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THE PROBLEM

Studies conducted by the Delta Fish and Wildlife Protection Study defined a
problem relating to the upstream migration of adult saimon caused by flow reversal
and pollution in the lower San Joaquin River area. Further studies are now under -
way to solve this problem in the future with the eunstruction of Delta water

facilities.

An immediate problem, however, "was :found to exist. These studies indicated that
during 1961 and 1962 flow reversal and pollution did exist in the San Joaquin River
during the September-October period when adult salmon are normally migrating. The
salmon runs in all of the tributaries of the San Joaquin River were drastically
reduced for each of these two years; decreasing from approximately 50,000 fish to
under 3,000. It is felt that flow reversal or pollution may have been key factors

accounting for the 1961-62 decline.

The salmon in the San Joaquin River have been faced with many problems over the -
past years. These include highway construction, siltation of spawning gravels, '
pollution, loss of spawning grounds due to dam construction, diversions, etc.

The Department of Fish and Game has been involved in many actions to solve each of
these problems., The long-term future for salmon looks good, .however, in spite of
the present status of the San Joaguin salmon run. Water development projects,
which are perhaps the principal reasons for past decllnes may well become the.
‘means for restoration of the salmon. ' . . : ,

It was decided that actlon was requ:vred durmg the fall of 1963 to permit safe
passage of salmon, particularly since the 1961 and 1962 salmon runs were practi-
cally nonexistent. Since samon runs operate on a three or four-year cycle, the
chances were good that a failure during the fall of 1963 could reﬂ,llt in the loss.

of most if not all the San Joaquin salmon run.

Flow reversal is caused both by .pumping at the U. S. Bureau of Reclamation pumps
at Tracy and other diversions in the Delta area as well as upstream development
and diversion in the entire San Joaquin River..system. It has existed in both
Old and Middle River .during summer and fall months since 1951 when the Tracy
pumping plant started operation. It has also existed in the lower San Joaguin-
River and during past years has continued into the fall months.

Dissolved oxygen sags in the lower San Joaquin River area are historically caused
primarily by waste discharges — cannery wastes are suspected as the key problem
during the fall period. This problem is made more acute by the limited downstream

flow in the San Joaquin River past Stockton.



SUMMARY OF ACTI ONS TAKEN

The problem was brought to the attention of Resources Agency Administrator Fisher
on July 26, 1963 by Drector Shannon, Departnent of Fish and Game. A neeting of

Resources Agency units was hel d August 15 to explore the problem There appeared
to be two inmmediate actions which could be taken to permt safe passage of sal non

during the 1963 fall run period.

The first action was to request the U S Bureau of Reclamation to punp additional
waters at their Tracy punping plant for diversions into the San Joaqui n Rlver' to

i ncrease the San Joaquin R ver flows

The second action was to construct a partlal closure of the head of Gd River
whi ch woul d divert additional amounts of San Joaquin water past Stockton, rather

than into Qd Rver to the punps. Both the punping and partial closure would .
assist in preventing flow reversal and pollution in the Sockton area. -

Admnistrator Fisher followng an August 29 nmeeting with the U S Bureau of

Recl amati on requested themto punp additional water at Tracy for release into the
San Joaquin Rver. Admnistrator Fisher requested the Department of \ter Resources
and the Departnent of Fish and Game to determine if a partlal closure at the head

of Ad Rver was possi bl e.

Administrator Fisher also requested the Departnent of Water Resources the
Department of Fish and Game, and the Central Valley Regional Water Pol | ution Control
Board to conduct whatever sanpling was necessary to gain nore information and
neasure the results of the pumping and the partial ‘closure of Ad River, The
Department of Water Resources was given responsibility for hydraulics studies
necessary to deternine water flows and measure flow reversal. The Department of -
Vter Resources, the Central Valley Regional Vter Pollution Control Board, and

t he Depart ment of Fish and Game cooperated in conducting water quality'studies.

A system of weekly neetings was established to review each week's results by the
Department of Fish and Game, Departnent of Wter Resources, the U S Bureau of
Recl amation and the U S F sh and Widlife Service. (n the basis of ‘these
neetings, decisions were then-made by the Bureau of Recl arratl on regard| ng the

foll owi ng week's punpl ng schedul e.

Punpi ng by the Bureau of Reclanmation was conmenced on Septenber 15 and contl nued
until Novenber 1, The punping schedul e vari ed from week to week, depending upon

sanpl i ng resul ts obt ai ned.

The Departnent of Mter Resour ces nade anal yses of the history of flows in the .- -
| oner San Joaquin River and devised a nethod to predict the magnitude and duration
of flowreversal which mght be expected in the fall of 1963. Tidal flowmeasure-
ments Were made on Septenber 18 and 19 to check actual flows.

The Department of Water Resources investigated alternatives which could be used to
make a partial closure of AQd River, The decision was made to place a 130-foot
barge on a rock blanket in Qd River to effect a partial closure.
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The Department of Fish and Game obtained the loan of the barge from the Oakland
Army Terminal, The Department of Fish and Game also obtained a $10,000 deficiency
appropriation to buy the rock and pay for outside services and equipment required

for the barge installation and removal.

Required permits for partial closure of Old River were obtained from the State
Reclamation Board, State Lands-Commission and U. S. Corps of Engineers by joint
efforts of the Department of Water Resources and the Department of Fish and Game.

The barge was installed on October 10 under the supervision of Department of

Water Resources engineers. The barge was removed on November 14 and returned to
the Oakland Army Terminal. Tidal flow measurements were made by the Department

of Water Resources on October 14 to determine the effects of the barge installation

oNn flows.

Water quality studies were initiated by the Department of Water Resources on
September 11 and continued weekly through the end of October. The Regional Water
Pollution Control Board also conducted water quality studies as did the City of
Stockton. -The Department of Fish and Game and U. S. Fish and Wildlife Service

personnel provided assistance to these studies.

The Department of Fish and Game carried out samon gill netting operations seven

different times in several Delta channels between September 25 and November 6.
Observations on the several San Joaquin tributaries to observe and count salmon =
were started in early November and continued to January 10. , ‘



RESULTS

Fl ow conputations by the Departnent of \ater Resources (based upon historic
measurements at the Qd Rver-San Joaquin confluence) indicated that average
monthly flows from Septenber-Novenber 1963 would remain positive past St ockton

and that no flow reversal would exist during this peried. Actual flow neasurenents.
conducted during the survey indicated that flows past Stockton were |less than '
predicted, thus the Departnent of \Wter Resources concluded that borderline flow

reversal conditions would exist.

D ssol ved oxygen observations were made throughout the area of investigation
froma point about five mles upstream frem the San Joaquin River's confluence
with the Sockton harbor to a poi nt appr‘oxm'lately ei ght mles downst r eam from o

t he City of St ockt on.

During the survey, di ssol ved oxygen Ievels at the upper nost statlon above S ockton
varied between 10.3 and 5.2 parts per mllion (ppm). Values of dissolved oxygen
less than 3.0 ppm. were observed throughout 5.3 mles of the river in the vicinity
of Stockton during the nost adverse oxygen condition when the absol ute: mninum
val ues observed were 0.4 ppm, At this same station the lowest 24-hour average
of 0.9 ppm was obtained. The |owest point of the dissolved oxygen sag was ,
observed in the deep water channel bel ow the confluence of the San Joaquin River.

Additional punping by the U S Bureau of Reclamation provided additional water
in the San Joaquin Rver, However, prior to placenent of the barge, tidal flow
measurenents showed that 77 percent of the water flowng down the San Joaquin

R ver vontinued to be diverted into Ad River and only 23 percent travel ed down-
streamin the San Joaquin Rver past Stockton. Therefore, additional punping
alone did not nmaterially enhance the flow past S ockton.

The partial closure of Ad R ver changed the flow distribution, Tidal flow
measurenents with the barrier in place showed that 52 percent of the San Joaquin
R ver flow proceeded downstream past Stockton and only 48 percent flowed into
Qd Rver toward the pumps. ,

Studies showed, therefore, that a conbination of a partial Qd R ver closure
plus additional Bureau of Reclanation punping can be conbined to provide signi-
ficant increases in flow of the San Joaquin Rver at S ockton.

Net flows over 1,400 cfs. past the Stockton area did result in inproved dissolved
oxygen levels so that water quality conditions were suitable for salnon mgration

t hroughout the lower San Joaquin R ver.

Al though flow is recognized as having considerable influence on dissolved oxygen
values in a body of water, it was found that other strong influences on dissol ved
oxygen over shadowed any positive benefits of flows in the lowranges (up to 500
efs.). Water quality studies denonstrated there are many factors which influence
di ssol ved oxygen levels in the San Joaquin R ver near Stockton. |t was not
possible froem the 1963 studies to identify the relative influence of every factor

upon di ssol ved oxygen |evels.
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Gll net sanpling in the San Joaquin R ver bel ow Stockton consistently yielded
salmon, This denonstrated that salnon were in the reach bel ow the pollution bl ock
t hroughout the study period. The density of salnon in the area, however, was _
relatively low Subsequent surveys of the sal non spawning grounds showed t hat
salmon spawned in the Tuolumne and Stanislaus Rvers in 1963, although the
spawni ng was about as poor as it was in 1962. Qher evidence pointed to the.
poor spring fiows, from 1959 on, in the San Joaquin as a possible cause of the
serious decline in adult spawners sone 3 and 4 years later (1961 and 1962). This

may al so have been partly responsible for the poor 1963 season.

Past studies show that oxygen levels as |ow as those found and flow reversal s
are detrimental to the mgration of salnmon. However, it is also clear that
other factors, including | ow spri ng flows, are invol ved in the serious Condltlon .

exi sti ng at the present tine.



CONCLUSIONS.

The 1963 studies showed that upstream water users and waste dischargers, large-
exports of water from the southern Delta, and waste discharges in the Stockton :
area contribute significantly to water quality problems in the lower San Joaquin
River, Low dissolved oxygen conditions can be improved by proper remedial
measures such as increased flows in the San Joaquin River, water drstrrbutron
controls within the Delta, and reductron of waste discharges.. ' o

Poor water quality conditions are likely to occur in 1964 and future years unless
positive measures are taken for their correction, : :
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RECOMMENDATIONS

It is recommended a Resources Agency committee be established with membership
from the Central Valley Regional Water Pollution Control Board, the Department
of Fish and Game, and the Department of Water Resources,

The responsibility of this committee should be to outline plans for improving
water quality and water flow conditions to the extent necessary to fully protect
the salmon resources and other beneficial uses in the lower San Joaquin River

ared.,

The committee should:

(1) Prepare by April 1, 1964 an emergency plan to permit safe passage
of salmon during the 1964 fall run period.

(2) Outline a plan for studies required to pinpoint sources of pollution,
and action necessary to upgrade water quality conditions in the lower
San Joaquin River by July 1, 1966 to protect beneficial uses of water.

(3) Outline a plan for studies required to further define migration
problems faced by salmon in the Delta in relation to water quality

and water flows.



APPENDIX A
HYDRAULICS

General

-

I ntroduction

Hydraalic consideration for this report will be, confined to the Deta channels south
of the Stockton Deep Water Channel during September, October, and November. It is
in this area that pronounced changes have taken place in flow pattern and distri-
bution which have become of concern to the Department of Fish and Game in relatlon
to samon migration. _ ‘ _

Hi story

Several physical changes have been made in the area during the past few years that
could alter the flow pattern and distribution. However, it is difficult to attribute
changes in the flows to any one of these physical changes. It can only be pointed .
out what these physical changes have been and then attempt to evaluate. the effec+s

of each

Prlor to 1950, the most noticeable Change taking place in the system was the decreased
inflow into the Delta caused by upstream development and control. This decrease in
inflow coupled with increased diversions frem Delta channels produced more tranquil
flows and created a more stable environment. The flow pattern for southern Delta
channels at this time is shown on Plate 1. During this period and continuing to the
present time, work was being carried on to enlarge and improve some channels while
others became less useful for carrying flows. This factor tended to affect the
distribution of flow in several interior Delta channels, but d|d not materlally

change the natural flow pattern as shown on Plate 1. L e e

In 1951, a major change occurred in the hydraulic environment when the Bureau of . -
Reclamation began pumping operations at the Tracy pumping .plarit, Pumping was begun
in June, and the normal flow patterns and distributions were affegted during this:
first summer of operation. The result was a flow reversal:in Old River north of
Grant Line Canal, in Middle River north of Victoria Canal and in Victoria Canal.
The influence of the export pumps also began drawing greater flows from the San
Joaquin River into Old River. The resultlng flow pattern is shown oh Plate 2.

In the period since 1951, increased pumplng at the Tr-acy pumplng pIant coupled with
low flows-in the San Joaquin River have produced flow reversals in neot .only Middle
and Old Rivers, but in the San Joaquin River as well. (See Plate 3), This reversal
has occcurred in the San Joaquin River nearly every year since 1958, 'A.mdre compre-
hensive report on flow reversal magnitudes and locations is contained in the report,
"The Effect of Flow Reversal on Salmen," by D, W. Kelley.and D. Ganssle, August 1963.
Data for this report was provided by the Department of Water Resources.
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O_ d River dosure

Probl em

Evi dence of past flowreversals on the San Joaquin R ver and their undesirable
effect on mgrating salnmon resulted in an investigation to determne if a reversal
would occur in 1963. This investigation was started in August and was designed to
predict the magnitude and duration of flow reversal.

Met hod of Sol ution

Data from previous years were gathered on Tracy punping plant punping rates, flow
in the Sari Joaquin River at Vernalis, water use from channels between Ver nalis
and Od R ver head, V\at er use between dd R ver head and S ockton. :

Average nonthly val ues of t hese paraneters were determned for the m)nt hs of July
to Decenber, for each year since 1958. The values were plotted and trends were
establ i shed for each paraneter (see Plates 4, 5 6, 7), 1 the basis of these
trends, values for each parameter were predl cted for 1963, The average nonthly
flow in the San Joaquin Rver at Stockton was then predicted by the following .

net hod,

How in the San Joaquin Rver at Myssdale is the average flow at Vernalis less the
diversions fromVernalis to Qd Rver head. Pate 8 was then used to determne the
amount of flow into Ad Rver for the average Tracy punping rate. The flow in the
San Joaquin Rver at Stockton was then conputed as Mbssdale flow less flow into-
Od Rver, less water diverted fromthe channel between Qd R ver head and & ockton.
These results provided the followng values for ‘predicted average mont th fl ows:

September 190 cfs
4 Cct ober ' 320 cfs
- | Novenber 580 cfs

These results show that average moutbly flows were predicted to remain positive.

Tidal flowneasurenments were nmade on Septenber 18 and 19, 1963, in an attempt to.
verify the results. These neasurenents showed that our predicted flows mght be
higher than actual flows. It was concluded that a borderline condition V\ould exi st

as far as flowreversal is concer ned

Fut ure Use's of the Mat hod

Future predictions made using this nethod should not use 1963 trends in Vernalis
flows or Tracy pumping, Since the normal trends were upset by abnormal punping and
the Qd R ver closure. The tidal flow measurenent of Septenber 18 and 19, 1963 .
indicated that changes in channel size and |evee inprovenents may have altered the
flow distribution at the head of Ad Rver, This would indicate that the curve

of Plate 8 should be revised. This would require a series of tidal flow measure-

ments during different flow conditions and punpi ng rates.,
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Results of O d R ver Investigation

Based on the prediction of a borderline condition for flowreversal and the fact
that a pollution problemexisted in the San Joaquin R ver, the decision was nade to
institute remedi al measures to correct these conditions. The Bureau of Reclanation
agreed to punp extra water at the Tracy pumping plant for release into the upper
San Joaquin, Releasing began in md Septenber and continued through Qctober as
shown on Plate 11, Wen this method of operation failed to correct the pollution
probl em the decision was made to install a partial closure in Ad Rver, This
installation coupled with continued punping by the Bureau of Reclamation provided
the desired results. The relative effect of each method is shown on Plate 9,

Fows on Pate 9 are not actual 1963 flows and only serve to illustrate the relative
benefit of each corrective procedure, Actual flows in the San Joaquin River are
shown on Plate 10. These flows are calculated and are based on rated Vernalis
flows and the curve of Plate 8 Fows during the time the closure was in place

are based on a tidal flow measurenent taken CQctober 14 and 15, 1963, which showed

a division of flowat Qd Rver head of 52 percent.in San Joaquin, 48 percent in

01d River.

Prior to the closure the tidal flow neasurenent of Septenber 18 and 19, 1963,
showed a division of 77 percent Qd River, 23 percent San Joaquin Rver. The
Sept enber neasurenent and the Cctober measurement cannot be directly conpared,
however, since the punping rates during the two neasurenents were naterially
different (Qctober = 2,800 cfs, Septenber = 1,900 cfs). Actual flows for 1963.
were conputed based on the Cctober tidal flowneasurenent and Plate 8. The flow
past Stockton with the closure contribution and Bureau punping contribution is

shown on Pate 12

Conclusions

It appears from an evaluation of the tidal flow measurements before and during the
closure and all other pertinent hydraulic data collected relative to this project
that the combination of a partial Old River closure and Bureau of Reclamation
pumping can be combined to provide significant increases in flow in the San Joaquin
River at Stockton. As indicated on Plate 9, the relative effect of the closure
alone or Bureau of Reclamation pumping aone produce nearly the same effect. A
combination of the two, however, produce the increased effect that appears to be
necessary to sufficiently correct flow reversal during the low natural flow periods

of the San Joaquin River.

-A-3-



.. APPENDIXB - . - . , .

PARTI AL CLOSURE CF OLD R VER

Placement of Barge in Ad R ver

Thi s discussion generally sets down the parameters-which affected the physical
installation of a barge in Qd Rver and describes the actual placenent of the

bar ge. R

Ste Paraneters

The closure was |imted to the reach of Qd River between its head at the San
Joaquin arid a point upstreamof the U S Arny Corps of Engineers riprap work
under "contract to Basalt Rock Company. This linited the site location to approxi-
mately 3 mles of waterway. Soundings and cross sections were subsequently taken
at various sections in the 3-nmle reach, and an optimum Section was,selected.

Factors affecting the selection of the optinum section were:. that the section be
uniform that the section fit generally the shape of the barge; that the section .
mnimze the anount of rock necessary to be placed for "bed" protection and hence
minimize costs; and that the section be accessible to heavy equi pment and personnel ,,
The section selected for the barge closure is |ocated approxinately 4,000 feet down--
stream from the mouth of Ad Rver (consult Exhibit A). A cross 'sectiéon fromtag -
line sounding is also shown on Exhibit A Q0SS sections 50 feet upstream and 5
feet downstreamof the seétion indicated rel ative uniformity in. channel section.

Hydraulic Parameters

The hydraulic parameters affecting installation of a barge in Qd Rver are as
fol | ows:

(1) Notidereversal. | ’ |
(2) Maximum natural stream velocities of 1.5' feet .ber secc‘)nd.:
(3) Mean half tide (usc & GS) = 2.3 feet. -
(4) Mean higher high water (USC & GS) = 3,2 feet.

(5 Estimated hi ghest water (UC & GS) .='4.'7“'f'1eét.

(6 Nban | oner | ow water (USC é.es) = 1ufeet. .
(7) Top width cross section at mean hal f tide'=-185 feet. .
(

8 (oss section shape trapizoidal, .
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(9) Mean cross section depth at mean half tide = 10 feet.
(10) Flow in San Joaquin River before installation was approximately 550 cfs.
(11) Flow in San Joaquin after barge installation was approximately 1,000 cfs.

(12) Flow split between Old River and the San Joaduin River prior to barge
installation = 77 percent Old Rlver 23 percent San Joaquin River.

(13) Channel characteristics: -
(a) Left bank levee - 18-inch riprap protection.
(b) Right bank levee - natural silty sand.
(c) Bottom of channel - natural silty sand.
(14) Estimated head loss due to barge closure = 1.5 feet.
With the above site and hydraulic parameters, design of closure utilizinga 130-foot
long by 30-foot wide by 11-foot deep type BC army barge was begun, The barge was
provided by the U. S, Army facility located in Oakland, at no cost to the Department

of Fish and Game, with the provision that the barge would be returned in like con-
dition as borrowed and that the interior spacec would be re-oiled if needed to

protect them from rust,

Selection oOf Method

Two proposals were mvestlgated as regards placement of the barge in the channel.
Proposal A, placing the barge on a sloping wedge of rock (the purpose being to
increase the coefficient of static friction) and Proposal B, placing the barge

level in the section., Total weight of the barge was determined to be 180 tons,

or 360,000 pounds. The following assumptions were used in computing the coefficient
of friction (that is, the tangent of the friction angle equal to the sum of the
horizontal forces divided by the sum of the normal forces). )

(1) Upstream head = 13 feet.

(2) Downstream head = 11-1/2 feet,

(3) Head loss = 1-U2 feet. |

(4) Maximum velocities hitting side df barge = 3 feet per secdnd.
(5) Barge could be completely filled with water.

(6) That a safe coefficient of friction would be equal to or less than
0.25 (i.e., at which no lateral movement of the sunken barge would occur).

It might be noted here that for design the maximum expected head differential was

combined with the highest tide which in actuality is not the case, This was
considered an additional factor of safety. -

-B-2 -



Investigation of the channel characteristics of Old River indicated that the right
bank and channel bottom were basically silty sand. Therefore, to insure that -
excessive scour due to increased velocities and/or turbulent eddies be prevented,
it was decided that a blanket of angular rock be placed on the channel bottom and
side slopes. It was assumed that the barge would have no surcharge, that is, no
deck load, and that all weight calculations would assume that any surcharge which
could be" applred to the normal force, would come from water entrapped in the hull
in a pr‘lsm above upstream and downstream channel water levels, . »

In comparrson of two proposals (A. - placr ng the barge on a sloping blanket, and B -
placing the barge on a horizontal blanket with the assumption that a 2-foot layer of
rock would be laid on the bottem of the channel), it was found that proposal A . .
required 328 yards of rock and would yield a coefficient of friction equal to

0,25 and that proposal B would require a volume of 310 yards of rock and would

yield the same coefficient Of friction. It was; however, felt that it would be
harder to place the rock in the shape of a sloping wedge than it would be to place
it level on the channel bottem:, For the latter reason and because of the smaller
required yardage, it was decided to place the barge in a horizontal attitude. To
further increase the factor of safety of sliding, it was decided that a minimum .
surcharge sand load of 250 tons would be placed on the barge, In addition, because
of physical installation requirements and for additional safety, an anchor would
restrict the barge on one end, and cables tied to a shore-located pier would
restrict the barge on the other end. It was felt that the anchor and shore cable .
were necessary only on the upstream side of the barge masmuch as there was"no  *

flow reversﬂl

Qutside Contracts

Pre-mstallatlon plannrng md:r.cated that $5000 Worth of .riprap-type rock (i.e.,
angular rock) would suffice for th.e bed: 1ining and side slope.protection blankets.
It was further estimated that $4,000 contracted for. the: purpose of loading the

sand surcharge, veouad-trip tewing of the barge to the site, and other contingencies
regarding barge installation and removal would be required. An additional $1,000
was anticipated necessary for purchase of materials, such as plywood, to protect
the barge hull, half-inch wire cable for anchoring the barge, gasoline for
operating pumps, rental oOf pumps for filling the barge bulkheads, and oil for the
reapplication of the oil protection code. Total outside contract and materials
costs for installation and removal were estimated at $1O 000,

Three brds were solrcrted for the rock blanket mstallatron Bids were obtained
from o o . ' : g
(1) Fisher Brothers Inc.

P. 0, Box 478

Rld Vista, Caifornia -~

(2) Dutra Dredglng C‘ompa'ny‘
' 219 Mcntezuma Street
" Rio Vista, California

(3) Basalt Rock Company, Inc.

P. 0. Box 540 -
Napa, California

_B_3_



Basalt Rock Company, Inc., was the low bidder with a price of $4.90 per ton (rock
in place). A contract was subsequently drawn up for the purchase of 1,020 tons of

rock fill.

As extreme versatility was believed necessary in the final positioning of the barge
at right angles to the streeam and since a tug type boat was necessary for this
pcrtion of the work, it was decided that the only boat suitable was a modified LCM
(350 horsepower) owned by Ed Dutra of Dutra Dredging Ccmpany, 219 Montezuma Street,
Rio Vista, California. As it would be uneconomical, as well as provide redundancy
in having the project engineer consult with a multitude of contractors, it was also
decided that Dutra would tow the Army barge from the Oakland Army Terminal to the
site, return it to same and perform necessary clam-shell work as in surchargrng the

barge with 250 tons of sand.

Pumps were obtamed from the Department of Water'Resources; Chris Lauritzen of
Antioch, and Nemellini Tool Rental of Stockton, California. A total pumping
capacity of 2,000 gallons per minute was available with this battery of pumps,

Pre-~installation planning indicated that the job could be performed and completed
in about three days, providing efficient preparation was undertaken ahead of time.

Chronology of Barge Installation

On Monday, October 7, a three-man crew arrived at the Old River site and installed;
the necessary piers for anchoring the barge and cleared bank areas for the work
which was to ensue. Piers were set as shown in Exhibit B. The piers consisted

of 15-foot long telephone poles (8 to 10 inches in diameter at the base) placed
10 feet deep into silty sand soil. As there was some doubt as to the ability of
one pier placed in this type of soil in sustaining the load, three piers in a line -
were installed as shown in Inset 1 on Exhibit B, and laced together in such a way
that strength was developed in all three piers. Two separate lines, 1/2-inch 9 by
16 steel core ere rope were used in anchormg the bow of the barge to these piers.,

Plans called for the sand barge to be tied upstream of the closure sectlon durrng
preparation of the blanket area. The barge would then be moved downstream and
pivoted about the half-inch cables until a 7/8-inch anchor line secured to a
2,500 pound soft bottem anchor became "set”, thus holding the barge in a-cross-
channel attitude. In addition, the LCM would be pushing from the downstream side .
of the barge helping to maintain this position. It was planned that clearance
between the bottom of the barge and the top of the rock bed would be no more than
one foot and that with the battery of pumps at hand, the bow of the barge would
be setting on the bottom in a matter of 40 minutes. It was during this critical
40-minute period that anchor ropes, 1/2-inch cables and LCM would have to maintain
the position of the barge against the currents in Old River. As there is no tide
reversal in Old River, and hence no slack tide, the best time to perform this work
was when velocities were minimum. In Old River this occurs at the same time that
the peaks of the high tides occur. Since high high tide did not occur at a con-
venient time, the installation was scheduled to proceed at low high tide,

At 1400 hours Monday, Chris Lauritzen left Oakland with the BC type barge and 20
hours later arrived at the Old River site. Basalt Rock Company, under the direction
of Floyd Nicolson, moved their crane and barge into location Monday evening. At
approximately 1000 hours Tuesday morning, they began placing rock on the natural
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slope of the right bank. Shortly thereafter the LOM arrived with the Arny barge.
It was tied upstreamand the LOMthen proceeded back to Rio Vista to pick up a

30 by 50-foot barge. It subsequently proceeded to Antioch where a 22B Bucyress
Erie Gane was |oaded onto this barge. A u-inch Departnent of Vter Rescurces.
pump and a u-inch punp belonging to Chris Lauritzen were also loaded at this time,
At approxi mately noon on \Wdnesday, the LOM arrived back at the Qd R ver site and
the sand surcharge operations were begun. Basalt operations were continued through
all of Tuesday and st arted agal n at 0700 on Wednesday, concluding at dusk Wdnesday

ni ght . |
Qigi naI plans called for charging the barge with 250 tons of sand and then filling

all tanks until 1 foot of clearance could be obtained between the bottom of the
barge hull and the top of the rock pad, Wen this was attenpted, it was found that

‘the barge was not designed for flooding the tanks. It, in fact, has no fore and aft

bul kheads (that is, |ongitude bulkheads), and it was discovered that as little as
4 inches of water in the holds, conbi ned with any undistributed load in excess of
10 tons on the deck, would "list" the barge drastically to port or starbocard.
Therefore, all tanks were subsequently punped dry or as dry as possible. It cannot
be stressed too strongly that in future installations of this kind in Qd R ver,
that sand barges, or like type barge which have no fore and aft bul kheads nust

be surcharged with all tanks conpletely dry in order to insure that capsizing of
the barge wll not occur. Snce a normal load could not be obtained by charging
the tanks of the barge with water, it was necessary to surcharge the surface of

the barge with an additional anount of sand so that the 1-foot clearance require-
ment could be net. It was felt that anything greater than 1-foot clearance between
the bottom of the barge and the top of the rock pad would result in increasing - -
the critical period of tinme when the barge nust hover over the pad with nothing -
more to hold it against the streamflow but anchor cable, 1/2-inch wre ropes, and

"'LOM It was further decided that with 1-foot clearance and two anchor points

that water charging of the barge tanks woul d be acconpl i shed Wthout undue danger

: Of capsizing.

On Thursday mornlng the crane was again utilized in surcharging the barge untll
a 6-1/2 foot draft was obtained. The surcharge load was relatively uniformly
distributed. Anchors were then "set” and cable marked at the proper length. It
was first thought that 500-pound anchors could be used to anchor the barge, but
these were found to drag so a 2,500-pound anchor was rented from Basalt for the
job. Flow velocities in mid-channel were recorded on Wednesday and it was found
that minimum velocities would occur on Thursday at 1630 hours, It was decided
that at 1430 hours the barge would be did back into position and that pivoting
into the final resting place would begin at approximately 1530 hours. It was
estimated that enough water could be pumped Into the hull of the barge so that the
bow would be resting on the bottom by no later than 1630 hours. Pumping would
begin from the right bank and proceed to the left bank. Mid-channel velocity
during the installation time would be approximately 9/10 foot per second.

On schedule at 1430 hours, the barge was moved parallel to the streamflow back
into a position where it was ready to be pivoted into its cross-channel attitude,
At this time the barge again took a bad list. This was due entirely to no more -
than 4 inches of water left in the holds; this water had not been pumped out
because the suction inlets of the 4-inch pumps were not submerged at this depth.
The Bucyress crane was brought alongside the sand barge and the surcharge was
‘changed to level the barge. The barge-mounted crane was then moved downstream of
the section by the LCM. The LCM returned to the site and pushed on the barge near
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the stern (the bow was to be faced into the right bank}: At 1545 hours howser
lines holding the barge parallel to the streanflow were cut and the upstream end °
of the barge was allowed to drift out into the channel, catching the current and
hence pivoting about the 1/2-inch wire ropes into position. The half-inch Wre
ropes were of a predeternined length such that the pivot point was so located . -
that the uEstream edge of the barge cane to rest on the upstream edge of the rock
pad. e barge reached its horizontal attitude, the 7/8-inch anchor rope con-
nect ed to the 2,500 pound soft nud anchor canme taunt and the barge held. Al punps
were i nmedi at er started and water was punped into the tank nearest the right bank,
the plan being to lower one end of the barge first and then proceed to the next
tank, thence the next, and the next, until the entire barge bad reached the bottom
Punp| Nng -enough wat er for the hull of the barge to reach the bottem would take. 40
mnutes. Subsequent punping of water to fill all the tanks of the barge to the
ultimate capacity would take between 6 and 7 hours. At approximately 1700 hours,
it was estimated that the barge hull hit bottom Pumping proceeded at a fast rate
and at about 2200 hours all tanks were full and anchor lines slack. (bservation
of flow patterns around the ends of the bar?e indicated that nore than enough rip-
rap had gaen laid down to protect the natural banks against scour. [t was also
evident that water was going underneath the barge as boils were evident on 'the -
downstream side of the barge. No sand naterial, however, was evi dent in these.

boils-.' .

Resul ts

The f|naI attltude of the barge was such that the Stev\art Tract end of the barge n
was |ower than the bow located on the Roberts Island site. The slope was approxi-
nately 1-1/2 feet per hundred; this was basically due to irregularities in thé bed.
This slope was predicted prior to the barge installation by inspection of the rock,
blanket profiles, (bservations of flow through the Iarg?e gap on the left bank side
which was about 30 feet wide, indicated that the head loss approached 1-1/2 feet. -
The velocities exceeded 10 feet per second at low water, yet soundings showed that
the rock layer in this opening Was maintaining its origi nal position.. Soundings

al on?1 the side of the barge on the rock blanket and cross-sections along the side
of the bargg through boil areas indicated that no change in the rock bottomwas .. -
evi dent . undi ngs upstream of the barge and downstream of the. barge outside of
the rock bl anket area also indicated that no channel digging or scouring was
occurring. To date all checks and investigations indicate that.the barge closure
is a feasible method of reducing the flowin Qd Rver; however, certain safe-
guards, such as warning to nariners, etc., nust be adopted due to the very high
velocities experienced in the 30- f oot gap V\hl ch |s left open for the use Of the

boatmg publ i c.

Proposed Alternatlves to the Use of a Barge

For dosure of Ad River __
Upon noti ce that a cI osure was to be desi gned to block Od Rlver, V\Dl‘k was
initiated to determne the type of structure to be built and the efficiency to be .
expected fromthe structure. The Hydraulic Wit of the Delta Sudies Section
suppl i ed the necessary data concerning the maxinumdifferential head that could be
expected across the proposed structure, and the size of opening which would be
used and still obtain an effective closure. These initial conputations were done
on the basis of a closure at the head of Ad River approxinmately 200 feet down-
streamfromthe left bank of the San Joaquin River.
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Three alternative types of structure were proposed: (1) sand fili, (2) metal
construction cubes, and (3) stone fill or combination of stone and submerged barge,

Sand. Fill

For the placement of the sand fill, the reach of Old River in question was investi-
gated for available borrow sites. As no available borrow sites were found, it was
then necessary to remove borrow frem the channel bottom. The local dredging com-
panies in the Delta that were contacted were Dutra Dredging Company, Olympian
Dredging Company, and Utah Construction Cenpany. It was found that the above
companies had prior commitments and for the most part could not easily change
their schedule, Mr. Cantrella of Dutra Dredging Cempany, Rio Vista, visited the
site of the proposed closure with a staff member and suggested that if sand fiii
was to be used, that possibly they (Dutra) could do the job between Army contracts
on Bear Creek. He also suggested that in lieu of a sand fill, a simple solution

to the problem would be to construct a stone fill using the Basalt Rock Company

as a contractor. The computations for sand fill volumes amounted to approximately
10,000 cubic yards. These volumes were .ccmputed on the basis of a 16-<foot high
fill with a 10-foot top width and 5 on 1 side slopes. The opening in the sand fill
would have a 10-foot bottem width with its invert at elevation -3 feet USGS datum.
Mean low low water and flood plain in this area are 1.0 feet and 20,2 feet respec-
tively, USGS datum, The opening would be rocked with 1-1/2 feet of quarry rock
overlaying 6 inches of filter blanket. The total cost of installing this closure
was estimated to be approximately $10,000. This eost would include construction

of the sand fill, importing filter blanket and quarry rock, construction of an .
access ramp on the right bank of Old River, and move-in and out costs of the dredge.
As the Reclamation Board would require the removal of this £ill and the material
replaced to its original position, the above costs would be considered to be dup-
licate for the removal or a total cost of $20,000 for the mstallatlon and removal

of the closure.

Metal Construction Cubes

Another possibility for construction of a closure was the use of 7-foot by 7-foot
prefabricated metal cubes which were used during war time by the Army Engineers
and the Navy Construction Battalion. It was thought that a closure could be made
by assembling and filling with water approximately 170 of these cubes. Upon
inquiry. Of the Army Transportation Corps, Rio Vista, and Sharpe's Army Depot at
Stockton, only seven of these cubes could be located.

As aresult of- this lack of material, the plan_was discarded.

Stone Fill

A bid price of $4.90 per ton was obtained from Mr., E. F. Bravelli of Basalt Rock
Company for placement of a stone fill at the site in Old River., This construction
could be acecomplished during a slack period in their Army Corps of Engineers
contract for revetment of the left bank levee of Old River, approximately two miles
downstream from the San Joagquin River. The $4.90 price would place the rock in

the fill and give ownership ¢f the rock to the State, The 16-foot high fill would
require approximately 2,870 tons of stone assuming 1.3 on one side slope and
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allowng for 10-percent spillage.and settlenent or a cost of approxinately $14, 000.,
The above price would include a small boat navigation opening wth a bottomwdth -
of 10 feet and side slopes of 15 on 1,

A probl em was encountered in disposing of the rock material after the usefullness .
of the fill was ended. Two storage sites on the San Joaquin River were investi-
gated, both downstreamof the head of Ad Rver and were found to be.priced out
of suitability for stockpiling purposes. The cost of renoval of the stone fill
and placenent in a stockpile would be approximately $2 per ton of naterial :
recovered---a&.summg that appr oxi mat er 7 percent of the fill placed would be -

recovered;

Necessary Permts for the 01d R ver Closure

Recl arrat | on Board Per m t

Application was made to the Recl anati on Board for the cl osure at the head of ad
River. The application blanks were filed with an application for each of the two -
reclamation districts involved, Reclamation District 544 and Reclamation District -
2062, M. Julius Muhs, Presi dent of Reclamation District 544, was contacted by -
Aenn Twtchell of the Department of Witer Resources and Tim Farley of the:
Department of Fish and Gane. A neeting was set up for review of the application

at the office of John A WIson, attorney for the reclanation district. As a
result of this meeting, the application was endor sed by this district. It was
found that their concern involved any legal. 11ab1111:y or danages as a result of

‘this endorsement.

M. Douglas Cbhen of Recl arration District 2062 was cont act ed for endorsement of the
application Dy Glenn. Twitchell of the Departnent of Wter Resources and Don Kelley
of the Departnent of Fsh and Gane. M, H N KXuechler, president of the recl ana-
tion district, was on vacation in Europe at the time, M. Cohen took the appli-
cation under advisenent and consulted with the attorney and avail able district
trustees. There was some question as to the ownership of the Ad R ver channel

bottom,

The Recl anation Board at its neeti ng in Flrebaugh on O:t ober 3, 1963 appr oved
the application subj ect to obt aining ivt Cohen' s endorserrent

Navigation Permit

M. Coleman, Corps of Engineers, Sacranento District, was contacted concerning
the navigation requirenents for the closure. He suppl led the Departnent of Véter
Resources representatives with the proper manual s and advi sed themas to the
proper cempletion Of the permt. There was a question of the required warning
signs on either side of the closure. After a tel ephone conversation wth

M. Qiver de Gaf, U S (Coast Quard, Aids to Navigation Section, San Francisco,
it was decided that a warning sign up and downstream of the structure, staff -
gages on either side of the opening, and flasher 1ites (four mmmum) vrould be

surficient to properly mark the closure. .




Under ordinary navigation permit procedure, a 30-day advertising period is allowed*
Under the conditions for which this particular permit was obtained, the Department
of Army mailed notices to concerned parties in lieu of standard public notice. We

thereby obtained the navigation permit in about two weeks.

The warning signs were obtained from Dosch Company, 1704 Kathleen Avenue, North
Sacramento.

State Lands Perm it

As Old River in this area lies within the boundaries of the El Pescadero land grant,
the State Lands Division has never laid clam to the ownership of the channel
botton, The levees on either sde of the Old River channel are within the
Sacramento-San Joaquin Flood Control Project. The Reclamation Board's right-of-way
staff has the metes and bounds description of the adjacent ownerships. Upon
investigation of these descriptions, it was learned that the ownership boundary
along the right bank of Old River, Mary Mohr Brown, was at the right bank high
water line. The left bank property line was not as well defined. It is the
opinion of the Reclamation Board staff that the ownership line is at the left

bank high water line but could not be positively proved without survey, as the

. property description has no mention of the San Joaguin River or Old River channels.

Mr. Bob Nady of the Division of State Lands in Sacramento, and #r. H. E. Pahner
of the Los Angeles office, Division of State Lands, were contacted for adviee on
this problem. Formal application was made to State Lands Commission for this
closure even though it was to be constructed outside their jurisdiction,

ret
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APPENDI X C

WATER QUALI TY EVALUATI CN
STOKTON AREA STUDY
SEPTEMBER. arid  COCICBER 1963

"I ntroduction

The principal objective of the water quality field survey was to describe an
oxygen deficient body of water in the San Joaguin Rver near Sockton and the
effects of increased flows past the Gty of Stockton on dissol ved oxygen con-

centrations.

(bservations were made during eight fiel d surveys from Septenber 11 through
Qctober 31, 1963

Problem Description

It has been apparent that a problem of |ow dissolved oxygen (DO concentrations’
has existed in the San Joaquin River near Stockton during the late sunmer months,

of various years, since 1935.

Factors Influencing Dissol ved Oxygen

Factors contributing to the |ow dissol ved oxygen val ues observed in the area of
investigation are the quantities of flow waste discharges, tenperature, sunlight,
nature and extent of bio commnity, nmineral concentrations, water transparency,
channel characteristics and benthal deposits. ,

Locati on and Magnitude of DO Sag

D ssol ved oxygen observations were made throughout the area of investigation from
a point about five niles upstream frem the San Joaqui n River's confluence with
the Stockton harbor to a point appI‘OXI mately eight mles dowstreamfromthe Gty

of Stockton.

During the survey, DO levels at the upper nost station above Stockton varied
between 10.3 and“5.2 parts per mllion (ppm.). Values of DO less than 3.0 ppm
wer e observed throughout 5.3 niles of theriver inthe vicinity of Stockton °
during the nost adverse oxygen condition when the absol ute m ni num val ues observed
were 0.4 ppm. At this sane station the |owest 24-hour average of 0,9 ppm was
obtai ned. The | owest point of the DO sag was observed in the deep water channel
bel ow t he confluence of the San Joaquin Rver. From observation of the conditions
in the Sockton harbor, a mni mum DO of 0.1 ppm was obtained. M ni mum 24- hour

average DO was 1.2 ppm.
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Oxygen Relationships

Throughout the period of observation practically every factor affecting oxygen
concentrations varied to some extent. Those factors previously nentioned as

i nfl uencing oxygen |evels caused considerable variation in DO between study

peri ods and throughout the area of investigation. As an exanple during study 3,
Sept enber 25-26, cloud cover was absent and due to clear skys, sunlight caused
extrene biological productivity. In contrast weather conditions during study 2,
Septenber 18-20, were such that very little sunlight was provided for phyto-

pl ankton activity.

Al though these variations in factors influencing oxygen concentrations occurred,
it is felt that the quantity of flow was the dom nant influence above a flow of
1,400 cubic feet per second (efs.). It was found that other strong influences

on DO overshadowed any positive benefits of flows in low ranges (upteo, 500 cfs.),.
Table 1 presents data collected in the upper reach of the San Joaquin Rver above
t he confluence of the San Joaquin Rver with the deep water channels. . e

Table 1

Dissolved Oxygen Relationships
Study Date Dissolved - Oxygen ppm BOD discharged River
' Station | Station 7 Loss 1b/day Flow, cfs
1 . 9’].1.—]2 8.7 N 49 ' 3.6 o  3600 o H' v 175 .
2 9/18-20 5.6 2.8 28 4_7'00' 30
3 92526 80 69 11 o ‘3500 | o g
i i0/2;3 6.2 | ’};3,;3 | 2.9 .2éoo=' - . 2‘56-- :
5 10/910 8.4 B 6.8 16 1900 - 530 o
6 10/16-17 6.9_ . _6._6 0.3 2600 1720
7 102324 78 . 77 01 100 1980
8 10/30-31 82 79 03" 700 150
Due to the nature of this st udy, "deternine conditions of water quallty

affecting fish mgration in the San Joaqum Rver, only partial DO data were
col lected from harbor waters. Sufficient data were obtained, however, to show

that :
(A Dissolved oxygen varied significantly within 'the>har bor area,

(B) This large body of oxygen deficient water causes a reduction in DO i n
wat ers near the confluence of the San Joaquin River.
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Data show that the location of the DO sag was displaced more than four miles
downstream when flows increased from 530 cfs. to 1655 cfs, Environmental

conditions changed significantly in the San Joaguin River at Turner Cut. The
body of oxygen deficit water seemed to break up when approaching areas influenced

by flow from the Sacramento River,

Summary and Recommendations

It was observed that during the study period while flows are low, the DO's are
highly variable but at high flow rates, DO's were good. This, in part, can be
explained by re-emphasizing the fact that such influencing factors as temperature,
algal populations, nutrient concentrations, BOD waste |loadings, weather conditions,
and recreation factors were also changing; scmetimes to aid the oxygen resources

of the receiving water, scmetimes to deplete them.

Due to the lack of observed data at flows between 600 and 1,400 cfs., it is
problematical at what flow a healthy fishery (oxygen) environment could be
maintained. A number of factors must be considered when one estimates required
flows of dilution water. First, a higher initial flow is probably required if an
oxygen deficit exists before more dilution is added; second, initial oxygen con-
centrations in the dilution water change, thereby changing the allowable DO drop;
third, a minimum level of DO must be established as the lowest allowed and this
level adhered to. These three facets of characterizing oxygen relationships
should be foremost in ecne's mind when computing the amount of river flow

necessary to maintain a specific DO concentration.

From observations made during this study, it can be stated that if conditions
exist next year similar to those found this year, from September 11 through
October 31, a flow of at least 1,400 cfs. past Stockton could possibly maintain -
DO concentrations at a level sufficient for salmon migration.
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THE RESOURCES AGENCY OF CALIFORNIA

= 40’

SCALE: 1"

DEPARTMENT OF WATER RESOURCES

~50

_ e avoY 33A37 I3Av¥9
aNVISI sly3g0y -
-
< &
le N 2
v 06~ 1 -
(Puds Ayp1s) i
89Aa7 |Dinyoy | *
) _ |
e ,, /
. ® - «
b = M— R?_u kamv\
e o ¢ o/
3 h’ </
- /
S t——— e —
/ p {6 02 g
T %) ! - _ S
Q = _ NOILISOd 394VE TTVYNIOINO w“ 2
~ ” | =
> _ _ ! :
z = d =
3 = N
o © ~ T}
< = N
o
> g ¥
s o
o —
< @
5 &3INle G 70
N ) )
L] f-— pod ot z &5 - MOoJy4
oo oG
o e
. @®
2 e
o
=5
3fe | 83
=|u 9iq0s s
(2] M " Q\N '
5i" | 3
2 R
2l ﬂL
PPN o & AP = ﬁ’ — R H ,
-3 a2 e 2 s e s BB o N[ T T T T
- soney ~ peddoidiy o © ° S ERIEL m.m/!a ————
< = = & a8 a o - - & o = [
M@y - el e e e e
E z| 2 ( —_—
H o
w 1OVHL  L¥vM3is |  {
———— N = o
avoy¥ 33A37 I13AV¥9 o | .8 01 M
(5]

T T TR e e e e d— e s —— —— ———— — — —— — n— ——




rildre

SARGENT-

TRACT

LOWER  ROBERTS

ISLAND

MIDDLE ROBERTS

ISLAND

=5
é'/?

UPPER

o “

& curron y ROBERTS
) ON o
STATE OF CALIFORNIA ) COURT ¥

THE RESOURCES AGENCY OF CALIFORNIA
DEPARTMENT OF WATER RESOURCES
DELTA BRANCH

-
SACRAMENTO - SAN JOAQUIN DELTA

ISLAND

Natural Flow Conditions

SCALE IN MILES

saRNMART CAL

R
5 s
RS
AE {}I‘ i:‘

. \.
STOCKTON
ety

. ——
7 O Courtiand \
- &
PIERSON S LY,
DISTRICT
EEX,
ORY 8 -
ISLAND )
\
=Y
<
"RANCH N
TRACT
stougl P
Rio Vistagp
BRACK  TRACT
BRANNAN Srcomore Stovih v i
AN 1
ISLAND LODI |
. i
1
[}
[}
) [
TWITCHELL. BOULDIN
tSLAND
ISLAND SHIN KEE
TRACT
RIO BLANCO
TRACT
BISHOP
&
BEAR




PLate

\

PIERSON

ssv‘”ws
e
/pé.,?

DISTRICT

HASTINGS

TRACT

| Lindsey
AR

MIDDLE

ROBER

ISLAND

BYRON

ISLAND

STAYTE OF CALIFORNIA
THE RESOURCES AGENCY OF CALIFORNIA

DEPARTMENT OF WATER RESOURCES
DELTA BRANCH

e /4

SACRAMENTO - SAN JOAQUIN DELTA

Normal Plow Distribution
with Punping %,

FABIAN
TRACT

SCALE IN MILES

UPPER

TS

ROBERTS

ISLAND

EEX
DRY R~
ISLAND ¥
=Y
®
o
TRACT
sta' f
Rio Vittog
BRACK  TRACT
RANNAN
B Srcamore srovah B ]
-y, ]
ISLAND LODI |
=t
TERMINOUS L’,
Terminous L
TWITCHELL. BOULDIN
SLAND
ISLAND SHIN KEE
Potale TRACT
A\ RI0  BLANCO
TRACT
BISHOP
TRACT
&
BEar
O —ftNTIOCH
ty 3,
-
R,
\/ 2
. SARGENT- erbS
) \ 'DARNNANT "‘ \'.JII:?-
1
LOWER  ROBERTS TRACT Lon B
-
" .
ISLAND STOCKTON
e




Plate 3

H Courtland \

PIERSON

w
2
3
Q.
vy
X33
@
-

DISTRICT

Barke,

&

HASTINGS

TRACT

A Lindsey
oy =

' €EX,
oRY - ul =
__Stough
) ’.,'0' f nY
/* " E
fF canaL ‘RANCH >
TRACT
” stovgh - P
. /
Rio Vistop,
BRACK  TRACT
BRANNAN
Sreomare sn'“" > H "_J
LN e i
ISLAND Loo! |
L onie o]
1
I}
1
L
TWITCHELL, BOULDIN
ISLAND
ISLAND SHIN KEE
TRACT
A RIG  BLANCO
2 TRACT
E /R,
)
"
pd BISHOP
TRACT
FRANKS &
rRacT acar
5 “
| HOTCHKISS W(¥ HOLLAND - %
> ) >
. rr-‘: rmscr ‘ o \ TRACT ot R TRACT < = R,
B 4 TRACT e e / & SARGENT- eR% 3
H £Ks sannnanT CALAY e ]
Rout I\ Stovgh §es ft V |
TEBALE L LI i LOWER ROBER TRACT }
VEALE FwpInE. cor 4 Y == *
{ 0%
TRACT 3 ISLAND » 3
( \ £ 2, %TOCKTON
= J4 LOWER JONES 1) o = o
= &, T2\, o T
B tract S el
s N\
S ) W S
R -5 i
e UPPER  JONES MIDDLE ROBERTS S )
\ 1) A
TRACT 5\0"“ / RSN

ISLAND }

=)

b
UPPER N
ISLAND P

ROBERTS \\

STATE OF CALIFORNIA D

THE RESOURCES AGENCY OF CALIFORNIA ISLAND m
.

DEPARTMENT OF WATER RESOURCES
DELTA BRANCH

-
SACRAMENTO - SAN JOAQUIN DELTA

Plow Reversal Conditions

FABIAN
TRACT

SCALE IN MILES




g

PLATE

€961 030

REL ‘AON 120 ‘1438

Ane

onvy

AVAT

L~

>~

W\

£961-8G61
SITVNY3A @ H3AIM NINOVOP NVS
MOTd ATHLNOW 39VHIAV
IUZ(‘”.—.‘_UQ .
SIDUNOSIY YILVM 40 ININIMVLIA

VINMOJITYD 40 ADNIDY SADNNOSIM IHL
YINNOSITIVD 4O AUVLS

NI MOT14d

"§°3°D 0004



PLATE 5

£261 530

‘AON ‘100 '1d38

anv Alne
DI~ I
11,
. e L
8 Ny NN il
kY ! .
e HERAR R Vot - ]
™~ T AN
T /1 N l/
I, / —
N L h
/A N -+
£ < T ]
, A R =S
P 1 3 TU 3 N -
| &
. //w I
N N
S \ 1
\ \ =
\ 4
= /. N - ]
] - AIANAN 518
.
-+ A L N ONSRR ;
- y \ (-
| - s )
ot 3 \
- - R —t 3 A
S RVOE S U S I.“r' / <
.ﬁ..rﬁ\ /] \ N \\.@-.. _ - l 14
T - qer -
l
L 1
{
e £961-8661
31Vy O9NIdANd ADVMHL-
ATHLNONW 39VYH3IAV
-
HONVYME vivag ]
SIADUNOSIY HILVYM 40 INIWLNVYL3Q
VINYOAIMYD 40 ADNADY W.NUIDO”NG ML B
YINNOAITYD IO FUVLS

MOl 4

N!

'§°40 000Y



PLATE o6

€061 '030

‘030 _'AON 120 ‘1d3s

onv Ane
s l/' S
™~
N
| P N\
SRS U S U VY WY T . h 1/
( ANN N
L] R IRREE AN N\
hNBAN
. - NN
\ ™
A — / A
- le.l N
L \
N
N /
1 R TENS IO
m - \ )
AVEA ¥
A\
N
inEEnan —+ — , N A
NuNy . N Hr..ﬁ L LT EREREEEENE .z.//Z N T
T P T Gan RESREENA A BN
- 1
N u
wgq.%u
//
dvaH ¥3AIY Q10 oL m._|_<2mw> X :
3SN Y3ILVYM H3IAIM NINDYOr NVS R T
ATHLNOW 39Vd3AY A L
-
HONVMH& Y173Q
SIVUNOSIAN MILVYM 40 ANINLNVYL3A
VINMOZIIVYD 4O ADNADY mug—domﬂz AL
VINNOAIVD 30 3LViS

NI SNOISY3AIQ

"§°'4°0 001



€961°930

93¢ ‘AON 190 '1d3s ‘ony Ane

PLATE 7

0
L .v-l II, ”’ -
3 [ .
- R LY
| B | N o - T
REENN N Ny, —t—
ESRUNRI b uE NG
NN T - i INSN S ThN
i et S NI SO S T ‘I /V
- RERsan, NABRNN
=1 T T T - - o A e // ”l - @
L . et O 3 NS -
L ] TT Ti N [~ o ]
T B IlI_ ’I 1
L ENEN N w. AERVZIEY] ]
guio padrgggr T ST SOTIOR Top 310N : = y
= n = 0%
— i i
B REmEsARRE S
T . 1 i .m ar
| L i L)
U T
i _
B _ - NN 1
T T ERN T ENNNS 1 ]
Lol n ‘O!I o A D I 0 o - Joi b L. -
N TV :
00!
i
[~ i
RS , Sodonk v et LT
1961-866|

] AV3H ¥3AIY @10 01 NOLMOOLS

SNOISH3AIQ ATHLINOW JOVHIAY

HONYY¥H vi3a

SADNNOSIN ¥ILIYM 40 IN3IWLNVd3AQ

VINHOJITYD 40 ADNaDY SIDUNOSINH AHL

_ VINYOAIVD 40 3ALvis

_ oS!

SNCISHAAIG

NI

‘'S4



9/
961 '230 ’ .

oS+ ov+ ot'+ 0 or- 0zZ- og- Ob- oS-  09- oL- 08~ 06- 001~ Ori- 02I1- O0fi1- Obil~ 0% oﬂ_«w
!. o HH S
[+]]
5)
: i
SN g H oz
iR T :
EN T A e R e th T
AN el
G2
m 2w

ot

H3AIM Q10 40 OVIH iv

NnollnglyLsia Noad
e .
HONVEES Yi3a

S$3IDUNOSIY UILVAM 40 ANINLYVEEA

§ VINUOJIIVYD 4O ADNIDY u..osouuzg_ = + H ok
VINUOAITVD JO VLS | t { !
@ 3ivid

q/0



€961 -o00
‘840 NI 371V08s0W @ 33VY3134 N\v348N8 + MO IvdNnlyn

PLATE 9

coge ; 9083 008t o8
31,0880 . MO14 NINTY  NVS YHALYN
(@)
- 0002 — m0w 0ool 0
N N R iy T A0
N T Ve N
: ~ o |.,_r.‘ AT +
. SHT h T j..ui - BN Jl _ s 2,
mis R A S S S g Hard - B e e A4 -
. — " 7L O L )
N o e o & 17w T A7
o 0L 00 o Y31 M Ninovopr Nys | Jre zogp 4 gy Lan h
- _ _ , - ] oy ) .
8A 3V 080K @ ¥ A 15 NINDYOPr Nyg | AETTT w
\SOI_M - B 77
4 =7 7
: A - . V. S \‘H. v Oom
N gvirre = e 74 7
Fcun G ¥ y3 L UIoWLY 30 S an
yN 104 nwyd 4 on VEEIMHOSIN 34 g 7L Lo L Ko |
Wios ® odvy 1 N W( VW oo ..Ww T .r|+
- ' 7 C - C o R
T _|mn~ 1 5 4 = ) ) 4—\ S ,_“ L&j . . \z m.ll.l_f
ﬁl S - P Ji.Lv)_. — L oed || h\l | . ” - , 1T
SEEEE ] =1 + S 57 - A X a T
O i B S i B o b el S ML/ S uv.C il Tt
sy M B e O ey - = e A L a . c S Il
o Sl il S R S /% = SRR O P SR e - - T
x_mf;i‘. vy U (IR oran 1 LCIL o T Si + uﬂ B ..\S T;ﬁa o T Lm,mzu
Az 1 T Ve 7 rdu d ] N
— ] @H &\\4 _ o@l > Z . W/r; i €001
--TH - 1 1d - 7 y 7 = 7
[m Sl A i Smm ASd N_H/
.1%% y N » 4 » d “
< 3 1 - ”
(. ) i
L R gt SiEeiE
u 2" O 2 Vi |
> < ]
B 2y 4
] V. o T .
“ a :

"S°'4'0 W NOLIMOOLS HVIN H3IAN NINOVO, NvS- MO 4



£961°230

¥IEW3IDIg

HIGWIAAON
oz

UIJFOLOO HIAEW; NONY ulialn
ST oz gL ol &2 s ol [ °9 oz g1 ‘ob 8 (31 o _Wtﬂn.ﬂ T o«.rﬂ s ol B hid >n_. ol o
] “
11
L
t
4 . Qoo!
1 M
y
fi
21N ) 1M7 6 bl 4]y
0002
W 1
1
il
}H
1
I
3.~ ol ] iy
€961 ]
SMO01d vnlov
o
1 HINVNE Yiv3a - [
SIOUNOSIY WALV 40 ANIWANVYID T
YVINNOIMYD 4O ADNIDY §IOUN0SIN INL
{ VINNOIITYD S0 34ViS <
1] [
T T T I IO T
2% o a1 o 8T o L1} (-1 ANRAY L
HIasWIADAG HIEWAAON * e ouﬂﬂﬂuhhvog : bl Uuﬂlinw.—.lm_n . 9% - os . >

a1 3ivd

«

dsnonv

$43 NI M074 H3IAH NINODVOT NVS



€961 *93¢

) : BEWRLLES i18Nonv ATNC
&2 W—Nmen—uumm L] £z WNHNZB-M>OOZ— 3 22 Dwummhboe— L] sz EDN K1 (23 | Lt 0T s ot < i 1d oz si - ot g o
T T ] HHT
1
|
|1,
0 5
I
b
RER
5 N aNE 0001
!
; K
0002
000E
£961 1113
SITYNH3AA 3A08Y ¥3AIM NINDYOP NYS IHL OL -
$3SVIT3Y NOILVAVI3Y 50 nv3yne T
-
HONVMR V130
SIDNNOSIN WILYM 4O INIWLAYLIT
VINNOLIIYD 40 ADNIOV SIONNOSIN FHL \
VINSOSIIVY 4O Mivig __ . 1
REERNEN IBENEN EENRDANEENARAREES RSS! BEN L
BE ox 81 ol 2 (1] oR [1] (3 - [ 0 m [ 2 [13 or 7 ot s [T} ox ) oL [ [13 oz 1 ) .
0" ukq;mluniuuun HERWEAON UBWOLDO WAAWALdAS L8nony Aane

-

S$42 Nt TUYNVO VIOON3IW Y1130 WOH4 3SvI1ay




HaawsaOag HIAHEWIAON HIAOLDO HIaWaLGIS isnonv Amnre

L1 0oz 13 o1 ] 2T oz L1 ot 8 k-t 3 0z |1 Ql | 8z oz i1} ok L /T 0T 113 ol Q 8T 0T Si ol o )
T T
=
'
]
AT
N
J
by
N
B! iy
AY A
py +
N N,
b i
- 2 mm 1 0001
NN
Y| ) |
yavd N
4
7 717
4 Z
A Y
A a
= 2
= y 4
-
2 5
£
0002 ¢
B
(%)
-
w
=
o
(v}
x
o]
o
2
2z
o
. B
E-Ra R g b
il
1 i - 000¢
% zin A
T T
1] 11
AL ERL H
» n e
a8 oF @ ol . L R TR s o8 m ol . 8| ot o . 5T o8 W o 7 82 oz @ o .
v HEawWaoaa WATNRIAON . WANMOLDO WIACNIALIES LBNDNAY ANe



