprehension upon the part of irrigators relative to the
fitness of the return water for use in irrigation, especially in case of
the return from the rice fields located in more or less alkali areas,
In order to determine the difference in salts and alkali contained in
river water and return water the State Water Supervisor caused testg
to be made of samples of both. On J uly 30, 1924, a sample was taken’
of the Colusa Trough water at the Maxwell Road and at the same
time one was taken from the adjacent Maxwell Irrigation Distriet®
canal carrying water diverted from the Sacramento River at the pump
ing plant about seven miles distant. The results of the tests are shown
in the following table taken from the Water Supervisor’s report :

Parts per million

Return Canal water
water in (

Test Colusa Trough
sl ySSbleambonates—os SRS SIS ) e 207.00
AlkalinitySearbonates TSR EElE IR TaaT FT R TN g 0.00
flotalfhandncs- RS LR RNNNINTN S NS 164.00
SulphaltesSasE S 2 SITENRLTSER SNGEs OO TOaNT Y 1 0.50
Chlorides as Cl——_____ 65.00
A Lea i SENyo = S 49.00
Alkali coefficient*____________ "~ 24.00
e kcp T arbigre s DRSS T T o SRR e e i Good

* Alkali coefficient is the depth in inches of water which on evaporation wg
vield sufficient alkali to render a four-foot depth of soil injurious to the
sensitive crops.

The water supervisor states that early in the fall the rice field
drained of all the water which has been ponded during the sumn
and at this time, therefore, there is considerable increase in the ref
to the Sacramento River of such water. A sample of water taken f
the back-borrow-pit of District 787, just above its junction wi
river at Knights Landing on September 12, 1924, at the peak
fall drainage, expressed in parts per million, analyzed as follow:

Motalssolids=Dtd e pnbabin bl b 0 582 Permanent hardness_________
Suspended solids_____________ """ 73 Chlorine as Cl_____ —o

Dissolved 'solidsi= IITNITIN RTINS 509 Sulphates as SO;__________
Bicomhonatesse o GRE T TR P LT Ei T 260 Alkali coefficient —
Botall handness L FNETINEERS 0080 WS 213 Alkali rating

|

No comprehensive conclusions can be drawn from the few test :
have been made but the indications are that there is no immediat J
for alarm insofar as the salinity of the return water is comt g
The salinity of the river water is given in U. S. Geological Wa |
ply Paper 274, pages 93 and 107. g
Salinity of Sea Water. feﬁ
The salinity of sea water is not uniform over the world. It fo
sald that sea water contains from 19,000 to 20,000 parts of ¢h]
per million parts of water. U. S. Geological Survey Paper i
19,350 parts per million, as normal. This represents the a bee
77 analyses by W. Dittman, of sea water collected by the Ine)

expedition, ‘‘Challenge Report, Physies and Chemistry,”’
1884, page 203.
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Mr. C. E. Grunsky, Jr., discusses the salinity of sea water briefly
on page 115 of the 1923 Proceedings of the Sacramento River Problems
Conference. Quoting Mr. Grunsky :

The quantity of mixed salts which occur in sea water is about in the
proportion of 3500 parts of salt to 100,000 parts of water by weight. About
90 per cent of the salts that occur in sea water are chlorides. If, for con-
venience, the chlorides in a mixture of sea water and river water are cal-
culated as sodium chloride or common salt, 3000 to 3100 parts of chlorides
in 100,000 parts of water will indicate almost pure ocean water. A sample
of ocean water taken mnear the Cliff House, San Francisco, on October 15,
1920, contained 3065 parts of chlorides (calculated as sodium chloride) in
100,000 parts of water.

It is found that in the bay region salinity is expressed in various
ways, the most common being as common salt (NaCl), and as chlorine
(Cl). To reduce chlorine content to salt content multiply the former
by 1.65.
yOn February 17, 1925, at the time the approximate combined dis-
charge of the Sacramento and San Joaquin rivers into Suisun Bay
was 131,440 second-feet, a sample of ocean water was taken at the
entrance to the Golden Gate near the Cliff House. Analysis of the
sample showed it to contain 16,120 parts of chlorine per million. The
relatively low salinity is, no doubt, the result of the high river dis-
charge. The sample was taken from the surface and therefore repre-
sented the fresher water floating on top of the more salty ocean water.

In comparison with the above, the salinity in Puget Sound near
Seattle, Washington, is of interest. Analyses of samples taken in 1925
about 200 yards north of Alki Point, at the surface and at depths of
10, 20 and 30 feet show the following average salinity expressed in
parts chlorine per million :

November 1 _________ 285 ENio e mbers 2 90Nt TR L SR IEE 16,600

November 9 ___ RS i 240D e cernberdl TRy B -—- 16,880
November 16 ___ SR 6 0D ecembe B S St _-— 16,540
INoyember 22 TURSTEE U8 W7 JeinmiEae ke ——— 16,680

Limits of Salinity of Water for Irrigation and Industrial Uses.

There is a difference of opinion as to the limit of concentration of
salt in irrigation water but it is generally believed that for average
conditions in the delta region 100 parts of chlorine (Cl) (165 parts
of salt, NaCl) per 100,000 is the limit which can be used with safety.
This concentration is said to have been reached on August 1, 1924,
- 4t the middle of Ryer Island, Grand Island, Andrus Island and

Bouldin Tsland. Tf the salinity of ocean water may be taken at 19,350
Parts chlorine per million, it follows that a mixture of 1 part of ocean
 Water and 18.35 parts of fresh water would have a salinity of 100
- Darts of chlorine per 100,000. Since the river water is not absolutely
» but contains some chlorine, the amount of ocean water required
.Produce a mixture with the river water containing 100 parts of
= e per 100,000 would be somewhat less than indicated above.

18 the belief of some people that salinity in the delta region has
Xaggerated hut there is no question that it constitutes a serious
€ It is true that under present conditions the salinity in the
'_ normal years, is menacing for a few days in the fall only,
iSidering the marshes surrounding the upper bays and the towns
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and industries located along their shores the encroachment of salt
water presents a serious problem almost every season.

Mr. J. A. Wilcox, Manager of the Benicia, Water Company, estimates
that water containing 50 parts of salt (30 parts chlorine) per 100,000
will do for domestic use and 35 parts (21 Cl) for bbiler water. He

states that not in excess of 20 parts of salt (12 CI) are desirable and

this is the aim of the Benicia Water Company. He estimates that

over a long period there is an average of about 4} months per year

that water carrying less than 50 parts of salt per 100,000, could be
pumped from the bay at Benicia,

Benicia is an example of towns located on the bay which would ||

benefit as a result of the construction of the Salt Water Barrier, pro
viding it were built at some location to the west. Tt has a population
of about 8500. The town receives its water supply from two reservoir
located in the nearby hills, augmented by pumping from Carquinez
Strait when fresh water is available there. All of the water is chlops

inated. During years of low water supply it has been necessary to |

haul water from upstream points to the town by barge.

to February 15, 1919; and from April 26, 1
From December 1, 1920, to June, 1921, water was bumped from sy
merged barges tied up at the city wharf,

low tide when the water was comparativel
pumping from them during the period of
securing fresh water at Benicia in 1920 is reported at fr
to $120,000.

Salinity as it Affects Industries,

reason that it is served by two transcontinents] railroads, ocean 20;
vessels and two power lines. Living conditions are ideal. Af
time the plants were located it was helieved that fresh water w
be available in unlimited quantities. Companies locating fart
upstream expected to have fresh water available at all times
those locating on Carquinez Strait expected to be able to pump i
water for their use at least during periods of low tide. 3

Mr. C. W. Schedler, General Manager of the Great Western Elet
Chemical Company, whose plant has been located at Pittsburg |
1916, has stated that no difficulties on account of salinity of the
water were encountered at their plant until 1920, During t
mer of that year the salt content of the hay water was sue
interfere with their brocess. The years 1921, 1922 and 192
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poilers, air compressors, vacuum pumps, locomotives, ecranes, con-
densers, coolers, pumps, presses, washers, rolls, dry kilns, elaborate
pipe systems, ete. All are subject to rapid deterioration when saline
water is used in them. The Columbia Steel Company at Pittsburg
uses large quantities of water in cooling some of their finished produects
quch as steel wire, plate, rods, ete., and the presence of salt in the
water rusts the product and reduces their sale value when in competi-
tion with the output of other plants.

All of the industrial plants have their own fire fighting systems.
Qalt water, if it gets into the system, soon eats into the pipes and
while the pipe may not be perforated, it may be so weakened that it
would fail just as the time dependence was being placed in it in an
emergency. The most careful inspection might not reveal the weak-
ness.

Tt has been estimated that the investment in industrial plants from
COrockett to Antioch is in excess of $60,000,000. If it is assumed that
5 per cent of this amount is invested in equipment subject to corrosion
from salt water, $3,000,000 would represent the investment in this
class of equipment. Mr. Schedler, on page 88 of the 1924 Proceed-
ings of the Second Sacramento—San Joaquin River Problems Confer-
ence, says that the increased depreciation on this equipment brought
about by the salinity conditions experienced in 1924 amounted to over
$150,000.

Not only is there a large expense due to maintenance of plant, but
the process is sometimes affected, resulting in losses. Mr. Schedler
states that in 1924 the salinity at their Pittsburg plant, for the period
July, August and September, was approximately half that of the ocean
water. In July of that year it was necessary to shut down their
hydrochloric acid plant on account of stoppage in the pipe system.
Upon dismantling it was found that the entire pipe system was plugged
with salt. The system was cleaned out and the plant put in opera-
tion but the next morning the plant was down again from the same
cause. From that time on, well water was purchased from the city
of Pittsburg for about two months until a well could be sunk on
~ their own property. The water from the new well was found to be

of poor quality but usable.

It is reported that the California—Hawaiian Sugar Corporation,
. whose plant is located on Carquinez Strait at Crockett, spends over
- $100,000 in obtaining fresh water in years of low run-off. This plant,
_‘519{1@: uses approximately 2,000,000 gallons of fresh water per day.
1Tt is also reported that during the World War the manufacture of
. by the Giant and Hercules powder companies was limited by
available supply of fresh water.

principal requirement for a factory location is an abundance
d fresh_ water which can be obtained at a cost no greater than
£ bumping through a low head. It has been demonstrated that
Aters of the rivers, Suisun Bay and Carquinez Strait are suitable
ISions of salt water can be prevented, and this explains the

Which industrial companies have in the construction of the
r Barrier, i
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Teredo.

The unusual facilities offered on the shores of San Pablo Bay, Car-
quinez Strait, Suisun Bay and the lower river channels have attracted
many large industries. The water front structures erected by these
industries were all built with untreated piling because of the absence
of marine activity and the belief that the fresh water discharged by
the Sacramento and San Joaquin rivers would be sufficient to prevent
the invasion of the various forms of marine borers which inhabit
salt water.”

San Francisco Bay proper is said to have been subject to marine
borer activity since records have been kept although, according to
tradition, the ship worm was not known in Spanish days and did not
become a menace until the period following the gold rush in 1849,
Prior to 1914 the only ship worm observed by biologists was the Xylo-:
trya. This borer, together with the Limnoria, were the ones which’
had caused the principal damage in San Francisco Bay prior to thag
date. }

Early in 1914, following two years of low run-off, the activity
- marine borers was noticed in the dykes of the Mare Island Navy Yar
at a dock between Crockett and Vallejo J unction, and at a dock locat
at Oleum. This attack appeared to be sporadie like the earlier o
but in 1917 attacks by the same shipworm, identified as a tered
which has caused so much destruction in European waters for centu
past, again appeared in the vicinity of Mare Island and during
following years spread very rapidly and increased in severity. In th
latter part of 1919 the attacks had progressed to such an extent the
parts of waterfront structures and, in some cases, whole docks be
to fail. In 1920 these failures assumed such proportions and bee
so frequent as to present a critical situation. As a result the
Francisco Bay Marine Piling Committee was appointed and a s

of the whole problem was definitely begun in September, 1920. :
committee made three reports, one dated August, 1921, one dated
uary 15, 1922, and the last on February 20, 1923. These reports (
tain the most authentic information on the subject and they wi 0
guoted freely in this report. k
In the upper bay system, including Carquinez Strait and the i tk
lately adjacent waters of San Pablo Bay, many pile structures, alth
built of untreated timbers, had stood from 30 to 40 years. Untr Dy
an

piles at Port Costa, driven prior to 1870, remained untouched by
although several periods of low rainfall had intervened which
have permitted invasions of salt water into the upper bays a
region. The destruction since 1917 has been swift. Every
front structure as far upstream as Antioch has been atta
teredo. It was estimated by the committee that during the ¢
preceding their first report the damage done by the marin
in the area described amounted to more than $15,000,000 in
replacements and repair. :

The survey brought out the fact that in 1920 certain forms
life had gone up the Sacramento River as far as Walnut Gr
that these same forms were luxuriantly thriving in piling
in Carquinez Strait as salt water had invaded that territor ;
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concluded that barnacles and hydroids precede teredo and that the
occurrence of young mussels on marine piling is a danger sign to
look out for teredo.

Teredo navalis, barnacles and mussels made their appearance in the
wharf of the Mountain Copper Company off Bull’s Head Point in
the winter of 1920, but they were exterminated by the flood waters
of April and May, 1920. In their 1921 report the committee stated
that it was highly probable that the bay system was then thoroughly
seeded with teredo and that even in normal years there is a possibility
of its invading the territory above Carquinez Strait with sufficient
offect to cause some damage. -

New. untreated piles driven in April, 1921, in 36 feet of water at
(rockett, were attacked so heavily, especially at the mud line, as to
be broken off in December of that year. Another pile driven in the
latter part of January, 1920, and pulled 33 months later in May,
showed a penetration by teredo of two inches. In a redwood salt
water tank on the ninth floor of the California—Hawaiian Sugar factory
at Crockett, teredo penetrated the lumber two inches in eight weeks
in July—September, 1920.

After the teredo attack of 1920 the Southern Pacific Company is
reported to have spent about $2,000,000 at Benicia and Port Costa in
replacing untreated piles which had been in place 40 years.

In August, 1924, it was estimated that the Associated Oil Company
would have to spend from $150,000 to $200,000 before Christmas to
repair damage done to their Avon wharf by teredo. On the night of
October 29th of that year the wharf collapsed at a time when a large
oil tanker was discharging its cargo. The wharf caught fire and
before the tanker could get away the fire spread to it. The result
was the loss of seven lives, the loss of the tanker and its cargo and the

destruction of the wharf, all directly attributed to encroachments of
~ salt water into Suisun Bay bringing with it the teredo.

At the Booth Cannery, at Pittsburg, a 16-inch pile which had been
driven at the end of the company wharf in March, 1924, was pushed
over in October of the same year by the superintendent of the plant
kicking it with his foot. The entire pile had been honeycombed at
he mud line.

1 ‘The principal piling timber in the San Francisco Bay system is
ouglas fir brought down from Oregon and Washington, Redwood
gL blue gum Eucalyptus, although frequently asserted to be immune

borer attack, appears but little, if any, better than other common

'edo enter the wood as minute larvae and leave only a pinhole
k the entrance. There is nothing to indicate to the casual
either their presence or the degree of destruction which they
omplished. A close inspection with a lens is generally
to reveal the minute openings in the wood.

arine horers at work in San Francisco Bay are said to belong
BTOUDs of animals, to the Mollusea and to the Crustacia. The
Ollusks_all belong to one family, the Teredinidae. Most of
S Working on the timber structures drill slender tubes into
= OV means of their shells and have a pair of plumose or
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paddle-shaped pallets near thejr siphons which serve as plugs to close
the outer end of the burrows againgst intruders. These borers line
their burrows with a film of pearly nacre and dril] tubes of different
lengths up to anq even exceeding four feet into submerged or floating
wood. - They seem to have the boring instinet well developed and
continue drilling throughout most of their lives. This family of borers o
is represented in San Franeisco Bay by at least three different Species,
These are the Xylotrya setacea tryon, the large borer of the Pacifie
coast; the Teredo diegensis Bartsch, a small species of the California,
Coast; and the notorious Teredo navalis Linnaeus, i
When full grown in the waters of San Francisco Bay, the Xylotrya
setacea, ordinarily measures as much as two feet in length and hag )
diameter at the head or shell-bearing end of three-fourthg inch. Tubeg
over three feet in length and seven-eighthg inch in diameter have bee

heavily infected by teredo. Tt does not appear to adapt itself readil
to the brackish water as does teredo navalis, ;
Teredo diegensis is the smallest mollusean borer found in the ha
and is most restricted in distribution. Tt ig of little interest in
investigation for the reason that it does not appear to have tak
part in the destruction of piling in the upper bay in recent years,
usually hags g length of from one to four inches. The largest
found by the committee was about six inches long and five-sixtee
inch in diameter, 4
Teredo navalis ig known as the “Pile-worm of brackish wat
and is the same ag found in the dikes of Holland, It is the me
sized species of the three molluscan bhorers oceurring in the San
cisco Bay System. When ful] grown it ig generally from six ¢
inches long, and has a diameter at the head end of from one t
three-eighths inch. The whitish, worm-like hody lies in the bur
enters the pile horizontally and generally turng downward and e
within one op two inches to g nearly uniform diameter throy )
rest of its course. The head, or shel] bearing end, is at the hottom
burrow. The posterior end of the body is at the mouth of the b
where the mollusk brotrudes its tywe siphons through the miny
Water for respiration and carrying food enters one of the siphong
chips from the drilling and the excreta pass out through the
hese siphons are drawn in and the mouth of the hole closed b
pallets at the least disturbance. Tt ig probable that teredo
reaches sexual maturity in the first year of ity growth. Tt is e
to be short lived, only a few surviving the winter. A hea
rate has been found in the autumn associated with
Teredo navalis Spreads very rapidly. Tt hag been estima

currents for long distances, hence the ease with which it in
territories. The length of larval life is sufficient to perm:
transoceanic trangfer in the tank of 4 Steamer, They are
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be capable of swimming about for at least a month during which time
they develop a foot and a set of bivalve shells. They are then ready
to settle down on the wood, and transform into the boring adult type.

The point of most severe attack on a pile is at the mud line, although
teredo will work at any point below mean tide line.

The factor of salinity is one of fundamental importance in the dis-
tribution of teredo mavalis. It is clearly a species surviving a wide
range of varying salinities and is thus eapable of appropriating
promptly tidal areas which the ocean is tending to invade. The lethal
action upon teredo of brackish or fresh water is a function of two
variables, the salinity (or lack of it) and the length of time between
recurring periods of higher salinities which permit resumption of
more normal functioning. A teredo might be able to survive com-
pletely in repeated exposure to fresh water, provided ocean water of
sufficient salt content was available between times, which explains their
survival through the winter months of high river discharge at points
above Carquinez Strait. The effect of low salinity on teredo navalis
is summarized on page 367 of the Third Annual Progress Report of
the San Francisco Bay Marine Piling Committee as follows:

Experimental observations on the activity of teredo navalis in various
salinities, as manifested by the extension of the siphons, indicate that the
organism is normally active in salinities as low as 9 parts per 1000, and
below this point the activity decreases with decrease in salinity. Below a
salinity of 7 parts per 1000, the proportion of active individuals decreases
very rapidly until at 3 parts per 1000 no teredos are extending their siphons.

The average lethal salinity for teredo navalis has been determined experi-
mentally as 5 parts per 1000.

Teredos obtain some protection from water of a salinity below the lethal
(5 parts per 1000) by stopping the mouth of the burrow with the pallets
and thus preventing the entrance of water from the outside. At the same
time, a supply of salt water is held within the burrow. It is probable that
the salinity of this retained water is gradually diluted by diffusion through
the wood and that the organisms are finally killed in this way. If, however,
the salinity rises above 5 parts per 1000 before the salinity of the retained
water becomes diluted enough to kill the organism, it will be able to obtain
a fresh supply of water and survive for a longer period.

A period of 83 days below 4 parts per 1000 salinity has destroyed 90 per
cent of the teredos in piles at Crockett. Immediately prior to the above
period an interval of 20 days below 5 parts per 1000 salinity occurred, but
the record shows frequent peaks of 4 parts per 1000 salinity or more during
this interval. It is probable that the salinity actually rose to 5 parts per
1000 at some time during the days on which these peaks occurred, since the
water samples were not always taken at the major tide. Thus it seems
reasonable to measure the period of survival as the period below 4 parts per
1000 salinity, i.e., 33 days. The period necessary to destroy the surviving
10 per cent of the organisms is impossible to determine definitely at present.

Teredos show remarkable recovery from sudden changes of salinity in
aquaria. They have also survived great changes in the salinity of the bay
water during the past season. (1921-1922.)

The salinity referred to in the above quotation is based upon the
otmula S —1.8050 C140.030. It gives approximately the propor-
, ,b°11.0f ocean water in Carquinez Strait water used in the experiments,

Ut includes also the saline content of the stream and seepage water.
0ng the conclusions reached by the committee are the following :

anl(\lia}rine borers are very active in San Francisco Bay and connected waters,
In places where their attack is severe will destroy untreated piling in as
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short a time as six to eight months. In other places the untreated bﬂing |

may last from two to four years.
The data in hand indicates that it is fair to expect creosoted Douglas fir
piling in San Francisco Bay to give a life of 15 to 20 years under present
conditions and practice. Certain piles are of authentic record from the Oak-
land Long Wharf which were sound when removed after a service of 29 years.
Poor treatment, or damage to creosoted piling by careless handling, rafting,

storage or construction, will materially reduce the life which might other-

wise be rendered by such piling.

Records of Salinity.
In general the salinity of the bay waters inereases with depth;

Jecreases with distance from the Golden Gate; and decreases as the
discharge from Sacramento and San Joaquin rivers inereases. The
salinity at any point in the bay system varies from year to year, being
relatively low in a year of large run-off from the Great Central Valley
and relatively high in a year of small run-off. ‘
The invasion of salt water into the delta region is serious only in
years of deficient run-off but the salt menace has been growing WOIse
during the past few years. Tn 1916 the State Water Commission took
up the study of salinity of the rivers and delta channels but the worl
was interrupted during the World War and was not again taken uj
until the dry season of 1918-19 brought the subject forcibly to th
attention of the public. In 1920 a combination of an unusually dz
year and large diversions for the irrigation of crops in the valle
brought about a deeper invasion of salt water into the delta regil
than ever before known. Nineteen hundred and twenty-four was
most severe year of record. The discharge of the Sacramento at |
Bluff was the lowest of any year of the past 30. At Sacramento {
discharge was less in 1920, but in 1924 the peak of flow was reack
earlier in the season. Salt water appeared in the delta early in Ju
1924. On June 1 of that year the concentration at Collinsville
as heavy as on July 22, 1920. In 1924 the maximum concentrat
of salt in the delta was greater and occurred earlier in the season.
In the past, as at present, salt water invaded the lower river i
delta channels in years of low rainfall and run-off. As notec
Chapter I, the water at the mouth of the rivers was brackish in 1§

It is said that trouble from salinity was experienced in 183(
187071 and in 1912-13. '

Many data are available relative to the salinity of the upper
waters since salinity became a menace to industries and agricull
interests. One of the most interesting records is that kept bl
California and Hawaiian Sugar Refining Corporation in conne
with their refinery at Crockett. It shows the extent of the iny
of Suisun Bay and the rivers by salt water for each year since Ii

Fresh water for use in their refining process is obtained by
parges which are towed upstream until water of the desired @
is reached. The record kept includes the distance above C1
which it was necessary to go on each trip to obtain the water &
salinity of the water obtained. The barge is filled when the 8
taken show a salinity of not more than T or 8 parts of sodium €
(salt) per 100,000 so that the data furnish an excellent reco
distance brackish water of that concentration invaded the
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and river channels. When the water in Carquinez Strait is fresh
enough it is pumped direct to the plant from the refinery dock. On
Plate 9-1 is shown the average distance above Crockett traveled each
month, sinee 1908, by the barges to obtain suitable water. The record
does not show the distance upstream that it would have been necessary
to go in all years, for in recent years, when the distance is too great,
water is obtained from a storage reservoir in Marin County, west of
Crockett. It will be noted that it was necessary to go above the mouth
of the rivers every year from which it may be concluded that the
whole of Suisun Bay becomes brackish during the fall months of each
ear.

4 The most complete record of salinity in the delta region is that kept
py the State Department of Public Works, Division of Water Rights.
This record, for 1919 to 1924, inclusive, is shown in graphical form on
Plate 9-2 while that for 1925 is shown on Plate 9-3. The location of
the stations at which observations were made is indicated on Plate 9-4.
Tt will be noted on Plates 9-2 and 9-3 that the approximate discharge
of the Qaeramento River at Qaeramento and of the San Joaquin River
ot Lathrop, or Vernalis, is shown. .

As indicated on Plate 9-5, taken from the Qtate Water Supervisor’s
report for 1924, maximum and minimum salinity at Antioch, on the
Qan Joaquin River, and at Rio Vista on the Sacramento, occurs at
about the time of slack tide following high and low tides. The salini-
ties shown on Plate 9.2 represent the maximum as the samples were,
in general, taken about two hours after high tide.

In his 1924 report the State ‘Water Supervisor says:

Freeport and Lincoln Highway bridges were the farthest upstream sta-
tions maintairied in 1924 on the Sacramento and San Joaquin rivers, respec-
tively. Tests at Treeport showed a maximum of 15 parts of chlorine per
100,000 on August 16 and the maximum at Lincoln Highway bridge was 14
parts on September 6.

The upper limits in the delta region reached in 1924 by salt water
in proportions generally believed to be dangerous for irrigation use
(100 parts of chlorine per 100,000) are shown on Plate 2-5. The
upper limit on the Sacramento River which, it is estimated, would
have been reached had conservation measures not been adopted is
also shown. Tt will be noted that it lies just below the town of
Freeport.

In a letter from Mr. Geo. A. Atherton, General Manager, California
Delta Farms, Inc., dated November 22, 1924, he says:

In 1924 the area (in the delta) that was affected extended very much
f_arther east (than in 1920) and the salt situation was very serious and
m01l}ded all of the lands west of Old River (See Plate 2-5) north of the
tve;ﬂtory about Byron and, on the east side of Old River, included Victoria,
Joodward, Bacon, Mandeville and Medford islands, the upper and lower
anes T‘ract and McDonald Tract, and, on the north side of the San Joaquin
Rle‘gr’ mgluded_ Bouldin Island, Venice Island, Empire Tract, King Island,
i aalmatlon District No. 548 and the lower portions of Staten Island and,
ot esser degree, adjoining lands farther east, but on these tracts the saline
e n.t was 100. parts chlorine or more to 100,000 parts of water and grad-
B lf’o ltnereased in content, of course, farther down the river.

“ﬁ’vers of the domestic water supply in this territory is obtained from the
; . TIn 1920 there was no time when the river water was not generally
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used for domestic purposes. During this year, 1924, the situation was so
bad that in some instances the stock would not drink the water and all of
the tenancies brought their household drinking water from Stockton by boats,

On August 12, 1924, the maximum salinity at Rio Vista was 608
parts chlorine per 100,000. The salinity considered dangerous for
irrigation, 100 parts of chlorine per 100,000, was found at Howard
Ferry on Steamboat Slough, above Rio Vista, on August 5, 1924. ‘

According to the records of the Great Western Electro—Chemical
Company the maximum salinity reached since their plant was estab:
lished at Pittsburg in 1916, occured in August, 1924. The high point
in other years were reached in the month of September, 3480 part
chlorine per million in 1921, and 2425 parts per million in 192
which represents the highest days of the entire year. The averag
salinity of the water at Pittsburg during the low water perig
expressed in parts chlorine per million, is as follows:

Year June July August  September Octob;
i1 DR SRS T el S 62 262 1,395 2,140 824
1922 S M, Qb 0 3L 33 97 0 1,740 6
ppit s A el s el S0 e . 65 256 752 i E
1924. (el AL B -- 5,900 8,120 11,450 8,410 4,25

The figures are as they appear in a paper presented at the 1
Sacramento—San Joaquin River Problems Conference, page 89 of :
Proceedings. The samples were of the ‘‘bleed’’ type, taken over
hours each day. It will be noted that the average salinity for th
months in 1924 was approximately half that of ocean water.

Some very interesting data are shown on Plates 9-6 and 9-7.
9-6 consists of a group of graphs showing:

(a) The salinity of bay water at the Southern Pacific ferry sli
Benicia and Vallejo Junction at high and low tide, and at the su
and bottom, in 1920.

(b) The relative salinity of water in 1920 at six stations, Mai
to Walnut Grove, samples of which were taken at the surface a
tide.

Plate 9-7 shows the relative salinity of bay water in 1921 & 3
stations along the water front from Pittsburg to Tiburon. The ¢
and stage of tide at which the samples were taken, were not ascer
but, in any event, the curves show the relative salinities at the ¥
stations.

The salinity, as shown on Plates 9-6 and 9-7, is not expressed in
of chlorine but in terms of ‘‘salinity’’ used in the San Fran
Marine Piling Survey from which the graphs are reprodu
““salinity’’ represents the oceanic portion of bay waters o
neglects the stream and seepage, or land water, contributio:
marine borers, the subject of the report, are only adapted to the
saline complex of sea water. The ““salinity’’ in parts per
derived from the formula S = 1.8050 C1 -+ 0.030. See page 9
committee report dated August, 1921, A

In his study of the salinity situation as it affected the wate
for the town of Benicia, Mr. J. A. Wilcox found that a elo
exists between the salinity of the bay water at Benicia and )
of the Sacramento River at Sacramento. It was determined t
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the river at that point is above the 11-foot gage height fresh water
can be obtained from the bay at the Benicia city dock for at least
an hour or two each day, or for sufficient time to load the water barge
tied up there. At this minimum gage height at Sacramento Mr.
Wileox, in his report of February, 1921, says that there will be a
few days each month during unfavorable tide conditions (small run-
out) when no fresh water is available at Benicia. As the river rises
at Sacramento above the 11-foot gage the length of time of fresh
water at Benicia is said to increase and is less affected by tide condi-
tions.

Following this line of thought, a study was made as a part of the
investigation of the Salt Water Barrier to develop the relation between
the combined discharge of the Sacramento and San Joaquin rivers
and the salinity of bay water at various points. Samples of bay water
were taken each month beginning at the time the rivers were high in
February, 1925, and ending the following February. The stations
selected were the Mountain Copper Company wharf oft Bull’s Head
Point, at the lower end of Suisun Bay and the Standard Oil Company
wharf at Point San Pablo, located at the lower end of San Pablo Bay.
The object was to secure a record covering one full year which might be
considered normal, or at least typical. It was believed that a fairly
good idea of the advance and retreat of salt water up and down the
bays could be obtained by plotting the monthly data on the curve
of continuous record kept by the Great Western Electro—Chemical
Company at Pittsburg and the weekly record kept by the Mountain
Copper Company at Bull’s Head Point, which latter two, for all
practical purposes, determine the general shape of the curves at the
sites being considered for the Salt Water Barrier.

In general, the samples were taken at the time of slack water follow-
ing higher high and lower low tides. In July, September, November
and December, 1925, and in January and February, 1926, the tides
sampled were those having the maximum range for the month. Sam-
ples were taken at the surface and at each 10 feet in depth to the
bottom in order to determine the increase in salinity with depth and
to arrive at the average salinity in a vertical section. At slack water
following higher high tide the salinity should be at its maximum while
the minimum should occur at slack water following lower low tide.
The average of the two should be the approximate average for the day
~on which the samples were taken. In addition, gage readings were
recorded at short intervals between the time of high or low tide, and
the time the samples were taken. The samples were analyzed for
Chlorine in the laboratory at the University of California, College of
- Agriculture, Division of Plant Nutrition, under the direction of Mr.

;',I-'; Hibbard. The results are shown on Plates 9-8 and 9-9. The
Salinity at Collinsville on July 7, 1925, is also shown on Plate 9-9.
At Pittshurg the water samples are taken at the pump house of the

8t Western Electro-Chemical Company. The pump intake is
~4€d approximately 75 feet from shore and 5 feet below the eleva-
B of mean low tide in the same position that it has oceupied for
years. Mr. Schedler advises that the samples are a bleed
Pump line so arranged that the water drips into a barrel 24
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hours each day for all water pumped into their tank. Their method,
however, is to pump as much water as possible at low tide, although
at times it is impossible to obtain all water required at the low stage,
Mr. Schedler states in a letter of J une 25, 1925 :

I believe that our sample represents very closely the average of the wate r
in front of our plant during the 24 hours of the day.

The drip sample is analyzed once each week and is reported in parts
chlorine per million. (Determined as chlorides.)

The Mountain Copper Company samples at Bull’s Head Point ar
taken at weekly intervals at high and low tides, one being obtained g
the surface and one from the bottom where the depth below mean tid,
level is about 27 feet. The salinity was reported in terms of ‘‘saliy
ity’’ as used in the San Francisco Bay Marine Piling Survey but o
Plate 9-8 the figures have been reduced to parts chlorine per millig
in order that all of the graphs be on the same basis for comparison.

By reference to the graphs, Plate 9-8, it will be noted that th
salinity in 1924, as shown by the Mountain Copper Company record
was much more severe than in 1925. This is further borne out in #]
State Water Supervisor’s Report for 1925 from which the followis
data were extracted :

COMPARISON OF MAXIMUM SALINITY, 1924 and 1925, IN PAR
CHLORINE PER 100,000

192} 1925
Station Amount Date Amount Date
O. & A. Ferry August 28 762 September

Collinsville __ August 16 448 September
Emmaton ____ August 6 136 September
Three-Mile Ferry August 30 81 September
Rio* Vigtai st a0 August 12 21 g
IS16tonsy LT Ne 0 DB August 14 12
(ANTioChIp SR EE TN e August 20 356
Jerseyiitl  TEE CUNaTS 708 August 30 81
Webb' Pump SIS &l n iy 414 September ¢ 24
Cehtral e nding e L . T SR 288 September 24 10
Medford Pump—______________ 236 September 26 19
Ridge Pump.__ —— == 4190 September 16 35
Middle River- - 186 September 30 13
Holland Pump__ ==L+ 308 October 4 18 er
Mansion ‘FHlougells §  FTETaasg 148 October 12 4l September

In order to secure more complete information as to the rel
between the inflow from the rivers and the salinity of the bays
State Water Supervisor established early in February, 1926, fou
salinity stations on Suisun and San Pablo bays which will be :
tained throughout the year. The stations are located at Bay [
Bull’s Head Point, Oleum and Point Orient. The data to be ob
should be of great value in future studies of the proposed Salt
Barrier.

Control of Salinity.

It has been demonstrated that Suisun Bay and Carquinez Stri
be kept clear of salt water if fresh water is available in large qt
as for example, during periods when the Sacramento and San
are in flood. Also it has been found that a combined river di
of about 3500 second-feet as measured at Sacramento and Ver
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sufficient to prevent encroachments of salt water into the delta region
if this amount of water is allowed to flow into Suisun Bay which, of
course, suggests the storage of flood waters in mountain reservoirs to
be released during the low water period in amount sufficient to keep
the flow into Suisun Bay at or about 3500 second-feet. This phase
of the problem was discussed briefly in Chapter II and will not be
claborated upon here as it is outside the seope of this report.

A great deal has been accomplished through cooperation of water
users in the Great Central Valley and it is certain that continued and
increased cooperation will be necessary unless storage reservoirs, or
the Salt Water Barrier, are constructed. The success of cooperation
was effectually demonstrated in 1920. When it was foreseen that
there was to be a severe water shortage, and that crops would be lost
unless the most economic use of the available water was practiced, an
Emergency Water Conference was held at which the appointment of a
Water Master was decided upon. The respective rights to divert water
grom the rivers having never been determined, it was mutually agreed
to place the division of the water in the hands of the Water Master.
On page 164 of the 1923 Proceedings of the Sacramento River Problems
(onference, Mr. Paul Bailey states:

The plan followed was to effect reductions in the use of water as exigencies
required, on the part of those who could best spare it. By keeping close
contact with field conditions, and through the excellent cooperation of the
project managers, a maximum of about 24 per cent reduction in the use of

water, compared to that at the same time in 1919, was effected during the
most critical 10 days of the season and this without damage to crops.

In 1924 conditions were even more severe than in 1920 and the
policy of strict economy in the use of water was again adopted. By
the middle of July, 1924, the discharge of the Sacramento had fallen
off to 700 second-feet at Sacramento and at the same time the San
Joaquin had dropped at 400 second-feet. Salt water had invaded
the delta channels in quantities to make irrigation dangerous below
Isleton and Howard Ferry on the Sacramento and the Webb tract in
the San Joaquin area. (See Plate 2-5.) Beginning about July 25th,
euts were made in diversions of upriver irrigators and other economies
were put into effect. The results accomplished are summed up in the
Water Supervisor’s Report for 1924 as follows:

These measures were reflected very soon in an increased flow past Sacra-
mento to the delta. From the lowest discharge of 700 cubic feet per second
the flow increased nearly 50 per cent to an average of 1020 during the
first week of August, and to 1500 cubic feet per second by the time the rice
water drainage commenced in the latter part of August. During this time
the inflow at Red Bluff remained practically constant. At Howard Ferry,
on Steamboat Slough, from a chlorine content of 100 parts per 100,000 on
August 5th, there was a drop of 42 parts on August 20th and to 10 parts
b_y September 1st. From a situation where the salinity was menacing irriga-
tion as high up as Walnut Grove, Sutter Island and Upper Ryer Island,
such relief was obtained that by the latter part of August, irrigation could
be safely carried on above a line through the southern end of Staten, Tyler,
Andrus, Grand, Ryer and Prospect islands.

The water supervisor estimated that had no conservation measures
adopted salt water would inevitably have reached proportions



208 pIvISION OF WATER RESOURCES

in the Sacramento portion of the delta dangerous to irrigation praecti-
cally to Clarksburg and the northern boundaries of Reclamation Dis-
trict No. 999. (See Plate 2-9) e
Some are of the opinion that it will not be necessary to allow the
estimated 3500 second-feel Of water to flow into Suisun Bay to act as g
natural barrier against invasions of salt water and argue that if the
water required for irrigatlon purposes in the delta is permitted #
flow to the delta there would 1?e no salinity problem there. The falla \
of this argument should be ev1de:nt from the discussion of the upstrean
progression of salt water contained in the first part of this Chapter
Even were it true that the Problem in the delta could be solved j
this manner the industries 10cated along the shores of the upper baj
would receive no relief whatever thyough the adoption of the plan.
In considering the eontrol of salinity in the reservoir to be create
through construction of the Salt Water Barrier we are confronted wi
the problem of controlling the entrance into the reservoir of salt waf
through the ship locks and s leakage around the flood gates. Le
past the floodgates can b prqvented by maintaining the water ST
face above the barrier at @ higher elevation than below but in g
event the entrance of salt water by this route would be comparatiy
small. The question then iS: Qan salt water work its way thro
the ship locks in sufficient quantity to vitiate the purpose of the |
Water Barrier, or diminih its eﬁ'ect}veness? The amount of w,
required in the operation 0f the barrier and the probable amoun
salt water which will find itS Way into the fresh water reservoir g
it are dealt with in Chapfer X but it remains to find ways of
trolling the interchange o fresh and salt water in order to g
unnecessary contamination of the fresh water lake. The m
controlling the entrance o sal’q wat_er will have been recogniz
the designs and discussion tontained in Chapter IV.
It has been proven, noably on the Panama Canal and at
Washington Ship Canal, Sattle, that where ship locks separate I
of fresh and salt water thesalt water tends to climb through the
even though the water surface on the fresh water side is mair
at a considerably higher ekvVation than on the salt water si
locks therefore cause salt yater to invade areas that never be
salt unless provisions are vade to control it. At Miraflores L
the Panama Canal, salt watr climbed to Miraflores Lake, some
above sea level. At the Late Washington Ship Canal locks th
of the fresh water lake is paintained about 25 feet above extre
tide and 7 feet above extrene high tide. 1
Mr. W. M. Meacham of Stattle, who has made a study of
for keeping salt water out o lock controlled waterways, conelu
A low lift lock will pass? greater amount of salt water at a lo
a high lift lock of the sa#® Size, the reason being that there i
water taken in and, therfore, less dilution. A lock will a
salt water when the tide  high than when low. On account
water from a low lift lockbaving a higher specific gravity than #
high lift lock, it travels aii€ Waterways faster. '
During long, low-water 15018, or periods when there is little
furnished from the watersid above, a lock is most effective in e
areas of salt infected wate: ;
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A sufficient volume of water, either stored or continuously supplied from
the watershed above, is necessary for keeping salt water out of lock con-
trolled waterways.

The flow of salt water through the ship locks, and the resulting con-
tamination of the fresh water lake above at the Lake Washington ship
canal, furnishes an excellent example of what may be expected at the
Qalt Lake Barrier since conditions are much the same. Kxhibit 23,
which will be found in the envelope at back of Volume II of this report,
is a published article on ‘‘The Control of Sea Water Flowing into the
Lake Washington Ship Canal,”” by E. Vietor Smith and Thomas G.
Thompson. It is particularly interesting because it contains a sum-
mary of the results of eight years of experience in the operation of
the ship locks and of investigations of their effect upon the salinity
of the lake above. As described in the pamphlet, there are two ship
locks in operation. Authorities at the locks advise that in 1923 the
Jarger one was filled and emptied 8044 times and the smaller one
19,334 times (See Table 6-34). The article (Exhibit 23) shows how
completely salt water replaces the fresh water in the locking operation
when the lower gates are opened to Puget Sound and how the salt
water escapes into the fresh water lake when the upper gates are
opened. It brings out how the fresh water lake will be contaminated
* if proper control is not provided ; describes the method adopted at the
Lake Washington locks for controlling salinity, and shows how readily
the lake is cleared of salt water when fresh water is available for that
purpose. The authors’ conclusions 2 and 3 are of particular interest
s they indicate that salt water finding its way info the fresh water
o through the ship locks can be removed quite efficiently through
use of a large, deep salt water sump above the locks and by drawing
the salt water from the bottom of this sump. The plan resorted
at the Lake Washington locks is shown on page 6 of the pamphlet.
plan adopted for the Salt Water Barrier is shown on the pre-
v designs and is diseussed in Chapters IV and X of this report.

e amount of river water required to keep the reservoir back of
t Water Barrier fresh is of vital importance. The amount
ot be predicted aceurately at this time for the reason that data
nt for this purpose are not available. It is possible, however,
lusions based on an extensive study of the San Francisco Bay
ould be no more reliable than those drawn from the exper-
ned in the operation of the Liake Washington ship canal locks.
possibility in mind an inquiry was addressed to the Army
'S office at Seattle, relative to the amount of fresh water
‘ keep the lake above those locks fresh. The letter referred
( lone} W. J. Barden’s reply, dated July 20, 1925, will be
$ Bixhibit 24. The exhibit supplies some very valuable data.
Fare the conclusions stated pertinent to the proposed Salt
1 er.but a great deal can be learned about salinity above
. and its control, by a close study of the accompanying map
While the conditions are not identical at the two places
d0gous, considering the Salt Water Barrier built at the
USite. The area of Suisun Bay is approximately 32,000
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acres in comparison with 25,000 acres as given for Salmon Bay, Lake
Union and Lake Washington. By inspection of the profile of the
Lake Washington ship canal on page 5 of Exhibit 23, it will be noted
that there is a ‘‘hump’’.in the bottom between the locks and Lake
Union similar to Middle Ground shoal in Suisun Bay. On page 3
of the same exhibit it is stated that the depth across this “hump’’ ig
31 feet. If the proposed San Joaquin River and Stockton channel
Is constructed a channel depth of 26 feet at mean lower low water wi ,
no doubt, be provided through Suisun Bay, and if the water surfaeg
of the fresh water lake above the barrier is maintained 2.5 feet aboy,
mean sea level the resulting depth across Middle Ground shoa] i
be about 32 feet, or 29.5 feet if the water surface is permitted to drg
in the late fall to mean sea level.

The deep channels of the lower Sacramento and San Joaquin riye
will act as a seecondary salt water sump or trap, much as Lake Uni
does, in case some salt water does get past Middle Ground shoal, (&
statement near top of page 6, Exhibit 23.).

An examination of the salinity tables which form a part of Exhj
24 will show that the concentration decreases with distance from
ship locks and in this connection the advantage would lie with

Salt Water Barrier for Suisun Bay is about twice as long as the I v
Washington ship canal. Also, it will be seen that salinity incre 1?(
with depth; that it is greater in the fall than in the Spring; and g
in 1924-25 it gradually inereased at practically all of the sta .
until November and then decreased very noticeably in Decembe cee
until February, when it again started to increase. The sudden . Wa';
from November to December was undoubtedly due to the gl )
through the lock culverts from November 10th to 25th after g sﬁ'vi
period of no discharge of lake water with the exception of that p faﬁs
through the salt water conduit. . - s of
An outstanding feature of the salinity table, Exhibit 24,3 Water

the salt water remaining above the ship locks in the spring,
flushing accomplished as a result of the winter rains, is confine
cipally in Lake Union at a depth greater than 30 feet which i
the controlling depth between the locks and Lake Union.

is also called to the salinity of the water at the outlet of the
discharge pipe before and after a lockage, and to extreme v,
the salinity at top and bottom within the ship lock. The

salinity of 10,809 at depth of 55 feet is probably the resul;
water being trapped in the lock behind the upstream lock
This sill is at elevation —12, 37 feet below the water surfs
fresh water lake, in comparison with the 55-foot depth at w
sample was taken.

Features of the Salt Water Barrier Proposed for the Control of Sa
The object is to remove any salt water getting past the

quickly and quietly as possible. The general type of ba f 5
although radically different from those considered in e a g
sions, was designed with the belief that it will more nearly of ¢)
the desired result than any other type. Another type m 2toy,
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less first cost but unless certain prineciples are adhered to the purpose
of the barrier will be partially defeated.

A large gate area is required to pass the floods from the Great Central
Valley. In designs previously proposed for the Salt Water Barrier
wide shallow gates were suggested and, in fact, the argument has been
advanced that a wide site for the barrier must be selected in order
that length sufficient to mount these shallow gates on the crest of the
parrier would be available. In the design proposed herein deep gates
have been adopted with their sills either 50 or 70 feet below mean
cea level in all cases. The type of gate proposed is one opening upward
from the bottom sill rather than one which is lowered to pass the flood.

Tt has been shown that the heavier salt water seeks the deeper chan-
nels and that, to prevent mixing of the salt and fresh water, disturb-
anees must be avoided. '

This sugeests the mnecessity for a broad, deep sump located in a
position to trap all salt water that finds its way into the fresh water
lake with provision made for drawing off the salt water settling to
the bottom of this sump. In all of the preliminary designs, where a
deep sump does not exist naturally it will be noted that the sump,
with bottom gently rising away from the barrier, has been provided
adjacent to the prinecipal source of salt water invasion (the ship locks)
in fulfillment of the first requirement and Stoney gates have been
provided to satisfy the latter. As the deepest part of the sump, with
the exception noted later, is next to the Stoney gates the most con-
eentrated salt water will collect there. During periods when the
water surface above the barrier is maintained at, or above, high tide
Jevel the salt water can be drawn off by raising the Stoney gates
htly. When the water surface above the barrier for any reason
s below the elevation of high tide the Stoney gates must be closed
48 otherwise salt water from below the barrier will pass into the fresh

er lake through the gates. Under these conditions salt water col-
od in the sump should be gotten rid of by raising the Stoney gates
y at low tide when the head will be sufficient to ‘‘squeeze out’’
t water unless the water in the fresh water lake is lowered
isiderably below mean sea level, but this is not econtemplated.

8 exception mentioned above oceurs in the designs in which
by 60-foot flood gates are shown. In this case the bottom of
water sump at the upstream end of the ship locks is at eleva-
5, more as an extra precaution than a necessity. It is probable
salt water from the locks will be deflected into the larger
ve the flood gates but that settling into the smaller and deeper
I}Id be pumped back to the salt water side through the con-
ided for that purpose.
ating the Stoney gates to rid the sump of salt water it will
perhaps not ordinarily necessary, to open all of them very
her than enly a few of them a larger amount, for a large
Ot water should not be drawn from the sump at any one place
a small arca. Tn this connection it has been found that the
the water at the outlet of the salt water siphon at the Lake
10n ship canal 1ocks is less than the mean salinity of the water
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at its intake. Tests showed that the siphon was drawing in some of
the fresher water from above the inlet. Velocities in the sump must
be kept low for, otherwise, the currents set up would produce an
undesirable mixing effect.

It is believed that from this discussion it will be evident that shallow
gates mounted on top of a barrier structure would be of little valug
as a means of ridding the lake above of salt water during the loy
water period. Other openings at the bottom of the lake, or pumping
would be necessary unless the special type of ship lock, deseribed i
Exhibit 25, was adopted. If low openings were provided they shoul
be made large since the inefficiency of small openings has been demo;
.strated. If the salt control openings were made large their cost woul
tend to offset any saving which might result through the use of shallg
floodeates.

It is believed that the Stoney gates will be very effective in flushi
salt water out from above the barrier when there is fresh water aw
able for the purpose, since all of the water will be drawn out from
bottom of the lake where the salt water tends to collect. As design
the control works at the Salt Water Barrier should be much n
efficient than those in the Liake Washington ship canal. There
flood waters are discharged over the top of an ogee dam so that t
is a tendency for the fresh water to float on top of the salt water
escape over the top of the dam with resulting inefficient flushing.
lock culverts in those locks are used as much as possible to avoid pa
flushing water over the ogee spillway but the culverts are not a
bottom of the sump where they should be to draw off the waf
highest salinity. The salt water siphon was installed as an |
thought and, although it serves its purpose well, it is rather smal
draws its water all from one spot in the sump. Also, the sump
small. The conclusions stated in Colonel Barden’s letter, Exhi
relative to improvements which are suggested to secure high
ciency of the control works at the Liake Washington ship cana
are pertinent.

By reference to the designs of the Salt Water Barrier it
noted that in all cases the bottom of the salt water sump
Stoney gate sills are below the sill of the upper lock gates
this respect the design with the larger Stoney gates is to be pi
for the deeper the sump, the better. It will also be noticed
lines of excavation are laid out with easy curves and the bottor
slope gently toward the sump above the Stoney gates.

In order to reduce the entrance of salt water, provision
made for sealing all floodgates with water stops. The
conduits have been placed with their inlets as low as poss
salty water, insofar as practicable, will be used in filli
As a precaution against failure of the Stoney gates t
salinity above the barrier in the event the water surface
be allowed to fall below mean sea level, a salt water re
six feet in diameter with inlet about 10 feet below t
gate sill, is provided in one of the lock walls. As deseri
IV this conduit is connected with pumps capable of drawi
quantities of water.
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Since the volume of salt water entering the fresh water lake at
ecach lockage is dependent upon the size of the ship lock, locks of
various sizes have been provided. The smaller vessels should, of course,
use the small lock. Intermediate gates have been added in the larger
locks in order that use of the full length of the lock may be avoided
if not required to accommodate the length of a vessel. Although not
indicated on the drawings, it is proposed that lock gate leaves split
horizontally at elevation —15 shall be installed in the larger locks
to avoid discharging of a full lock of salt water into the fresh water
lake unless necessary to open the whole lock gate to accommodate
vessels having a draft in excess of that provided by the half gates.
Tt will also be noted that the fish ladder has been designed to prevent
the passage of salt water through it to the fresh water side of the
barrier.

The layouts shown on Plates 4-18 and 4-20 may have some advan-
tages over the others but considerable study would be required before
it could be concluded that the advantage of having the ship locks
separated from the floodgates would offset the advantage of having
the large sump next to the locks where the salt water could settle more
quietly to the bottom. It would, of course, be safer for vessels in
time of extreme flood from the rivers to have the ship locks away from
the high velocities through the flood channel and it is possible that
the salinity could be controlled even more efficiently. In the design
shown on Plate 4-20, there are only two Stoney gates provided adjacent
to the ship locks upon the assumption that they would be sufficient
to draw off the salt water from above the locks. If they were not
adequate the salt water would proceed up the ship channel through
Suisun Bay unless it should be deflected to find its way down the slop-
_ ing bottom of the flood channel to the flood gates where it could be
drawn off. In this respect the design shown on Plate 4-18 is pref-
erable to that shown on Plate 4-20 as will be evident from an examin-
ation of both.

" In a case like that shown on Plate 4-33 it is probable that a part
of the salt water passed through the ship locks will find its way into
the deep hole above the barrier although an effort is made to direct its
flow into the sump above the Stoney gates but it is probable that,
eventually, the deep hole referred to will be silted up. In any event
the salt water there can do not harm, for it would be trapped there

nch as salt water flowing up the Lake Washington ship eanal is
ed in Lake Union. In the designs shown on Plates 4-37 and 4-47,
he salt water entering through the ship locks is purposely deflected
ito the deep hole above the barrier.

of Elimination of Salt Water Upon Sewage.

S is a subject outside the scope of this report but is one relative
JWHICH some express concern, as evidenced by the following quotation
M a letter received during the field investigation :

The creation, however, of a fresh water lake with a slight current, or
[ wery little, will have a direct effect upon the question of sewage dis-
€ ﬂnd. sewage flow in the river itself. If the sewage flow be retarded,
We will have either a backing up or a raising of the proportion of sew-
€10 the stream to a questionable level, There must, in addition, be con-
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gidered the question of extensive sewage deposits in a body of fresh wa 3
of limited area as opposed to that deposit in the same area of water w
is salt or semi-salt and subject to tidal flow.

No investigation was made of the effect upon sewage of building
Salt Water Barrier in the San Francisco Bay system but the conecly
sions reached by the committee charged with the investigation of
feasibility of constructing the Charles River Dam at Boston are int
esting since one of the important considerations was that of the eff
of the dam upon sewage pollution. The fresh water basin created b
the dam is reported to have an area of only 800 acres. Before e
struction of the dam the estuary was filled with tidal water fr
Boston harbor. Among their conelusions are the following : 1

Fresh water, gallon for gallon, disposes in a normal manner of mox
sewage than salt water; the tendency of salt water is rapidly to precipi
sewage in sludge at the bottom.

For the proper disposition of sewage in water, it is essential that
water be well supplied with oxygen. This is accomplished by the con
of its surface with the air, and this surface water is carried down by
action of the waves and currents, and especially by the vertical movem
caused by changes of temperature. Bodies of fresh, nearly still water,
well oxygenated to a depth of 25 feet or more in ordinary summer weatl
and to much greater depths with the autumn cold: No considerable
of the basin, with a permanent level at grade 8 or 9, would be over 25 i
in depth.

Letting in salt water under the fresh interferes with the vertical eciret
lation necessary for oxygenation and the salt water under the fresh
loses its oxygen if any waste material is admitted to it.

Changing a fresh water basin into a salt from time to time interferes w.
bacterial, animal and vegetable growths, which effectively aid in taking
of and digesting sewage.

A comparatively still body of fresh water with animal and plant grow
will dispose of a considerable amount of sewage admitted from time to tim
and will tend to purify itself, even if no more fresh water is added.

Such a body of fresh water will dispose of more sewage if comparat
still than if in motion.

Although the amount of fresh water coming over and through the Wal
town dam is found by careful measurement to seldom average less the
70 cubic feet per second for the 24 hours in dry seasons, there is good rea
to believe this is sometimes reduced to 30 cubic feet a second, for a mon
at a time, by storage in mill ponds while turbines are shut down. i

Notwithstanding the amount of sewage that enters the basin at prese
(1903), which our Chief Engineer estimates as equivalent to the const:
discharge by a population of from 5000 to 8000 people, including that wh
comes from the Fens and from the Beacon Street houses, it is the unanim
opinion of the engineers and experts of the committee that a fresh-wa
basin, owing to its supply of -oxygen and large area, would not affect inji
iously the health of the inhabitants of the neighborhood. .

On page 43 of the report it is stated that:

The results (of the investigation) are very instructive, and show a deeci
superiority in fresh water, and a decidedly greater tendency to precipi
a sludge and give off offensive odors in salt water.

And on page 49:

Fresh water * * * yill be better adapted for receiving sewage witho
causing offensive deposits or offensive odors than either salt or brack
water,



THE SALT WATER BARRIER 215

In letter of February 5, 1925, Mr. John R. Rablin, chief engineer,
Metropolitan District Commission of the Commonwealth of Massa-
chusetts, states:

The report of John R. Freeman, chief engineer, which you say you have
on file, describes the expected effect of the change from tidal water to fresh
water. Judging by general conditions and the use of the basin for bathing
and recreation purposes, the condition conforms generally to that predicted
by Mr. Freeman in his report.
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CHAPTER X

WATER REQUIREMENTS FOR OPERATION OF BARRIER
Outline. ‘

There are seven main sources of loss of fresh water that will ae
pany the operation of a Salt Water Barrier. Evaporation du
the summer months will be one of the largest sources of loss, by
variable amount depending upon the area of water surface abo
barrier as determined by the location of the structure, and upon f
character of the season. A second loss will be oeeasmned through
operation of the locks. This loss also will be a variable amount, ¥
not between such wide limits as evaporation. A third loss will og
through leakage around the gates. This factor will be-independ
of the location of the barrier, depending only upon the periph
the floodgates and the difference in elevation of water surface on
two sides of the barrier. In addition, fresh water will be require:
the operation of the fish ladder, and to supply the needs of indusi
municipalities and irrigation. The use of water for irrigation w
be discussed in this report, as it is a subject which properly belo
the investigation of the water resources of California now being
duected by the State Division of Engineering. However, it is be
that water to supply the needs of irrigation in the delta and on
marshes about the bays, will ordinarily be drawn from natural f
or storage reservoirs constructed in the drainage basins of the
mento and San Joaquin rivers, as, otherwise, the water level b
the barrier in a year of low run-off, would be reduced to the ext
interference with navigation and to the point where the cont
salinity upstream from the barrier would be difficult, if not imp
cable. An exception might be made in a year of severe water shor
when draft from the fresh water lake would be permitted to irrl
crops during the latter part of the season, which, otherwise, wo
without water. ]

The seven sources of loss will be continuous. In addition, it
be found necessary to flush out the whole reservoir at intervals @
vear or more, but now impossible to determine exactly. This re
ment will be due to the gradual diffusion of encroaching sea water;
accumulation of salts through the ground water return of irrigal
water, and contamination due to growth of aquatic plants and
weneral accumulation of other contaminating agents.

This study is based upon conditions that would exist during §
of very low run-off like 1919-20 and 1923-24, with storage
mountains well developed. Duung such seasons, the run-off from
smaller, uncontrolled streams is lower in proportlon than the ger
average of the seasonal run-off, and it may be expected that prae
all the run-off of the main streams will be retained in the reservoll

This portion of the report is closely interwoven with the invest
tions of the Water Resources of California now in progress by:
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Department of Public Works, Division of En.gil'lee.ring an(.i Trri-

+ion, and until that work is farther advanced, it is impractical to .
ga W final conclusions with respect to the water supply for the barrier.
%1?; lack of complete data upon which to base the study, it is necessary
to make certain assumptions which may require modification as a

qult of more complete information becoming available. In general,
;%wevel‘, modification of the assumptions should not greatly modify the
fndings of this chapter.

State

s Evaporation-

True evaporation from the surface of a large body of water is diffi-
eult to determine.  On pages 61-63, Bulletin 9 of the California State
Department of Engineering, 1920, ‘“Water Resources of Kern River, ”’
the results of observations for Buena Vista and Tulare lakes are given;
and on page 79 of the report on the San Jacinto River Hydrographic
Tnvestigations, 1922, by the California State Division of Water Rights,
are given the results of measurements at Lake Elsinore. These results
represent all known available data for Tulare Lake; a six-year average
at Lake Elsinore; the year 1920 at Buena Vista Lake; and a 13-year
average at East Park Reservoir. Table 10-1 shows the results referred
to above, together with U. S. Weather Bureau records of evaporation
from pans at Berkeley and San Francisco; pan records for the year
1925 at Alvarado near the south end of San Francisco Bay; and a
19-year record at Lake Chabot by the Spring Valley Water Company.
The above represent the true evaporation, rainfall being treated as
$o much water added to the pan, or lake surface, and not affecting
the figures for evaporation. There is also shown the record kept by
the Leslie Salt Refining Company at their plant near San Mateo. The
last named record represents net loss, that is, rainfall is deducted from
the true evaporation to arrive at the actual loss of water.

Evaporation will not be the same for all portions of the reservoir
back of the barrier, for, owing to the higher temperatures, the loss
fPan the rivers and delta channels will be greater than from the lower
Dortions of the reservoir. It is believed that the adopted value of 8.50
fet per year represents as closely as can be estimated from present
ata the losses from this source. This, however, may be too low a
Value, especially during dry years, considering that the temperature

O the water over the shallow flooded portions of the bays will be rela-
tlve]y high.

Gate Leakage.

nFOP estimating purposes it is assumed that leaks will oceur through
Opem'ng of about one-sixteenth ineh or say 0.005 foot, around the
b Periphery of the gate below water surface. Leakage will not
lakays occur from the fresh water side. T.here will, at times, be a
bt flige from the salt water side. At other times fresh water will leak
ear the surface, and salt water will leak in near to the bottom.
-~ 1the maximum concentration of ehloring, sea water weighs 64.28
i(“ ber cubic foot and as fresh water weighs 62.4 pounds there is
Gongo. - cce of 1.88 pounds per cubic foot. Assuming the chlorine
1t of sea water as 19,000 parts per million, the increment in weight

a
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is about 0.1 pound per 1000 parts of chlorine per million. It
‘salinity below the constructed barrier is assumed as 16,000 parts
million, the weight would be about 64 pounds per cubic foot, ang
the water above the barrier will not be strictly fresh, the weight g
be assumed as 62.5 pounds, resulting in a difference in weight'
cubic foot of 1.5 pounds. With the salt water surface at elevatig
(50 feet above the gate sill), the head necessary to balance on:
fresh water side would be 51.25 feet. Under this condition, there ywe
be no leakage at the bottom, but the leakage from the fresh water:
would gradually increase toward the surface. With the water supf
on each side at the same elevation, salt water would leak in thro
the full depth. For conditions between, there would be leaks
both directions. With water surface at elevation 2.5 on the.
water side; a mean of elevation 0 on the downstream side;
mean tidal range of 4.7 feet; the mean maximum differential hes
the sill would be 4.85 feet and the mean minimum would be 0. 1
Since the balancing head is 1.25 feet, the effective maximum head
ducing outflow at the sill of the 50-foot by 60-foot gates wi
3.60 feet and at high tide the head producing flow of salt water
be 1.10 feet. The mean velocity between two different heads

h, is
% %
5.35 \ h,—h,

h,—h, §
When h is 0, mean V reduces to 5.35 \/th For the leakage |

the fresh water side at the sill V. —=5.35 /3.6 =10.2 £.p.s. for
cent of the time. The head along the guides varies from 3.60
4.85 feet for a depth of 47.65 feet and from 4.85 feet to 0 for a
of 4.85 feet. The mean V for 47.65 feet — 16.5 f.p.s. The me3
for 4.85 feet =11.8 f.p.s. These last two velocities are at me
tide. As the tide rises this condition of flow from the salt wat
will start, but there will always be a flow of fresh water at the

The mean velocity along the gate sill, with inflow of salt W
is 5.6 £.p.s. for 25 per cent of the time. Along the guides, the i
of salt water will be from 0 for a depth of 0 feet to 5.6 feet &
depth of 46 feet, extending over 25 per cent of the time. The
mum outflow of fresh water past the guides will be 2.1 £.p.s. throt
depth of 6.4 feet. )

The outflow of fresh water along the sill will be, for 24 houts
per cent of 10.2 X .005 X 50 =1.91 e¢.f.s. The outflow past the
will be 2(16.5 X 47.65 4 4.85 X 11.8 4 2.1 X 6.40) X .005 = 2 =
e.fs. for 24 hours. The total outflow of fresh water will be 6.19
per gate. The inflow of salt water along the sill will be 25 per
of 5.6 X .005 X 50 = 0.35 c.f.s., and along the guides it will be
cent of 2(0 - 5.6 X 46) X .005 =—-2=10.32 c.f.s. The resulting
inflow of salt water — 0.67 c.f.s. per gate.

Assuming that the salt water will remain at the bottom,
gates, and will flow out at the next low tide, thus cutting dow:
actual loss of fresh water, the net loss will be 6.19 — 0.67 — 5.52
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er gate or, for 30-50-foot by 60-foot gates an average net loss of 166

f.s., equivalent to 329 acre-feet per day.

' if the water surface above the barrier were held at elevation 0, the
inflow of salt water would be greater than the outflow of fresh water
during the 24 hours. At high tide, the velocity at the gate sill would
pe equal to that due to a head of 3.65 feet —15.3 fp.s.; past the
guides the mean velocity would be 13.9 f.p.s. for 50 feet and 8.2 f.ps.
for 2.35 feet —=14.3 f.p.s. for 50 feet. At half tide, V at the sill —
8.79 f£.p.s. corresponding to a head of 1.2 feet. The mean velocity at
the sill during the period high tide to half tide would be 12.4 f.p.s.
At half tide, the mean velocity past the guide would be 5.86 f.ps.
The mean velocity during this period for a depth of gate of 50 feet
—10.7 f.p.s.

At low tide, the velocity of fresh water at the sill — 8.79 f.ps,
equivalent to a head of 1.2 feet. Past the guides, mean V — 10.62
fp.s. for 47.65 feet and 8.2 £.p.s. for 2.35 feet, equivalent to a V for 50
feet of 10.5 f.p.s. The discharge Q, of salt water at high tide — 10.75
ofs.; Q at half tide =5.13 c.f5. At low tide, the flow of fresh water
=745 ctf.s. Plotting the curve of discharge against head, down-
stream flow being plotted as a minus quantity, it is found that at half
low tide the flow downstream — the flow of salt water. The mean .
discharge of salt water, flowing 75 per cent of the time, is found to be
10 c.fs., equivalent to 5.25 cf.s. for 24 hours. The mean discharge
of downstream flow for 25 pber cent of the time is 8.5 e.f.s., equivalent
t0 0.88 c.f.s. for 24 hours. Assuming that the downstream flow con-
Sists of salt water that has passed upstream, the net inflow of salt
Water is 4.37 ¢.f.s. per gate or 131 c.f.s., equivalent to 260 acre-feet per
day for 30-50-foot by 60-foot gates. The loss of fresh water, due to
Sluicing out the salt water is 102 c.f.s., as explained later.

Loss from Operation of Locks.

Whenever the lower gates of a lock, located between bodies of fresh
and salt water are opened, the more dense salt water rushes in at the
Ottom and crowds the fresh water out, forcing it to flow downstream
M 0p of the salt water until finally diffused. Likewise, when the
OWer gates are closed and the upper ones opened, the salt water passes
UDstream oyt of the lock and is replaced by fresh water. This is
Zery clearly demonstrated in the discussion of Salinity Variation in

® Locks on pages 7 and 8 of Exhibit 23.

yec.: Lumber, size and volume of the locks at the various sites
WVestiotoq for the Salt Water Barrier are shown in Table 10-2,

he large lock at Lake Washington, where the tests of salinity were
Sa:lii & 1s the same size as the 80-foot lock proposed in this report. The
iifmty of the water below the proposed barrier probably will not
2 er Widely from that shown under Series 1, in Table 1 of Exhibit
ehioﬁ'nd for convenience it has been assumed to be 16,000 parts of
Wat ne Per million, which is the degree of salinity assumed for the

°I leaking upstream around the gates.

*I0g the values given in Series 2, 3 and 4, in Table 1 of Exhibit 23
" the lock capacities shown in Table 10-2—Table 10-3 has been

4
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prepared to show the number of acre-feet of fresh water that are
placed by salt water with each opening of the lock gates to the g
water, and the number of acre-feet of salt water that enter the
water lake with-each opening of the lock gates to the fresh wag
the water surface above the barrier is maintained at elevation o
and if full depth lock gates are used. i

In Table 10-3 the quantity of salt water is based on a concent
of 19,000 parts of chlorine per million, the approximate mean
strength of sea water. In other words, the number of acre-f
salt water that are given represent the number of acre-feet ¢
water that would enter or leave the locks if all the salt content
water that passes in and out were concentrated into a portion
water which would have a chlorine strength of 19,000 parts.
appears to be the most convenient base to which to reduce the sa
content in terms of quantity of salt water, although the use of
other base would yield the same results in the determination of the
of fresh water. . i

Table 6-33 shows the total number of lockages per 24 hours
each site, while Table 6-34 shows the estimated number of annual I
ages. The figures given summarize the lockages in both dire
consequently the average number of lockages in each direction
be half of those indicated. Table 10-4 shows the total loss of fi
water and inflow of salt water for each side per 24 hours, based
traffic as it occurred on July 6-7, 1925, and assuming that full
lock gates are used.

The salinity of the water above the Lake Washington lock
various conditions is shown in Table 3, on page 9 of Exhibit 2
coneentration in the salt water sump just above the locks is of
lar interest. In figure 2, on page 5 of the same exhibit, Statio:
shown to be located in the dredged sump. See page 3 of the €
also.

By reference to Table 3 in Exhibit 23, it will be noted that
tion 3, at a depth of 45 feet, the concentration following a v
summer is 9075 parts of chlorine per million. In the computa
gate leakage, the concentration of the inflowing salt water is
to be 16,000 parts per million. If it is assumed that all this salt™¥
is sluiced out, and that behind the barrier it is diluted to 90007
of chlorine, for each acre-foot of salt water that enters there
required to effect the stated dilution seven-ninths acre-feet
water, which, of course, would be lost in the sluicing. The t
would be 102 cubic feet per second. ‘

In Tables 10-3 and 10-4, the concentration of the salt water
enters is assumed to be 19,000 parts of chlorine per million.
is diluted to 9000 parts of chlorine, there will be required £
acre-foot of salt water that enters, ten-ninths acre-feet of fres
which will be lost in sluicing out the salt water. This loss
water, together with that which is lost directly as given in Ta
is summarized in Table 10-5. The quantities shown are based o ®
conditions as observed on July 6-7, 1925. While lockages o0&
two days may be assumed to represent the number required to
the maximum daily traffic at the present time, they probably ak
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idering the future, because of natural increase in traffie to keep
const ith the growing communities and because of the increment to be
tht about through the inerease in industry above the barrier fol-
bro;fg its construction. '
lm;'i\he use of water shown in Table 10-5 is based on the assumption
that each lock gate leaf is made in one section. If these are_built in two
ctions, with the elevation of the dividing line at elevation —15, so
! ﬁlat light draft vessels could be passed by operating only the upper
art of the gate, much of the interchange of fresh and salt water dur-
p a lockage could be prevented. Table 10-6 shows the loss of fresh
lv?agter and the inflow of salt water through one operation of the locks
with the upper part only of the gate opened. ;
In the data on vessel traffic during the J uly 6 and 7, 1925, observa-
tions have been separated into two classes—those vessels that could
pe locked through by using the upper section of the gates, and those
that would require the operation of hoth sections. In Table 10-7,
prepared from these data and data in Tables 10-3 and 10-6, the total
. amount of fresh water required to operate the locks is shown.
Comparing the use of water as shown in Tables 10-5 and 10-7, there
is found to be a large saving in water through the use of lock gates
built in two sections. This saving as of July 6-7, 1925, is summarized
below.

SAVING OF FRESH WATER PER 24 HOURS BY THE USE OF
' LOCK GATES BUILT IN TWO SECTIONS

Quantities are in acre-feet

Point San

Type of gate Army Point site  Dillon Point site Pablo site
Bach leaf in one seetion_____________ 963 1291 2207
Hach leaf in two sections_____________ 489 892 1398
Saving of water____________ sele T 399 809

At the three sites, this would amount to annual savings of 173,000,
146,000 ana 295,000 acre-feet, respectively, if the average daily traffic
S assumed to be as it was on J uly 6-7, 1925

Industria) and Municipal Use.

_Tht_3 following letter shows the present use of fresh water by indus-
tes in and around Pittsburg :

C. A. HOOPER & CO.
Lumber Merchants.
Balfour Bldg.
San Franciseo, Cal,, Oct. 30, 1924,
Mr. W, R. Young, C. E,,
U. 8. Reclamation Service,
Campus, University of California,
Berkeley, California.
My Dear Mr. Young:

b In conformity with our conversation on our recent trip, I beg to give you
e

Tewith a resume of the water used by the main industries in Pittsburg at
€ Dbresent date: ‘
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Columbia Steel Co., under the signature of Mr. N. A. Becker,
Gen. Supt., that their daily consumption is_—_————————— 4.6
Great Western Electro Chemical Co., under the signature of
Mr. C. W. Schedler, Gen Manager, is_ S
Redwood Manufacturers Co., under the signature of Mr. W.
M. Casey, Gen, Manager, i —————————————co——-—m oo 2,200,
Pioneer Rubber Co., under the signature of Mr. W. G. La-
mond, Gen. Manager, 18— —————o———————moo——— oo 1,000,000
F. E. Booth Co. given me verbally by Mr. F. E. Mullins,
Gen., Manager; 18- o o oot ——o——o———mooes
The National Metals Co. of California- -

T e R P e e e e e

Other smaller industries have not reported. 3
A. J. JONGENEIL
General Ma

With a present daily use of 11,620,000 gallons in the compar
small area of Pittsburg, it seems reasonable to assume that for
whole region above Army Point, with the growth that would
with the construction of a barrier, this use would ultimately a
to 100,000,000 gallons per day equal to 155 e.f.s., or 307 acre-feet
day. With a barrier at Dillon Point, this use might amount to 12
000 gallons per day equal to 186 c.f.s., or 368 acre-feet, and at Poi
Pablo a use of 200,000,000 gallons equal to 310 c.f.s., or 614 a
per day might be expected. ]

Summary of Water Required for Operation of the Barrier.

Table 10-8 summarizes, by months, the requirements in acre-feet:
second-feet, upon the assumption that the gate leaves at t
locks will be built in two sections, divided horizontally at elex
—15, and that the water surface above the barrier will be main
at elevation +2.5. It should be noted that the indicated require
to meet losses used in the tables of barrier operation, do not in
any allowances for irrigation use in any year. The effect of irrig
draft which may be permitted in years of extreme deficient ¥
has not been computed.

In addition to the quantities shown in Table 10-8, there aré
requirements for flushing out the bays, previously mentioned.
elevation -+ 2.5, the vokumes in the bays above the three dam
according to Table 7-1, are: Army Point, 1,116,000 acre-feet;
Point, 1,235,000 acre-feet; Point San Pablo, 2,400,000 acre-feet.
necessary frequency of flushing, and the amount of water that mus
wasted to restore the waters in the bay to the required deg
purity, cannot be foretold without additional data. Complete in
tion as to the work that has already been done at Liake Washing
supplemented by other data that can be gathered at that point,
help materially in answering the problem of the encroachment of
water. The problem of the collection of salts through the
ground waters can be studied locally. Some data have already
collected, and additional data must be gathered. The quest
contamination from industrial waste, sewage and other agents
also be studied. When these problems are more thoroughly um
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the question of flushing can be answered with a greater degree

stoOd nty.

Of cel‘tai
water Available for Operation of the Barrier.

ble 10-9, is given the rainfall for stations around the bays by
onths, both for the period of record and for the year 1924. The

i g1l represents a source of accretion to the water supply for the
rﬂliier which will not appear in any records of run-off of streams,
bﬂl('i o large part of this rainfall is not now available for use, as it
' out to the sea. In addition to the rain on the open water
surface, there are in the neighborhood of 500,000 acres of land in the
delta islands and in marshes contiguous to the bays from which rain-
fall reaches the river by seepage, as there are no defined water channels.
Assuming that 40 per cent of the rainfall on the 500,000 acres of
d enters the channels and bays, the equivalent area of open water
qurface would be 200,000 acres. The “total equivalent open water
surface for the catchment of rain above the respective barrier sites
at elevation -+ 2.5 would be: Army Point, 267,000 acres; Dillon Point,
971,000 acres; Point San Pablo, 352,000 acres. Using the totals given
in the last two columns of Table 10-9, the accretions to the water
supply from local rainfall would be as shown in Table 10-10.

In addition to the rainfall shown in Table 10-10, there ultimately
would be, in mormal years, a discharge from the Sacramento and San
Joaquin rivers of from 10,000,000 to 15,000,000 acre-feet in excess of
municipal and irrigation requirements. In this study it is assumed
that none of the water from the Kings River, nor from streams south
of the Kings, reaches the bay. Likewise the proposed irrigation draft
from those streams has been omitted from the quantities .assumed as
irrigation draft in Table 10-11. This table covers the period beginning
with the season of 1919-20, and embraces the dryest years of record.
The quantities are approximate because the study of irrigation require-
niﬁfclt(si and storage development for the two valleys has not been com-
pleted.

The amount of return flow from irrigation, and the proportion that
Would be rediverted for irrigation under the condition of complete
agricultural development of the two valleys, cannot be foretold at
his time, hut the residue available for the operation of the barrier
Probably will be small.

Owing to the increasing difficulty of maintaining the reservoir
ispstrea,rin from the barrier free from salt water as the water surface

Dermitted to fall, and also because of navigation requirements, it
?(f%ably will not be advisable to allow the surface of this reservoir
Ilatfall below mean sea level (elevation 0). Iikewise, because of the
‘ t.‘n'e of the levees and the cost of drainage in the delta region, the
Inolmat? maximum allowable water surface, for periods of several
fee?ths duration, may, for the purpose of the study, be fixed at 4.0

above sea level, although later developments may show that this
\axl{num ‘storage height may even be increased to 5.0 feet. Table
thy Sives the total storage capacity for the reservoir above each of the
£e sites as follows:

In Ta

passes on
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SUMMARY OF TABLE 7-2

STORAGE CAPACITY IN ACRE-FEET ABOVE THE THREE
BARRIER SITES 1

Quantities are in acre-feet
Range of

water surface Army Point Dillon Point
Oifto sl e o2 e n L B, D 161,000 169,000
050 (s SENESIMERETINEY TR B X 260,000 273,000
OhtORaEnI0 Sa T 0% siabor (B T —~ 335,000 352,000

During normal years, there would be practically no water ava
for the operation of the barrier from natural stream flow between Jy
1st and October 1st. During 1920, the period would have been fy
June 1st and October Ist, and in 1924 this period would have
from May 1st to October 1st. -

Table 10-12 gives the requirements in acre-feet by months, §
accumulated, for water in the operation of the barrier at each of
three sites during the above named periods. (See Table 10-8 also,

From data contained in Tables 7-2, 10-8, 10-10, 10-11 and 10
Table 10-13 has been prepared, covering the average season, the
of 1919-20 and that of 1923-24. Tt shows the total seasonal
supply available and the seasonal requirements for each of the th
sites; also the shortages during the respective seasons and the w
available for flushing out the reservoir above the barrier for each
investigated. In some cases the shortage is due to lack of reser
capacity and in others to lack of seasonal water supply. .

The quantity 12,000,000+, in the column headed ‘‘ Water Suppl
is the figure assumed as the probable discharge from the Sacrame
and San Joaquin rivers, in a normal year, in excess of municipal ¢
irrigation requirements. Other figures in this column are d
from stream flow (Table 10-11) and rainfall (Table 10-10).
rainfall data for 1919-20 at the stations used in the study were
incomplete, the totals for that season were assumed slightly in
of those for 1923-24 shown in Table 10-10. The rainfall assumed
1919-20 is as follows: ’

Accretions t

Location of Barrier supply from

ArnpyiRoint s L e SR SR NG PRI TN Sh e AT 300,000 &
Dillon "Point sy L8 (WAl ST R E ) Schb g RED I i s M 305,000 a

A considerable error in the assumed rainfall would have but a8
effect upon the final results of the study. y

The quantities appearing in the column ‘‘Water Required ™
taken from Table 10-8 in which, it should be noted, evaporation i
the exposed water surface is considered. :

Quantities under ‘‘Water Shortage’” are derived from Ta
and 10-12. The shortage is the difference between the requi
during the irrigation season and the quantity in storage in the
voir above elevation 0. The reservoir is assumed to be full a
beginning of the periods covered in Table 10-12.

In the column, ‘‘Available for Flushing’’ (Table 10-13)
000 =+ acre-feet are shown for the average year with the barrier
at the Army Point and Dillon Point sites, while 11,000,000 + are
for the Point San Pablo site. At best, the 12,000,000 -~ a re
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B . rough approximation of the average sqasonal water supply; ar}d
¢ ahe addition of rainfall and the deduction for water required in
as t ating the barrier at either of the two upper sites would result

9Perhangjng the figure by less than 500,000 acre-feet, it was assumed

i ?5 the amount of water available for flushing at the two upper sites,

'.dla n‘ average year, would be 12,000,000 =+ acre-feet. With the bar-

3 a]ocated at the Point San Pablo site, however, the decrease in water

1'lerilable for flushing, due to operation of the barrier, modified by

avaretions from rainfall, amounts to nearly 1,000,000 acre-feet, and the

:Vcacter available for flushing at that site in an average year was, accord-

- inely. reclllqed to ],].,QO0,000 acre-feet, although this }“eﬁnement may

not be justified in view of t:he cher rough assumption made. The

quantities available for ﬁushl.ng in the seasons 19‘19—20 and 1923—_24

Sare equal to the supply minus the water required for operation

decreased by the shortage.

" From Table 10-13, it is evident that if the maximum height of water

" surface above the barrier is restricted to elevation -+ 2.5, the water

stored in the reservoir thus formed will not be sufficient to operate

" the barrier at any of the ‘three sites during the irrigation seasom,

even in years of heavy run-off from the Great Central Valley, and,

therefore, it will be desirable to seek the highest practicable elevation
at which to maintain the storage level. As previously stated, the

“dlevation at which the water surface may be held will depend upon the

ability of the delta levees to resist the pressure, and this can only be

i determined by experience.

It should be noted that the shortages due to lack of reservoir capac-

ity increase as the barrier is moved downstream, although the capacity

of the reservoir is greater. This is principally due to the greater
evaporation, and to the larger requirements of navigation, industries

- and municipalities, as indicated in Table 10-8.

The sequence of supply and demand can not be known accurately ;

therefore the shortages given in the table are minimums since the
ures are based upon the assumption that, in years of low run-off,

all available water can be conserved up to the capacity of the reservoir
above the barrier. Tt is possible, however, that the small surplus in
years of deficient water supply will reach the reservoir within a very

i ort period so that the storage capacity will be taxed beyond its
g, With the result that some of the run-off must be wasted.

» eega;filll be noted by examination of Table 10-13 that as the storage

A lon behind the barrier is yalsed, the amount of water available

ecoruls_hlng" out the reservoir in years of low Ijun-off_m decreased.
\f)ill%l‘ to the table no water would be available in the season

bal'rie; to flush out the reservoir created through construetion of a

eevatioat the Point San Pablo site whether water were impounded to

Woulq bn + 2.5, = dillor = 50 It appears tha‘g, in any case, there

4 evm@ L flushing water available in 1923-24 if water were stored

Aoy Algn -+ 5.0, a}though in a nprmal year there would be a large

iy ("Onst? Wwater available for ﬂ_ushmg, regardless of where the barrier
arrl.uCt.ed or of the elevation at which the water surface above

) 1er is maintained.

70636
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Exhibit 1

REQUEST FOR SURVEY
SACRAMENTO VALLEY DEVELOPMENT ASSOCIATION.
’700 Second Street,

Sacramento, California.
January 4, 1923.

Hon. A P. Davis, Director,
U. S Reclamation Service,
Washington, 1D50(Ek

Dear Sir:

P The undersigned, representing the Sacramento Valley Development Associ.ation
and land interests of the Sacramento region, desire to bring to your attentlop a
proposed project for solution of the salt water problem of the Sacramento River
delta and request the cooperation of the U. S. Reclamation Service in an effort
o determine the feasibility, probable effectiveness and the approximate cost of
the proposed works.

The project referred to is known as “the salt water dam project.” Briefly, it
contemplates the construction of a dam across San Francisco Bay, approximately
from Point Richmond to Tiburon, or other point as may be determined, the purpose
‘being to confine the salt water below and create a fresh water lake above the
proposed structure.

As you no doubt are aware, a serious problem has been created in the delta
region by encroachment of salt water due to extensive diversions in the upper
and central valley. The solution of this problem by construction of a dam as
‘ndicated has been proposed by Capt. C. S. Jarvis, Board of Engineers, U. S. A.
For further information we inclose herewith a copy of a paper prepared by Capt.
Jarvis in which he discusses the proposed project.

The benefits which it is expected may be derived by the construction of a
lim as proposed includes elimination of the salt water problem and the crea-
l‘.loq of a vast fresh water lake which will provide a "water supply for the
tpidly growing communities and industrial plants bordering the bay of San
francisco and will afford a source of irrigation supply which can be distributed
OVer extensive areas with a moderate pumping lift. It would seem that the
Fons_tl‘llctiou and operation of such a dam may have the effect of practically elim-
Mating waste of Sacramento River water during the summer season.
4 vE‘I‘esent knowledge of this project based upon the Jarvis report is not sufficient
dar}'alnt deﬁn.ite conclusions as to feasibility, approximate cost and benefits to
cusi::Ill'lsved. It is desired that a survey be had which will warrant such con-
RWYZ;V@‘.\' much‘ desire such an engineering stpdy and investigation by th.e U. S.
servieeﬂleon Service and hereby make _apphcatlon for a survey. We bel}eve tl}e
Ealing 1S_the‘p1fope.r body 'to make t_hls_ study_be_cauge of 1t§ vast experience in
i qe }\’}th irrigation pr‘OJeqts, Tl}ls is an 1r1~1ga§10n project. The fact th‘at
Sangj, ?12110(1 to form a barrier against salt water in no way detracts from its
8 a8 an irrigation enterprise which primarily it is.
be g el b?heVe a survey of this project by the U. S. Reclamation Service would
Sacranogleﬁl step in the development of plans for large scale irrigation in the
"ﬁm ento Valley begun nearly twenty years ago and continued from time to
A e believe this is one of the most important of the various units which
tupyy, as;{m}St comprise a completed Sacramento Valley project, and we very respect-
the k- that when funds are available a sufficient amount be set aside to enable
ke t]loe i cooperation with the State of California or other interests here to
Gapt horough survey upon which definite conclusions may be based.
Voys An Jarvis in reply to our inquiry has estimated the cost of the further
heeded at $25,000. We will undertake to secure from local sources one-
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half of this sum or of such other sum .as may be deemed necessary for a cog
ative survey. 1
We very respectfully ask that the Reclamation Service, when funds are
able, undertake such survey in cooperation with the proper state author
gervices, and that one-half of the cost of such survey be met from the Recla
Service funds.
We trust this may have your favorable consideration.

Yours very truly,

- SACRAMENTO VALLEY DEVELOPMENT
ASSOCIATION, i
By W. A. BEARD, Presideni

DELTA LAND SYNDICATE,
By D. HapsgrLr, Chairma

Exhibit 2

CONTRACT OF JANUARY 26, 1924

DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

Contract between the United States; the Department of Public ‘Works, Divi
of Engineering and Irrigation, of the state of California, and the Sacra
Valley Development Association, providing for continuation of cooperative i

- gation of the proposed Iron Canyon Project and cooperative investigation of:
posed control works on the Lower Sacramento River, California.

THIS AGREEMENT, Made this 26th day of January, 1924, betwe
UNITED STATES OF AMERICA, by HUBERT WORK, Secretary
Interior, pursuant to the act of February 21, 1923 (42 Stat., 1281), and
of March 4, 1923 (42 Stat., 1540), party of the first part; the DEPARTI
OF PUBLIC WORKS, DIVISION OF ENGINEERING AND IRRIGAT
OF THE STATE OF CALIFORNIA, pursuant to Chapter 286, Session
of California, 1923, and Chapter 121, Session Laws of California, 1923, pari
the second part, and the SACRAMENTO VALLEY DEVELOPMENT A
CIATION, a corporation duly organized and existing under the laws of th
of California, party of the third part: Witnesseth :

2. WHEREAS, The Secretary of the Interior has allotted from the a
priation made for miscellaneous investigations of reclamation projects, ava.
until December 31, 1924, the sum of Twenty Thousand Dollars ($20,000.0
be expended in the continuation of investigations of the proposed Iron
Project and in the investigation of proposed control works on the Lower
mento River in California, and

3 WHEREAS, The Department of Public Works, Division of Enginé
and Irrigation, of the State of California, has available the sum of Ten Tho
Dollars ($10,000.00) to be expended in said investigations, and

4. WHEREAS, The Sacramento Valley Development Association has
able the sum of Ten Thousand Dollars ($10,000.00) to be expended in said inVe
gations, and

5. WHEREAS, The Commissioner of the Bureau of Reclamation has, 1
the authority of the Secretary of the Interior, approved for investigation
willing to undertake and make the examinations, surveys and estimates nec
to determine the feasibility of alternate plans now suggested in connection
the proposed Iron Canyon Project in California and also investigation of
posed system of control works on the Lower Sacramento River in the State 0
fornia. !

6. NOW, THEREFORE, In consideration of the premises and the mu
covenants and agreements herein contained, it is stipulated and agreed bety
the parties hereto as follows: !

7. The Secretary of the Interior, upon the execution of this contract,
make available for the work proposed herein, the sum of Twenty Thousand Dot

($20,000.00) ; the Department of Public Works, Division of Engineering
Irrigation, of the State of Qalifornia, upon the execution of this contract, wi
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e as hereinafter provided, for the work proposed herein, the sum of T_en
d Dollars ($10,000.00) and the Sacramento Valley Development Associa-
execution of this contract, will deposit with the Special Fiscal Agent
ureau of Reclamation at Denver, Colorado, for the work proposed herein,
o = um of Ten Thousand Dollars ($10,000.00) .
the ® As to the said sum of Ten Thousand Dollars ($10,000.00) to be made
'fqbfe by the Department of Public Works, Division of Engineering and Irri-
avalast . e State of California, the Engineer in charge of the work, pursuant
g”mon,’q(;-mph 13 hereof, shall determine in his discretion the items of expenditure
) PE;:(:hnH be chargeable against gaid sum, and shall voucher the said items
:ﬁg:gcctlf to the state officer d_esigl_lated by the Departryent.of Public Works,
syision of Engineering and Irrigation of the State of California.
D19 Each item of the work need not be paid in the proportion of the funds
l-ovided by this agreement, but the aggregate cost of the work shall be paid in
pid proportion, to wit: One-half (%) by the United States, one-fourth (%) by
tge Sacramento Valley Development Association and oqe-fqurth (1) by the Depari.:-
ment of Public Works, Division of Engineering and Irrigation, of the State of Cali-
provided, that any payments in excess of said proportions made by either
arty out of the funds available during the progress of the work shall be adjusted
when the report contemplated by paragraph 15 hereof is made; provided further,
that should the entire amount herein provided be not expended there shall be
peturned to each party any excess of the money made available by it over its pro-
portion of the expenditure.
10. When the sums of money as specified in paragraphs 7 and & have been
made available as therein provided, the Bureau of Reclamation of the Department
of the Interior and the State Department of Public Works acting in cooperation,
will, so far as the expenditure of the sum of Forty Thousand Dollars ($40,000.00)
will permit; (a) Make such additional examinations, investigations and studies
as may be determined advisable in connection with the water supply, flood control
and power development at the proposed dam and reservoir site heretofore investi-
gated at Iron Canyon, including the necessary changes in plans and estimates to
provide reliable information thereon under such new conditions as may now be
proposed. (b) Make examination and survey of a proposed canal (known as
the Low Line Canal) diverting from the Sacramento River at or near the mouth
of Red Bank Creek for the irrigation of lands on the west side of the river in the
proposed Iron Canyon Project. Said investigations will include, (1) classification
of materials, the preparation of designs and estimates of cost of construction and
" the examination of irrigable lands for the purpose of determining the estimated
Per acre cost and the feasibility of the reclamation thereof, and (2) examination
of feasibility of irrigation of lands in Tehama County, California, lying above said
Low Line Canal, by pumping from said canal or otherwise. Said investigation
and report are also to bring up to date the study of the water supply data for said
Droposed Iron Canyon Project and the possibilities for irrigation and power develop-
gl_e_nt therefrom, (c) Make examination and investigation of the cost and feasi-
Balillltty of (:on_structing control works on the Sacramento River so as to prevent the
for  Water from San Trancisco Bay rendering the fresh water in the river unfit
"y dlr}‘lgatloll .and domestic use during periods of low river flow. Said .exam_ination
neetilepm‘tl will include investigation of surface and subsurface conditions in con-
R on with the development of plans and estimates of cost of the proposed
gulation,
ef;l‘ovide_d that, of the total sum of $40,000 to be made available for this work
. sm}l, of $10,000 or as much thereof as may be needed shall be expended upon
forthll_l"ep's and investigations relating_to the. Iron Canyon Project which are set
With In paragraphs (a). gnd ‘(b) of this seqtlon, and the sum of_$30’,00(_), together
useq ixmy surplus remaining from that portion of the fund herein specified to be
_Upon the Iron Canyon Project surveys, shall be expended in examinations

on tﬁnVeStigations relating to the cost and feasibility of constructing control works

fornia ;

€ I;ower Sacramento River, as provided in paragraph (c¢) of this section.
The Bureau of Reclamation of the Department of the Interior, the Depart-
Galifo _Public Works, Division of Engineering and Irrigation, of the State of
for thirn%a’ and the Sacramento Valley Development Association, agree to furnish
in ai investigation as they may be called for, all records and reports and engineer-
a concerning the work to be performed under this contract, that they now
s;)il'dfhat they can feasibly obtain; receipts shall be given for data furnished
data will be returned to said parties at the close of these investigations.

Ment

«.and
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12. All surveys and investigations contemplated hereunder shall foll
general plan of operation to be agreed upon by the Chief Engineer of the B;
of Reclamation, the State Engineer of California, and the Sacramento
Development Association, through its president and general manager. Said
may be amended from time to time as the work progresses.

13. The work shall be performed by the Bureau of Reclamation of the D
ment of the Interior under the supervision of an engineer designated by the
Engineer of the said Bureau. An assistant engineer shall be designated b
State Department of Public Works, Division of Engineering and Irrigati
work under the direction of the said supervising engineer. .

14. On completion of the surveys and investigations herein provided for,
field notes, original plans, calculations, reports and other data acquired or preps
during the investigations and surveys shall be filed with the Bureau of Reclan
of the Department of the Interior, and complete copies thereof shall be £
the State Department of Public Works. The said original records shall be
ible at all times to the State Tngineer of California, or his duly authorized
sentative, and to the duly authorized representative of the Sacramento
Development Association, upon application. |

15. A report of the results of said surveys and investigations shall be pro
made by the Engineer of the Bureau of Reclamation in charge, outlining the
of the investigations, and giving a complete record thereof with detailed est
as contemplated by paragraph 10 hereof, with suitable explanatory maps.
and other documents as exhibits, together with the names of the parties
and all cooperating officers and a summary of expenditures incurred in the i
gations, which expenditures shall include the usual overhead and general chi
of the Bureau of Reclamation. The report and recommendations shall b
ject to the joint approval of the Chief Engineer of the Bureau of Reclamati
the State Engineer of California. In case of their failure to agree, the
Engineer of the Bureau of Reclamation and the State TFngineer of California
submit separate conclusions and recommendations, both of which shall be embet
with the report. !

16. This contract provides only for preliminary surveys and investigations:
far as the funds to be made available, as provided in paragraphs 7 and 8 here
permit, and in no way obligates the United States, the Department of
Works, Division of Engineering and Irrigation, of the State of California,
Sacramento Valley Development Association, as to any future action regard
the proposed projects. All work and expenditure under this contract shall
whenever the funds to be so made available, as provided in paragraphs T
hereof, shall become exhausted whether said work shall have been completed

17. No member of or delegate to congress, Or resident commissioner, aft
election or appointment or either before or after he has qualified and dur
continuance in office, and no officer, agent, or employee of the government, sB
admitted to any share or part of this contract or agreement, or to any bent
arvise thereupon. Nothing, however, herein contained shall be construed to
to any incorporated company, where such contract or agreement is made for
general benefit of such incorporation or company, as provided in section 116 of
Act of Congress approved March 4, 1909 (35 Stat., 1109). 3

IN WITNESS WHEREOF, This contract has been executed by the
hereto the day and year first above written.

THE UNITED STATES OF AMERICA.
[SEAL] By Huserr WORK, Secretary of the Interior.
May T, 1
DEPARTMENT OF PUBLIC WORKS, DIVISIO
OF ENGINEERING AND IRRIGATION, OF
THE STATE OF CALIFORNIA. -
By W. F. McCrure, Director of Public Works and’
State Engineer. !
Attest: MYRTLE V. MURRAY, Secretary. ‘
SACRAMENTO VALLEY DEVELOPMENT ASSO-
CIATION. d
By W. A. BEARD, President and General Manager.

Attest: M. A. SEXTON, Secretary.
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Exhibit 3

CONTRACT OF JUNE 26, 1924

DEPARTMENT OF THE INTERIOR

BUREAU OF RECLAMATION
between the United States; the Department of Public Works, Division

ntract 2RI 5 3
%guiu(%(‘l’ing and Irrigation, of the State of California; and the Sacramento
of ¥ Development Association, amending and supplementing contract dated

valleyry 26, 1924, between the same parties, providing, in part, for cooperative
tigation of proposed control works on the Lower Sacramento River, California.
AGREEMENT, Made this 26th day of June, 1924, between the UNITED
STATES OF AMERICA, by Flwood Mead, Commissioner of the Bureau of
Reclamation, under the provisions of the Act of June 17, 1902 (32 Stat,, 388), and
acts amendatory thereof or supplementary thereto, party of the first part; the

PARTMENT OF PUBLIC WORKS, DIVISION OF ENGINEERING AND
IRRIGATION, OF THE STATE OF CALIFORNIA, pursuant to Chapter 286,
ession Laws of California, 1923, and Chapter 121, Session Laws of California,
1923, party of the second part; and the SACRAMENTO VALLEY DEVELOP-
MENT ASSOCIATION, party of the third part; WITNESSETH :

9. WHERBAS, By contract dated January 26, 1924, between the United
States of America; the Department of Public Works, Division of Engineering and
Trrigation, of the State of California; and the Sacramento Valley Development
Association, certain cooperative investigations in the Sacramento Valley in Cali-
fornia were provided for, including an investigation of proposed control works on
the Lower Sacramento River at a total expense of Forty Thousand Dollars
($40,000.00) , and

3. WHHREAS, There is available from the appropriation made by congress
for secondary investigations during the fiscal year 1924 the sum of Five Thousand
Dollars ($5,000.00) which may be expended in the continuation of the investigation
of proposed control works on the Lower Sacramento River in California, and

4 WIHIEREAS, The Department of Public Works, Division of Engineering
and Irrigation, of the State of California, has available the sum of Five Thousand
gollars ($5,000.00) which may be expended in the continuation of said investiga-

on,

5. NOW, THEREFORE, In consideration of the premises and the mutual
covenants and agreements herein contained it is stipulated and agreed between the
parties hereto as follows:

6. Tffective upon the date of this contract the Commissioner of the Bureau
of Ben]mnati(m, under the authority of the Secretary of the Interior, will make
available for the continuation of the investigation of proposed control works on
the Tower Sacramento River in California, the sum of Five Thounsand Dollars
I(i5_100(.).00), and the Department of Public Works, Division of Engineering and
sunllngltmn’ of the State of California, will on the same date, make available a like

or the said work.
ﬂblg.b As to the said sum of Five Thousand .D.ol_lars ($5,0()_0.00)_ to be mad(_e av_ail—
of th ¥ the Department of Public Works, Division of Engineering and Irrigation,
¢ State of California, thre engineer in charge of the work, pursuant to paragraph
heoift the Si_lid contract dated January 26, 1924, shall determine, in his discretion,

. Se,mS.Of expenditure which shall be charged against said sum and shall voucher

Ol‘kasld {te}n.s directly to the state officer designated by the Department of Public

8 , Division of Engineering and Irrigation, of the State of California.
Dmvideglﬂ(-h it.em of the work need not be paid in the propprtioq of the func_ls
inyeg; b this agreement, but the aggregate cost of Fhe cgntmuatmn’ of the sa}ld
one_hagl?tmns, asvherein provided for, shall be paid in said proportion, to wit:
ivisio by the‘United States and one-half by the Department of Public ‘Works,
any pan of Engmeering and Trrigation, of the State qf Qalifornia ; provided, that
“Vaila]ﬁ’ments,‘ in excess of said proportions made by e{ther party out of the funds
g eldurmg the progress of the work shall be adjusted when the report con-
»-‘r°‘7ide$ be paragraph 15 of said contract dated January 26, 1924, is made;
they, :1’ further, that should the entire amount herein provided be not expended,
by § (;vlall- be returned to each party any excess of the money.made available
1 er its proportion of the expenditure.

inves
TS
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9. The provisions of Articles 11, 12, 13, 14, 15 and 16 of said contract
January 26, 1924, shall govern the work of the said investigation, as herein:
vided for, and shall be considered a part of this contract the same as if t
Articles were set out in detail herein.

10. No member of or delegate to congress, or resident commissioner, a
election or appointment or either before or after he has qualified and du
continuauce in office, and no officer, agent, or employee of the Government,
be admitted to any share or part of this contract or agreement, or to any
to arise thereupon. Nothing, however, herein contained shall be constr
extend to any incorporated company, where such contract or agreement i
for the general benefit of such incorporation or company, as provided in
116 of the Act of Congress, approved March 4, 1909 (35 Stat., 1109).

IN WITNESS WHEREOZF, This contract has been executed in tripli
the parties hereto the day and year first above written.

THE UNITED STATES OF AMERICA.

By Erwoop Mrap, Commissioner, Bureau of Reclama
[SEAL] tion, Department of the Interior. 9

DEPARTMENT OF PUBLIC WORKS, DIVISI
.OF ENGINEERING AND IRRIGATION,
THE STATE OF CALIFORNIA.

By W. F. McCLURE, Director of Public Works ang
State Engineer.

Attest: MYRTLE V. MURRAY, Secretary.

SACRAMENTO VALLEY DEVELOPMENT ASS'
[SEAL] CIATION.

By W. A. BEARD, President and General Manager.
Attest: M. A. SExTON, Secretary.

Exhibit 4

CONTRACT OF MARCH 3, 1925

Contract between the United States of America and the Department of
Works, Division of Engineering and Irrigation, of the State of California, pr
for the completion of the investigation of proposed control works on the
Sacramento River, California.

THIS AGREEMENT, Made this 3d day of March, 1925, between the
States of America, by Hubert Work, Secretary of Interior, under the provis
the Act of June 17, 1902 (32 Stat., 388), and acts amendatory thereof or
mentary thereto, party of the first part, and the Department of Publie
Division of Engineering and Irrigation, of the State of California, pursu
Chapter 386, Session Laws of California, 1923, and Chapter 121, Session L
California, 1923, party of the second part; WITNESSETH :

2. WHEREAS, By contracts dated January 26, 1924, and June 26
between the United States of America; the Department, of Public ‘Works, D
of HEngineering and Irrigation, of the State of California; and the Sacran
Valley Development Association, certain cooperative investigations in the
mento Valley in California were provided for, including an investigation of ho)
control works on the Lower Sacramento River at a total expense of Fifty Thoul
Dollars ($50,000.00). ] .

3. WHEREAS, There is available from the appropriation made by Co
for secondary investigations, the sum of Fifteen Thousand Dollars ($15,00(
which may be expended for the completion of.the investigation of the p
control works on the Lower Sacramento River in California, and

4. WHEREAS, The Department of Public Works, Division of Engi
and Irrigation, of the State of California has available the sum of Fifteen Thou
Dollars ($15,000.00), which may be expended for completion of the invest
of the proposed control works on the Lower Sacramento River in California,

5. WHEREAS, The Commissioner of the Bureau of Reclamation has,
the authority of the Secretary of the Interior, approved for investigation
willing to undertake the completion of the investigation of the proposed
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ks on the Lower S»acramento River in the State of California, provided for by

contracts d.ated January 26, 1924, and June 26, 1924, between the United

ates of America; the Depar}tment of Public Works, Division of Engineering and
jon, of the State of California; the Sacramento Valley Development Associa-

g the agreement covering plan of procedure dated June 9, 1924, made in

mpliance with the terms of said contracts.

0 NOW, THEREFORE, In consideration of the premises and the mutual

wor
the

6. 2 : e
cenants and agreements herein contained it is stipulated and agreed between the

3 arties hereto as follows: i f
The Secretary of the Interior, upon the execution of this contract, will

makf; available for the comple_tion 'of the investigation of the proposed control works
i Lower Sacramento River in California, the sum of Fifteen Thousand Dol-

- ($]5,0Q0.00) and the Departlpent of Public Works, Division of Engineering

Trrigation, of the State of California, upon the execution of thi i

Ed . ! D this contract, will
make avnﬂable} the sum of Fifteen Thousand Dollars ($15,000.00) for the com-
pletion of thgfn]ve.:stlgatlon of the proposed control works on the Lower Sacramento
River in California.

g As to the said sum of Tifteen Thousand Dollars ($15,000.00) to be made
available by the Departm_ent o_f Public Works, Division of Engineering and Irriga-
tion, of the State of California, the engineer in charge of the work, pursuant to
paliagraph 12 hereof, shall detgr‘mine _in his discretion the items of expenditure
which shall be chargeable agamst said sum, and shall voucher the said items
?directly. to t}le state ofﬁ.cer _demgnated by the Department of Public Works, Division
of Engineering and I_rrlgatlon, of the State of California.

9: Each item of the work need not be paid in the proportion of the funds
‘pr?vlded by_tlus agrgement, but the aggregate cost of the work shall be paid in
said p11~oport10n, to wit: One-half (2) by the United States of America, and one-
_h.alf (%) by the Depﬂrtn}ent .of Public Works, Division of Engineering and Irriga-
tion, of the State of_ California ; provided that any payments in excess of said pro-
portions made by elt‘per party out of the funds available during the progress of
fhe work s‘.mlln be adjusted when the report contemplated by paragraph 14 hereof
s mage: prowdef.l furthgr, that should the entire amount herein provided be not
‘:;Ee; ed\ as herein provlded t.here sh.all be retu_rned to each party any excess of
100n(§¥1nmdel available by it over its proportion of the expenditure.

3 ven the sums of money as specified in paragraphs 7 and 8 have bee

3 . . n
"l;aglf aIvmlz‘L.ble as therein provided, the Bureau of Reclamation of the Department
'und ?t nterior and the _State Department of Public Works acting in cooperation, will
the% a}ce ‘Ehe completlm.l of_ the investigation of the proposed control works on
g dower Sacramento River in the State of California, provided for by the contracts
theeDJaD}& 26, 1924, _and June 26, 1924, between the United States of America ;
T eé?ﬂl(l}jxgx}t of. Public Works, Division of Hngineering and Irrigation, of the
B e ,(‘.xlilo}-‘nm; the VSacramento Valley Development Association; and the
- overing plan of procedure dated June 9, 1924, made in compliance with

o § of gaid contracts.
epar‘tmTh-e ]}Lu'eal} of Reclamf.lt'io_n of the Department of the Interior and the
of Calit (inl‘tot Publie \Vorks., Division .of 'Engineering and Irrigation, of the State

e 11 agree to furmsh.for _tlus investigation as they may be called for,
Undey th'§ and reports and engineering data concerning the work to be performed

all 1o 1§. f:onh:act that they. now have or that they can feasibly obtain; receipts
at the clrilo\ e:f tt'{; dajca futr'mstliled and said data will be returned to said parties

§ ese investigations.
- The work sh erfor
Ment o * work s all be performed by the Bureau of Reclamation of the Depart-
ngineerﬂ;(é %n-terlor under the supervision of an engineer designated by the Chief
"Dartmpng sz}}d Bul"eau. An ass.ls.tant engineer shall be designated by the State
Indey 4 ]_‘m _Pubhc V’Vork.s, Division of Engineering and Irrigation, to work
Ris. Or‘(lfectmn 9f the said s.uperv.ising engineer,
:{lgi-nal Dl‘a anOn}cI()llleCtlﬁ)nt.of the investigation herein provifled for, all field notes,
he mVeStig’at:" a ations, repqrts and other data acquired or prepared during
O the ks 1‘011 shall be filed w_1th the Bureau of Reclamation of the Department
gsub Dferior, and complete copies thereof shall be furnished the State Department

ic W PO . . . .
S0 orks, Division of Engineering and Irrigation, as the work progresses.

3 ! original records shall be accessibl i i
ity gin accessible at all times to the State E
14 12 or hig duly authorized representative. ol e
A P e
or Oi_oport of the results of said investigation shall be promptly made by the
the Bureau of Reclamation in charge, outlining the scope of the
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investigation, and giving a complete record thereof with detailed estimates
with suitable explanatory maps, plans and other documents as exhibits, ¢
with the names of the parties hereto and all cooperating officers and a gu
of expenditures incurred in the-investigation, which expenditures shall
the usual overhead and general charges of the Bureau of Reclamation. The
and recommendations shall be subject to the joint approval of the Chief Ejy
of the Bureau of Reclamation and the State Engineer of California. In e
their failure to agree, the Chief Engineer of the Bureau of Reclamation
State Engineer of California shall submit separate conclusions and recomsy
tions, both of which shall be embodied with the report.

15. This contract provides for the completion of the investigation
proposed control works on the Lower Sacramento River in the State of Cal
insofar as the funds provided for in paragraphs 7 and 8 hereof will permit,
no way obligates the United States of America, or the Department of
Works, Division of Engineering and Irrigation, of the State of California,
any future action regarding the proposed project. All work and expe
under this contract shall cease when the funds to be so made available as p:
in paragraphs 7 and 8 hereto shall become exhausted whether said work sh
been completed or not, or when said work shall have been completed.

16. No member of or delegate to congress, or resident commissioner,
election or appointment or either before or after he has qualified and d
continuance in office, and no officer, agent, or employee of the governme
be admitted to any share or part of this contract or agreement, or to any b
te arise thereupon. Nothing, however, herein contained shall be constr
extend to any incorporated company, where such contract or agreement
for the general beunefit of such incorporation or company, as provided in
116 of the Act of Congress approved March 4, 1909 (35 Stat., 1109). ;

IN WITNESS WHEREOF, This contract has been executed by the
hereto the day and year first above written.

THE UNITED STATES OF AMERICA.
By HUBERT WORK, Secretary of the Interior.

DEPARTMENT OF PUBLIC WORKS, DIVISIO
OF ENGINEERING AND IRRIGATION,
(SEAL) THE STATE OF CALIFORNIA.

By W. F. McCLURE, Director of Public Works
State Engineer.

Attest: MyYRTLE V. MURRAY, Secretary.

I

-

Exhibit 5
CONTRACT OF MARCH 16, 1926

UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

Contract between the United States and the California Development Ass
providing, in part, for continuation of cooperative investigation of proposed
works on the Lower Sacramento River, California, y

THIS AGREEMENT, Made this 16th day of March, 1926, between
UNITED STATHES OF AMERICA, by Elwood Mead, Commissioner of the
of Reclamation, under the provisions of the Act of June 17, 1902 (32 Stal
and acts amendatory thereof or supplementary thereto, party of the fir
hereinafter referred to as the United States, and the CALIFORNIA DE
MENT ASSOCIATION, a corporation duly organized and existing under
of the State of California, party of the second part, hereinafter referred to:
Association; WITNESSETH : k-

2. WHEREAS, By contracts dated January 26, 1924, June 26,
March 3, 1925, between the United States, the Department of Public
Division of Engineering and Irrigation, of the State of California, and t
mento Valley Development Association, certain cooperative investigations
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&

nto Valley in California were provided for, including an investigation of
1111112*1 control works on the Lower Sacramento River, at a total cost of Eighty
pIOPOS Thollars ($80,000.00) ; and, :
ThousaWHEREAS, The California Development Association has available the

3. ¢ Four Thousand, Four Hundred and Fifty-seven Dollars and Fifty Cents
- 8u 97 50) which may be expended for continuation of the investigation of the
($4.45 d control works on the Lower Sacramento River in California ; and,
prOPOSeWHEREAS, The Commissioner of the Bureau of Reclamation has, under
g vty of the Secretary of the Interior, available for allotment from the
author rfation for cooperative and general investigations, secondary projects, as
apPrOiI;led in the Act of March 3, 1925 (43 Stat., 1141, 1171), such a sum of money
“coﬂmhen added to the sum of money available by the Association, will not exceed
. ﬂ‘é ‘;’ggregate sum of Six Thousand Dollars ($6,000.00),

venants and agreements herein contained, it ig stipulated and agreed  between
g:e parties hereto as follows:

6. The Association has deposited with the Special Fiscal Agent of the Bureau
" of Reclamation at Denver, Colorado, the sum of Four Thousand, Four Hundred
“and Fifty-seven Dollars and Fifty Cent.s ($4,_457.50), the receipt whereof is hereby
Tacknowledged, for continuation of i_:he investigation of the proposed control works
on the Lower Sacramento River in Cs}lifornia. Should it be necessary, in the
‘progress of the work of said investigation, to expend funds in addition to those
‘made available by the Association, the United States will expend from the appro-
" priation for cooperative and general investigations, secondary projects, as contained
in the Act of March 3, 1925 (43 Stat., 1141, 1171), such sum or sums as, when
added to the funds made available by the Association, shall not exceed the aggre-
~gate sum of Six Thousand Dollars ($6,000.00).
7. The work shall be performed by the Bureau of Reclamation of the Depart-
" ment of the Interior under the supervision of the Chief Engineer of said Bureau.
8. So far as applicable, and where not inconsistent with the provisions hereof,
-~ the provisions of the said contracts dated January 26, 1924, June 26, 1924, and
“March 3, 1925, between the United States, the Department of Public Works,
“Division of Engineering and Irrigation, of the State of California, and the Sacra-
“mento Valley Development Association, shall be applicable.
9. No member of or delegate to congress or resident commissioner, shall be
“admitted to any share or part of this contract or to any benefits to arise therefrom.
~Nothing, however, herein contained shall be construed to extend to any incorporated
fompany if the contract be for the general benefit of such corporation or company.,
IN WITNESS WHEREOF, This contract has been executed by the parties
€reto the day and year first above written.

~ Sac

THE UNITED STATES OF AMERICA.

By Brwoop MEeAp, Commissioner of the Bureau of
Reclamation, ;
(Mareh 30, 1996,

CALIFORNIA DEVELOPMENT ASSOCIATION.
(SEAL) By N. H. SLOANE, Secretary and General Manager.

Exhibit 6
CONTRACT OF SEPTEMBER 19, 1924

DEPARTMENT OF THE INTERIOR
BUREAU 0F RECLAMATION

v,,v]“nTHIS AGREEMENT, Made September 19, 1924, in pursuance of the Act of
» 1902 (32 Stat., 388), and acts amendatory thereof or supplementary

» between THE UNITED STATES OF AMERICA, hereinafter styled the
States, by Walker R. Young, Engineer, Bureau of Reclamation, thereunto
the Bau‘thorized, and subject to the approval of the broper supervisory officer of
at‘umml of Reclamation, and the Mast Bay Municipal Utility District, a cor-
lon Organized under the laws of the State of California, hereinafter styled
actor, jtg Successors and assigns; WITNESSETH :

5. NOW, THEREFORE, In consideration of the premises and the mutual
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2. WHEREAS, The United States is now engaged in making certain iy
gations in connection with proposed salt water control works on the Lower
mento River, and among other things is engaged in making certain bori
shallow depth in Carquinez Strait; and,

3. WHEREAS, The United States has assembled and is utilizing
equipment and organization which can be used to advantage in ‘performing
work desired by the contractor.

4, NOW, THEREFORE, In consideration of the premises the Unite
will carry to a depth which may be agreed upon by the parties hereto
benefit of the contractor, one of the holes now being drilled by the United

5. Where the operations of this contract extend beyond the current fi
it is understood that the contract is made contingent upon congress
niecessary appropriation for expenditures thereunder after such current
expired. In case such appropriation as may be necessary to carry out this
is not made, the contractor hereby releases the United States from all
due to the failure of congress to make such appropriation.

6. Tor and in consideration of the faithful performance of this con
Contractor shall pay to the United States the actual expense incurred %
United States in performing the work required by the contractor, plus
of $300. This payment shall be made promptly upon receipt by the cont
of itemized statement showing expenditures incurred by the United States

7. No interest in this agreement shall be transferred by the Contrae
any other party, and any such transfer shall cause annulment of the co:
far as the United States is concerned; all rights of action, however, for
this contract are reserved to the United States, as provided by section 3737,
Statutes of the United States.

8. It is further stipulated and agreed that in the performance of this
no persons shall be employed who are undergoing sentences of impriso
hard labor which have been imposed by courts of the several states or t
or municipalities having criminal jurisdiction. i

9. No member of or delegate to congress or resident commissioner
admitted to any share or part of this contract or to any benefit to arise ti
Nothing, however, herein contained shall be construed to extend to any
ated company if the contract be for the general benefit of such corpo
company.

IN WITNESS WHEREOF, The parties have hereto signed their n:
day and year first above written.

THE UNITED STATES OF AMERICA.
By WALKER R. YouN@, Engineer, Bureau of R

EAST BAY MUNICIPAL UTILITY DISTRIC

By A. P. Davig, Chief Engineer and General M
P. O. Address, 505 17th St., Oakland, Cali

Exhibit 7
PLAN OF PROCEDURE

Berkeley, California, June 9,

Agreement covering general plan of procedure for surveys and inves
of a proposed system of control works on the Lower Sacramento River an
alternative plans for the proposed Iron Canyon Project, all in the Sa
Valley, State of California.

The undersigned at a meeting held in the office of the Bureau of Ree
at Berkeley, California, on the day and date above written, with W. L
G. A. Elliott, A. J. Cleary and B. A. Htcheverry, members present of an
committee appointed by the California State Department of Public Work
upon the following as an outline of a tentative program to be followed
above named investigations :

Lower Sacramente River Control Works

1. It is recognized that the primary- purpose of this investigation is
mine the feasibility and probable cost of a system of control works as PIC
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his end the funds now available are to be devoted chiefly to investigation of

gnd 0 € am sites, designs and estimates of cost.

rospective d ¢
Sites to be considered: Field work to be confined to Army Point, Dillon
} 1 in‘t and San Pablo Point sites.
0

Field Bwaminations: One outfit operating two shifts to be placed on dia-
d drilling. Work to begin at Army Point site. Number of holes to be adjusted
osts as work progresses. At least two or three holes to be drilled in the
B ons of deepest water at the Dillon Peint and San Pablo Point sites. Holes to
,secmﬂ;ted primarily for estimating quantities of earth and rock fill and possible
be Igicon of lock structures. No land holes to be drilled, surface indications being
. 2 ed sufficient for estimating purposes. It is expected that $15,000 to $20,000
mbe expended in exploration work.
Based upon estimates prepared by Mr. Young and informal bids received from
the International Diamond Drill Contracting Co. of San Francisco, it is believed
that it will be more economical to do the drilling by force account. Moreover,
force account work is considered advisable in this instance since it allows for a
‘more flexible program.
4, Office Studies:
(a) DEffect of barrier on ﬂo_od plane elevations, silting of Suisun and .San Pablo
pays, tidal prism of San Francisco Bay, and navigation.
. (b) Design of barrier. Principal consideration to be given to plan of con-
‘structing locks and gates to one side and making an earth and rock fill across the
natural channel. Trial designs of other types of structure to be made in sketch
form only. ;
= (¢) Design of required locks and gates for navigation and passage of flood
awater. Desirable design condition for passing floods is that an area of waterway
: provided in structure equal to that of the present natural channel. Flood plane
hould be run through Suisun Bay joining on the Debris Commission elevations
‘at Collinsville. Flood quantities of the Debris Commission to be used and marsh
land in Suisun Bay outside of that necessary for a channel to be assumed as
‘reclaimed.

‘mon
to €

3. Preparation of Report.

Iron Canyon Project

~ 1 Field Work: Survey of low line canal taking out of river in the vicinity
Lef Red Bank Creek. Survey to be adequate for making estimate of costs and areas
of land above and below canal line. To be run south as far as funds will permit.
Survey of siphon across Sacramento River if funds are sufficient.

2. Ofice Studies:

(i{) Determine from maps, the areas that can be seryved by gravity and the
PUmping lifts to other areas.

(b)  Cost estimate of canal and structures.

(€) Revise estimates of power that can be developed at Iron Canyon Dam.
() Consider use of gates in spillway for increasing storage behind dam.

(e) Revise cost estimates of dam.

3. Preparation of Report:

DEPARTMENT OF THE INTERIOR, BUREAU
OF RECLAMATION.

By WALKErR R. Young, Engineer.

DEPARTMENT OF PUBLIC WORKS, DIVISION
OF ENGINEERING AND IRRIGATION.

By PauL BaArLey, Deputy Chief of Division.

SACRAMENTO VALLEY DEVELOPMENT ASSO-
CIATION.

By W. A. BEArD, President.

\

N
lni:?;l;E —This plan of procedure was amended to include a brief geological
st 113°nlg§4the barrier sites by Mr. Kirk Bryan. See Mr. Bailey’s letter of
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Exhibit 8

SACRAMENTO VALLEY INVESTIGATIONS
STATEMENT or FunDps CONTRACTED

Item . State of Local
United States California interests 2
Contract dated January 26,1924 __________________ $15,000 00 $7,500 00 $7,500 00
Contract dated June 26, 1924___ 5,000 00 0:00020001222 15 = KNI
Contract dated March 3, 1925__ 15,000 00 15,000800 %= 251 3 SHT e
Contract dated March 16,1926 _____________~ 1,542 50 fcooeiiioiis 4,457 50 |
Contract dated September 19, 1924: P
*East Bay Municipal Utility Disteiet . ______ (... | 603 30 |
{1 R P T s A Lol o $36,542 50° $27,500 00 $12,560 80

DISTRIBUTION OF COST INCURRED BY CONTRACTOR!
A8 OF FEBRUARY 29, 1928 i

. State of Local
Ttem United States California interests 4
Distribution ofcosts e T SR $37,736 92 $27,110 10 $12,560 80

* Cost of extending two holes drilled at the Army Point site to obtain data for the Hast Bay MJ'
District, notrequired in connection with the investigaticn of the salt water barricr. 1

1 This report, to February 29, 1928, is not final as further costs will be incurred by the United States
the finalreport of the project. L
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Exhibit 9
DETAILED STATEMENT OF COST OF INVESTIGATIONS

DEPARTMENT OF THE INTERIOR

Feat. No. it February, 1928
P iné' Teat. No. 30-51a BUREAU OF RECLAMATION Consolidated Report |
SACRAMENTO VALLEY PROJECT
SALT WATER BARRIER
HExaminations and Surveys
California-Cooperative
Quantity Cost Unit cost
Class of work i ] =
Uuit n?;l;ll:h To date 11’11(‘)}1)115]1 To date | Todate
O | Estimates._._.. & - . $28,716 75 |__________
358 | Experimentalinvestigations 21 30

. 669 | Reconnaissance..---
- 672 | Topography. .
B | Triallines. ...
" 668 | Locationsurveys__
684 | Wash borings_______
685 | Core Irilling (diamond)
~ 909A | Consulting boards_ ...

909B | Geologicalexaminations_
202 | Camp maintenance_-___
209 | Engineering and inspection._____

Subtotalls 22O ETERIR LAY $701252 57 L0t 0
- 224 | Superintendence and acecounts 3,200 43 17.49%,
212 | Generalexpense.._..___________ 3,954 82 19.2%

Grand totalactual cost all
parties e WUy gy

50 | Less expenditures by state of

©alifornia 0T, Nul TUNISIERETY

$77,407 82
27,110 10

$50,297 72
$76,603 30

entages of overhead cost apply only on direct cost ot the United States, excluding the expenditures by California.
H18Teport is not final cost ofinvestigations, as further expense will be incurred in assembling report of project.

iption of work:

Sooperative investigations of the Salt Water Barrier, Sacramento Valley, California, under contracts with the
ouv d.ahforma and localinterests
ed: L. R. Smith, Correct: L. J. Moran,
Chief Clerk Costkeeper
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Exhibit 10
ECONOMIC ASPECTS

LAw OFFICES OF
HADSELL, SWEET & INGALLS =
433 California Street,

San Francisco.

Dr. Elwood Mead,
Care United States Bureau of Reclamation,
Yakima, Washington.

My Dear Doctor:

In Re proposed Hconomic Survey in connection with proposed Carg
Dam. s

I understand that Engineer Young is practically ready to report upon
posed barrier at four different sites between Army Point and Point Rich
Naturally the next question will be whether or not the benefits derivable
such barrier at each respective site will justify the cost of construction
expense of maintenance and operation. To determine these benefits in each
an economic survey obviously is necessary. For some time past we h
before you, in various ways, our desire to have this further survey made
Bureau of Reclamation by means of funds contributed equally by the Bu
Reclamation and our own State Department of Public Works, but thus
have only stated in general terms what the benefits will be and what facto:
be examined and appraised in such a survey. We wish, therefore, now to
specific. We will take each proposed site in turn.

Army Point Site. ]

This site is just above Benicia, between Army Point at the Arsenal or
north shore and Bull’'s Head Point opposite on the south shore. A barrie
presents the following factors for study and appraisement:

(a) One of the natural and most feasible routes for vehicular traffie
the west side of the Sacramento Valley and the cities of Oakland and
on the east shore of San Francisco Bay is along the edge of the marsh land
Suigun to Benicia, thence across the straits to Martinez, thence to Conco
Walnut Creek and then by the Tunnel Road into Berkeley and by Redwood
into Oakland. The route by the Tunnel Road has long been open.
several past months much work has been in progress to make this route ev
usable than it has been for many years. They are straightening and wi
the road on the Contra Costa County side of the hill. Plans are under dis
to cut a tunnel at a much lower level and to widen, straighten and lower th
on the Alameda County side of the hill. Recently, in Oakland, $5000 was
priated and arrangements made to plan a highway from Oakland through
Canyon to Walnut Creek. There are several other suggested routes for add
roads through this range of hills to connect these Kast Bay communities
the back country; and every route now existing or suggested is tributary
to any highway from Martinez to the north. So it is clear that in conju
with a dam at this site, a bridge, as a part of such a north-going highwa
be very important. It is the duty of our State Highway Commission to I
just such main highways. No doubt the Commission could be interested
feature of the project; and it might well be that the Commission, through
especially provided for it by our present two-cent gas tax, or through other
which likely will be provided for it by several measures which will be
ballot in November, will be willing and anxious to join in the expense of coO
tion, maintenance and operation. But only an economic survey can
inform us as to what extent, on the basis of benefits to vehicular traffic bo!
and in the future, the state’s Highway Commission should participate.

(b) The main line of the Southern Pacific Railroad, both from the eas|
from the north, crosses the straits at Benicia. It is my information the
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E cost to the railroad to maintain and operate its ferry (it runs two large
onthlY ith frequent crossings) is well above $100,000. But it is my understand-
joats ! a railroad bridge may well be built in conjunction with the barrier. If
g that ilroad will be greatly interested to determine how far it should contribute,
pthe Il;a «is of present and future benefits, towards the construction, maintenance
- Lo n of such a barrier. But here again an economic study or survey
pe made. I wish to add that the railroad itself has done considerable to
3 in the feasibility of constructing a bridge at this point; and Mr. Young told
er}tat he had gotten the railroad’s data for his use.
t? Above this dam site, and below the delta area, there are a number of
(qmportant industries which use very large supplies of water. These industries
¥ ent are the Shell Oil Company, which has a refinery near Martinez; Tide
3 iated Oil Company, formerly the Associated Oil Company, which has
Avon east of Martinez; Columbia Steel Company, which has a
Jarge steel mill at Pittsburg; Paraffine Paint Company,. which has one of 'its
ser factories at Antioch; Great Western Eleqtro—Chemlcal Company, which
a large plant for the manufacture of chemicals situated near Bay Point; Pioneer
abber Mills, which has a large plant between Pittsburg and Antioch, and Coos
Tumber Company, which has a large yard and factory near Bay Point. Most
i these industries use very large quantities of water and customarily they pump
at a very low expense—about one cent per 1000 gallons, I believe, from the
hboring channel. Needless to say, it is fresh water and not salt water that
y use and must have. Salt water, even were the quantity of salt in it small,
very damaging to machinery and greatly increases the cost of the maintenance
‘well as cost of operation. The diluted salt water conditions which now prevail
several months in the summer time in this stretch of channel makes the water
tuation for these industries a very severe one. They have an industrial associa-
on which for a long time has been actively in search of relief, and they have
sen considering several different methods of bringing water to their industries
v means of aqueducts from other sources. Any of these means of relief will be
v costly and will greatly increase the expense of water. The fact is that
heapness of water supply is one of the reasons which greatly induced these
ustries to locate where they did many years ago. Here then is an instance
here the construction of this barrier will have a very beneficial result for these
ustries and one of the purposes of an economic survey must be to ascertain
he comparative values of this proposed barrier as a means of furnishing fresh
er to these industries and of the alternative projects for the bringing of water
this area for these industries by means of aqueducts from distant sources.
ere is one large user of water, namely, the California-Hawiian Sugar Refining
poration, whose plant is at Crockett, below this particular dam site. At present
expends large sums of money annually to barge water to its plant during the
tical months. If this dam is constructed a pipe line might be provided of very
It length by which this company would be relieved of the expense of bringing
vater to its plant by barges. So this element also would enter into the proposed
solomic survey.
(d) ! East of Martinez, in Contra Costa County, there are considerable areas
farming lands where additional supplies of water for irrigation and domestic
S are already needed and will be more largely needed in the future. Several
‘;;Zgn(_l acres are involved. The time must come when this area will have to
. € itself x.vith additional water either from a distant source of from the channel
th €en Martinez and Bay Point. Certainly an economic survey should consider
IS factor, ;
mgl)l _'-Fhere are also a number of small and yet important towns and urban
i ernltms- which are in much need of additional water supplies for all purposes.
ncol_dparncula_rly to Pinole, Vallejo, Crockett,‘ Mf}rtmez, Benecia, Walnut Cr?ek,
% &and Suisun. Mare Island Navy Yard is situated at Vallejo. The Um!:ed
tsg gm?»’ hasla large arsenal at Benigia and 'there. are several large tanning
Sta Cn a canning plant located at Benicia. Martinez is the county seat of Contra
ount.y. Vallejo, for the development of its water supply, has just com-
-su“aclfrwect whereby it stores the water of Gordon Yalley on a tributary 9f
y driveleek anq proposes to pipe such waters to Vallejo. The city qf Vall.eJo
Valle50n~ to this course by tl}e demands of .the Navy Yard. But this project
Bine g, Interferes seriously with the_: water 1'-1ghts anq needg; for water of some
the to,) n th(.)usand acres of very rich farming land in Suisun Valley west of
of Suisun. Consequently, the whole of this farming community is united
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to prevent Vallejo diverting these waters from Suisun Creek, from w
percolates into the farming territory. If Vallejo should get a domestic
supply from the main channel above this proposed barrier the situation in
Valley would be entirely relieved. At Benicia the situation is more despe
no possible outside source of supply is available. The fact is that the invy
tion which has thus far been conducted concerning the feasibility of the eco
tion of a salt water barrier is to be attributed directly to a report prepar
Captain Clarence Jarvis of the United States Army when he was statione

arsenal at Benicia with specific instructions to devise, if possible, a way to in
the water supply for the arsenal. I presume that the United States Ar
still interested in any effort to increase the fresh water supply of Benicig,
the other towns which I have mentioned are to get water supplies they must
them by pipe lines which will conduct the waters to them from far distant S0
at great expense or this salt water barrier must be built. Here then
factors which must be considered in the proposed economic survey. ;

(f) Several years ago nine of the Hast Bay cities united in forming whg
known as the East Bay Municipal Utility District. These cities are: QOa]
Berkeley, Alameda, San Leandro, Emeryville, Albany, Piedmont, all in Al
County, and Richmond and El Cerrito in Contra Costa County. You will
that among these cities is the city of Alameda, where the Navy Department
to construct a huge naval station. The purpose which these cities had in o
ing this district was to provide an additional water supply for the territor
prised within the district. The water situation in this territory is ext
serious and has been so for the last few years. At present there is barely
water in sight to carry the territory for the next five months. This assume
the present wells south of Oakland will continue to yield as well as they are y
at the moment. But engineers are saying that there is grave danger that
wells will fail because of the tremendous demands which are being made 1
them. In some of them there is already a trace of infiltration of salt
This district, after some investigation, decided to build a large reservoir on
Mokelumne River east of Stockton to conduct the waters by a huge aquedue
that reservoir to the Hast Bay communities to supplement the present water su
furnished by the East Bay Water Company. This project is under constr
This district must get its water from the Mokelumne River or some other
source. The trouble with the present project is that it will do a great d
harm to the farming communities along the lower reaches of the Mokelumne:
In consequence a very bitter fight is now being waged between the distril
the farming communities. What the outcome of this battle will be it is nof
to say. The farming communities are going to continue to do everythi
can to prevent the district taking their water supply. If this salt water
were constructed a great deal of the present trouble between the district aj
farming communities could be removed and perhaps the whole trouble coi
entirely alleviated. I would think that it would be a part of the economie
to take this whole problem into consideration.

(g) Between Benicia and Antioch on both sides of the channel thes
considerable areas of marsh lands which, if the salt could be kept out of t
and if the salt in them could be leached out with fresh water, would constl
some of the richest farming land in the State of California. Personally I &
it would be richer than any of the land in the Sacramento and San Ji
Delta. It would have more silt in it than does the land in the San Ji
Delta and it would have more peat in it than does a larger part of the la
the Sacramento Delta. I would judge that some fifty to sixty thousand aecr
involved. A barrier of this kind is the only hope for the future which this
land area has and certainly the value which the barrier would have for thi
is a factor for investigation in an economic survey. :

(h) The thing which most immediately instigated the present invest
was the existing battle between the Delta territory and the Sacramento
over the large diversions of water from the Sacramento River above Sacra
whereby, as we of the Delta claim, the influx of salt water into the Delta ch:
bas been produced and thereby has endangered the rich farming communi
the Delta. The fact is that 75 per cent of the lands of the San Joaquin Del
lower than high tide and most of them are lower than low tide in San Fra
Bay. In the Sacramento Delta a very large part of the lands are lower tha
tide and a considerable portion of them are lower than low tide in San Fra
Bay. MTidal effects occur in all channels of the Delta even above Stock

are g
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Sacramento. The channels of all streams in the Delta are much below
3 and in some instances obtain a depth of 50 or 60 feet. Now, in the

?edepast, the great flow of water rushing through the Delta to the sea from
OSacramentO and San Joaquin River stream systems has kept these channels

. of salt water and has stored such quantities of fresh water in San Pablo Bay,
cleal inez Straits, Suisun Bay and Honker Bay and channels connecting with
C’u‘qu;hat the inflow of salt water into the Delta territory has been prevented.
then,l cent years, however, the greatly increased storage of water on the tributaries

1§e Sacramentd and San Joaquin rivers and the greatly increased diversion of
of tr from these two stream systems for the irrigation of vast areas of lands in
WateSacramento and San Joaquin valleys, combined with ten or more years of
gh?)l‘tage of rainfall, have brought it about that in such years as 1920 and 1924
the fresh water barrier of which I have just spoken has been entirely done away
with and salt water has gone far into the many stream channels in the great Delta
territory- This condition caused the Delta in.terests to prganize Delta Land
gyndicate and River Lands Association and to institute suits and to take other
measures to prevent diversions above us which op_erated to prevent formation of
the fresh water barrier below the Delta territory. .Hard battles have already been
fought and hard battles are still to be fough‘g. It is obvious tha!: the construction
of this barrier will remove the cause of this trouble and permit development to
continue unhampered in the Sacramento and San Joaquin valleys and upon the
upper reaches of the Sacramento and San Joaquin river stream systems. Obviously
the economic factors are many and of enormous consequence to the future welfare
of this state. All of the great power companies of the state are involved and a
great majority of the irrigation districts. Likewise, there is involved the Hetch
Hetchy project of the city of San Francisco as well as the project of the city of
Sacramento, Then, too, there are many public utility canal systems which are
involved. Any economic survey must take all of these things into account in
appraising the economic values which arise or are involved in the construction of

this barrier.

j (i) Something must be said also on the subject of the ravages of the teredo, or
marine borer. Before salt water conditions were brought about in the channels between
" Benicia and Antioch through the causes therefor which I have described, the piling on
the wharves in this area was not treated for protection against the teredo. The reason
was that the piling always was in fresh water and the teredo would not invade
fresh water areas. The salt water condition came to prevail in this area long
before anyone realized that the change had occurred. In consequence many wharves
collapsed in use and wharfingers and warehouse owners first became aware of the
cpndition when such accidents happened. There is extant a report on the inva-
sion .of the teredo into this area and into the straits between Benecia and Vallejo
and 1’; is estimated that the losses through damage to piling by the teredo between
Valle;o and Antioch has exceeded $15,000,000. Kven piling which has been treated
0 withstand the teredo eventually succumbs and has to be replaced; but piling
I fresh water has an extremely long life and therefore there is an economic factor

fourse, related to shipping and commerce along this channel between Sacramento,

tock.t(m and San Francisco and other bay points.
f&ct(Jt)h From your Iong residence in California you are quitg familiar with the
. hat the San Joaquin Valley has a very much greater irrigable acreage than
e is water to irrigate it and the Sacramento Valley has a much greater supply
Veryadter than t?ere are irr.igable acres to use it. You are likewise aware of the
¥ €Sperate situation which prevalls. in the lower end of the San Joaquin Valley
OVerey many thousands of acres are going backwards through !ack of Wgter due to
.conditipanswn and to lovszermg of water tables under extensive pumping. .These
Watep ons l}él_ve lgeen getting more acute year by.year. Those in touch with the
the lasEondltlon in northern California have anticipated what has happened and
B801 g ‘sgveml.leglslaturgas have made large appropriations of moneys for water
for ¢ eS investigations and, as based thereon, for the formulation of a scheme
San s comprehensive development of the water resources of the Sacramento and
190~ “ °2quin valleys with their tributary systems. At the legislative session of
submi?t 1§D0rt for such a comprehensive developmen!: of these water resources was
; af 'tO the legislature and is known as “Bulletin No.. 9—Supplemental Report
M‘“'losinel Resources of Oalifornia—A report to the Legislature of 1925.” I am
£ a map which is part of that bulletin whereon is delineated the compre-

Ngj
fre Scheme, You will note from this map that the dam in Carquinez Straits

here which must be taken into comsideration in any economic survey. This, of -
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at some as yet unascertained point is a crucial factor in this scheme. In
words, the whole economic situation in the San Joaquin Valley, so far a
situation depends upon an adequate supply of water for irrigation, is involy
this project for the construction of a barrier below the mouths of the Sac
and San Joaquin rivers. Here is an economic factor which is worthy of
than usual attention because it extends in so many directions and any eeg
survey in connection with the proposed barrier must certainly consider this i

(k) I must also note that an improvement in navigation would arise,
see it, from the construction of this barrier. At present, in the summer
there is such a low flow in the Sacramento River during several months, particul
in such excessive dry years as were 1920 and 1924, that navigation even
ramento at times is impossible and is entirely impossible for a considerable
of time over the stretches of the river immediately above Sacramento wi
considerable commerce otherwise would originate. There have been numb
occasions when the river at Sacramento has been so low that the boats |
stop several miles below Sacramento. The federal authorities who are conee
with navigation have given considerable thought and study to this conditio;
have made reports to the higher officials at Washington concerning the same.
have proposed, in fact, that a lock should be built across the river at Free
considerable distance below Sacramento, for the express purpose of main
navigable conditions as far up the river as Sacramento and somewhat
I understand, however, that the army engineers have definitely recomn
against the construction of a lock at Freeport and have proposed other mear
belp the situation. However, this is one of the factors which must be con
in any economic survey.

(1) In view of what I have now said it seems to me conclusive that a
economic factor must be studied in any economic survey. For, as I see
construction of this barrier through the various beneficial results which
indicated will cause great developments to occur along the straits, and in th
and in the Sacramento and San Joaquin valleys and even in the mountain
and in Contra Costa and Alameda counties. These developments will ex
an increase in intensive farming, to an increase in irrigated areas, to the
of cities, and to the development of manufactures of every sort and there
steadily promote the development of commerce throughout northern Cal
No man can say how great this additional production of wealth will be. ¥
aware that both the city of Sacramento and the city of Stockton have deep
projects afoot where they propose to construct deep water channels from the
reaches of San Francisco Bay to their respective localities in order ther
create inland ports for deep sea-going vessels. Surely no man can foretell,
developments occur which I have suggested, how great will be the growth
borne commerce as well as commerce by rail.

Now I do not mean to say that there will be no disadvantages arisin
the construction of this barrier. I am referring now to economic disadvam
There will be some. For example, construction of this barrier will make it
sary for vessels operating on the rivers between bay points and river po:
use locks during several months of the year. In a way this use of loe
hinder commerce and consequently an economic survey must consider this g
Moreover, the barrier will have the effect to increase seepage conditions in
portions of the Delta and will make necessary, as I see it, the construet
larger levees or stronger levees. These things mean increase in maintena:
operation as well as in capital expenditures and must be taken into conside?
i1 any economic survey. As far as commerce may be hindered the federal &
ties will be deeply interested. Therefore, as I see it, the construction of a
at this particular site will involve many elements in which the federal gover
must take a great interest.

So we unhesitatingly appeal to the United States Bureau of Reclama
contribute additional sums to provide jointly with the state the means for
ing an economic survey to consider the many economic factors which I hav
suggested in connection with this particular dam site. 3

Dillon Point Site.

This site for_ a dam is some distance below the Army Point site and ap
lslzliitgelvy; ltr]; the middle of what we call Carquinez Straits. Bverything which
i reference to the first site may be properly said with reference
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cep‘t that there may be some question about the feasibility of providing for
site, X d crossing in conjunction with a highway crossing on the dam. However,
8 ;aléz"io doubt that Mr. Young’s report will go into this feature of the matter.
1 ha
Site (not reported on).
+ know what this site is called in Mr. Young’s report. It is near the
h is now being constructed across Carquinez Straits immediately west
C.Ockett. There would be no possibility, as I see it, of using a dam at this
of las 2 railroad crossing. Also the making of a highway crossing at this point
Placfd seem to be an unreasonable duplication of the crossing which is now under
: o“truction. Moreover, a highway crossing on the low summit of the dam would
i uch too low and would not be as near as advantageous for a highway crossing
. pridge under construction will be. Aside from highway and railroad cross-
hat I have said about the first dam site is equally applicable here.

Cro¢ kett

ir do no
idge whic

as the
ings; W
San Pablo Site.
This site will easily furnish an appropriate highway crossing which, as the
s pass, will become more and more important to the development of the coast
counties through easy vehicular communication with the east bay communities.
Jikewise 2 dam at this place will offer a proper crossing for a railroad, although
in this respect the advantages will not be as great as they would be at the first
site. Tikewise large areas of additional marsh and tide lands could be brought
under cultivation through the use of fresh water. Virtually the whole of San
" pPablo Bay would be reclaimable as would the marshes which fringe this bay on
the north side. There would be several other large industries to receive benefits,
‘motably the large Standard Oil Company plant at Richmond and the Union Oil
Company plant at Oleum. Otherwise, everything which I have said in connection
with the first dam site is applicable here.
T have said nothing herein concerning who should bear the cost of construction,
maintenance and operation of such a barrier. But from what I have said it is
dlear that many factors must be carefully considered before there can be any
appropriate determination of this question. In my judgment, there must be a
caveful, thorough, unbiased, economic survey of every factor which I have sug-
gested before we undertake to determine upon whom the cost of construction, opera-
~ tion and maintenance shall be imposed. It is easy to see how the Federal and
- State Governments, the Highway Commission, and the Southern Pacific Railroad
could be brought together to construct, operate and maintain this barrier. It is
10t 50 easy to see how the numerous industries and towns and cities and the various
~ distinet farming communities and territories should be brought together to bear
”931 a definite portion of such cost. But this only demonstrates the necessity for
4l economic survey, wherein all of these things will be given consideration and
;‘il)pralsement and whereby, no doubt, concrete suggestions can be evolved as to
0W such costs should be borne or distributed.
howI have written this letter as though I were speaking personally and alone.
'onev;r’ I.an} really r‘e_presenting a committee which has had ‘in charge the prosecu-
the SO this m'vestigatlon. This committee represent_s the }rrigation interests in
1 il‘ectan Joaquin Valley thrqugh Mr. _Hu.ltman, who is president of. the Board of
ﬁectedors. of the Turlock Irrigation Dlstrlc"c,.and through Mr.. Ha.rrls, ‘.vho. is con-
E or .h&S b_een gonnected, at leasg, §v1th_ the_Ma.dera Irrigation District, and
. lflnmlttee likewise represents the irrigation districts in the Sacramento Valley
g. Ml‘. Durbrow, who is manager of the Glenn—Colusa Irrigation Distriet
Mr ?é:mde;n of the Irriga?ion D_istricts Associatio_n of ‘Cal§fornia, and through
memberSGfI oundstone, who is p?e51dent of Reclamation District No. 108 and is a
hi 0011110' _the executive committee of the Irrigation Districts Assqcmtlon, and
uecutivenl‘tlee likewise represents the Delt_a area through me, the chairman of the
B committee of Delta Land Syndicate, an organization of_the owners of
- Watep i~ in the Delta for the purpose of attempting to find a solution for the salt
the Moy, hace which looms larger before us year by year as the developments in
-riﬁtter asntﬂlnls and the two great valleys continue. Please, therefore, accept this
Rl ¢ eCOmmg from the committee as well as from me.
into Te are any points here which need further elaboration, I will be glad to
Iq

mﬂlem at your suggestion.

Yours very truly,
D. HADSELL.
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Exhibit 11

REPORT ON PROPOSED SITES FOR A SALT WATER BARRIER IN“
LOWER REACHES OF SACRAMENTO AND SAN JOAQUIN
RIVERS, CALIFORNIA

By K1rx BryYAN, Geologist in the U, S. Geological Survey, August 20, 1

Bearing of Geology on Proposed Structures.

The geologic characteristics of the part of California in which the Salt 3
Barrier is to be built are considered at some length in a later section of thig
Briefly, the region is known to geologists as one of crustal instability whe
movements of considerable magnitude and complexity have taken place
Comparatively recent time. These earth movements and the violent vibra
the earth’s crust or earthquakes which are likely to accompany them, h
important bearing on the location and design of large engineering works,
however, equally important to consider how far such considerations may p:
be taken into account, and to what extent the possible damage to engi
structures due to such earth movements must be included in the unay
bazards of any human enterprise. )

Geologic investigation can define the nature and general trend of earth
ment. For any area the direction of movement, whether up or down, with
to sea level, or the kind of movement, whether accomplished by mass defor
or by the rupture of the earth crust along definite lines of fracture or faults
usually be determined. But such investigation has so far not attained sy
refinement to warrant prediction as to the direction or magnitude of th
movement. For the region of San Francisco Bay the general type of defor
is known, and from the recency of past movements—some of which have
place in historic time—it may be predicted with confidence that these moy
will continue, but the time at which they may occur is unknown. Howey
historic and geologic record in this and other regions indicates that earth
ments take place in small amounts, separated by intervals of time that a
in respect to the life of man. Some of these movements, amounting to
teet only, are of no consequence in the life of the community, others, w
be conceived of, might have results of far reaching or even disastrous impo
It seems obvious that if earth movements are separated by considerable in
of time, and when they occur may be inconsiderable in amount, that many
ing structures of relatively short life may be built without regard to su
The phenomenal growth of the bay cities with the accompanying constru
large works is proof that to many minds this risk is inconsiderable. Tha
earth movements, or movements causing a disastrous rearrangement of I
water may occur, can not be denied, but such an event would cause a
readjustment of the cultural complex of the region. In this readjustm
engineering structure, even though it escaped physical damage, might becom
less because the interests for whose benefit it had been built had themsely
destroyed. It follows, therefore, that engineering structures should be un
to meet present conditions and contengencies that may be reasonably D
during the life of the structure, without regard to the risk of earth movement :
iz inherent in the region and is a part of man’s life in the area.

Attendent consequences of earth movements are vibrations of the earth’s
or earthquakes. Harthquakes, in themselves, produce damage to engineering
tures, and earthquakes of destructive violence may accompany earth moven
inconsiderable amount and they may affect areas at a2 considerable distan:
the center of propagation. Thus, earthquakes may be considered as an irr
recurrent hazard to structures. The history of the region records two eart!
separated by an interval of 30 years. This interval is doubtless purely fo!
but probably indicates that earthquakes of considerable magnitude may be €
at intervals measured in tens, rather than in hundreds of years. That st
should be designed to avoid the effect of earthquake shake seems a I
requirement,

In the foregoing review of the risks natural to the region due to ea
ment and earthquake shock, it may be seen that the science of geology
tribute little to assist the engineer in estimating the risk, or in the locd
structures. - It can only point to the lines of past movement and recomnk
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.qance of these lines with, however, no guarantee that new lines of weakness
qyoida earth’s crust may be developed. The effect of earthquake shock is recorded
at the ree literature and is subject to mathematical analysis,
in “O}f the bearing power of foundations, and the probable character of rocks in
] proposed excavations, a few general suggestions can be made.

general Geology of the Region.

The coast ranges of California which generally form the western border of .that
and project into the Pacific Ocean along its coast, are low at San. Francisco.
1 in a great cross-depression in the ranges, the sea extends inland in the con-
- Here, pays of San Francisco, San Pablo and Suisun, Through these bays is
-_n“tﬁﬁfged ‘the drainage of the Great Central Valley of California where alluvial
i‘ﬁs‘ft constitutes one of the great agricultural areas of the world, Flowing from
g;)e adjacent and surrounding high mountains the waters of the region are gathered
'iﬁto two great rivers, the Sacramento and San Joaquin, which, flowing respec_tively
“from north and south, unite in a maze of andstomosing channels in the island
eountry or delta region. Flowing through this region, and subject to the tidal
eountry % : ; : 5
fluctuations of the sea, the rivers discharge into Suisun Bay, and .thence tl_lroug.h
the connecting bays and straits to the Golden Gate and the P‘?mﬁc. It is this
delta region which was once bathed wholly by fresh water carried by the rivers
‘that is now menaced by incursions of salt water from the tidal bays. The pro-
posed barrier must therefore be built either in the delta region or in the bay region.
": es in the narrower parts of the bay region are considered in this report.

The coast ranges of California have a complex history, involving compression
‘and differential uplift in comparatively recent geologic time. The complete history
of their building, though interesting as part of the natural setting and as an
planation of many of the features of the region, has only academic interest.
le coast ranges are now a series of irregularly parallel ridges having a north-
West southeast trend. In part these ridges are due to the superior resistance
of hard rocks to erosion and the valleys to easy erosion of soft rocks. This
‘parallel outcrop of hard and soft beds is due to successive folding of the ranges during
periods of compressive strain that seems to have been largely completed in Pliocene
me. In addition the ranges are composed of parallel fault strips, or blocks,
thich have heen uplifted differentially along faults or fractures. These movements

more recent than those referred as strictly compressive and have continued
p4OWn to the present time. This regional structure is of importance and will be
fonsidered at some length. (See Plate 3-1.)

The Montara block forms the western portion of the San Francisco Peninsula.
8 €astern houndary passes out to sea south of the Golden Gate but the block is
itinued in the Reyes Peninsula, the eastern boundary lying in the depression
arked 1y Tomales Bay. The Marin—San Francisco block forms the Santa Clara
] “m?y, most of San Francisco Bay and the Marin Peninsula. Its eastern bound-
' 18 th_e Hayward fault zone at the base of the Berkeley Hills in the eastern part
o the citjeq of Oakland and Berkeley, and extends across San Pablo Bay into
e ralumg Valley. The Berkeley Hills block forms the hills of the same name,
ary is not well defined but lies in the depression between the:
ills and Mt. Diablo, in the valley of Walnut Creek. The boundary
isun Bay east of Army Point, near Avon and Goodyear. It has not
D_I‘aeed northward into the hills between Napa and Vaca mountains. The
1t .haslablo block, north of Suisun Bay, may cpntinue into the Vaca Mountains,
: “ﬁonsan} undefined boundary tha_t separates it from the Great Valley. These
Eaeh’ %O\X_’(fver, have b.een only imperfectly worked out. ; A
e 0‘ the fault strips or blocks, thus: defined, has, in splte.of.a complex
Stllletm-e, acted more or less as a unit. The Montara block is tilted to the
and is relatively uplifted. The Marin—San Francisco block is depressed
) €ast and uplifted to the northwest of San Francisco Bay. The Berkeley
ock iy generally uplifted more on the southwest than on the northwest so
Die hills are higher and steeper on the southwest face of the block. The

A0lo block has had a more intermediate uplift and the relations to the

| silo.n of the Great Valley is still a field for inquiry.
() m_p'd]nes of greatest earth weakness along which earth movements have recently
L d where they are most likely to recur, are on the boundaries of these
.;S e San Bruno fault zone, which separates the Montara block from the
A Francisco block, lies outside the Golden Gate. The Haywards fault
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zone, which separates the Marin—San Francisco and Berkeley Hills block, ¢
San Pablo Bay east of San Pablo Point at a place where the bay is wide g
a distance of séveral miles from any proposed site. The fault zone which se
the Berkeley Hills block from the Mt. Diablo block is less well defined.
been named, in unpublished papers, the Calaveras fault and, though traceg
defined through the upper part of Walnut Creek Valley, is concealed by s

ground and alluvium in its northern extemsion. It seems probable, howe
it passes through, or near, Avon and Goodyear, about three miles east
Point, the eastern entrance to Carquinez Strait.

Compared to these main fault zones the faults within the blocks are 0
importance. Most of these faults were active in the periods of compressi
of Pliocene and earlier times. Movements along these faults are unli]
except for shattered and brecciated belts of rock which occur along th
have little effect on the character of sites for the barrier. In general, it
the part of prudence to avoid such faults in the location of the barrier.
faults of this character are described under each site.

The group of bays and straits which form the outlet of Sacramento
Joaquin rivers are a remarkable feature of the local geography. Conslde
the valleys of tributary streams the bays and straits form a valley system n
merged beneath the sea. Such a system being at right angles to the m
tural features of the coast ranges is evidently antecedent to the upl].f
ranges. An ancestral river draining the Great Valley must have exist
across this river the mountains were uplifted, but at so slow a rate that
cut a valley and maintained its course in spite of the uplift. Throug]
vicissitudes, some of which are imperfectly known, this valley persisted a:
assumed its present form when it was submerged below sea level. Th
however, been minor oscillations of land and sea and differential movy
the several fault blocks in which the region is divided. Thus, the Gol
has the simple form of a river gorge, but San Francisco Bay has been
more depressed and the rock floor is doubtless, in places, deeper than in t
Gate, and more or less filled by late Quaternary deposits. Carquinez
like the Golden Gate, a simple drowned river gorge, but San Pablo
Suisun Bay have doubtless been carried somewhat deeper beneath the se

Carquinez Strait (See Plate 3-2).

Carquinez Strait is cut across the general strike of the formations w
sist of sand stones and shales. Several faults of the older and probabl
type cross the strait with a northwest trend and more or less parallel to t
strike of the rocks. The northern continuation of the Franklin fault a
Vallejo Junction from the southwest and, passing to the west of Mare
Jost in San Pablo Bay. The Carquinez fault emerges on the shore of
two miles west of Martinez and, passing to the east of Port Costa, f
depression of Southampton Bay. An unproved fault is thought to lie in
just east of Eckley and to pass into Glen Cove. All of these faults a
older type and are considered to be no longer active.

Dam Sites.

Dillon Point—Hckley Site. The narrow part of the strait between Di
and Bckley is a proposed site. The rocks are sandstone and shales of tk
formation and dip at angles of 45° to 70° to the southwest. Numer:
fractures and minor faults cut the rocks. The Carquinez fault passes t
of the site and there is a suspected fault to the west. The general tren
faults and the strike of the rocks is about north 25° west. i

The sand stones and shales should form a suitable foundation for
of ordinary size and identical material is being so used for the support o
piers of the Volona Bridge 13 miles west. There seem to be no objectiona
to this site.

Army Point—Swisun Point Site. The proposed site at Army Poi
the strait in a northwesterly direction parallel to the general trend of
The rocks at Army Point and Suisun Point are sandstones and shales
northwest strike and dipping 50° to 75° to the southwest. These ro
to the Monterey formation and rest uncomformably on the similar sand
ghales of the Chico formation. The contact lies just east of Army Point
exposed on Suisun Point,
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oformation of the beds on minor fractures is evident but no fault of
gdisplacement passes through this area. The rocks are similar to those at
isple :

Point in bearing power and there are no objectional geologic features.

R ¢ San Pablo—Point San Pedro Site. San Pablo Strait connects San Pablo
Porv Francisco bays, but this strait is formed by two projecting head lands and
Sal_ltle Lresemblance to Carquinez Strait. Both points, or headlands, are com-
lit ocks of the Franciscan group, here undifferentiated into formations. The
.Of 111 oroup is older, harder, and has been more disturbed than the forma-
Scaresinted at the other dam sites. The structures bear little relation to
lﬂ():ruétal blocks and the rocks of the group form a unit wherever they occur,
icts as a resistant mass in the movements of the region. Thus, details of
ctures at sites in this group of rocks are of little momel%t. ] :
e rocks exposed are massive, dark blue, fine grained qpartzme with asgomated
and thin beaded sandstones and cherts. The massive sandstone dips 45°
west at Point San Pablo and on Point San Pedro stands at various angles
pumerous quarries of this headland. :
he rocks of this site are exceptionally good as foundation material. The
tzite will probably stand the maximum loading of a granite, and the shaly
of the formation are probably stronger than most sandstones.
e northwest trend of the site, parallel to the Hayward fault to the east, is a
ble feature. There seems to be no geological objections to this site.

int Richmond—Bluff Point Site. 'The narrow part of San Francisco Bay,
en Point Richmond and Bluff Point, is a proposed site. The rocks at both
belong to the Kranciscan group and are suitable for foundation purposes
y with those at the San Pablo—San Pedro site. It should be noted, however,
f Richmond Point belongs to a belt of Franciscan rocks which forms Brooks
mnd, Potrero San Pedro and the part of Marin Peninsula northwest of San
to Point. Bluff Point belongs to the belt formed by Goat Island, Angel Island
[ the Tiburon Peninsula. It seems unlikely that these two belts of Franciscan
are continuous under the bay and more than probable that a belt of one of
ter and softer formations intervenes and would be encountered in drill holes.
€ rocks of the two ends of the site are satisfactory, but there is a possibility
satisfactory roek along the line of the barrier. The direction of the proposed
are at this site crosses the trend of all the fault lines of the region and though
ult line is known to exist in the area covered by the water of the bay, the
| Séems somewhat less advisable than other proposed sites.

ruction Material.

€ massive quartzites of the Franciscan group have long been used for riprap,
am and concrete aggregate for which purposes they are sold under the name
e stone.” The two lower sites have the advantage of proximity to large
€S of this material. Excavation of this rock both above water level or in
Water work ig, however, relatively expensive because of its hardness.
€ Sandstones and shales of the Chico and Monterey formations exposed at
O Sites on Carquinez Bay have suffered much from surface weathering. The
l;nes are yellow and in places incoherent. At a number of points along the
andslides occur. Below the surface and at places at the surface the sand-
are unweathered. In this condition they are blue or gray in color, dense
Ould Many of the beds are 20 to 4() feet thiclli. These parts of the forma-
L Imake excellent stope fqr riprap or gllght be. crushed for concre}:e
q musib A%l’ge scal_e quarrying is, however, difficult for. the relatively thin
I dee e Aollow.ed into the hillside a.nd much waste material handled.
. ilp eX(:&Vz}t}ons the sandstone will be hard and resistant and will probably
atzr g?lahhes u_nder the waters of the bay. As material for embankments
Mney bedr It seems likely that the shales and fragments of sandstone from the
S will fill the voids of the larger stones derived from the massive sand-

'€ he,
S and form 5 tight and relatively stable structure.

ig operations.
:m;) bVI?US that the proposed sites have been chosen largely on topographic
Sed DI‘O%OI_‘tunat(_aly no faults _of consequence Cross these sites and the rocks
marra‘l‘lt'nlt 10 insuperable d1fﬁcult1e§. .No minor shifts in proposed sites
Dre diet' on geological grounds. Similarly it is beyond the possibility of
£ ttion to indicate in advance the depth of bedrock below the water of
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east fence.

0

5
52
82
107

Depth
0

2
20
112
122
218
234
351
365
498

Sy A ang
#* Piscrepancy.
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Exhibit 12

LOGS OF DEEP WELLS DRILLED

“A” CALIFORNIA & HAWAIIAN SUGAR REFINING CO. VVELL".

Well drilled in Recreation Park—135 feet south of north fence and 51 feef
Work done between October 23 and December 18, 1916.

Depth Thickness

Character of strata
5 ft. Adobe
47 Red shale
30 Loose red shale
25 Coarse shale
51 Coarse hard shale
59 Hard shale and quartz
3 Boulder—granite
4 Hard rock
4 Soft rock
24 Hard shale
18 Blue clay with broken
gravel
4 Boulder and clay
19 Very hard blue clay
18 Loose black shale
23 Very hard blue clay
13 Shale
10 Clay and boulder
41 Shale
5 Rock
12 Shale
10 Blue clay
25 Hard shale
60 Soft shale

Character of strata

2 ft. Tule roots

18
92
10
96
16
117
14
133

Black mud
Hard blue clay
Black sand

Black sand, large quan-
tity mica

Black sand

Depth
510

530
560
599
627
633
642
650
661

736
748
754
768
793
877
883
896
960
976
982
995
1000

“Q” JOYCE ISLAND GUN CLUB—Finished in June, 1923
Thickiness

Depth
498

832%

Thickness Character of 8

20 ft. Blue clay -
30 Hard shale and
39 Boulder and blu
28 Hard shale
6 Rock
9 Tough blue cla.y:’
8 Rock .
11 Blue clay
28 Rock
47  Shale and stre

12 Rock
6 Hard tough cla;
14 Shale

25 Hard blue clay

$4  Hard shale
6 Rock

13 Hard rock

64 Clay

16 Shale !
6 Clay

13 Shale
5 Clay

Thickness Character of
20 ft. Quartz sand
205 3
29 Sandy and ha

9
14 Sandy, €O
harder X
20
15

30 in. Quartz s2&
contained
AT
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REES WELL

ickness Character of strata Depth Thickness Character of strata
R (1 155
9 ft. Tule roots 16 ft. Yellow clay and sand
ALyl
68 Tule mud 1 40 Soft blue clay
9 :
40 Soft blue clay b 15 Dry blue hard clay
15 Sediment soil and soft 16 Black sand
sand 242
15 Black mud 27 Coarse sand, light in
269 color
15 Soft yellow clay
“E” SEYMOUR GUN CLUB WELL
senth Thickness Character of strata Depth Thickness Character of strata
122
2 ft. Decayed tule . 14 ft. Sand and gravel
36
28 Bluish black mud il ‘White beach sand
153
10 Yellow clay, dry 20 Light blue clay, stratas
1.7:3 white rock
B Yellow clay, soft 20 Blue clay, sandy layers
193 rock
2 White sand 917 Light gray clay, hard
290 and dry
20 Blue clay, hard and dry 40 Blue shale, very hard
330
19 Greenish clay 10 Blue shale, almost rock
340
4 Blue clay ikl Medium coarse gravel
(Fresh water and gas
351 this strata)
“F” OTIS WELL
Epth Thickness Character of strata Depth Thickness Character of strata
176 :
1 ft. Decayed tule 1ft. Redwood log
177
47 Soft gray clay 20 Medium fine gravel. and
195 a little sand
10 Yellow clay 20 Coarse gravel
217
58 Light yellow clay, medi- 20 Yellow clay, soft
um hard 237 -
15 Light gray clay, medium 20 Light green clay, layers
4 hard 257 of sand
0 Dark gray clay, medium 14 Gray clay
hard 271
10 Dark lead clay, medium 25 Yellow clay, hard
‘hard 296
30 Light yellow clay, hard 20 Fine gravel and coarse
316 sand
b “G” FRANK MASKEY WELL
hickness Character of strata Depth Thickness Character of strata
i
2ft. Tule root : 98 ft. Sand and fine clay
89
40 Decayed vegetation i 4 Dry blue clay
3
20 Soft blue clay 35 Sand
19 228 |
: Yellow clay 7  Sand
10 2
Black sand
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Depth

45
55
60
75

105
140
155
187
202
203
208

Depth
0

155
175
187
195
213
230
256
264

291
299
352
370
381
393
523%*

Thickness

2 ft.

43

10
5

15

10

20

Thickness
55 ft.
13
15
il

15

30%

* Discrepancy.
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Exhibit 12—Continued
LOGS OF DEEP WELLS DRILLED
“H” N. V. C. MURDOCK WELL

Character of strata

Tule roots

Decayed vegetation
Soft blue clay

Soft yellow clay
Red sand

Soft yellow clay
Soft blue clay
Black mud

Dark clay and sand
Black mud
Decayed vegetation
0Old wood and log

Dark sand and clay

“1” THRELKELD

Character of strata
Peat
Brown clay
Clay and gravel
Brown clay
Yellow sticky clay
Sticky clay, blue
Sandy clay
Tough sticky clay, yellow
Sticky clay
Yellow clay
Sandy clay, yellow
Yellow clay
Clay and sand
Clay
Clay and sand
Sand, hard
Clay
Tough sticky clay
Sandy clay
Blue clay

Clay

Depth Thickness Character o
208
25 ft. Soft blue clay

233
83 Black mud
316 L
43 Soft blue clay
359 L.
10 Medium blue el
369 ]
4 Medium hard
373
11 Clay and it
384 Fi
15 Fine black sa
399
BE=RE Clay and grit
404’-3" E
36 ft. Hard blue el
440’-3" 3
il Soft blue clay
451’-3" ; g
b Sand and clay
456-3"
12 Fine black s:
468’-3" 4
Total X
4681_3” .

& SCOTT WELL

Depth Thickness Character of
523%*

16 ft. Tough sticky €

16 Clay

8 Tight gravel,
563 in 9 hours
2 Tight sand =

565
2 Lava Y
567
33 Clay
600
42 Lava o
642 2
23 Clay
665 3
78 Lava B
743 i
132 Clay &
875 3
16 Tough sticky
891 -‘
167 Clay 2
1058 3
30 Hard lava:
1088

] 14 Soft lava
1102 water )
8 Soft lava A

1110 3
5 Hard lava
11156 2
35 Lava water
1150 b
8 Soft blue sha
1158
23 Hard blue st
1181 8
31 Blue sand, 8
1212
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“J” FRANK HOWELL WELL

pepth Thickness Character 6;‘ strata Deéooth Thickness Character of strata
2 ft. Tule roots 40 Yellow clay
50 Blue mud o 200 Yellow sandstone
8 Yellow sand (brackish 0% 400 Blue shale (pockets .of
water) 700 oil)

“K” WARD WELL—Bored in September, 1924

jepth  LTvickness Character of strata Depth Thickness Character of strata
uy
: 126
3 ft. Soil 4 ft. Yellow clay
130
9 Coarse gray sand 1 2 Yellow sand
13
20 Peat 3 Yellow clay
135
40 Soft blue mud - 3 Yellow sand
138
40 Fine blue sand il Yellow clay
139
2 Blue clay 2 Yellow sand
141
18 Yellow clay % Yellow clay
1413
ik Yellow sand
Exhibit 13

ACTION OF SALT SOLUTIONS ON CONCRETE
DEPARTMENT OF COMMERCE
BUREAU OF STANDARDS
WASHINGTON

San Francisco, California, May 26, 1925.
Walker R. Young, Engineer,

Plreau of Reclamation,

0 Agriculture Hall,

erkeley, California.

M, Young :

In reply to your letter of May 22d regarding points of interest to you concerned
S USe of concrete in the proposed Salt Water Barrier:

eliefly discussing the points in the same rotation you presented them numer-
4 % the following comments are offered :

acinTwhe most d.esira-ble characteristic in a concrete projected for exposure to
P s salt solutions is a.low permeability factor. 2
Olnic-;fﬁv such a eon-crete.of low permeability factpr can be fabricated the most
: oo ? at any given JO.b can only l?e determined .through experimentation
A ﬂfﬂe aggregate. It. 1s.11kely considerable care will have to be exerted in
or iy (21 dggregate, fabrication and placement to insure a low permeability
E . 1§ structure. _ Therefore, the assumpton that such a concrete in place
Serv}nore expensive than the ordinary run of concrete used with safety
I¢e conditions are less exacting, is at least a reasonable one.
Ough cautious practice always favors the use of fresh water in conerete
080 W‘i';f are reports that salt water has'on occasions be.en used for the same
8 e lout apparent detriment to the job. This may indicate that a fresh
tieg ; ?OI{Cl‘_ete ‘can be placed u-nder salt water with the same engineering
’ aternd limitations sucp_operatlons can be successfully accomplished under
& . After the conditions most favorable for development of law per-
i Ol}Cr‘ete have beep determined, then the question of practicability of
tSSSEem far .handhng and placing that prescribed concrete mixture will
ention, Thig appeals more as an engineering problem involving the
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proper physical placing of a prescribed concrete mixture than as a chemi
sideration of possible salt water hazards present during placement operatic
4, There are at least two constituents normal to salt water reg;
deleterious to concrete. To the magnesium salts is attributed the power
calcium in the portland cement complex with weakening effects. Waters
sulphate acts both chemically and physically upon concrete, the latter acti
confined to zones of wetting and drying. Neither magnesium salts n
soluble sulphates are present in salt water to the extent dire results m
the admixture of some salt water with the green concrete. Assuming ¢
the salts thus presented for combination with the portland cement actu
through the chemical cycle, the tolerance of the cement for the limited dos:
able should be manifested.
Real and serious trouble may occur, however, when the accumulati
of the equivalent of an over-dosage of salts has been administered th
agency of percolating salt water continuously carrying into the concrete
a fresh supply of harmful salts. The reaction between set cement and
is roughly quantitative, and like most chemical reactions, the rate of
determined by the relative area exposed to ‘such action, assuming the
attacking reagent is without limit. Therefore, when attack is limited to
facing only, the rate of attack will be much slower as compared to a hi
condition in the concrete where the contact of attacking reagent with
surface is proportionately increased. It is obvious then that a nonporo
that is, a concrete of low permeability factor, will exhibit the greater durab
the exposure conditions found in salt water. E
5. Percolating water carrying in sodium chloride to reinforcing st
the chemical change of transposing steel to iron chloride, likely mixed
oxide, ete. Suffice to state that such chemical changes or corrosion are
with marked increase of volume over the space originally occupied by
forcing features, resulting in the rupture and scaling of the concrete w.
pressure area developed. A structure once fractured and split by su
offers no barrier against infiltration of the salt water to work over a relati
surface of concrete. (See latter part of Paragraph No. 4.) The dist
the facing to place the reinforcing steel to insure against contact with s
is not readily answered. If the concrete is porous, the salt water may find
penetration of the concrete mass. A policy of placing reinforcing steel
the surface of facing seems justified only where there is assurance the ¢
will serve as a barrier against salt water penetration !

Yours very truly,

TrviNg FURLONG
Associate C

Exhibit 14

THE ACTION OF SEA WATER ON CONCRETE STRUCTURES w
ADJACENT TO SAN DIEGO BAY a

STANDARD O1r, COMPANY
SATLES DEPARTMENT
SAN DiEGco

In making this investigation and report it has been thought adyil
accumulate and summarize the results of similar investigations, not onl
coast, but wherever it has seemed that the data contained or the €
reached would be of value, not only in determining what conditions we
expected to encounter, but in aiding us to arrive at the proper conclusio
such conditions. -,

To this end we have summarized and included in this report the %
reports on sea water concrete: b

1. CONCRETE IN SEA WATER: Rudolph J. Wig and Lewis R. &

2. CONCRETE IN SEA WATER:- J. L. Harrison. ]

3. FAILURE OF THE SANTA MONICA PIER: J. H. Quintod
Barnard and F. H. Olmsted. !
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lowing these summarizations, we have given a general statgment of the con-
3 F,‘Olol.eached by these investigators, and have followed this with the report on
y conditions.

5. —The detail report on San Diego Bay conditions is not included in this
" The conclusions are included at the end—W. R. Y.

I

CONCRETE IN SEA WATER

Rudolph J. Wig, of The Bureau of Standards, and Lewis R. Ferguson, of
ortland Cement Association, published in Engineering News Record, Septem-
917, October 4, 1917, October 11, 1917, October 18, 1917, and October

1917.
ts of the Investigation: To determine the extent, character and causes

jec g " b
p glz'fljures in concrete structures, plain and reinforced, subject to the action of

pq water.

Nature and Scope of Investigation: DPersonal examination of all the important
nerete structures subject to the action of sea water, on both coasts of the United
tes, and in Canada, Cuba and Panama.

Number of structures examined__ 130

Number on the Pacific Coast X _ 49

Number in " @aliforniastiesmies eiivs & Jus) Sl oy ik 34

Number in Southern California______________________ 19
Concrete.

Gondition of Structures Imvestigated: The condition of the structures investi-
sted indicated a universal progressive decomposition of concrete structures subject
the action of sea water.

* Causes of Decomposition: This decomposition has as its principal cause the
ical action of magnesium sulphate on the interior mass of the concrete above
water line; access to the interior being rendered possible by abrasion of the
protective insoluble lime carbonate skin on the concrete. This abrasion is due
0 the following causes :

(a) TFrost.

(b) Tce.

(¢) Wave action.
(d) Sand.

(e) Drift.

(f) Vessels.

Qorrectiwe Measures:

(a) Rich mixture.
(b)  Smooth surface.
(¢) Absence of sharp edges.
(d)  Avoidance of seams.
(e) Protective coverings—
1. Wood.
2. Steel.
(f) Tenders.

‘:)mm'ks: Deterioration is much more rapid in the North than in the South,
to the action of water freezing and thawing in the surface of the concrete;
the more violent wave action.

ondit; A s
n‘ttz’” of Structures Inmvestigated: Investigation indicated an almost uni-
? ency of reinforced conerete structures to crack along the lines of rein-

B

{ This action is caused by expansion resulting from corrosion of rein-
Cl‘?tls due to the chemical action of oxygen and chlorine, which penetrate
¢ above high water line, doing o damage to the concrete, but immediately

he ste i
7065 el reinforcement.
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Corrective Measures Suggested:

(a) Reduction of the amount of reinforcing to a minimum a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>