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EFFECTS OF THE FEDERAL CVP UPON THE QUALITY AND
VOLUME OF THE INFLOW OF THE SAN JOAQUIN RIVER TO
THE SACRAMENTO-SAN JOAQUIN DELTZ AND UPON THE
IN-CHANNEL WATER SUPPLY IN THE SOUTHERN DELTA

CHAFTER I
INTRODUCTION AND DEFINITIONS
Over the last several vears in the course of the discussions between
representatives of the South Delta Water Agency (SDWA) and representatives of
the United States Water and Power Resources Service (Service), formerly the
United States Bureau of Reclamation (USBR), the parties have found that the
available technical data relative to the impact of the Federal Central Valley

Project (CVP) upon the San Joaguin River inflow to the Sacramento-San Joaguin

Delta (Delta) and the effect of the operation of the Federal CVP and California

State Water Projec; {SWP) export pumps near Tracy on the in-channel water
supply in the soufhern Delta was limited and had never been thoroughly studied
and evaluated.

At a meeting held in Washington, D.C., on July 17, 1978, attended by
representatives of the Department of the Interior, a technical analysis and
evaluation of the effect was authorized and undertaken. The State Department
of Water Resources of the State of California (DWR) was invited to participate
and did so to a limited extent. Since July, 1978, the technical staffs of the
SDWA and the Service have engaged in a detailed study of subject matter, and
committees representing the participating parties, from time to time, met for
the purpose of reviewing progress of the technical advisors and generally
directing the areas in which technical research should be conducted.

The purpose of this document is to set forth a report by the SDWA and the
Service of the factual technical findings and the conclusions to this date

resulting from such research and studies.
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For purposes of this report, where substantial areas of disagreement exist
between the SDWA and the Service on the interpretation of data, the differences
will be noted and the differing views of the parties set forth.

In corder to facilitate brevity and to assist in the understanding of this
report, the following definitions are intended unless the context or express
provision requires otherwise.

1. "South Delta Water Agency”™ (SDWA) is an agency created by the South
Delta Water Agency Act (Cal. Stats. 1973, c¢. 108%, p. 2207} for the purposes
therein described.

2. The "United States Water and Power Resources Service" (Service) is the
agency respensible for the operation of the Federal Central Valley Project
(CVP}. Prior to November &, 1279, this agency was known as the United States
Bureau of Reclamation (USBR) .

3. "sSouthern Delta" is defined as the area within the boundaries of the
SDWAR as defined in'Cal. Stats. 1973, c. 1089, p. 2214, sec. 9.1 {(California
Water Code Appendix Chaptexr 118).

4. "Central Valley Project™ (CVP) is defined as the Fedexal Central
Valiey Project in Califormnia.

5. "State Water Project” (SWFP) is the State Water Resources Develcopment
System as defined in Section 12931 of the Califormia State Water Code.

€. The "Delta Mendota Canal" (DMC) is a conveyance facility of the CVP by
means of which water is exported from the Delta near Tracy and delivered on the
west side of the San Joacuin Valley and to the Mendota pocl in the San Joaguin
River.

7. The "State Aqueduct™ is a conveyance facility of the SWP by means of
which water from the Delta is exported through Clifton Court Forebay near

Tracy to the San Joagquin Valley and Southern California.
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8. "Export Pumps” are defined as the CVP and SWP pumps located at the
diversion point of the DMC and the State Agueduct. They are operated as part
of the CVP and the SWP for the purpose of diverting and exporting from the
Delta via the canals.

9. "Delta" or the "Sacramento-San Joagquin Delta" is defined as
all of the lands within the boundaries of the Sacramento-San Joaguin
Delta as described in Section 12220 of the Water Code of the State of California
on January 1, 1974.

10. "New Melones Project” is the Federal project on the Stanislaus
River authorized by Public Law 78«534, dated December 22, 1944, as modified by
Public Law 87-874, dated October 23, 19562.

11. "Vernalis” is defined as the San Joaquin River gaging station just
below the mouth of the Staniélaus.River at the Durham Ferry Bridge.

12. "Pre-1944" is defined as the years 1930 to 1943, inclusive, unless

otherwise indicated.

13. "Post-1947" ig defined as the years 11948 to 1969, inclusive.

54. "Total Dissolved Solids" (TDS) is defined as the concentration in
milligrams per liter of a filtered water sample of all inorganic or organic
constitutents in sblution determined in accordance with procedures set forth in
the publication entitled "Standard Methods for the Examination of Water and
Waste Water" pﬁblished jointly by the Bmerican Public Health Association, the
American Water Works Association and the Water Pollution Control Federation,
13th Edition, 1971.

15. "Cubic Foot Per Second" (ft3/s) or (CFS) is the flow of 1 cubic foot
of water per second past a given point.

16. "p/m" or "ppm" is defined as parts per million, and is used synonomously

with mg/L is this report.
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"mg/L" is defined as milligrams per liter.

"XAF" is 1,000 acre—-feet.

"Mendota Pocl”™ is a small storage reservoir impounded by a diversion dam

on the San Joagquin River about 20 miles west of Fresno into which the Delta-

Mendota

20.

Canzl discharges water conveyed from the Tracy Pumping Plant.

"Unimpaired Rim Flow"” is defined as the sum of gaged flows, adjusted for

upstream storage, at four stations on the major tributaries as follows:

The sum

SAN JOAQUIN RIVER AT FRIANT DAM
MERCED RIVER AT EXCHEQUER DAM
TUOLUMNE RIVER AT DON PEDRO DAM
STANISLAUS RIVER AT NEW MELONES DAM

of these gaged flows is alsc used in this report &s the Vernalis

unimpaired flow.

21.
Joaguin
22.

Joaguin

The "Lower San Joaquin River"” is defined as that portion of the San
River downstream of the mouth of the Merced River.
The "Upper San Joaguin River” is defined as that portion of the San

River and basin upstream of the mouth of the Merced River.
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CHAPTER Il

PURPCSES OF INVESTIGATIONS

The purpose of the investigation was to analyze and prepare a written
report upon the following:

(a) The effect of the operation of the CVP upon the San Joaquin River
inflow (quality and wvolume) to the Delta;

(b) The effect of the operation of the CVP export pumps near Tracy upch
the in-channel water supply in the Southern belta.

While all water supply development in the San Joaguin River basin has
the effect of reducing the annual flow of the San Joaquin River at Vernalis,
this report is directly concerned only with the effects of the CVP on the
in-channel water supply in the southern Delta. The available data has been

reviewed and analyzed to determine what, if any, changes have occurred affect-

ing the southern Delta in=-channel water supply since the CVP began operation in

1947. The two agencies preparing the report have not agreed on the legal

obligation of the Federal Government to the southern Delta. In addition, there

are several other issues on which agreement has not been reached and further
discussion and study will be needed. Therefore, the report does not include
consideration of the following:
1+ Water rights, priorities, or legal status of any party related to
the in-channel water supply in the southern Delta, including water
users in the southern Delta.
2. Economic consequences of any impacts discussed on southern Delta

agriculture and other uses.
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3. DAlternative solutions te improve the in-channel water supply in the

southern Delta.

4. The impact on the Southern Delta in-channel water supply of the opera-

tion of the CVP New Melones Reservoir.

The impacts of developments other than the CVP affecting the in-channel
water supply in the southern Delta have been attributed to specific other
developments when such impacts are clearly identifiable. The impact of the
operation of the SWP export pumps has been specifically included. The impacts
other than CVP have been determined incidentally tc the principal purvoses of
this report.

While development other than the CVP has occurred in the upper San
Joaquin River basgin (as defined in Chapter I) since 1947, it was assumed in the
investigaticon that the impact.of other development is negligible. Consequently,
for this report, the effects on San Joaguin River inflow to the Delta (both
quantity and cuality) of all development in the upper San Joagin River basin

since 1947 are considered as effects due to the CVP.
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CEAPTER IIT
DESCRIPTION OF THEE SAN JOAQUIN RIVER SYSTEM
INCLUDING THE FEDERAL CENTRAL VALLEY PROJECT
THE SOUTHERN DELTA, AND DATA SOURCES
2. PRINCIPAL FEATURES
1« General

The San Joaguin River basin lies between the crests of the Sierra Nevada
Mountains and the Coast Ranges, and extends north from the northern bhoundary of
the Tulare Lake Basin near Fresno to the Sacramento~San Joagquin Delta (see
Figure III-1). It is drained by the San Joaguin River and its tributary
system. The basin has an area of about 14,000 square miles extending about 100
miles from the crest of Sierra Nevada Range to the crest of the Coast Ranges
and about 120 miles from the-northern to the southern boundry. The Sierra
Nevada Mountains have an average crest elevation of about 10,000 feét with
occasional peaks higher than 14,000 feet. The Coast Ranges crest elevations
reach up to about 5,000 feet. The San Joaguin valley area measures about 100
miles by 50 miles and slopes gently from bhoth sides towards a shallow *rough
somewhat west of the center of the valley. Valley floor elevations range from
about 250 feet at the south to near sea level at the north. The trough forms
the channel for the Lower San Joaguin River and has an average slope of about
0.8 foot pef mile between the Merced River and Paradise Cut.

Major tributary streams, from north to south, are the Cosumnes, Mcokelumne,
Calaveras, Stanislaus, Tuoclumne, and Merced Rivers. These streams, plus the
San Joaquin River, contribute the major portion of the surface inflow to the
valley. Minor streams on the east side of the valley are the Fresno and

Chowchilla Rivers and Burns, Bear, Owens, and Mariposa Creeks. Panoche, Little
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Panoche, Los Banos, San Luis, Orestimba, and Del Puerto Creeks comprise the
minor streams on the west side. These west side streams contribute very little
to the runoff of the San Joaguin River. Numerous other small foothill channels
carry water only during intense storms. During high runoff periods a distribu-
tary channel of Kings River (called James Bypass) discharges water intc the San
Joaguin River at Mendota. In addition, floodwater is diverted to the San
Joaquin River from Big Dry Creek Reservoir near Fresno. Flows from rivers and
creeks are significantly reduced by storage, diversions, and channel seepage
losses as they cross the valley floor so that only a portion of the water at
the foothill line reaches the San Joagquin River.

2. Southern Delta

The boundaries of the South Delta Water Agency (SDWA) are set forth in
section 9.1 ¢of the Scuth Deltﬁ Water Agency Act {Cal. Stats. 1973, c. 1089,

p. 2207). The area encompassed therein is located in the southeastern part of
the Sacramento-San Joaguin Delta as illustrated in Figure III-2. It contains
approximately 231 square miles or roughly 148,000 acres. ©Of this area, about
123,000 acres are devoted to agricultural uses and the remainder is comprised
of waterways, levees, and lands deyoted to residential, industrial and municipal
uses. The area within SDWA is generally known as the Southern Delta.

The lands in the southern Delta are generally mineral scils with low perme-
ability. The agricuitural lands in the Southern Delta are fully developed,
irrigated and highly productive. The agricultural lands are dependent primarily
upon the in-channel water supply in the area for irrigation, and for irrigation
purposes about 450,000 acre~feet per year are diverted from the channels.

There are about 75 miles of chanhels in the southern Delta and these are of

great importance. They not only serve as water supply sources for irrigation,
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but also as drainage canals for drainage water, important habitat and migration
routes for fish, waterwzys for commercial shipping and recreational boating,
and avenues for the passage of flcodwaters.

3. Existing Water Resocurce Development

a. General
Development of the water rescurces of the San Joaquin River basin was
initizted more than 120 years agc. This development ranges from small local
diversions from the rivers and streams to large multiple—-purpose reservolirs and
extensive levee and channel improvements. Because of this develcopment the flow
regime cof the San Joaguin River has significantly changed from that which would

occur under natural conditions. The major reservoirs in the basin are tabulated

below:
Major Reservceirs
San Joaguin River Rasin
Name of Year Capacity
Reservoir Operating Agency Completed Purpose (AF)

tanislaus River

Union PG&I 1902 P 2,000
Utica PG&E 1908 P 2,400
Relief PG&E 1810 P 15,600
Strawberry PGE&E 1916 o) 18,300
Woodward Scuth San Joaguin I.D. 1218 I 36,000
*Melones Oakdale & 8853 I.D. 1826 I,P 112,500
Spicer Meadows PG&RE 1929 P 4,100
Lyons DGERE 1932 E 5,500
Beardsley QOakdale & S8J I.D. 1957 IrP @8, 300
Donnells Ozakdale & SSJ I.D. 1958 i,p 64,700
Tulloch OCakdale & SSJ I.D. 1958 I,pP 68,200
New Melcnes UeS.C.E. 1979 rC,1,P,P,FEW,WQ 2,400,000
Tuolumne River
Modesto Reserveolr Modesto I.D. 1911 I 27,000
Turlock Lake Turlock I.D. 1913 I 4,900
Lake Eleanor City & Co. of S.F. 1918 MgI, > 26,100
Hetch Hetchy City & Co. of S.F. 1923 M&I,? 360,000
Cherry Valley City & Co. of S.F. 1956 MgI,P 268,000
**Don Pedro Modesto & Turlock I.D. 1823 I,r 250,400
New Don Pedro Modesto & Turlock I.D. 1971 ,I,P,R 2,030,000

*Inundated by New
**Inundated by New

Melones Reservoir.
Den Pedro Reservoir.
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*** Tnundated by New Exchequer Reservoir

b. Irrigation Proj

ects

RECIRC2646.
Major Reservoirs
San Joaquin River Basin
(Cont'd)

Name ©of Year Capacity
Reservoir Operating Agency Completed Purpose (AF)
Merced County Streams

Yosemite Lake Merced I.D. 1888 I 7,000

Mariposa USCE 1948 FC 15,000

Owens USCE 1949 rC 3,800

Burns USCE 1950 FC 6,800

Bear USCE 1954 FC 7,700
Mexced River

McSwain Merced I.D. 1966 I,P,R 9,500
***Take McClure Merced I.D. 1926 I,p 280,900

New Exchequer Merced I.D. 1967 FC,I1,2,R 1,025,000
Chowchilla & Fresno Rivers

Madera Lake Madera Co. 1958 R 4,700

Hensley Lake USCE 1975 C,I,R 90,000

H.V. Eastman Lake USCE 1975 ¥C,I,R 150,000
San Joaguin River

Crane Valley PG&E 1910 P 45,100

Huntington Lake SCE 1917 P 89,200

Kerckhoff PG&E 1920 P 4,300

Florence Lake SCE 1926 P 64,400

Shaver Lake SCE 1927 P 135,300

Millerton Lake WPRS 1241 FC,I,M&I 520,500

Big Dry Creek USCE 1948 FC 16,250

Redinger Lake SCE 1951 P 35,500

Lake Thomas A. Edison SCE 1954 P 125,000

Mammoth Pool SCE _ 1960 P 123,000
Westside Streams

Los Bancs WERS /DWR 1966 I,M&I,P,R 34,600

Little Panoche WPRS,/DWR 1966 I,M&I,P,R 5,600

0'Neill Forebay WERS/DWR 1967 FC 56,400

San Luis WPRS/DWR 1967 FC,R 2,041,000

Major irrigation canals consisting of the Delta-Mendota Canal and

the California Agueduct have been constructed to transport water from the

10
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Sacramento—-San Joaguin Delta to water deficient areas in the San Joaguin
Valley, Tulare Lake Basin, aznd Scuthern Califormia. These canals are located
along the west side of the San Joagquin Valliey and are shown on Figure III-1.
Numercous irrigation distribution systems have been constructed throughout the
valley floor area to convey irrigation water to the farms.

c. Delta Export Facilities

Central valley Project

Tracy Pumping Plant. The Tracy Pumping Plant, located near

Tracy at the southern edge of the Delta (Figure III-2) lifts watér via an
intake channel from Old River some 197 feet into the Delta-Mendota Canal.

The six pumps at Tracy are capable of pumping a total of approximately 4,600
ft3/s. The plant has been opgrational since 1951. The pumping plant oper-
ates-dn demand and therefore diverts.water from the Delta continuously regard-—
less of tidal phase.

Delta-Mendota Canal. The Delta-Mendota Canzal is a major

canal of the Central Valley Project {(CVP). It carries water south from the
Tracy Pumping Plant along the west side of the San Joaquin Valley. In addition
to water service along the canal, the canal is used both to transport water to
the San Luis Unit of the CVP and tc partially replace San Joaguin River water
stored by Friant Dam and utilized in the Madera and Friant-Kern Canal systems.
The canal and pumping plant began operation in 1951. The canal is 117 miles
long and‘;erminates at the San Jeaquin River in the Mendota Pocl near the city

of Fresno. The conveyance capacity of the canal varies from 4,600 f£3/s at

the intake to 3,200 ft3/s at its terminuse.

11
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State Water Project

Clifton Court Forebay. The Clifton Court Forebay (Figure

III-2) is a 30,000 acre-fcot reservoir. The forebay, completed in 1968,
buffers the effects of agueduct pumping on the Delta. It alsc provides forebay
storage for the Delta Pumping Plant to permit a large part of the pumping to be
done with offpeak power. BAdvantage is also taken of the high-tide elevations
to admit water into the forebay.

Delta Pumping Plant. The unlined intake channel conveys

water from Cliftomn Court Forebaf to the Delta Pumping Plant. The Delta Pumping
¥lant lifts water from sea level to an elevation of 224 feet where it flows by
gravity through the State Agueduct to the San Luis Division. The pumping
plant, completedrin 1967, houses seven pumping units, providing an aggregate
hydraulic capacity of 6,300 ft3/s. From the pump discharge lines, the concretre-—
lined State Agqueduct, with a capacity of 10,300 ft3/s, conveys water south to
the service areas of the State Water Projects. .

d. Interbasin Transfers

There are two major diversions from the San Joaguin Basin. The
interbasin transfer from the Tuoclumne River through the Hetch Hetchy aqueduct
to the city of San Francisco began in October 1934. A record of these annual
diversjions from the Tuolumne Basin was obtained from the files of the city of
San Francisco and are presented on Table III-2.

In 1950 diversions from the San Joaguin River through the Friant-Kern
Canal to the Tulare Lake Basin were begun by Friant Division of the CVP. A
year later, the CVP began to import water into the San Joaguin Basin from the
Sacramento~San Joaguin Delta through the Delta-Mendota Canal. Records of these

two diversions by the Service are published in the USGS Water Supply Papers.

iz
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TABLE ITI-2

EETCH HETCHY AQUEDUCT
DIVERSION FROM TUOLUMNE RIVER

CALENDAR YEAR ACRE-FEET
1934 11,211
1935 38,843
1936 56,814
1837 7,236
1938 1,692
1939 53,233
7940 24,090
1941 18, 965
1942 14,087
1943 25,333
1944 47,533
1945 60,241
1946 61,710
1947 69,356
1948 68,812
1949 67,443
1950 75,425
1851 81,4530
1952 49,796
1953 94,492
1954 112,850
1955 124,699
1956 80,029
1957 123,619
1958 : 70,286
1959 167,325
1960 166,623
1961 17,438
1962 158,488
1963 127,020
1964 185, 600
1965 164, 738
1966 198, 425
1967 182, 170
1968 223,221
1969 197,844
1570 198, 766
1971 213,277
1972 260,359
1973 205,556
1974 215,501
1575 228,551
1976 : 263,727
1977 222,734
1978 161, 304

13
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Th 2 III-3
INTERBASIN TRANSFERS SAN JOAQUIN RIVER SYSTEM
San Joagudin River Delta-Mendota Delta-Mendota Canal
at Friant Friant~Kern Canal Madera Canal Canal at Tracy to Mendota Pool
1,000 AF 1,000 AF 1,000 AF 1,000 AP 1,000 AF

Annual Apr-Sept Annual Apr-Sept Annual Apr-Sept Annual Apr-Sept Annual Apr-Sept

¥T

1938-39 1,077 616
40 1,829 1,250
41 2,589 1,25%
42 2,254 1,329
43 2,068 1,281
44 1,102 791 48 48
45 1,885 1,364 110 106
46 1,662 1,063 119 92
47 1,155 816 102 76
48 1,006 802 76 72
49 1,068 838 152 150
50 974 743 198 180 118 118
51 1,216 588 368 345 142 140 164 164 139 139
52 2,084 1,570 462 431 179 179 167 141 122 99
53 351 184 741 592 193 179 784 714 668 615
54 262 138 811 M7 - 212 207 1,004 852 825 720
55 107 57 805 674 219 199 1, 131 945 927 780
56 1,225 462 1,322 976 239 226 726 592 519 429
57 149 54 990 793 242 229 1, 181 068 920 761
58 1,180 1,067 1,145 952 244 238 663 548 447 367
59 ¢ 79 57 809 536 208 169 1,341 1,066 1,029 814
60 95 67 582 429 144 124 1,389 1,089 1,009 786
61 100 57 442 324 103 91 1,489 1,189 1,021 817
62 75 46 1,370 1,151 277 268 1,357 1,144 991 837
63 85 58 1,513 1,300 270 262 1,344 1,037 966 744
64 70 48 838 543 228 187 1,667 1,240 1,066 7
65 63 40 1,631 1,051 324 285 1,472 1,075 995 736
66 62 45 1,066 628 442 173 1,599 1,259 1,060 819
67 1,269 1,185 1,413 1,047 389 351 1,258 865 572 340

68 58 41 967 503 170 114 1,997 1,476 1,032 787
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& portion of the water imported through the Delta-Mendota Canal was
delivered to the Mendota Pool in the San Joaguin River near Mendota to replace
a portion of the water diverted Zrom the basin at Friant Dam. Reccords of the
amounts of water delivered to Mendota Pool were cbtzined from the Service
files.

A listing of these interbasin transfers is presented on Table III-3.
4. Climate

The <limate of the basin is characterized by wet, cool winters, dry, hot
summers, and relatively wide variations in relative humidity. In the walley
area relative humidity is very low in summer and high in winter. The character-
istic of wet winters and dry summers is due principzally to a seasonal shift in
the locatiorn of a high pressure zirmass ("Pacific high") that usually exists a
thousand or so miles west of‘the mziniand. In the summer the high blocks or
deflects storms; in the winter it often moves scuthward and ailows storms to
reach the mainland.

a. Precipitation

Necrmal annual precipitation in the basin varies from © inches on the
valley floor near Mendotz to about 70 inches at the headwaters of the San
Joaguin River. Most of the precipitation occurs during the pericd November
through April. Precipitation is negligible during the summer months, particu-
larly on the valley floor. The Sierra Nevada and Coast Ranges have a marked
arographic effect on the precipitation. Precipitation increases with altitude,
but bazsins on the east side of the Cocast Ranges lie in a rain shadow and
receive considerably less precipitation than do basins of similar altitude
on the west side of the Sierra Nevada. Mean monthly and annual precipitation

at several stations in the basin are tabulated below:
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Average Monthlv Precipitation (in.)
Station ~= Dudleys Merced Sconora So. Ent. Stockton
FS2 RS Yosemite WSO

Elev (ft}=— 3000 169 1749 5120 22
Jan 7.05 2.24 5.6% 8.23 2.91
Feb 5.87 1.92 4.88 7.0¢ 2. 11
Mar 5.74 1.74 4,92 6.39 1.96
Apr 3.87 1.41 3.19 4.50 1.37
May 1.28 .45 1.19 1.80 .42
Jun 0.44 .07 33 .58 07
Jul .03 .01 .03 .08 .01
Aug .05 .02 .05 .07 .03
Sep +37 <11 »35 «57 .17
Oct 1.65 .55 1.49 2.03 .72
Nov 5.05 1.61 4.21 6.33 1.72
Dec 6.90 2.09 5.61 2. 14 2.68
Mean Ann. 38.30 12.22 31.94 45.79 14.17

b. Snowfall

Winter precipitation usually falls as snow above the 5,000-foot

elevation and as rain and/or snow at lower elevations.

Snow cover below

S,000~feet is generally transient, and may accumulate and melt several times

during the winter season.

until about the first of April when the melt rates exceed snowfall. Surveys of

Normally the snow accumulates at higher elevations

the snowpack are conducted by the State of California starting in January of

each year.

Average April 1 water

in the following tabulation*:

content at several snow courses is listed

Ave. 1 April
Station Basin Elev (f%) Water Content (in)
Seda Cr. Flat Stanislaus 7,800 22.0
Dana Meadows Tuo lumne 9,850 30.0
Snow Flat Merced 8,700 42.0
Piute Pass San Joaquin 11,300 35.0
*SOURCE: T"Hydrology, lower San Joagquin River" office report Sacramento

District, Corps of Engineers, December 1977.
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S. torm Characteristics

Winter storms affecting the area are cyclonic wave disturbances along
the polar front and usually originate in the vicinity of the Aleutian Islands.
The normal trajectory of the waves is toward the southeast:; however, the storms
producing the greatest amount of precipitation have maintained a more easterly
trajectory acress the Pacific Ocean. The Coast Range Mountains form a barrier
that reduces the moisture in the airmass moving inland. Meost of the water
carried past this barrier is precipitated by orographic effect on the western
slope of the Sierra Nevada.

Major storms over the area normally last from 2 to 4 days and consist
of two or more waves of relatively intense precipitation with lesser rates
between the waves. Warm storms that combine intense precipitation with
temperatures above freezing level at high elevations produce major floods from
the Sierra Mountains. Rainfall during some of these major storms has occurred
up to about the 11,000-foot level.

6. Data Sources

a. Stream Gages .

Streamflow and reservoir level records have been maintained by United
tates Geological Survey (USGS), the Californiaz Department of Water Resources
(DWR} and others for varying periods dating from 1901. A summary of the prin-
cipal stations of interest in this investigation is presented in Table III-4
and their locations are indicated in figure III-3.

b. Water Quality Stations

Water quality data for the San Joaguin River system are rather limited.

17
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Although ‘:ome .ata are available for tributary streams dating back to 1938, the
records are sparse. The most reliable data are those collected by the USGS on
a menthly fregquency since 1951 (except for tr.. Stanislaus River, on which
sampling began in 1956). These generally include analyses for the principal
cations and anions and determinations of TDS, EC, pH and Total Hardness. A
record of 4~day sampling for chlorides in the San Joaguin River at Mossdale
dates from 1929 through mid-1971. In recent years=-since about 1259=«~contin-
uwous recordings of electrical conductivity have been made at selected stations
in the Delta, including the San Joaguin River at Vernalis.

The locations of the principal water gquality stations referenced in

this report are indicated in figure III-4.

¢. Unimpaired Flow Egtimates
Development has affe;ted the fiow of all the major streams in the San
Joaguin Basin. Estimates of the "unimpaired” flow of the San Joaguin River at
Friant have been made by the Water and Power Resources Service for the period
1873-1978. Estim;tes for the othef major streams in the basin were made by the

Corps of Engineers {(USCE). A list of the stations and the period of record is

presented below:

Estimate Period of

Station By __Record

San Joaquin at Friant Dam SERVICE 1873-1978
Merced River at Exchequer Dam USCE 1906-1978
Tuolumne River at Don Pedro Dam USCE 1901~-1978
Stanislaus River at New Melones Dam USCE 1901-1978

For the purposes of this report the unimpaired flow of the San Joaguin
River at Vernalis was assumed to be the sum of the unimpaired flows at the four

stations above.

18
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Table III-4 STREAM GAGEZS IN THE SAN JOAQUIN RIVER SYSTEM

Operating L/ D.A. Period
Station Agency (sq.mi.) cf record
San Joagquin River
Millerton Lzke - USER 1638 1941 to dace
bel. Friant UsGs 1676 1807 teo dare
nr. Mendota USBR 4310 3/ 1939 to date
ar. Des Palos 2/ USER 5630 3/ 1940 to dzte
at Fremont Ford 3ridge DWR 7615 3/ 1937 to dace
oT. Newman USGs 9520 3/ 1912 to date
ur. Crows Landing DWR - 1963 to 1572
at Patrerson 3Br. DWR 9760 3/ 1938 to 19458
1969 to date
at Maze Rd. Br. DWR 12400 3/ 1943 to dace
ar. Vernalis UsGs 13538 3/ 1922 to date
Merced River
Lzke McClure MID 1637 1526 to date
bel. Merced Falls Dam, nr.

Snelling . UsGs 1061 1901 te darts
bel. Sneliling DWR 1056 1958 o date
at Cressey DWR 1224 1941 o da:ie

r. Livingston MID 1245 1822 to 1944
or. Stevinscn ) UsGs 1273 15840 o date
Tuelumne River
Don Pedro Ressrvoir UsGs 1533 1923 ro darte
abv. LaGraznge Dam nr. LzGrange USGs 1532 1893 o 197C
tel. LaGrange Dz nr. LaGrange UsGs 1538 1970 tc date
at Modesto UsGs 1884 1940 to date
at Tuolumme Cl:ty DWR 1896 1930 to date
Stanisigus River -
Melcunas Lzke WPRS 904 1926 to dace
bel. Melones Powerhouse USGS eQ05 1931 o 1647
Tulloch Reserveir TRI-DAMS 980 1857 to dace
bel., Goodwin Daz USGS 936 1957 to dza:za
at Ripon UsSGs 1075 1540 to dace
Westside Streams _
Pancche Cr. bel, Silver (Cr. UsGs 293 1849 £o 1853
1958 o 1970
Qrestimba Cr. nr. Newman UsGs 134 1832 to date
Del Puerto Cr. nr. Pacterson UsGs - T2.6 1958 to date
Los Banos Cr. ar. Los 3anos USGS 139 1958 to 1966
1/ USGS - United Staces Geologiczl Survev, USBR - United States Bureau of Reclama-
tion, USCZ -~ United States Corps of Zxgineers, DWR - Stace of Calif., Depr. &=

Water Resources, MID - Merced Irrigation Districe

2/ Measures most of lovw flows and only part of Iloud peaks
3/ Includes Kings River basin
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7. Return Flows
There have been few direct measurements of drainage return flows, only
occasicnal gagings associated with special studies. In this report return
flows were estimated by water balance calculations between stream gages
where the change in flow could be attributed to drainage accretions.

8. Water Levels

Data on water levels in the Delta channels were derived from continuous
recerders operated by the Department of Water Resources. The location of water
level stations used in this report are shown in Figure III-G.

2. Channel Depths

Data on channel depths were derived primarily from hydrographic charts
of the U.S. Coastal and Geodetic Survey and special surveys conducted in 1974
and 1975 by the Department of Water Resources.
10. Other
Additional data on flows, water guality and water levels were derived

from reports of special studies and Service files.
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San Andreas Landling
Venlce Tsland
iper Slough
Bucon Island
indge

Burns Cutoff
Rock Slough
Byron
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Mavry

Brandt

Obd River Tracy
Tom Paine
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Figure III-5 WATER LEVEL STATIONS IN THE SOUTHERN DELTA

Source:

California Department of Water Resources
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CHAPTER IV

INVESTIGATION PROCEDURE

A. SELECTION OF HYDROLOGIC AND WATER QUALITY RECCRD PERIODS

Since the primary objective of this investigation is to determine the
effect of the Central Valley Project on the quantity and quality of the in-
channel water supply in the Southern Delta, the period of record was selected
to include representative periods both before and after the implementation of
CVP operations in the San Joaquin Valley. The pre-1944 spanned 14 years,
1230-1943 inclusive. The post-1947 spanned 22 years, 1948-1969 inclusive.
Data records were assembled for the period-1930-1969, although the records for

1944 through 1947, when the (VP was being brought "on-line," were generally

excluded from analysis.

B. ESTIMATION OF UNIMPAIRED RUNOFF

For the purposes of this investigation "unimpaired runoff" means the
natural runoff of the river hasin, absent the influence of man. Generally,
this guantity is estimated by determining the aggregate runoff of all gaged
streams in the drainage area above the highest peint of development and adding
an amount estimated to correspond to accretions from precipitation {(ungaged) at
lc.2r levels if the watershed were entirely undeveloped, i.e., in virgin
condition.

However, for reasons of simplicity it was decided to exclude.the estimate
of valley floor accretions (the ungaged flow from develbped lands) and utilize
only the gaged runoff of the four principal streams above the major projects.
This runoff, which was used to estimate the impact of post-1947 development and

operation, is referred to in this report as "unimpaired" rimflow.
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Unimpaired runoff at Friant, Exchequer, Don Pedro, and New Melones repre-—
sent the rim station flows of the San Joaguin, Merced, Tuolumne, and Stanislaus
Rivers, respectively. Vernalls unimpaired flow as referred to in this report
is the sum of the four unimpaired rim station flows. This definition of
Vernalis unimpaired f£low is the commonly used form.

C. IDENTIFICATION OF XEY STATIONS FOR WATER BALANCE AND SALT BALANCE

The impacts of upstream development on the inflow to the Delta are measured
mainly in the flow and quality of the San Joaguin River at Vermalis, hence data
for this locaticon are crucial to the investigation. Development of the CVP has
occurred primarily in the upper portiocn of the San Joaguirn River basin, at
Friant, near Mendota and along the reach of the San Joaguin River above its
confluence with the Merced River. Thus, the gaging station on the San Joaguin
River near Newman, situated just below the mouth of the Merced, is important
for the information it provides on the changes in runoff that may be attributed
to the CVP. This runoff quantity has been corrected for the contribution of
the Merced River and Merced Slough to produce a synthetic record of runoff of
the upper San Jeoaguin River basin above the Merced River, which figures promi-
nently in water balance computations. For the purposes of this repcrt changes
in runoff from the upper San Joaguin River basin, i.e., above the mouth of the
Merced River, that have occurred since 1944 are attributed entirely to the
CVP.

Other key stations for both the water guantity and water guality analysis,
in addition to Vermalis, include stations on the eastside tributaries just
upstream of their confluences with the main stem of the San Joagquin and the
major westside tributary, Salt Slough for which good water guality data are
available. Several stations along the Tuolumne River, at LaGrange, Hickman,

and Tuolumne City serve tc assess the contribution of the gas wells %o the
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river's sal. ourden. Upstream stations at Friant, Excheguer, LaGra ge, and
Tulloch proviie water quality data that are useful for comparison w n westside

drainage quality and the quality of water in the main stem of the San Joagquin.

D. ESTIMATION OF WATER BALANCE

Changes i water balance in the San Jecaquin River for the pre—-1944 and
post-1947 periods hi ‘2 been assessed by several different techniques as follows:

1« By comparison of average annual, seasonal and monthly runoff at key
locations for similar hydrologic periods.

2. By comparison of double mass plots of annual and seasonal runoff for
key locations; either in chronoleogical sequence or in order of magnitude
sequence. Data for double mass diagrams were fitted with regression egquations,
that were then used in determining flow reductions.

Since no two-~years or other chronological periods are hydrologically
identical, as effort was made to classify seasons, years, or groups of years
according to the magnitude of unimpaired {(rim) runcff. Considering the fourw
station runoff total** as an estimate of the unimpaired flow of the San Joaquin
River at Vernalis, arn analysis of the record 1206-1977 (72 years)} showed that
hydrologic years could be grouped conveniently into four general categories of

about equal size as shown on Table IV-1.

Dy (19 years) less than 3,500,000 AC/yr

Beiow normal (18 years) 3,500,000 to 5,600,000 AC/vr
Above normal (20 years) 5,600,000 to 7,300,000 AC/yr
Wet (15 years) greatexr than 7,500,000 AC/vr

*During the 1920's a series of gas wells were drilled in the region of the
lower Tuolumne River. These wells penetrated water bearing formations,
including some with high salinity. When these wells were later abandoned,
some that penetrated artesian strata continued to flow, adding significant
amounts of salt to the Tuolumne River in the lower section below Hickman. The
wells were sealed in 1976-1977 so that the accretions of salt to the Tuclumne
River were reduced. Data are not yet available to determine the extent of the
salt load reduction and its impact on the San Joagquin River.

**San Joaguin River at Friant, Merced River at Excheguer, Tuolumne River at
Excheque: and Stanislaus River at Melones.
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Flow
Year 1,000 AP
1977 1,014
1924 1,504
1931 1,660
1976 1,928
18¢1 2,100
1934 2,288
1529 2,844
1939 2,909
1968 2,958
1960 2,960
1959 2,988
1913 2,995
1964 3,151
1930 3,254
1908 3,325
1233 3,356
1947 3,424
1812 3,458
1926 3,493*
1955 3,512
1872 3,571
1949 3,799
1944 3,933
1966 3,985
1919 4,0%
1920 4,097
1948 4,218
1957 4,292
1954 4,313
1953 4,554
1928 4,365

TABLE IV-1

UNIMPAIRED FLOW, SAN JORQUIN RIVER AT

VERNALIS, 1906~1979
Flow
Year 1,000 AF
1918 4,587
1950 4,856
1971 4,870
1925 5,505
1923 5,512
1670 5,587
1962 5,618
1946 5,734
1921 5,901
1975 6,114
19¢&3 6,250
1915 6,405
1935 6,418
1973 6,467
193¢ 6,495
1927 6,499
1937 6,530
1940 6,556
1945 6,612
1832 6,622
1210 6,645
1917 6,662
1974 7,146
1951 7,262
1943 7,283
1942 7,370
1922 7,681
1941 7,945
1965 8,108
1916 8,229
1958 8,367

RECIRC2646.

Flow
Year 1,000 AF
1914 8,692
190¢% 8,871
1952 9,312
1956 9,679
1967 9,993
1938 11,248
1911 11,480
1207 11,824
1962 12,295
1906 12,427

Bars divide the data according to year classifications, dry, below
normal, above normal and wete.
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This division puts approximately the same number of years during the
1906-1278 period into each category. Each category was not equally represented

in the two study periods as the following table illustrates:

1906~1977 1906-1929 1830-1943 1948-19269 1970=-1977
Dry 19 6 5 S 2
Below normal 18 & 0 8 3
Above normal 20 5 7 3 3
Wet 15 7 2 6 0
Total 72 24 14 22 8

A similar breakdown of the runoff of the San Joaquin River at Priant
indicated that this year classification system was consistent for the smaller
tributary area as well.

Additional relationships were developed comparing flow of a station to
flow at an adjacent station. These relationships are used throughout this
report when specific dates are not désignated. The data, graphs, and matﬁemat-
ical ecuations that are not included in the body of this report may be found in
the files of the CVOCO offices of the Mid-Pécific Region of the Service.

"Other” flows are determined by changes in flow at adjacent stations not
contributed by measured tributaries. "Other" flows for several reaches of
the main stem of the San Joagquin River have been determined using this water

balance method.

E. EVALUATION OF WATER QUALITY EFFECTS

1. Salt Balance

Data is available for the stations studied, to prepare salt load-flow
relationships. These relationshipé are used throughout this report when
specific dates are not indicated. The data, graphs, and mathematical equations
that are not included in the body of this report may be found in the f£iles of

the Offices of the Mid~Pacific Region of the Service.
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With the salt load known at key locations, any change in load between
stations not caused by measured tributaries can be attributed to "other”
sources. "Other" loads are determined using this method for several reaches
along the main stem of the San Joagquin River.

2. Chemical Composition

Because the geologic, topographic and hyvdrelogic characteristics
of the east and west sides of the San Joaguin Valley are distinctly different,
it was expected that detailed water quality analysis of waters derived from the
several scurces would serve to identify thelr separate and proportional contri-
butions to the San Jeoacuin River salt burden. For this purpose USGS data on
water quality for selected stations along the main stem of the San Joaguin
River were compared to those_for the principal tributaries and sources known to
contribute drainage water tec the sys£em. Comparisons were made on the basis of
the proportions of principal cations and anions, especially sulfate ion {SOZ)
known to be derived from soils on the westside of the valley and characteristic
of both wells and drainage waters from this area. Alsc, noncarkbonate hardness
and beron concentration, that tend to distinguish waters from the westside of
the valley from those of the major Sierra streams, are used to "fingerprint"
the composite drainage water of the San Joaquin River. Comparisons are alsc
made with water imported into the westside of the Valley by the Delta-Mendota

Canal.

F. ESTIMATION CF RETURN FLOWS
In the absence of direct measurement of return flows, it was necessary to
estimate agyregate returns by either water balance methods or by a combination

of water balance and salt balance computation. Details of individual drainage
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contributions, known to exist along the San Joagquin and the lower reaches of
major tributaries (DWR, 1960) are not determinable by either method. The
questicn of the relative contributions of east and westside sources, however,

was addressed by considering both chemical compesition and water balance.

G. EVALUATION OF EXPORT PUMPING EFFECTS (CVP AND SWP)

1« ©On Channel Depths

For purposes of evaluating effects of CVP export on South Delta Channels,
comparisons were made of channel cross sections and average depths, before the
advent of the CVP and after. Data for this purpose were derived from USCGS and
DWR sources.

2. On Water Levels

Water level effects were assessed in three ways; from actual records of
tidal fluctuation during pumping, from the results of pumping tests designed to
determine drawdown due to pumping, and by application of a mathematical model
that simulates the. hydrodynamic behavior of Delta channels during actual or
hypothetical pumping episodes.

3. On Water Quality

Water quality effects of export pumping were not measurable directliy,
but were assessed in general terms from changes in circulation induced by
pumping. Channel discharges, velocities and net.circulations were determined
from the fesults of simulations using the mathematical model.

4. Mathematical Modeling

The mathematical model employed as a tool in this investigation is a
version of the hydrodynamiec simulator developed by Water Resources Engineers,
Inc. and employed by DWR and others in a variety of speciazl studies of Delta
hydraulics. It was adapted for this investigation, using detailed data on

channel geometry and water levels provided by the DWR.
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CHAPTER V

WATER QUANTITY EFFECTS OF UPSTREAM DEVELOFMENT

This sectien of the report discusses the effect of upstream development on
lower San Joagquin River flows. It attempts to identify the impact of the CVP
by assuming that all development on the upper San Joaguin River (that portion
of the San Joaquin River upstream of the mouth of the Merced River) since 1947
is due to the CVP. While some development in addition to the CVP has occurred
in the upper San Jeaquin basin it is not extensive and for the purpose of this
report, is considered negligible.

It is obvious from the records of San Joaquin River flows at Vermalis that
development of water resources in the basin upstream has decreased the guantity
of flow in the lower San Joaduin River. Figure V-1 shows the average reduction
in runoff in the April-September period between two historic periods, 1930-1944
and 1952-1966. The figure demonstrates that the flow of the San Joaguin River
at the Vernalis gage during the April-September period averaged 1,020,000
acre-feet less in the 1952-1965 period than in the 1930-1944 period when
adjusted for the difference in unimpaired rim flow.

Figure V-2 similarly shows the average reduction in flows of the upper San
Joaguin River during the April-September pericd. When adjusted for the diffe-
rence in unimpaired rim flow, the average flow in the upper San Joaguin River
has decreased by 444,600 acre-feet during the April-September period.

Although development has had a significant effect on the average flow
in the lowef San Joaquin River it is evident from the streamflow records of
the San Joaguin basin rivers, that the magnitude of the annual unimpaired flow
of the San Joaguin River is impertant in determining the impact of the CVP on

the flow of the river into the southern Delta area.
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= 1,020,000 a.f.

16.15 MAF

“— Runoff = 34% of

Rim Flow
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AVG. ANNUAL DECREMENT IN APR-SEPT RUNOFF  _ 7.05 18.57 6 _ .. (oo
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(Adjusted for difference in rim flow)
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To evaluate more effectively the impact of the CVP in years of differing
hydrology runoff, records for the period 1906=-1977, inclusive, were studied to
determine a logical year classification system. The analysis r—sulted in
classification of hydrologic years into four groupings by magnitude of unim-
paired flow as summarized in Table V-1.

Figures V-3 and V-4 show a comparison by year type of actual San Joaguin
River flow near Vernalis to the sum of unimpaired rim station flow for the
annual and April through September periocds, respectively. FPigure V-5 presents
a compariscn by year type of the actual flow of the upper San Joaguin River
and the unimpaired flow of the San Joaguin River at Friant Dam for the April
through September period. The importance of year type in determining the
impact of the CVP can be seen by comparing figures v-3, V-4 and V-5. For
example, while figures V—é and V=4 show that there has been a reduction of
flow at Vern§lis in dry yvears, figure V-5 indicates that there has been rela-
tively small changes in the flows of the upper San Joaquin River during the
April through September period of dry years.

Since the type of year is important in determining the impact of the CVP
on net runoff at Vernalis, the following discussion of impact treats each of the

four-year types separately.

DRY YEARS

San Joaguin Basin Above Vernalis

There were five years in each of the pre-19244 and post-1947 pericds for
which the total rim station unimpaired flow was less than 3,500,000 acre-feet

per year. Tables V~2, V-3, V-4, and V-5 summarize the hydrologic conditions for

these 10 dry years.
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Table V-1
Year Classifications for the San Joaguin River System

\ : 1
Year Class Unimpaired Flow
acre-feet/year

Lry less than 3,500,000

Below Normal 3,500,000 - 5,600,000
Above Normal 5,600,000 - 7,500,000
Wet greater than 7,500,000

1 sum of runoff of four major tributaries to the San Joaquin Bzasin.

3l
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As the information presented on Table V-2 demonstrates, the annual loss

of flow at Vermalis due to post—-1947 upstream development as estimated by the

double-mass diagram method described on page IV-3, is in the range of 254,000 to

688,000 acre—-feet in dry years.

Table V-2 also shows that the city of San Francisco diversion from the
Tuolumne River bkasin through Hetch Hetchy Acueduct increased from an average of
10,000 acre-feet in pre-1944 dry years (1930, 31, 33, 34 and 39) to an average
of 183,000 acre-feet in post-1947 dry years (1959, 60, 61, 64 and 68). CVP
operations during post-1947 dry years resulted in importation of an average of
1,031,000 acre-feet through the Delta-~Mendota Canal into the Mendota Pocl
and diversion of an average of 728,000 acre-feet through the Friant-Xern Canal
and 171,000 acre-feet through the Madera Canal.

Table V-3 shows that durding the April-September period, the estimated flow
reduction in the San Joaguin River at Vernalis due to éost—1947 development
upstream from Vernalis ranged ffom 149,000 to 594,000 acre-feet in dry years.
The table also shows that estimated loss due to the development in the upper
San Joaquin basin ranged from 2,000 to 11,000 acre~feet in the April-September
period of dry years.

A comparison of the unimpaired flow of the San Joaquin.River at Vernalis
and the actual flow at the Vernalis station was made as a check on the change
in losses” estimated by the double mass Qiagram method. As shown on Table
V=2, in the dry years the average net loss at Vernalis increased from 1,501,000
acre-feet in the pre~1944 years to 1,870,000 acre—-feet in the post-1947 vears.
When the pre-1944 average is adjusted for the difference in average unimpaired
flow between pre-1944 and post-1947 periods the average annual increase in

*
The terms "loss" or "losses" refer to the difference between the upstream

unimpaired flow and the actual flow at the point in question.
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TABLE V-2
ESTIMATES OF ANNUAL WATER LOSSES AT VERMALIS IN DRY YRARS
1 2 3 4 5 6 7 8 .9 10 1. 12 3. 14 ___ LY
. M
8 " o |4 24
o © 'l Q W ju] [ATs)
IERY] 0 w — a M o' 4 5o n o
i e A o vy | 88 | o 8 8 B
v mﬂg o o .4:»43 - ooa g A h-«-l:ﬂ o+ MES U
4 ﬁ. q:sg o 0 98 ma% T 9000 [T} o
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1931 1,660 677 983 |wa o 0 480 N.A. 72 408 =9 ' A o N
[1}] ) o oo [l — s le] a9
854 "sul A | 1d% | o
1933 3,356 1,380 1,976 | =& fi 0 1,111 N.A. 295 816 wa sl A i 5 9 b
w '8 — o f gh g — o . S = >
“ 1934 2,288 927 1,361 ﬁg” 0 691  N.A. 195 496 HE P& £.9 885 ‘d
e goigl 83 | kel 800 By
1939 2,909 1,708 1,201 | @& o 53 921 1,077 433 488 a bl V-l I &7
Sy 5 0O M i g - o B O u
- nhal g 4 i s 0
Avg. 2,693 1,192 1,501 10 812" 271 591 "o B 3 o 3 s =
_____ , BIRAE =Y W 2N = W= T - =
1959 2,986 1,244 1,742 492 167 949 79 111 838 90 208 809 1,029 1220
1960 2,960 550 2,410 688 167 829 96 105 724 160 144 582 1,009 +427
1961 2,100 437 1,663 254 174 648 100 88 560 111 103 442 1,021 +579
1964 3,151 1,124 2,027 656 186 922 70 164 758 184 228 838 1,066 1220
1968 2,938 1,429 1,509 506 223 862 58 210 652 146 170 967 1,032 + 65
Avg. 2,827 957 1,870 519 183 842 81 136 706 138 171 728 1,031 4303
Adjusted lLoss - _[ 2827]= p | . p
San Joaquin Basin 1870 -11501 x 5693 294 Adjusted Loss - 706 _[59]7 " {l‘_l‘g]= 91
Upper San Joaquin Basiln . B812.
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57 56 608 11 169 536 B14 +278

664

1,995 219 1,776 297

1959

428 786 +358

124

67 39 593

632

2,108 138 1,970 535

1960

326 817 1493

91

57 38 449

487

1,562 82 1,480 149

i961

48 67 749 10 187 543 817 4274

816

2,216 231 1,985 594

1964

503 787 +284
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41 77 506
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1,918 309 1,609 510

1968

467 804 +285
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581

55

636

417

1,764
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1,959

Avg.

= 7%

230%

Adiusted Loss

*Computed per example in Table V-2
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TABILE V-4
ACTUAL AND UNIMPATRED ANNUAL FLOWS AT RIM STATIONS IN DRY YEARS
STANISLAUS TUOLUMNE MERCED SAN JOAQUIN
Unimpalred Actual Unimpaired Actual at Unippaired Actual at Unimpaired Actual Upper
Dry at Melones at Ripon at Don Pedro  lModesto  at Modesto Stevinson at Friant San Joaquin
Years KAF KAF KAV KAF KAT KAF KAF KAF
1936 732 474 1,151 527 513 89 859 109
1931 315 611 603 368 262 70 480 72
1933 609 304 1,119 504 516 158 1,111 295
1934 424 134 812 387 361 95 691 195
1939 526 286 985 551 477 224 921 433
AVG, 521 el 934 467 426 127 812 221
1959 584 241 997 627 - 455 115 949 111
1960 594 92 1,056 293 483 a9 829 105
1961 404 81 736 223 312 57 648 88
1964 643 212 1,139 540 h47 92 922 164
1968 640 268 1,010 553 426 205 862 210
AVG, 573 179 988 447 425 112 842 136
ADJUSTED LOSS 218% 4% 15% 93*

TOTAT, SUB-BASIN LOSS = 373

*Example:

Average unimpaired flow
Adjusted loss =

Ave. loss 1n post=1947 years - Average loss 1in pre-1944 years x for post-1947 years
Average unimpaired flow
for pre-1944 years

(Stanislaus Basin) = (573-179) ~[(521—361) X g%%]” 218
J
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TABLE V-5
ACTUAL AND UNIMPAIRED APRIL TO SEPTEMBER FLOWS AT RIM STATTONS IN DRY YEARS
STANISLAUS TUOLUMNE MERCED o SAN JOAQUIN
Unimpaired  Actual Unimpaired Actual at Unimpaired Actual at  Unimpaired Upper
Dry at Melones at Ripon at Don Pedro  Modesto at Modesto Stevinson  at Friant San Joaquin
Years KAF KAF KAT KAF KAF KAF KAT KAT
1930 524 324 869 246 391 50 706 45
1931 216 38 426 73 193 30 368 0
1933 528 203 953 219 430 58 945 137
1934 222 31 456 97 . 195 42 430 16
1939 354 -~ 614 142 300 60 641 100
AVG, 369 144 663 155 302 48 618 60
1959 364 52 661 86 307 47 664 56
1960 401 43 731 74 344 37 632 39
1961 301 26 Sh4 53 . 231 17 487 38
1964 440 46 781 60 © 312 40 816 67
1968 400 66 652 77 284 51 583 77
AVG. 381 46 673 70 296 38 636 55
ADJUSTED 1.0SS 103 87 9 ]

TOTAL SUB-BASIN LOSS = 206 KAF

* Computed as per example In Table V-4
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losses at the Vernalis gage was 294,000 acre-feet with 230,000 acre-feet
cccurring in the April-September period (see Table V-3).

A further check on change in losses occurring in the San Joaguin River
basin was made by analyzing the losses of four subbasins. Tables V-4 and V-5
summarize the hydrologic data for the subbasins during the 10 dry years studied,
The sum of the adjusted subbasin losses is 373,000 acre~feet for the annual
period. During the April-September period the sum of the adjusted subbasin
losses is 206,000 acre-feet (see Table V-5).

The table below summarizes the results of the three methods of analysis.

Estimated Loss At Vernalis, XaF

Annual April=-Sept
Dcuble mass diagram 519 417
Basin comparison ‘ 294 230
Subbasin compariscn 373 206

Upper San Joaguin Basin

In the upper San Joagquin River basin post—-1947 development affected the
annual flows in dry years, but had no measurable effect on the flows during the
April-September period. In the five pre-1944 dry years the actual annual flow
of the upper San Joaguin River ranged from 72,000 to 433,000 acre—-feet with an
average of 221,000 acre~feet, while the unimpaired annval flows at Friant ranged
from 480,900 to 1,710,000 acre-feet. Post-1947 dry-year flows in the upper San
Joaquin River ranged from 88,000 to 210,000 acre~feet with an average of
136,000 acre-feet while unimpaired annual flows at Friant ranged from 647,000
to 949,000 acre-feet. There was an average decrease in the annual post-1947
flow in dry years in the upper San Joaquin River of about 138,000 acre-feet as

estimated by the double magss diagram method (see Column 11, Table V-2}.
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With adjustment for the difference ;n unimpaired annual dry-year flow at
Friant, the average decrease in flow from pre~1944 to post-1947 years in the
upper San Joaguin River is about 133,000 acre-feet. This is about 60 percent
cf the pre-1944 flow in the upper San Joaquin River.

During the April-September period there was no significant change from
the pre-1944 dry years to the post-1847 dry years in the upper San Joaguin
River {see Column 11, Table V=-3).

Estimated reduction in flow
in the upper San Joaguin River, KAF

Method Annual April-Sept
Doubie Mass Diagram 133 6
Basin Comparison . 23 7

Figure V-6 shows a comparison of actual runoff at Vernalis during the
April-September period for dry years in the pre-1944 and post-1947 periods.
During four pre-1947 dry years of 1930, 31, 33 and 34 the flow at Vernalis
averaged 68,150 acre-feet/meonth during the April-September period. This was
about 40,000 acre-feet/month more than for the same period of the four post-
1947 dry years of 1959, 60, 61 and 64." The April-September decrement in
runcff was about 241,000 acre-feet.

The same comparison in the upper San Joaquin River is made on figure V-7.

In dry years the average flow in the upper San Joaquin River during the April-

September period increased slightly in five of the six months within the

period. In June the average flow decreased from 25,000 acre-feet to 8,300

acre-feet. This difference in average flow in June is attributed to an unusually

high runoff in June 1933,

* The two sets of dry years were chosen for comparison so that the average

unimpaired rim flows were nearly equal, e.g., 328,000 acre-feet/year for the
pre=1944 years v. 327,000 acre~-feet/year for the post-1947 years.
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MEAN OF 4 DRY YEARS
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When adjusted for the difference in unimpaired flow at Friant, the
April-September pericd reducticon in runoff during the post-1847 period is 2,600
acre-feet or about 400 acre~feet/month in the upper San Joaguin River.

Summary of Impacts — Drvy Years

In summary, the data indicates that in dry years the impact of the CVP
on the San Joaguin River at Vernalis was as follows:

a2, On an annual basis the estimated decrease in flow ranged from 23,000
to 133,000 acre—-feet which is about 8 to 11 percent of the pre~1944
average dry~year annual flow at Vernalis.

b. During the April=~September period, the reduction in flow attributable
to the CVP ranged from 2,600 to 7,000 acre-feet, which is about 0.6 to
1.6 percent of the pre-1244 average dry-year April-September flow at

Vernalis.

BELOW NORMZL

The evaluation of the below normal years was the most difficult and
probably the least accurate. While the four-year types were almost equally
distributed in the 72-year period 1906=1977, there were no below normal years
from 1930 through 1943. In contrast, over one-third or eight of the post-1947
years were classified as below normal. When available, information for the
below normal years of 1923, 1925, and 1228 were included in Tables V-6, V-7,
V-8, and V-9 for comparison purposes.

Based on the double-mass diagram method of calculation, the average
annual reduction at Vernalis since 1947 during below normal years is estimated
as 1,219,000 acre-feet. Most of the reduction, about 1,064,000 acre-feet,
occurred during the April-September period. The average flow reduction due to

CVP development on the upper San Joaquin River was about
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ESTIMATES OF ANNUAL WATER LOSSES AT VIERNALIS
IN BELOW NORMAL YEARS

TABLE V-6

RECIRC2646.

1 2 3 4 5 ] 7 8 9 10 i1 12 13 b4 15
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a b o ¢ o
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m >0 = 4 = ey @glr fu 1D 0@ Y] = @gg upJ o 5,3 m{g
1923 5,512 N.A 0 A 0 1,654 | N.A. | N.A o o A 4 © 8 J o
0 i [1)] | (8] W = [
357 SSal W | g8 | 804
1925 5,505 N.A. & & 1,439 | N.A. N.A. > b g4 £ 3 goRl WAy
. 57k IR EIE
1928 4,365 N.A. i 1,156 | N.A. | 228 926 | Wb 8| w HEME A 5o
a o a O H H o P 0
g degl 8 AR | B g
; . — ooy
Avg. M 0 Moal s o ad z i
1948 4,218 1,553 2,665 1,186 1,215 1,006 103 1,112 473 16 0 0 0
1949 3,799 1,247 2,552 1,044 1,164 1,068 119 1,045 578 152 0 0 0
1950 4,656 1,786 2,870 1,559 1,311 974 108 1,202 699 118 198 0 -198
1953 4,554 1,891 2,663 350 1,227 351 211 1,016 404 193 141 668 - 73
1954 4,315 1,717 2,598 1,370 1,314 262 179 1,135 569 212 Bl1 B24 13
1955 3,512 975 2,537 1,195 1,161 107 145 1,016 448 219 803 927 +122
1957 4,292 1,442 2,850 1,400 1,327 149 205 1,122 547 242 990 919 - 71
1966 3,985 1,696 2,289 1,053 1,299 62 247 1,052 628 442 1,060 1,059 -~ 7
Avg. 4,166 1,538 2,628 1,219 1,252 165 1,088 543 207 833 879 3
*Note Since there were no data for Vernalls flows In 1923, 1925, and 1928 no adjustments were possible lor {low

restrictions.
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*See note Iin Table V-6
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TABLE V-7
ESTIMATES OF APRIL TO SEPTEMBER WATER LOSSES AT VERNALILS
IN BLELOW NORMAL YEARS
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1948 3,652 1,093 2,559 1,202 1,077 801 67 1,010 383 12 0 0 0
1949 3,177 573 2,604 947 1,016 838 53 963 491 150 168 0 ~-168
1950 3,631 1,0621 2,569 1,311 1,044 743 42 1,002 511 118 180 0 ~180
1953 3,275 780 2,495 898 944 184 67 877 210 179 592 615 + 23
1954 3,216 902 2,314 1,002 1,045 138 82 963 412 207 717 720 + ]
1955 2,723 302 2,421 973 941 l - 57 66 875 318 199 674 780 +106
1957 3,269 630 2,639 1,240 1,071 54 94 977 389 229 793 761 - 32
1966 2,492 246 2,246 942 870 45 57 813 373 173 628 819 +191
Avg. 3,180 699 2,481 1,064 1,001 358 66 935 386 1606 579 739 ~ 8
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TABLE V-8
ACTUAL AND UNIMPALIRED APRIL TO SEPTEMBER FLOWS AT RIM STATIONS IN BELOW NORMAL YEARS
STANTSLAUS TUOLUMNE MERCED T SAN JOAQUIN
Below  Unimpaired Actual Unimpaired Actual at Unimpaired Actual at Inimpaired Actual Upper
Normal at Melones at Ripon at Don Pedro  Modesto  at Modesto Stevinson  at Friant San Joaqguin
Years KAF KAF KAF KAF KAF KAF KAF KAF o
1923 B20 624 1,310 421 690 520 1,303 B38
1925 855 690 1,381 914 N.A. M. A,
1928 416 394 792 406 391 212 725 200
AVG. 697 569 1,161 580 540 366 1,052 519
1948 781 492 1,192 359 603 211 1,077 67
1949 615 286 1,035 141 511 113 - 1,016 53
1950 846 535 1,187 361 553 139 1,045 42
1953 736 374 1,141 266 455 67 944 67
1954 650 335 1,037 253 484 185 1,046 82
1955 513 138 851 86 418 48 941 66
1957 661 199 1,038 152 499 169 1,071 94
1966 429 47 784 79 409 39 870 57
AVG. 654 301 1,033 212 491 121 1,001 66
ADJUSTED LOSS* 1233 304 212 428

*Computed as per example in Table V-4 TOTAL SUB-BASIN LOSS = 1,177
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TABLE V-9
ACTUAL AND UNIMPATRED ANNUAL FLOWS AT RIM STATIONS IN BELOW NORMAL YEARS

STANISLAUS TUOLUMNE MERCED UPPER SAN .JOAQUIN
Below Unimpaired  Actual Unimpaired Actual at Unimpaired Actual at Unimpaired Actual Upper
Normal at Melones  at Ripon  at Don Pedro Modesto  at Modesto Stevinson  at Friant San Joaquin
Years KAF KAF KAF KAF KAF KAF KAF KAF
1923 1,130 947 1,786 833 942 786 1,654 LA,
1925 1,224 1,111 1,932 1,096 910 N.A. 1,439 N.A.
1928 950 177 1,525 ©1,028 737 390 1,154 228%
AVG, - 1,101 945 1,748 . 986 840 588
1948 898 584 1,418 599 688 262 1,215 103
1949 745 433 1,252 1,035 638 195 1,164 119
1950 1,076 - 706 1,551 696 719 232 i,311 108
1953 967 581 1,534 728 626 243 1,227 211
1954 888 500 1,445 648 668 263 1,314 179
1955 681 311 1,136 369 534 109 1,161 145
1957 894 328 1,424 529 648 255 1,327 205
1966 703 _ 429 1,315 734 669 211 1,299 247
AVG. 856 484 1,384 667 649 221 1,252 165
ADJUSTED 10SS* 273 115 233

*Note: There is only a single observation for the below normal years (1928} hence It was not feasible
to determine an adjusted loss for the Upper San Joaquin River basin,
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543,000 acre-feet in below normal years (see Column 11, Table V-6}. Approxi-
mately 386,000 acre-feet of this reduction occurred during the April-September
period (see Column 11, Table V-7).

Blthough 1923, 1925 and 1928 are not within the study pericd, information
from these years was used to check the results of the double-mass diagram
method. The information from these 3 years on an annual basis was inadequate
to give a good check. As z result, the annual evaluation of the subbasins gave
unreasonable results. However, the data for the April-September period seemed
to be reasonable and checked the double-mass diagram method guite well.

The less at Vernalis during the April through September pericd due to
post-1947 development (see Table V-7), estimated by the double mass diagram
method is 1,064,000 acre-feet. The total subbasin reduction in flow was
computed to be 1,177,000 acré-feet (Table V-8}. Using the subbasin method of
evaluation, the estimated reduction in the upper San Joaguin River was about
428,000 acre-feet. The percentage at Vernalis attributed to each subbasin is
as follows:*

Percent cf total reducticn in flow
April through September

Stanislaus 20%
Tizo lumne 26%
Merced 18%

San Joaguin River above
Marced River (CVP) 36%

* Subbasin riverflows are measured upstream from the actual mouths of the
Tuolume and Stanislaus Rivers. There may be some net accretions or diver-—
sions between these gaging stations and the lower San Joaguin River which
could affect the proportion of losses attributed to each subbasin.
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Summary of Impacts - Below Mormal Years

In summary, the data indicate that in below normal yvears the e fect

cf the CVP on the San Joaguin River at Vernalis has been as follows:

a. On an annual basis the estimated decrease in flow was 543,000 acre-
feet, which is 26 pexcent of the calculated pre-1944 average below
normal year flow at Vernalis.

b. During the April-September period, the decrease in flow ranged from
386,000 to 428,000 acre-feet, which corresponds to 35-38 percent of

the calculated pre-1944 April-September flow at Vernalis.

ABOVE NORMAIL, YEARS

Seven of the 14 pre~1944 years were above normal, whiie enly three of the
post-1847 years were in this classification. Tables V=10, V-11, v=-12, V=13 and
Figure V-8 present the hydroiogic data for the above normal years.

As indicated in Tahkle V-10 the average Vernalis unimpaired flocw during the
seven pre=19%44 years was 6,763,000 acre~-feet, about 485,000 acre—-feet greater
than the average for the three post-1947 above normal years. The actual flow
at Vernalié during the pre-1944 years was 5,021,000 acre-~feet for an average
loss of 1,742,000 acre-feet or 25.7 percent of rim station unimpaired £low.
Losses increased in the post-1947 period to 3,364,000 acre-feet or 47.3 percent
of the rim station unimpaired flow. When adjusted for the difference in the
unimpaired flows of the two periods, the increase in loss between the two
periods is 1,721,000 acre-feet annually. (See column 4 and footnote, Table
V-10.1}

Using the same type of analysis, the average reduction in flow in the
upper San Joaguin River (Table V=11} is estimated at 1,076,000 acre~feet in
above normal years. This increase in flow reduction correspends to 21 percent

of the average above normal year flow at pre-1944 Vernalis.
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TABLE V~10
ESTIMATES OF ANNUAL WATER LOSSES AT VERNALIS
IN ABOVE NORMAL YEARS
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1942 7,398 6,160 1,238 | o § 2,254, 2,254 2,127 127 | 8% 15 6 67| T8
3 = o .3 =Y o
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1951 7,262 4,738 2,524 710 1,859 1,216 7150 1,109 718 142 368 119 -229
1962 5,618 1,487 4,131 1,891 1,924 75 268 1,656 720 217 1,370 991 -379
1963 6,250 2,813 3,437 1,598 1,945 a3 316 1,629 867 271 1,513 966 -547
Avg., 6,377 3,013 3,364 1,400 1,909 445 1,464 768 230 1,084 699 -385
Adjusted Loas = 1,721% = 1,076%

*Computed as per example dn Table V-2
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TABLE V-11
ESTIMATES OF APRIL TO SEPTEMBER WATER L.OSSES AT VERNALLS
IN ABOVE NORMAL YEARS
- -
—~ L Q.
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Avg. 4,743 3,053 1,690 1,534 911 623 W 2 e A A o
1951 2,909 919 1,990 1,783 960 588 74 886 308 140 345 139 - 206
1962 4,358 647 3,711 1,832 1,558 46 51 1,507 470 27% 1,151 837 - 314
1963 4,560 1,753 2,807 1,581 1,515 58 159 1,356 542 262 1,300 744 - 556
Avg. 3,942 1,106 2,836 1,732 1,344 95 1,250 440 223 864 573 359
= JO4H*

Adjusted loss = 1,432%

“*Computed as per example In Table V-2
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TABLE V-12

ACTUAL AND UNIMPAIRED ANNUAL FLOWS AT RIM STATIONS IN ABOVE NORMAL YEARS

STANISTAUS TUQLUMNE

Above  Unimpaired  Actual Unimpaired Actual at Unimpaired Actual at
Hormal at Melones at Ripon at Don Pedro Modesto at Modesto Stevinson
Years KAT KAT KAT KAT KAF KAT
1932 1,353 539 2,109 1,097 1,113 569
1935 1,214 974 2,110 1,251 1,171 735
1936 1,322 1,075 2,168 1,418 1,152 757
1937 1,109 869 1,998 1,383 1,215 828
1940 1,400 1,152 2,221 1,322 1,095 706
1942 1,485 1,247 2,373 1,786 1,287 965
1943 1,566 1,268 2,376 1,712 1,289 973
AVG. 1,350 1,075 2,194 1,424 1,189 788
1951 1,694 1,436 2,484 1,668 1,225 801
1962 995 407 1,773 365 928 380
1963 1,268 861 2,053 990 984 505
AVG, 1,319 901 2,103 1,008 1,046 562
ADJUSTED LOSS 149% 357% 131*

*Computed as per example in Table V-4

RECIRC2646.

SAN JOAQUIN

Unimpaired Actual Upper

at Friant San Joaquin
KAF KA
2,047 989
1,923 1,076
1,853 1,467
2,208 2,059
1,881 1,485
2,254 2,127
2,054 2,125
2,031 1,618
1,859 750
1,924 268
1,945 316
1,509 445

1,076%*

TOTAL SUB-BASIN LOSS = 1,713
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TABLE V-13
ACTUAYL AND UNIMPAIRED APRIL TO SEPTEMBER FLOWS AT RIM STATIONS IN ABOVE NORMAL YEARS
STANISLAUS TUOLUMNE MERCED SAN JOAQUIN
Above Unimpaired Actual Unimpaired Actual at ‘Unimpaired Actual at Unimpaired Actual Upper
Normal at Melones at Ripon  at Don Pedro Modeste  at Modesto Stevinson  at Friant San .Joaquin
Years KAF KAF KAF KAF " KAF KAF KAF KAF
1932 996 674 1,515 770 740 310 1,578 588
1935 1,014 791 1,647 1,040 912 580 1,579 816
1936 884 671 1,452 795 743 481 1,410 765
1937 827 622 ' 1,441 868 . 808 531 1,670 1,144
1940 799 615 1,315 714 657 475 1,336 836
1942 1,063 826 1,705 1,133 931 675 1,762 1,222
1943 872 623 1,400 792 738 498 1,407 1,011
AVG, 922 689 1,496 873 790 507 1,534 911
1951 545 286 957 350 443 193 964 74
1962 794 256 1,337 109 670 202 1,558 51
1963 876 6l6 1,477 505 692 376 1,515 159
AVG, 738 386 1,257 321 602 257 1,344 95
ADJUSTED LOSS 165% 412% 129% 700%

TOTAL SUB-BASIN LOSS = 1,406

*Computed as per example in Table V-4
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Estimation by the double mass diagram method indicates the average annual
loss at Vernalis to be 1,400,000 acre-feet in above nermal years with the
contribution from above the upper San Joaguin River being 768,000 acre-feet.

The subbasin analysis for annual flows, summarized in Table V-12 produced
the following results:

Increased Losses KAF

Stanislaus 149,000
Tuoclumne 357,000
Mexrced 131,000
San Joagquin 1,076,000

Total 1,713,000

In the evaluation of the April through September period of the above
normal years (Tables V-11 and V-13), the basin analysis and the subbasin
analysis were again in close agreement with the double mass diagram method
producing appreciably different resuits. The table below summari;es results
obtained by the three methods of analysis:

Estimated reduction flow at Vernalis, KAF

Method Annual April-Sept
Double mass diagram ' 1400 1732”
Basin comparison : 1721 1400
Subbasin comparison 1713 1406

Estimated reduction in flow in the
Upper San Jeoaguin River,KAF

Method Annual April-Sept
Double mass diagram 768 440
Basin comparison 1076 704

* Analysis by the double mass diagram method gives a higher estimate for the
April-September pericd than for the amnual period. This anomaly results
from the statistical treatment of the data, i.e., fitting data with a
regression line.

50
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As the above table indicates, the flow reduction at Vernalis due to
post—-1947 develcoment averaged from 1,400,000 to 1,721,000 acre~feet with
almost all the reduction cccurring in the April through September period. The
reduction at Vernalls due to develcpment in the upper San Joaguin River basin
is estimated to range from 768,000 to 1,076,000 acre~feet in above normal
years. About 440,000 to 700,000 acre—feet of the reduction occurs in the
April -September period. The following table indicates the percentage of the

April-September reduction attributable to the various river basins.

tanislaus 12 percent
Tuo lumne 29 percent
Merced 9 percent
Upper San Joaguin 50 percent

Sunmary of Impacts - Above Normal Years

In summary, the data indicate that in sbove normal vears the effect of the
CVP on the San Joaguin River at Vermalis has been as follows:

4. On an annual basis, the estimated decrease in flow ranged from 768,000
to 1,076,000 acre-feet, which corresponds to 15 - 21 percent of
pre—-1244 average above normal flows at Vernalils.

be. During the April-September period, the estimated decrease in flow
ranged from 440,000 to 704,000 acre-feet, which corresponds to 14 =
23 percent of pre-1%44 average azbove normzl flows at Vermalis during

the period.
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WET YEARS

Six of the post-1947 yea. : and two of the pre- 244 years are classified
as wet. Tables V=14, V=15, V-16, and V-17 present the hvdrologic data for these
years.

Analysis of wet vear hydroleogic data is somewhat complicated by “he contri-
bution of unmeasured flows to the valley floor. Conseguently, the su. of rim
station unimpaired flows is not necessarily a good estimate of available water.
Nevertheless, for comparison purposes the same procedures were applied as for
other year classes.

The unimpaired flow at Vernalis during pre-1944 wet years averaged 9,596,000
acre-feet; in the post-1947 wet years the average was 9,626,000 acre-feet.
According to the double mass diagram method, substantial reduction in runoff
resulted in the pos£~1947 peried, averaging (after adjustment) about 2,609,000
acre-feet for the full year. In the April~September period the corresponding
reduction in flow between pre~1944 énd post-1947 years was about 1,7¢ 000
acre-feet. (See Tables 14 and 15, calculation of adjusted losses.)

Analysis of the data for the upper San Joaquin basin by the double mass
diagram method indicates average reduction in flow to the valley floor of
1,706,000 acre—-feet for the annval period and 965,000 acre-feet during the
April~-September period.

Analysis by the subbasin comparison methods, as summarized in Tables V~16
and v~17, indicates relatively higher proportions of the reduction in flow
attributed to develcopment in the upper San Joagquin basin. On an annual
basis the adjusted reduction wa; 2,916,000 acre~feet for the four subbasins,
2,014,000 acre-feet, or 69 percent of.which is attributed to the CVP. In the
April-September periocd the reduction in valley flcor runcff was 1,760,000
acre-feet for the four subbasins, an¢ 280,000 acre-feet, or 55 percent of which

- was attributed £o the CVp.
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TABLE V-}4
ESTIMATES OF ANNUAL WATER LOSSES AT VERNALIS
IN WET YEARS )
1 2 3 4 5 6 7 8 9 101 12 13 14 s
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1952 9,312 7,144 2,168 215 2,840 2,084 2,090 750 935 179 462 122 ~340
1956 9,679 6,305 3,374 840 2,960 1,225 1,319 1,641 551 239 1,322 519 -803
1958 8,367 6,056 2,311 561 2,631 1,180 1,657 974 Sth 264 1,145 447 -698
1965 8,108 3,795 4,313 1,994 2,272 63 397 1,875 448 324 1,631 995 636
1967 9,993 5,561 4,432 2,230 3,232 1,269 1,601 1,631 1,250 389 1,422 572 -841
1969 12,295 10,070 2,225 4,040 2,208 4,202 - 162 930 404 1,082 378 ~704
Avg. 9,626 6,488 3,138 1,168 2,996 1,878 1,118 770356 1,177 607 ~607
Ad Justed Loss = 2,608* = 1,705"

*Computed as per example in Table V-2
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TABLE V-15

ACTUAL AND UNIMPAIRED ANNUAL FLOWS AT RIM STATIONS IN WET YEARS

RECIRC2646.

STANISLAUS TUOLUMNE MERCED SAN JOAQUIN

Unimpaired Actual Unimpaired Actual at Unimpaired Actual at Unimpaired Actual Upper
Wet at Melones at Ripon at Don Pedre  Modesto at Modesto Stevinson at Friant San Joaquin
Years KAF KAF KAF KAF KAF KAF KAF KAF
1941 1,338 1,176 2,500 1,750 1,454 1,083 2,652 3,244
1938 2,045 1,836 " 3,435 2,595 2,080 1,690 3,688 4,992
AVG. 1,692 1,506 2,968 2,172 1,767 1,387 3,170 4,118
1952 1,919 1,529 2,989 2,116 1,563 1,141 2,840 2,090
1956 1,883 1,542 3,162 1,999 1,675 1,158 2,960 1,31%
1958 1,678 1,180 2,649 1,855 1,409 1,058 2,631 1,657
1965 1,702 1,192 2,748 1,353 1,386 690 2,272 397
1967 1,932 1,355 3,113 1,751 1,716 718 3,232 1,601
1969 2,210 1,707 3,856 2,422 2,188 1,260 4,040 4,202
AVG. 1,887 1,418 3,086 1,913 1,656 1,004 2,996 1,878
ADJUSTED LOSS 261% 34 5% 296% 2,014%

*Computed as per example in Table V-4

TOTAL SUB-BASIN LOSS = 2,916
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TABLE V-16
ESTIMATES OF APRIL TO SEPTEMBER WATER LOSSES AT VERNALIS
IN WET YEARS
__ - _ S S
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1952 1,124 4,678 2,446 431 2,315 1,570 1,354 961 416 179 431 99 - 322
1956 5,535 2,404 3,131 925 1,899 462 212 1,687 317 226 976 429 - 547
1958 6,091 4,448 2,243 361 2,216 1,067 1,330 886 379 237 952 367 - 585
1965 4,971 1,545 3,426 2,072 1,594 40 116 1,478 7124 285 1,051 735 - 316
1967 7,527 4,192 3,335 1,503 2,548 1,185 1,370 1,178 913 351 1,047 340 - 707
1969 8,421 5,181 3,240 518 3,075 1,250 1,976 1,099 571 356 1,023 280 - 743
Avg, 6,712 3,741 2,970 1,002 2,275 1,060 1,215 554 272 913 375 - 537
Adjusted Josa = 1,742% = 965%

*Computed as per example in Table V-2
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TABLE V-17
ACTUAL AND UNIMPAIRED APRIL TO SEPTEMBER FLOWS AT RIM STATIONS IN WET YEARS
STANISLALS TUOLUMNE MERCED SAN JOAQUIN
Unimpaired Actual Unimpaired Actual at Unimpaired Actual at Unimpaired Actual Upper
Wet at Melones at Ripon at Don Pedro Hodesto  at Modesto Stevinson  at Friant San Joaquin
Years KAF KAF KAF KAF KAF KAF KAF KAT
1941 953 804 1,746 1,096 984 750 2,035 1,810
1938 1,387 1,174 . 2,240 1,594 1,297 974 2,744 N.A.
AVG, 1,170 989 1,993 1,345 1,140 862
1952 1,481 1,080 2,217 1,264 1,110 830 2,316 1,354
1956 1,007 733 1,727 808 902 536 1,899 212
1958 1,307 897 2,073 1,14b 1,095 861 2,216 1,330
1965 977 514 1,593 468 807 331 1,594 116
1967 1,423 971 2,258 1,085 1,298 671 2,548 1,370
1969 1,426 8638 2,518 1,225 1,401 718 3,076 1,976
AVG, 1,270 844 2,064 998 1,102 658 2,275 1,060
ADJUSTED 1,088 230%* 395%* 175% 960%

TOTAL SUB-BASIN LOSS = 1,760

*Computed as per example in Table V-4
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TLOW DURATICON ANALYSIS

Reductions in the Ilow of the San Joaguin River at Vernalis do not always
of themselves adversgely affect the southern Delta. Much of the flow reduciicn
cccurred in above normal and wet years, providing a necessary flood contrcl
function for the lower San Joagauin River. Some of the flow reduction cccurs
at times wnen the water is not required to maintair a minimum flow reguirement
at Vernalis. Therefore, it is useful to determine the freguency and duration
of flows below certain thresholds. While specific requirements for the San
Joaguin River at Vernalis have not been estabhlished, flow-duration curves
provide useful information for impact assessment. Figures V-9, V=10, v-12,
and V-12 graphically illustrate the percentage of the time the San Joagquin
river flow at Vernalis is less than any given assumed level of flow. The
example in Pigure V-9 demonstrates how the flow-duration curves can be used o
compare the pre-1244 and post—-1947 conditions at Vernalis. For example,
durifig the pre-1944 dry years the flow was less than 1,100 ft3/s 36 percent
of the time. In the post-1947 dry years flow was less than 1,100 ft3/s 60
percent of the time.

Comparisons can be made for any flow value during all year types except
below normal years. There were no pre—-1944 below normal yvears in the study
pexricd.

It is not within the scope of this report to determine the level of San
Jeaguin River flow at Vernalis below which the impact on the southern Delta

water supply becomes a damaging impact in relation to adequacy of downstream
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channel flow for removal of incoming salt lecad, or in relation to dilution of
incoming salts, or in relation to adequate channel water depth for pump draf:,
etc. The flow reguired to prevent damage will depend, among other things, on
the quality of the water.

However,. the Serxvice developed a procedure to estimate the {low reduction
attributable to the CVP which might cause the flow of the San Joaguin River
near Vernalis to drop below reguired minimums. Since the miniﬁum flow reguire-
ments have not yet been established, the procedure was used to produce curves
which relate total loss and minimum flow requirement. Curves representing dry,
below normal, above normal and wet years for the October-March period,
the April-September period and the annual total, are presented on
Figures V=13, V=14 and V=15, respectively. |

The procedure utilized generalized equations developed using the double-
mass diagram method to estimate tﬁe flow at Vernalis at a pre-1944 level of
development for the 1948 through 1969 period. A similar method was used to
estimate the flow at Vernalis with pre-1944 dgvelopment in the lower San
Joacquin River basin and post=1947 development in the upper San Joaguin River basin
for the same 1948 through 196% pericd. The values calculated using the proce-
dure were then compared to the actual flows recorded at Vernalis to determine
the effect of total post-1944 development and the effect of CVP.

Table V=20 is an example of the results of computaticon. Column 1 is
the actual flow recorded at Vernalis for the month of October of the indicated
water year. The corresponding flow estimated for a pre-1944 level of deve;op*
ment is listed in column 2. Column 3 is the estimated flow at Vernalis assumr~
ing pre—i944 level of development in the lower'San Joaguin River basin and a

post=1947 level of devlopment in the upper San Joaquin River basin.
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An estimate of the total flow reduction at Vermalis due to development
in the upper San Joaguin basin was then made by subtracting column 3 from
column 2. The actual historic flow at Vernalis is then compared to the Vernalis
target flow, in the case of this examéle, 1,500 ft3/s or 92,200 acre-feet for
the month. If column 2 is less than the target f£low, the contribution to the
Vernalis flow reduction by development in the upper San Joaguin River
basin is estimated as column 2 - column 3. If column 2 is greater than
the target flow, the contribution is computed as a percentage cf the total
reduction at Vernalis.using +he equation on table V-18.

The procedure was used to estimate the contribution to flow reduction
below various target flows at Vernalis for the 1948-1969 period. Figures
v-13, V=14, and V-15 show .the curyes prepargd for the development in the upper
San Joaguin River basin average céntribution to the reduction of flow at
Vernalis below the indicated target flow.

These curves provide a method of estimating CVP impact on flows below
a target flow at Vernalis during various year types. For example, if the
target flow at Vernalis during April-September was 1,500 £t3/s, the average
CVP contribution to a flow reduction below the target flow as determined from

Figure V=14 would be:

In wet years 1,000 acre-feet
In above normal years 20,000 acre-feet
In below normal years 13,000 acre-feet
In dry years 9,000 acre-feet

It is the position of SDWA that the damaging CVP impact on San Joagquin

River flow at Vernalis is the difference between the actual flow at Vernalis at

60
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any time and the flow which would have occurred if the CVP did not exist in so
far as these flows are below needed levels. The Service's analysis does not
conform to this definition. There are times when the non-CVP developments
actually increase Vernalis flows. At such times the Service's analysis uses
part of that enhancement to offset the impact of the CVP flow decreases even

when the remaining net flow is inadequate.

SUMMARY OF HYDROLOGIC DATA

Bydrologic data for the San Joaquin River at Vernalis for the periods 1930~
1944 and 1947-196% are summarized in Table V-12. Information presented includes
unimparied rim flows, actual flows at Vernalis, and losses, determined as the
difference between unimpaired and actual flows. Averages are given for dry,
below normal, above normal and wet years. Minima, medians, maxima, and average
values are given for al; years in each of the two periocds, pre~1944 and post—1947.
It will be noted that the former pericd includes 14 years, while the latter
includes 22 years of record.

Table V=20 provides an additicnal summary of flow reducticn in the 1948-
1962 period that have resulted from development in the entire San Joaguin basin
above Vernalis and in the upper San Joaquin basin. Averages of unimpaired and
actual flows are given by year type for each basin in each of two calendar
periods, apnual and April«September. HNet losses are also given.

Estimates of flow reduction due to post=1947 development were derived from
the several determinations made by the double mass balance, basin comparison
and subbasin comparison methods, details of which are given in Tables V-2
through V-17. Ir general, the values given in Table V-19 are the averages of

the highest and lowest values computed by the three methods. For example, for
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TABLE v~ 19
SUMMARY OF HYDROLOGIC DATA, 1930-1944 AND 1947-1969
SAN JOAQUIN RIVER NEAR VERNALIS
Pre-1944 Post-1947
Unimpalred Rim Actual Losses Unimpalred Rim Actual Losses
Annual Apr-Sept Annual Apr-Sept Annual Apr-Sept Annual  Apr-Sept Annual Apr-Sept Annual Apr-Sept
KAT KAT KAF KAT KAT KAT KAF KAT KAF KAF KAF KAF
DRY o DRY
1931 1,660 1,203 677 121 083 1,082 1961 2,100 1,562 437 82 1,663 1,480
1934 2,288 1,303 927 196 1,361 1,107 1968 2,938 1,918 1,428 309 1,510 1,609
1939 2,909 1,909 1,708 483 1,201 1,426 1960 2,960 2,108 550 139 2,410 1,969
1930 3,254 2,490 1,268 672 1,986 1,818 1959 2,986 1,995 1,243 219 1,743 1,776
1933 3,356 2,856 1,376 647 1,980 2,209 1964 3,151 2,216 1,124 232 2,027 1,984
AVG.  (2,693) (1,952) (1,191) (424) (1,502) (1,528) AVG,  (2,827) (1,960) (957 (196) (1,870) (1,764)
BELOW NORMAL BELOW NORMAL
1955 3,512 2,723 943 303 2,569 2,420
- 4 P - . ’ s ’ )
No Pre-1944 years in the below normal year type 1949 3,799 3,177 1,247 573 2,552 2. 604
1966 3,985 2,492 1,697 246 2,288 2,246
1948 4,218 3,652 1,553 1,094 2,665 2,558
1957 4,292 3,269 1,442 630 2,850 2,639
1954 4,315 3,216 1,717 902 2,598 2,314
1953 4,354 3,275 1,891 780 2,463 2,495
1950 4,656 3,631 1,786 1,062 2,870 2,569
AVG. (4,141) (3,179) (1,534) (699) (2,607) (2,480)

ABOVE NORMAL

1935
1936
1937
1940
1932
1941
1942

AVG.

6,418
6,495
6,530
6,596
6,622
7,283
7,398

(6,763) (4,743)

5,152
4,489
4,746
4,107
4,829
4,417
5,461

4,038
4,953
5,483
4,710
3,660
6,060
6,160

(5,009) (3,045)

3,131
2,787
3,372
2,786
2,388
3,020
3,834

2,380
1,543
1,047
1,886
2,962
1,223
1,238

(1,754)

2,021
1,702
1,374
1,321
2,441
1,397
1,627

(1,698)

ABOVE NORMAL

1962
1963
1951

AVG,

5,618
6,250
7,262

(6,377) (3,941)

4,358
4,560
2,906

1,487 848
2,812 1,752
4,738 919

(3,012) (1,173)

4,131
3,438
2,524

(3,364) (2,768)

3,510
2,808
1,987
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TABLE V--15
SUMMARY OF HYDROLOGIC DATA, 1930-1944 AND 1947-1969
SAN JOAQUIN RIVER NEAR VERNALIS (Continued)
Pre-1944 Post—1947
Unimpaired Rim Actual Losses Unimpaired Rim Actual Losses
Annual  Apr-Sept Annual’ Apr-Sept Annual Apr-Sept Annual Apr-Sept Annual Apr-Sept Annual Apr-Sept
KAF KAF KAF KAF KAF KAF KAF KAF KAF KAF KAF KAF
WET WET
1941 7,945 5,718 7,298 4,444 647 1,274 1965 8,108 4,971 3,796 1,545 4,312 3,/
1938 11,248 7,668 10,837 6,494 411 1,174 1958 8,367 6,691 6,056 4,449 2,311 2,242
: 1952 9,312 7,123 7,143 4,685 2,169 2,438
1956 9,679 5,534 6,304 2,404 3,375 3,130
1967 9,993 7,527 5,560 4,192 4,433 3,335
-1969 12,295 8,540 10,073 5,181 2,222 3,269
AVG. (9,597) (6,693) (9,067) {5,469) {529) (1,224) AVG, (9,626) (6,716) (6,489) (3,743) (3,137) (2,973)
ALL YEARS
Min, 1,660 1,203 677 121 411 1,082 2,100 1,582 437 82 1,510 1,480
Med. 6,513 4,453 4,374 2,787 1,300 1,412 4,335 3,272 1,707 875 2,538 2,467
Max. 11,248 7,668 10,837 6,494 2,962 2,441 12,295 8,540 10,073 5,181 4,433 3,510
Avg, (5,333) (3,756) (3,943) (2,292) (1,390) (1,465) (5,643) (3,471) (2,956) (1,480) (2,687) (2,491)



Year
Type
Dry

Below
Normal

Above
Normal

Wet

Year
Type
Dry

Below
Normal

Above
Norma?

Wet

Avg.Rim

Station

Unimpair
KAF

2,827

4,141

6,377
9,626

San Joaquin

@ Friant
Unimpair
KAF

842

1,252

1,909
2,996

Actual
Flow
KAF

957

1,634

3,012
6,489

Actual
Flow
KAF

136

165

445
1,878
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Table V-20
SUMMARY OF FLOWS, LOSSES AND FLOW REDUCTIONS
SAN JOAQUIN RIVER NEAR VERNALIS
1948-1969
ANNUAL APRIL--SEPTEMBER
Estimated Flow Reduction Estimated Flow Reduction
Net Due to Post-1947 Devel. Station  Actual Net Due to Post-1947 Devel.
Loss % of Rim % of Unimpair  Flow Loss % of Rim % of
KAF KAF Station Pre-1944 KAF KAF KAF KAF  Station Pre-1944
1,870 410 14 34 1,960 196 1,764 320 16 75
2,607 1,220 29 33 3,179 699 2,480 1,060 33 52
3,364 1,560 24 31 3,941 1,173 2,768 1,580 40 52
3,137 1,890 20 21 6,716 3,743 2,973 1,370 20 25
UPPER SAN JOAQUIN RIVER BASIN
1948-1969
ANNUAL APRIL--SEPTEMBER
Estimated Flow Reduction Estimated Flow Reduction
Due to Post-1947 Devel. San Joaquin Due to Post-1947 Devel,
Net ~ 7 of @ Friant Actual Net % of
Loss % of  Pre-1944 Unimpair  Flow Loss % of  Pre-1944
KAF KAF Friant @ Vern. KAF KAF KAF KAF Friant @ Vern.
706 120 - 14 10 636 55 581 7 1.1 1.6
1,088 540 43 24 1,001 66 G35 390 39 30
1,464 920 48 18 1,344 95 1,250 570 42 17

1,118 1,240 41 14 2,275 1,060 1,215 760 33 14
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dry years at Vernalis an average annual f£low reduction of 410,000 acre-feet”
was determined from the average of 519,000 acre-feet estimated by the double
mass balance method and 294,000 acre-feet estimated by adjustment of average
basin losses to a common reference of unimpaired flow. {See table V=-2.)
Exceptions to this procedure are values givern for below normal years which were
taken as estimates computed by the double mass diagram method.

Additicnal information presented in Table V-18 is flow reduction expressed
as percentage of the unimpaired rim station flow and the actual Vernalis flow,

pre-7944.

SUMMARY

Reductions in runoff that have occurred in the San Joagquin River basin as
a result of development subsequent to 1947 are summarized in Table V-21.
Data presented in the table are derived from Table V-2 through V=17, which
present estimates of water losses for each of the 4-year classifications
computed for both the entire San Joaquin River basin and the upper San Jeaquin
River basin. Reductions in flow are determined as the difference in "losses"
between the rim stations and Vernalis. Reductions attributable to the CVP are
identified as equivalent to the difference in losses occurring in the upper San
Joaquin River basin alone. For purposes of comparison, reductions are expressed
both in terms of volumne of runcff in the April-September and annual periods
and as percentages of the flow that actually occurred at Vernalis.

The principal conclusions reached from the study of water gquantity effects
are as follows:

1. For the entire San Jcaquin River basin, f£lows at Vernalis were reduced

by post-1947 development,

* Rounded to nearest 10
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a. in dry vears by amounts ranging from 300,000 to 500,000 acre-feet,
about 75 percent of which reduction occurred in the April-September
period,

b. in below normal years* by amounts exceeding 1,200,000 acre-feet,
about 85 percent of which reduction cccurred in the April-September
peried,

c. in above normal years by amounts exceeding 71,400,000 acre-feet,
all of which occurred in the April-September period, and

d. in wet years by amcunts ranging £from 1,100,000 to 2,900,000
acre~feet, about 60-85 percent of which occurred in the April-September
period. |
2. For the upper San Joaquin River basin, where the impact is attributable

to the CVP, flows at Vernalis were reduced by post~1947 development;

a. in dry years by $0,000 to 530,000'acre—feet, a relatively small
proporticn of which (akbout 4 to 8 percent) occurred in the April-September
period,

b. in below normal years* by more than 500,000 acre—feet, of which
about three-quarters ogcurred during the April-September period,

c. in above normal years by 750,000 to 1 million acre-feet, about 60
percent of which occurred during the Rpril-September period, and

d. in wet years by 750,000 to 2 million acre-feet, of which about
half ocecurred during the April-September period.

3. The greatest impact of fiow reductions at Vernalis occurred during the

April-September pericd of below nermal and above normal years when from 14-24

k-4 . +
Data are limited for these years. Refer to analysis below normal years on
page V-18.
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percent of the flow reduction at Vernalis (on a pre-1944 basis) was attributed
to development by the CVP in the upper San Joaguin basin. The impact in dry
years was small, less than 2 percent of the pre-1944 flow at Vermalis. In the
April-September periocd of wet yvears, reductions were in the range of 10-18

percent of the pre~1944 flow at Vernalis.
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Table v-21
SUMMARY OF REDUCTIONS IN RUNOFF OF SAN JOAQUIN RIVER AT VERNALIS FROM PRE-CVYP TO POST-CVP

EFFECT OF ALL POST-CVP UPSTREAM EFFECT OF CVP ON RUNOFF AT VERNALIS
DEVELOPMENT ON RUNOFF AT VERNALIS

YEAR TYPE & PERIOD Reduction in Post 1947 Reduction Reduction Reduction at Reduction at
Runoff as Percent of in Runoff Vernalis as VYernalis as
KAF? Pre-1944 KAF! Percent of Percent of

Actual Runoff Pre-1944 Flow Post-1947 Flow

PRY

April-Sept 206~ 417 49-67* 6~ 7 1.4~ 1.6 3.0- 3.6
Full Year 294~ 519 25-44 93- 138 8 - 12 10 - 14

BELOW NORMAL

April-Sept 1064-1177 60-68* 386- 428 22 - 24% 55 ~ 61
Full Year 1219 : 44% 543 - 20% 35

ABOVE NORMAL

April-Sept 1406-1732 47-57 440~ 704 14 - 23 40 - 64

Full Year 140061721 28-34 768-1076 15 - 21 25 - 36
WET

April-Sept 1002-1760 19-32 554~ 965 i0- 18 15 - 26

Full Year 1168-2916 13-32 771-2014 9. 22 12 - 31

AVERAGE OF ALL YEARS®

April-Sept 920-1272 44-56 347- 526 12- 17 28 - 39
Full Year 1020-1594 28-39 544- 943 13- 19 21 - 29

' Range of estimates by all methods of analysis. See Tables VY-2 through V-i7
2 Pre-CVP "actual" is assumed to be post-1947 actual plus pre-1944 to post-1947 loss
% Assumes that each year class occupies one-quarter of peried



040605

RECIRC2646.

CHAPTER VI

WATER QUALITY EFFECTS OF UPSTREAM DEVELOPMENT

INTRCDUGCTION

There are several complications in analyzing the water quality changes
due to upstream development. It is, therefore, necessary that the results
of the analysis acknowledge a range of impacts on Scuthern Delta water gquality.
Part oﬁ the uncertainty in interpretation relates to insufficient and/or
unreliable data, and part to differences in approach to the analysis. Each
manner of investigation has an aspect of validity, but each must be weighed in
light of its assumptions and available data.

Two factors affect water quality, flow and salt leoad. Chapter V has
identified the changes in flow at Vernalis, and this chapter eguates these
cMm%inﬂwwnhmammtﬁdwn@ﬂ@atwmﬂﬁ.TMsm@mrﬂm
examines historic salt loads and concentrations at Vernalis to determine cﬁanges
associated with develoment along the San Joagquin River and its tributaries.
Secticons A, B, C, and D of this chapter contain the development and results of
several studies on different sets of:data. Because of the length of the first
four sections and the amount of material contained therein, Sections E and F
consolidate the results and define the impacts of upstream development. A more
detailed explanation of each section follows.

Section A of this chapter presents an analysis of the composition of the
salts reaching Vernalis and relates this to composition of salts originating
from identifiable sources, e.g., tributary streams, imported water and drainage

returns from irrigated lands. These chemical analyses are then used as "finger-

AG
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prints® in an attempt to identify the principal sources and their relative
contributions to the total salts reaching Vernalis. Alsec included in this
section are the results of salt balance computations using this data for a
single dry year, 19€1.

Section B of this chapter addresses three questions pertaining to watexr
quality at Vernalis. First, has there been a change in salt lcad at Vernalis?
By comparing the TDS salt loads at Vermalis over the peried of record, increas-~
ing or decreasing trends in loading can be identified. Second, regardless of
any change in loading, has a change in TDS concentration occurred? A compar-
ison of the TDS concentrations is used to determine if any degradation has
taken place through the period of record. Third, has the source of salt
changed? Salt balance computations, utilizing data from identified sources,
are employved to judge whether in the years after 1950, the percent of Vernalis
salt load contributed by these sources has éhanged.' Section B deals with
trends in the data in a qualitative rather than quantitative manner.

Section C of this chapter presents the record of guality degradation
in the San Joaquin River zs it enters the Delta near Vernalis. Due to
limitations of the Vernalis data, two methods of estimating Vernalis quality
are developed and used to synthesize an artificial record for pericds when none
exists. By constructing the complete set of TDS concentraticns, similar
hvdrologic years before and after upstream developrment can be compared to
estimate water quality degradation.

Section D of this chapter is a discussion of the Tuolumne River gas wells
and their contribution to the guality problem. Because the Tuolumne River

contributes a significant amount of the salt load at Vernalis, and the gas
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wells are the source of much of the Tuolumne load, Section D deals with the
water quality of discharges from these wells.

Section E of this chapter allows the reader who may not be interested
in the develcpment of the individual studies, to forego reading Sections A, B,
C, and D. Section E summarizes the results of the four preceeding secticns and
analyzes the impact of upstream development on gquality degradation at Vernalis.

Section F of this chapter is a summary of quality impacts at Vernalis
resulting from CVP develcpment.

Various methods of analysis utilizing different data sets are presented
in this chapter. Due to the type and availability of data, one method of
analysis may not use the same chronological division of data as used by another
method. For purposes of water guality, generally the period prior to 1950 is
considered indicative of conditions in the lower San Joaquin River before CVP
development. Each analysis refers to a period preceding a specific year or
succeeding a specific year. Although the specific year may vary from analysis
to analysis, the implication is that prevalues refer to that period used as a
base condition and postvalues refer to that period in which some chapge has
occurred to the lower San Joaquin River basin. Using this assumption, pre=- and
postvalues calculated by one method can be compared to pre-~ and postvalues

computed by another method, regardless of actual period of record.

SECTION A. IDENTIFICATION OF SQURCES OF SALT BURDEN--CHEMICAI CHARACTERISTICS
Figure VI-1 is a schematic representation of the San Jvaquin Valley
System showing the location of stream gaging, water quality sampling

stations and principal drainage accretions.
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LEGEND: A Stream Gage, O Water Quality Station, ——- Drainage Accretion

MELONES DON PEDRO EXCHEQUER

Tultoch Grange Exchequer

Mossdale Vernalis“‘ Maze Rd.

Dg

DMC DELTA MENDOTA CANAL

FRIANT

Friant

)Mendota

Figure VI-1 SAN JOAQUIN VALLEY SYSTEM

Stream gaging, water quality sampling stations and principal drainage accretions
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Charxacteristics of High Sierra Streams

In ordér tc provide a perspective of quality characteristics of
San Joaquin flows, it is necessary to identify the distinguishing chemical
properties of the principal sources of runcff. Table VI-1 gives a represent-
ative analysis of the four major tributaries at locations corresponding
approximately to the location ¢f rim flow gaging stations.

The gquality of these high Sierra streams is generally characterized
by low levels of total dissolved solids and of each of the principal
mineral constituents, low electrical conductivity and a slightly alkaline
pH. These waters are very soft, bicarbonate concentrations are relatively
high compared to other constituents and sulfates are virtually nil.
Carbonate does not occur at the pH of these waters. Chlorides are very
low. Traces of iron and fluoride are occasionally noted. Boron is found
in measurable concentrations (> 0.1 mg/L) in only a few samples. Iron is
virtually absent. Distinguishing propertieé of high Sierra waters are
the almost total lack of sulfates and noncarbonate hardness and extremely
low boron concentrations.

Characteristics of Sierra Streams at Confluence with San Joaguin Main Stem

040609

Table VI-2 illustrates the quality of the east side tributaries, together with

the main stem of the San Joaguin near Mendota during the month of May 1961.
Lower in the drainage system the Sierra streams show increased concentrations
. . . + + -
of most constituents, with relatively larger increases in Wa , X, Cl
= ++ ++ - X A ,
and 504 than of Ca , Mg and HCO3. An exception is the Tuolumne River
which has picked up an unusually large accretion of saline water from gas

: : . +
wells between Hickman and Modesto. In this case, large increases in Na ,

+ -
X and Cl are noted, with corresponding changes in TDS, hardness, SAR
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%
Table VI-1. REPRESENTATIVE WATER QUALITY OF HIGH SIERRA STREAMS

San Merced _Tuolumne Stanislaus
Joaquin @ @ @
at Friznt Exchequer La Grange Tulloch
i. Date & Sep 61 6 Sep 61 12 Sep 61 8 Sep 61
2. Mean discharge (cfs) 146 143 2120
3., Silica 10 9.3 4.8 8.9
4. ZIrom 0.0
5. Caleium 3.6 12 2.5 5.6
6. Mzgnesium 1.6 2.4 9.3 T 2.8
7. Sodium 5.4 3.2 1.2 2.6
8. Porassium 0.7 0.7 0.4 .3
9. EBicarbomate 24 48 iz 33
10. Carbonate '
11. Sulfate g.o 3.0 g.2 ¢.0
12. Chioride 6.0 3.2 - 1.2
13. Fluoride 0.1 0.1 0.1 G.1
14. Nitrzate C.s - 0.8 0.4 0.3
15. Boreon g.1 g.0 0.0 0.0
i6. TDS 50 59 16 39
17. Ca + Mg hardness 16 | 40 ) 26
i8. MNom-carb. " 0 1 4 0
19. SAR 0.6 0.2 0.2 0.2
20. EC, umhes/cm 59 85 22 63
21. pH 7.3 7.6 6.7 7.3

* mg/L except as noted
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Table VI-2. REPTSSENTATIVE WATER QUALITY OF TRIBUTARIES
| AT CONFLUENCE WITE SAN JOAQUIN *
San Joaquin Merced  Tuclumne Stanislaus
nr. nr. nr. nr.
Mendota Stevinseon Tuel.City  mouth
1. Date 4 May 61 4 May 61 9 May 61 & May 61
2. Mean discharge (cfs) 71 235 12
3. Silica 17 26 41 34
4. Iron 0.1 .02 0.04 0.01
5. Caicium 17 22 33 30
6. Magnesium 9.0 7.1 16 12
7. Sedium 23 30 102 19
8. Potassium 0.9 2.0 8.0 2.1
9. Bicarbomate 84 132 147 182
10. Carbonate 0 0 |
ll.. Sulfate 27 15 10 10
12. Chloride 26 20 207 9.0
13. Fluoride 0.2 0.1 0.0 0.1
14. Witrate 0.9 3.4 3.1 0.5
15. Boron 0.2 0.1 0.0 0.1
16. TDS 162 191 512 207
17. Ca -+ Mg hardness 30 84 198 126
18. HNon-carb. 11 0 77 0
19. SAR 1.1 1.4 3.2 0.7
20. EC, umhos/em 260 294 911 315
21. pH 7.5 7.8 7.8 7.7

* mg/L except zs noted
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‘and EC. However, if these concentrated sources of salinity are eliminated

then the quality of the Tuolumne Inflow would probably be little different from

those of the other major tributaries. Note, for example, that the concentraticn
of suilfate is virtually the same as for the Stanislaus and less than for eithex

the Merced or the San Joaguin at.Mendota.

Westside Drainage Water Cuallity

Drainage waters from the west side of the San Joaguirn Valley are charac-
terized by generally high concentrations cof total dissolved solids, dominated
by Na+, cl” and SOZ. DS levels cemmonly range from 800 to over 1,200 mg/L
and EC's may exceed 2,000 umhos/cm in some waters. Some surface drainage is
of a2 gquality similar to ground waters that have been used historically as
principal sources for irrigation. Surface streams are ephemeral, with few
exceptions, so there is a paucity of data on surface accretions from the
west side of the wvalley. However, a fair indication of west side water cuality
is seen in cbservaticns of Salt Slough near'Los Baﬁos, some examples of
which are described in table VI-3. It is ncted that these waters are high
in boron and sulfates; noncarbonate hardness is more thar 40 percent of
total hardness.

Cuality Variations Along the Main Stem

A general picture of the pattern of quality along the main stem of
the Sar Joaquin, in relation to the guality of its principal tributaries, is
presented in figures VI-2 through VI-6.

Cation-Anicon balance. Figure VI-2 shows the cation composition of

the river and tributaries during the period May 3-9, 1968, and figure VI-3

shows the corresponding distribution of the prineipal anicens.
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Table VI- 3. WATER QUALITY OF SALT SI..OUGH*

1. Date 4 May 61 7 Sep Al 4 May 66
2. Mean discharge {(cfs) 65 73 98-
3. Siliea 25 25 17
4, Irom 0.0

. Calcium 56 52 54

. Magnesium 29 32 25
7. Sodium 146 157 123
8. Potassium 4.8 5.0 4.6
9. Bicarbonate 160 174 - 152
10. Carbonate a 0 0
11. Sulfate 135 129 123
12. Chloride 220 232 172
13. Fluoride 0.5 0.3
14. Nitrate 2.8 2.4 3.4
15. Boren 0.4 0.7 0.6
i6. 1TDS 698 721 628
17. Ca + Mg hardness 260 260 236
18. HNon=carb. 129 117 111
18. SAR 3.9 4,2 3.5
20. EC, umhos/cm 1210 1300 1060
21. ©pH 7.8 7.4 7.6

* mg/1, except as notad
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Figure VI- 2 'CONCENTRATIONS OF PRINCIPAL CATIONS IN THE SAN JOAQUIN RIVER
AND ITS MAJOR TRIBUTARILES. PERIOD: 3-9 MAY 1966




CONCENTRATION OF ANIONS
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Flgure VI- 3

MILES ABOVE VERNALIS

CONCENTRATIONS OF PRINGIPAL ANIONS IN THE SAN JOAQUIN RIVER

AND ITS.MAJOR TRIBUTARIES. PERIOD: 3-9 MAY 1966
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Figure VI~ 5. NONCARBONATE HARDNESS IN SAN JOAQUIN RIVER SYSTEM
1960~-61 AND MAY 1966
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Due to the lack of data in the reach between Mendota (Mile 129 above
Vernalis) and Fremont Ford Bridge just downstream from the mouth of Salt
Slough, it is not clear how the pattern develops over the upper 70 miles or
so. Nevertheless, it is clear that the composition of San Joagquin River
water at Fremont Ford Bridge (FF) corresponds clesely to that of Salt
Slough. If principal cations and anions are expressed as percentages of the
sum of milliequivalents per liter, then the similarity of these waters

becomes even more evident, as can be seen in the fellowing example:

San Joaquin River

@ Fremont Ford Salt Slough
S=5=66 5-4-66
0 = 175 £td/s g = 98 fr3/s
Cations
{percent of total)
ca™t 22.5 26.4
Mg++ ‘ 19.7. 20.2
Na+ 56.7 52.2
K - 1.1 1.2
100.0 100.0
Anions
{percent of total)
5CO3 22.2 25.2
co3 0 0
803 22.9 25.8
c1” 54.9 49.0
100.0 100.0

It should be noted that the additional drainage accretion to Fremont Ford is
about 77 £t3/s (175 minus' 98). The chemical composition of salts in this
water must be very similar to that of Salt Slough since the chemical compo-
sition of the salts in the blended flows 1s so little different from that

measured in the slough.
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Referring once again to figures VI-2 and VI-3, it is noted that down-
stream of Fremont Ford the pattern remains more or less steady until the
flow reaches the vicinity of the mouth of the Tuolumne. At this point an
influx of water of superior overzll guality, although high in Na+, K+ and
Ci_, accelerates a general decline in salt concentraticn. The proportion
of C1” to total anions increases notably while the provortion of soz in
the San Jeoaguin (more or less constant in the Tuolumne} decrezses. A
further striking improvement in San Joagquin gquality is noted between Maze
Road and Vernalis with the addition of flow {157 ft3/s at Ripon) of very
high quality.

Sulfates. Table VI-4 summarizes the principal anion composition of
the San Joaguin System for the dry year 1960-67. Data shown represent
averages of all cobservations over the year for all USGS stations at which
samples were collected.

As noted previcusly, a distinctive difference.in the cuality of east side
streams and the quality of the main stem below Mendota is the concentration
of sulfate ion, SOZ. East side streams, with the exception of the Tuoiumne
below the gas wells, contaiﬁ very little sulfate while the main stem and the
principal west side tributary, Szlt Slough, are very rich in this anion. The
pattern along the river, shown in figure VI-4, highlights these differences,
showing clearly that for this period, at least (when flows were generally

very low) the river water quality, in terms of chemical composition of salts,

was similar to drainage from the west side. Some lowering of SO4

concentrations appears to occur below Newman, possibly due to return flows from

the irrigated areas on the eastern side of the valizy. However, sulfates are

sustained at high levels along most of the river from Fremont Ford to Vernalis.
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Table VI- 4, CONCENTRATIONS OF PRINCIPAL ANIONS,
SAN JOAQUIN RIVER SYSTEM, 1960-61
Station No. of Principal Anions, mg/L
USGS No. Location Obs. ! HCOg soz c1” Z S0 42
2510 SJR below Friant 12 22.3 Q.5 5.1 1.8
2540 SJR nr Mendota 13 97.7 36.3 98.0 15.7
2580 Fresno R. 8 51.5 0.0 28.4 0.0
2590 Chowehilla R. 7 102.0 3.0 64.4 2.0
2603 Bear Cr. 11 139.4 6.0 5.7 6.9
2610 Salt Slough 12 201.3 242.3 280.5 33.1
2615 SJR, Fremont Fd.- 15 208.9 233.8 345.3 31.4
2700 Merced @ Exch. 12 5¢0.1 2.5 4.2 6.7
2725 Merced @ Stev. 11 145.5 13.5 22.1 7.7
2740 SJR nr Newman 13 221.6 252.0 318.4 32.0
2747 SJR nr Grayson 12 229.2 159.3 244.7 26.4
2880 Tuol @ LaGrange 11 14.1 0.6 1.1 4.5
2898 Tuol nr Hickman 11 83.9 2.8 81.1 1.2
2902 Tuol nr Tuol City 11 1230.4 9.4 204.0 2.4
2905 SJR @ Maze Rd 12 178.7 87.7 241.6 16.3
299%.98 Stan @ Tulloch 12 35.0 1.0 1.0 1.4
3034 Stan nr mouth 10 151.5 10.0 9.1 5.0
3035 SJR nr Vernalis 39 151.0 81.0 176.0 18.9
3042 SJR nr Mossdale 13 163.2 65.3 192.3 14.0
3048 SJR, Garwood 3Br. 12 144.6 45.0 145.6 13.1
3127 014 R. nr Tracy 12 167.4 86.5 198.56 17.9
3129.9 DMC above PP 10 101.6 23.5 100.6 12.8
3130.1 DMC below PP 28 84.0 39.0 89.0 17.6
3130.5 DMC nr Mendota 13 110.5 36.0 110.6 15.6
3132 Grantline Canal 12 . 149.1 65.5 182.2 15.0
3132.5 0ld R. @ Cl.Ct. 12 103.5 21.0 103.9 12.3

frequently

79

Corresponds to maximum, usually for HCOE and Cl ; SOZ analyses were made less

Percentage based ounly on samples analyzed for all three anions, since SOZ
. analyses were made less frequently
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A similar pattern is seen for a set of data takem during the period May 3-9,
1966, although in this case the sulfate concentration of the Tuclumne River at

Tuolumne City was very much lower than for 1960-61, a fact that probably

4 between Grayson and Maze Roads.

accounts for the sharp drep in SO

Noncarbonate hardness. Noncarbonate hardness, a2 measure of hardness

attributed to the chloride and sulfate compounds with caleium and magnesium,
also reveals a distinctive difference between east side streams and the main
stem plus Salt Slough. This is illustrated in the data of table VI-S5 and
figure VI-5. COCnce again the main stem guality, in terms of chemical compeosi-
icn of salts, is closely identified with drainage returns from the west side,
i.8., Salt Slough, while the east side streams are virtually devoid of NCH (the
exception being the lower reach of the Tuclumne whezre the gas wells add calci
and magnesium sulfate). Even the DMC carries a relatively high NCH, a condi-
tion that is also reflected in the gquality of water in the San Joaguin River
near Mendota since the DMC is the principalAsource'of water in the main stem at
this location.
Boron. Boreon concentrations in east side streams are generally very
low, while this is a common constituent of west side waters and alsoc of the
main stem during periods of low rumoff. Data on boron concentrations for
1960-61 are summarized in table VI-6 and figqure VI-6&.
In these examples, boron concentrations are noted to vary widely

with location along the main stem, but at all leccations the concentrations
are substantially greater than for any of the east side styxeams. Even the
DMC delivers water with more than double the boren concéntrations of the
hichest east side source (Tuclumne Riwver). Maximum boron cencentrations in
the east side streams are no greater than the least values recorded for the

main stem from Fremont Ford o Vernalis.
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Table VI- 5, TOTAL AND NONCARBONATE HARDNESS
SAN JOAQUIN RIVER SYSTEM, 1960-61
Station No. of Hardness as CaCOs, mg/L

USGS No. Location Obs. Ca + Mg NHC % @ NHC
2510 SJR below Friant 12 17.0 0.5 2.9
2340 SJR nr Mendota 13 123.1 47.9 37.4
25830 Fresno R. 8 $3.8 4.3 9.8
2590 Chowchilla R. 7 101.8 18.3 18.0
2603 Bear Cr. il 112.2 1.6 1.4
2610 Salt Slough 12 332.9 167.8 50.4
2615 SJR, Fremont Fd. 15 366.3 194.3 53.0
2700 Merced @ Exch. 12 44 .4 3.8 8.5
2725 Maerced @ Stev. 11 93.6 0.0 0.0
2740 SJR nr Newman 13 370.8 1388.56 30.9
2747 SJR nr Grayson 12 327.2 135.5 41.4
2880 Tuol @ LaGrange 11 10.9 0.5 4,8
2898 Tuol nur Hickman 11 94.2 25.5 27.1
2902 Tuol nr Tuel City 11 173.9 66.5 38.2
2905 SJR @ Maze Rd 12 265.9 118.2 44.5
2999.98 Stan @ Tulloch 12 28.2 0.9 3.2
3034 Stan nr mouth 10 110.9 0.0 0.0
3035 SJR nr Vernalis 39 210.0 88.0 41.9
3042 SJR nr Mossdale 13 229.4 85.1 41.5
3048 S5JR, Garwood Br, 12 178.1 60.2 33.8
3127 014 ®. nr Tracy 12 247.5 110.3 44.6
3129.9 DMC above TP 10 131.8 48.3 36.6
3130.1 DMC below PP 28 115.0 38.0 33.0
3130.5 DMC nr Mendota 13 143.8 52.7 36.6
3132 : Grantline Canal 12 206.8 84.3 40.8
3132.5 01d K. @ Cl.C=t. 12 132.2 55.8

42,2
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Table VI~ &. BCRON CONCENTRATION, SalN JOAQUIN RIVER SYSTEM

Station No. of Beron Councentraticn, mg/l
USGS Ne. Lecation Obs. Min, Max. Mean Median
251G SJIR beleow Friznt 12 0.0 0.1 0.03 0.0
2540 SJR nr Mendotz 13 0.0 0.6 0.23 0.2
2580 rresno R. 8 0.0 c.2 0.05 2.0
25%¢ Chewchilla R. 7 0.C 0.1 0.04 0.0
2603 Bear Cr. 11 0.0 0.1 0.02 2.0
2610 Salt Slough 12 0.3 2.2 1.00 .75
26153 SJR, Frement Fd. 15 0.4 1.8 0.83 g.70
2700 Maerced @ Exch. 12 ¢.0 0.1 0.03 0.0¢
2723 Merced @ Stev. 11 0.0 0.1 0.03 0.0
2740 SJR nr Newman 13 0.4 1.9 0.92 0.8
2747 SJE nr Graysom 12 0.3 1.1 Q.83 Q.6
2880 Tuol @ LaGrange 11 0.0 0.1 0.04 0.0
2898 TueXl nr Hickman 11 0.0 0.1 0.05 0.0
2502 Tuol nr Tuol City 11 Q.0 0.2 0.11 0.1
29053 SJR @ Mzze Rd 12 c.2 0.6 0.42 0.4
2999.98 Stam @ Tulleeh 12 7.0 0.1 0.02 g.0
3034 Sta= nr mouth 10 0.0 c.1 0.04 0.0
303s SJR nr Vernzlis 39 0.2 0.7 0.44 0.4
042 SJR nr Mossdzale 13 ¢g.0 g.5 0.28 0.3
3048 SJR, Garwocd Br. 12 0.0 0.5 0.26 0.3
3127 Qld . ar Tracy 12 G.C 0.7 0.39 0.4
3129.9 DMC zbove PP 10 0.1 0.8 0.21 0.1L
3130.1 DMC oelow PP 28 0.1 0.8 0.22 0.1
3130.5 DMC —r Mendota 13 0.1 0.6 Q.22 0.1
3132 Gran=line Canal 12 0.0 0.3 0.27 0.4
3132.3 Qld =. @ Cl.Cx. 1z ¢c.0 Q.5 0.14 0.1
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Summary. These data were developed to facilitate identification of

the locations and . :lative strengths of the major contributions to the salt

burden carried by the San Joaquin River from the vicinity of the Mendota Pool

te Vernalis.

In general, the data on quality constituents show the following:

1.

There are distinctive differences between the qualities of east

side streams and the quality of water carried by the San Joaquin

River alcong its main stem. East side streams are generally of high
guality from source to mouth (an exception being the lower reaches

of the Tuclumne River). They are lower in TDS, lower in boron and
aniquely deficient in sulfate and noncarbonate hardness compared to
the San Joaquin River into which they discharge.

In the 1960°'s there is comparatively little difference hetween the
quality and chemical composition of salts in drainage returns from the
west side of the valley and the quélity of water carried in the San
Joagquin River from Mendota to Vernalis. West side drainage is high in
TDS, chlorides, sodium, sulfate, noncarbonate hardness and boron, ail
of these properties being identified with soils of the area.

The quality of water and chemical composition of salts in the San
Joaquin from Mendeota to Vernalis is similar to the quality of west
side accretions to the river. The effect of the flow from east side
tributaries has been largely one of dilution of increased salt loads
carried by the river.

The lower Tuolumne River received substantial accretions of salt
(primarily in the form of sodium chloride} during the period

studied as a result of drainage from abandcned gas wells. However,
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even in 1961, the average annual quality of the Tuolumne at its
mouth near Tuolumne City was superior to that in the main stem of
the San Joaguin above the confluence of the two rivers {Note:
Recently, an attempt to reduce the salt load of the Tuolumne River
was initiated by sealing of the wells, although the effectiveness

of this contreol measure has not yet been assessed quantitatively.)

While the properties of the salts carried by the San Jeagquin River
during periods of low flow apmear to be dominated by west side acgretions,
to a degrees that they are hardly indistingquishable, it is not possible on
the basis of ¢uality alone to determine the relative contribution of the
several sources without considering the flow itseif. This leads to the
second phase of the quality problem--salt load--the product of flow times

concentration.

SECTION B. SALT BALANCE OBSERVATIONS AT VERNALIS

The water quality at Vernalis may be affected by 2 change in salt load.
Generally, an increase in lcad can be expected to cause guality degradation.
(The exception would be an increase in load accompanied by an increase in
flow.)} An increase in load c;n be the result of importation of salts, either
applied to the soil in the form of fertilizers, soil conditioners, etc., or as
in the case of the DMC, with water diverted from the Delta. These salts along
with those cccurring naturally in the soill are carried in return flows to the
San Joaquin River and may increase the total yearly salt load at Vernalis.

A second means of changing the salt lecad is throuwgh a shift of load with

time. In such z case, the salt burden may ke temporarily detained in the basin

during cne pericd but released subsequently with return flow. This mechanisn
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may nct change the total annual salt load, merely redistribute it with respect
to time, or delay its cccurrence at the lower limit of the basin.
This section attempts to determine if additional salts have been

introduced into the system, if a change in salt load pattern has occurred,

or bhoth.

Historical Trends of Salt Load at Vernalis

In figures VI-7 through VI-10 are presented the monthly average salt
loads {(tons per month) actually occurring at Vermalis during several decades
since the 1940's” plotted as functions of the unimpaired ("rimflow") runoff
at Vernalis (1,000's acre~feet) for each of four different months—-—-October,
January, April and July. Regression lines of a power funtion form

TDS = Constant (KAF)™

where

DS tons per month
KAF = unimpaired Vernalis runoff, 1,000 acre-feet

n = exponent

that best f£it the data are also shown.

In general, the data tend to indicate that the salt load has increased
through the decades. It is noted that the lines represent "best fits"™ for
a decade of data {(up to 10 data points) and, hence, in some cases the corre-
lations are not very strong, 0.5 or less. The curves doc not necessarily
describe the cause-effect relationship between salt load at Vernalis and the

unimpaired runoff. Apparently, in those cases where correlations are poor

* Data were not considered sufficient to permit computation of menthly

averages for the 1930°s.
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other mechanisms than those assumed are needed to explain the observed increases
in salt load that have occurred at Vernalis over the pericd since the 1940's.

Historical Trends in Salt Concentration at Vernalis

The Water and Power Resources Service has established a continuous
EC recorder at the Vernalis stream gage and records are available, with some
minor gaps, almost continuously fer ﬁhe period since September 1952. These are
generally in the form of EC measurements from recorders, averaged over the
daily cycle and converted tfo TDS and chlerides by conversion eguations period-
ically updated by comparison of EC measurements with laboratory determinations
of TDS and €1 . The most recent equations employed by the Water and Power

Resources Service for Vernalis are:

TDS = 0.62 EC + 1840 (1)
0 < EC < 2000
Cl™ = 0.15 EC = 5.0 . (2a)
0 < EC < 500
¢1” = 0.202 EC - 31.0 (2b)

500 < EC < 2000
By relating TDS to cl” for constant EC, there result the following relation-

ships between these two guality constituents:

TS = 3.07 (Cl ) + 113 (3}
70 < c1”
™S = 4.13 (C1 ) + 38.7 (4)

0¢<Cl <79

Using the above equations, and what chloride data are available for the
1930's and 1840's, figures VI-i1, VI-12, VI-13, and VI-14 were developed.

Also shown in these figures are the actual TDS data for the 1950's and 1960's.
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Drailnage
Newman to Vernalis
Drainage
: Fremont Ford
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] 182 Delta Mendota Canal

Figure VI-i8 CHLORIDE SALT BALANCE--SAN JOAQUIN RIVER SYSTEM, 1960-61

(Numbers indicate salt load in thousand tons per year)
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Flgure VI-19 SULFATE SALT BALANCE FOR SAN JOAQUIN RIVER SYSTEM, 1960-61

(Numbers Indicate salt load in thousand tons per year)
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Figure VI-20 NONCARBONATE HARDNESS SALT BALANCE
SAN JOAQUIN RIVER SYSTEM, 1960-61

(Numbers indicate salt load in thousand tons per year)
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Generally, during periods of lower flows, the 1950's and 1960's have a higher
TDS value. These concentration versus flow curves are also of the power
function form.

Salt (Chloride) Balances by River Reaches

Like the station at Vernalis, most water quality stations along the San
Joaguin River and its tributaries provided only spotty information prior to
1952. Of the data available for earlier years, the record of chloride concen-—
tration is the most complete for the greatest number stations. Therefore,
these data were used to develop relationships of chloride load versus flow at
various water quality stations.

Curves were plotted of total monthly flow at the station versus total
monthly chloride load. Preliminary work indicated that seasonal similarities
in the data existed, and to simplify the task of werifying data for all months,
only Ocgtober, January, April, and July curves were formulated. Because of the
shortage of data prior te 1952, all years érior to- 1950 were considered as .
pre-CVP. Since the Delta-Mendota Canal did not go into operation until after
1250, ne major scurce of imported salt existed to influence the analysis. For
Vernalis cne additienal data point was included to insure that the curves did
not exceed known limits. This additional point represented an extreme low flow -
condition for the San Joaquin River at Vernalis, when the TDS would likely
correspond to drainage return flows. For this analysis a flow of 0.5 KAF and a
TDS of 1,000 mg/L were assumed. Thus, when used as predictors the curves would
not produce estimates of TDS higher than about 1,000 mg/L, the maximum observed
during the 1977 drought.

Figures VI-15 and VI-16 are examples of chloride load versus flow curves

for the month of July on the Tuoclumne River at Tuolumne City. The actual data
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FLOW VS, SALT LOAD ON TUOLUMNE RIVER FRE CUP  JULY
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points used to define the curves are shown on the figures. Additic..al curves
are in appendix 2. Table VI-7 summarizes the characteristics of re.ression
curves of chloride load versus flow for each menth of both the pre~19506 and
post=1949 periods of analysis for the station at Vernalis.

Using the chloride load-flow curves thus developed, it is possible to
perform a salt balance for any given flow at Vernalis.

Salt {Chloride) Balances by Representative Months

Chloride balances (concentration x flow x 1.36), expressed as tons per
month, were calculated for the months of October, January, April, and July for a
series of river reaches from above Newman to Vernmalis. A typical summary of
the calculation is presented in figure VI-17 where data are presented for both
pre=-1950 and post-1949 project periods. The principal tributary streams and
stations along the main stem are identified between Newman and Vernalis.
"Other™ in the figure refers to accretiops or subtractions occurring between
stations at.which both flow and chloride data were sufficient to make the salt
balance calculation. Additional calculations are found in appendix 3.

In order to illustrate the changes in salt burden by year type, the
data have been grouped, as in the case of water balance calculations, by
reference to the Vernalis "unimpaired" flow. Average values of unimpaired
flows at Vernalis by year type were calculated. Estimated actual flows at
Vernalis were calculated using the average of actual Vernalis flows for a
particular period and year type.

As a means of checking the appropriateness of results based on the average
of actual flows, and only four representative months, each year of record was
evaluated for all months using regression curves and actual flows at Vernalis.
An average "actual" load was then calculated for each year type and period.

Results for comparison are in table VI-S8.
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TABLE VI — 7

CHLORIDE LOAD VS. FLOW COEFFICIENTS AT VERNALIS
1930 - 1950
4 OF
MCONTH Cl cz2 PAIRS™ R
OCTOBER .3416451758E+03 .7238303788 7 .993
NOVEMBER . 339304492 7E+03 .6880766404 6 .987
DECEMBER . 36390529 10E+03 6787756342 7 972
JANUARY .3928349175E+03 .6231583178 10 .965
FEBRUARY .5368474514E+03 .5675747831 9 .914
MARCH .4968879101E+03 6035477710 10 .951
APRIL .3866605718E+03 .5624873484 9 .942
MAY . 3805863844E+03 .5399998219 9 .220
JUNE . 6355065225E+03 .5175446121 9 .829
JULY .6038658134E+03 .6219848451 8 .900
AUGUST .3874538954E+03 .7410226741 8 .991
SEPTEMBER .3500905302E+03 .7524035817 8 .989
* # QF PAIRS DOES NOT INCLUDE RESTRICTION POINT (.5,200)

v = Cl*(X
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Tabla VI-8
UNIMPAIRED FLOW OF THE SAN JOAQUIN RIVER
AT VERNALIS

Average Vernalis unimpaired flow

Qctober January april July
Dry year 39.7 110.5 601.4 101.4
Below normal 49.3 167.3 794.9 224.9
Above normal 42.4 352.5 1055.7 425.1
Wet year 29.8 695.7 1169.0 921.0
Estimated actuwal Vernalis flow
Pre—xears*
Dry year . 110 150 86 46
Below normal 101 -o1g 113 64
Above normal . 98 279 805 235
Wet year 107 410 1175 730
Post—zears**
Dry year 120 133 44 18
Below normal 104 202 150 46
Above normal - 65 263 264 72
Wet year 87 714 1000 300

*

1930-1949

dx

1950-1969

fa¥a)
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The salt load estimated for Vernalis by month and year classification
is summarized in table VI-9. In this summary, the salt load varies with time
and year classification. Salt loads tended, ¢f course, tc be sensitive both to
runoff and concentration. In the pre-1950 periocd, for example, the greater
loads occurred in the wetter years, and generally in the month of July.

In the post-1949 periocd, salt loads are estimated to be generally higher
in all months except July. The average annual salt burden at Vernalis appears
to have remained unchanged in wet years and increased by 35 percent in below
normal years. The total average annual load in dxy years has increased by
about 18 percent. In the April-September period, salt loads were unchanged
from pre to post dry years; increased in below normal years; decreased in
above ncrmal years and decreased slightly in wet years. This can probably be
explained by lower flows and lcads in the summer months. These estimates are
based on "actual loads™ as identified in table VI-S.

£3

Salt Balances for a Dry Year

Additiconal insight to salt halance estimation is provided by an evaluation
of the salt load distributicn alomg the San Joaquin River for the dry year
1961, as illustrated by figures VI-18 through VI-21.

In figure VI-18 is shown a schematic representation of the average amounts
{thousand tons per vear) of chleorides delivered over the year by each of the
several discrete sources, previously identified in figure VI=-1, "The San
Joaguin Valley System." The figure shows the dominance of the salt load at
Vernalis by the principal drainage accretions in the upper San Joaguin River.
It azlso shows, in the case of this particular constituent,” the important

contribution of the Tuclumne gas wells. According to this analysis of the load

* The principal salt emitted by the gas wells is sodium chloride.
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TABLE VI-9. CHLORIDE SALT LOAD AT VERNALIS (TONS)
Dry years Below normal years
Average flow¥* Actual load#** Average flow* Actual load#=*
Pre Post Pre Post Pre Post Pre Post
Oct 10,260 14,290 10,191 12,703 9,650 12,920 9,631 12,562
Jan 8,920 10,420 8,784 10,284 7,720 12,730 7,650 12,3290
Apr 4,740 6,030 4,496 5,754 5,520 11,080 5,502 10,329
Jul 6,530 4,540 6,254 4,434 8,020 7,700 7,877 7,500
Apr-
Sept 33,810 31,710 33,580 33,106 40,620 56,340 46,482 54,393
Year 91,330 105,840 88,712 104,428 92,730 133,290 98,701 133,617
Above Normal Years Wet Years
Average flow* Actual load** Averapge Tlow#* Actual load#*
Pre Post Pre Post Pre Post Pre Post
Oct 9,440 9,280 9,238 9,051 10,060 11,400 10,051 11,291
Jan 13,130 14,4350 12,926 12,611 16,690 23,320 16,666 21,689
Apt 16,660 14,670 16,434 13,934 20,620 28,410 20,569 27,638
Jul 18,020 9,910 17,498 9,766 36,470 22,130 36,236 21,378
Apr-
Sept 104,040 73,740 90,217 71,332 171,270 151,620 136,420 127,626

Year 171,750 144,930 177,146 181,840 251,520 255,780 258,249 258,21%6

* Load based on regression of average flow for month.
*#% Load based on average of loads from regressionm of all flows for month.

NCTE: "Pre" refers to years 1930-1949
"Post" refers to years 1950-1969

Q2
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of chlorides that reaches Vernalis, about 60 percent of the load criginates
above the mouth of the Merced River, 30 percent with the gas wells and 10
percent from other sources, including the two east side tributaries and local
drainage hetween Newman and Vernalis. B2about 30 percent of the total originates
upstream of Fremont Ford (Salt Slough plus sources upstream to Mendota) and 30
percent enters in the comparatively short reach between Fremont Ford and Newman
(less than 10 miles).

Figures VI-19 through VI-21 give a scmewhat clearer picture of the relative
contribution of the other drainage sources, exclusive of the unique influence
of the Tuolumne gas wells. Since the wells are low in sulfate and the principal
irrigated lands on the west side of the valley are high in this constituent,
the sulfate balance depicted in figure VI-19 identifies a very large contri-
bution from the drainage above the mouth of the Merced River. Very little
sulfate load is contributed by either the east side streams or the gas wells.
In this particular example, it appears thaﬁ there is even a net export of
sulfate to irrigated lands below Newman, not an unlikely occurrence in a dry
vear of max-irrigation water use and reuse. According to these analyses, about
57 percent of the sulfate load of the upper San Joaguin River (that apparently
accounts for wirtually all that arrives at Vernalis) originates beéﬁeén Fremont
Ford and Newman, and about 30 percent comes from Salt Slough.

‘A very similar picture.is presented by figqure VI-20, for noncarbonate
hardness (the equivalent of hardness originating from such salts as calcium and
magnesium sulfate). It is noted in this case, however, that the gas wells do
contribute about 20 percent of the Eotal to Vernalis, while 77 percent origi-
nates in the upper San Joaguin River. The esast side streams have virtually

no noncarbonate hardness.

93
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Finally, a boron balance is shown in figure VI~21 (note that values
are in tens per year, not thousand tons, as in the previous examples). Again,
although some boreon is found in most waters tributary to the valley floor, the
dominant sources are in the upper San Joagquin River basin about 69 percent of
that which eventually passes Veinalis. In this case, local drainage between
Newman and Vernalis contributes zbout 22 percent of the total.

It should be noted that for reference purposes, since it is a part of
the wvalley system, the Delta~Mendota Canal's contribution is indicated in the
figures. The imported salt load to the San Jeaquin Valley is noted to range
from 147 te 173 percent of that leaving at Vermalis for this dry year, 196é1.

Summary of Salt Balance Calculations

Salt balances have been performed for two purposes: (1) teo identify

trends in load that have occurred with time, e.g., between the pre-1944 and

post=1947 pericds, and (2) to determine the relative contribution of the various

sources of_salt, including the contribution‘of the Tuolumne gas wells.

The salt load at Vernalis has changed between the pre-1944 and post—-1947
periods, the amount varying with the year classification. Based on chloride
data that extend back to the 30°s, it zppears that locads in the dry years
increased 18 percent and below normal year loads increased 35 percent. ILdttle
or no load change is apparent in above normal and wet years. In the dry and
below normal yvears the biggest increase in load cccurred in April when spring
runoff is probably flushing the basin of some accumuiated salts. Consistent
with this observation, loads in July have also decreased in dry and below
nermal yvears apparently due to a reduction in runoff. In general it appears
that in drier years, salts are accumulated in the basin during low f£flow summer

and esarly fall months and then released during the high flow winter and spring

Q4
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menths. Because a net increase in load has occurred, it seems likely that
sources of salt are adding to the annual burden at Vernalis in dry and below
normal years. Without reference to year classification, and comparing the
1950's and 1960's to the average of the 1930-49 period, it is noted further
that the greater proportion of the post-1949 increase seems to have occurred in
the more recent decade, i.e., the trend toward an increased salt burden is
itself increasing, despite an apparent continuing decline in the total runoff
at Vernmalis.

A éummary comparison of relative increase in salt burden at Vernalis by
year classification is presented in table VI-10.

The relative contributions of various sources to the salt load at Vernalis
were determined by performing water balances and mass balances for selected
sections of the San Joaquin Rives systém. Depending on the constituent selected
and the particular hydrology used, the relative contribution of each source to
the load at Vernalis can be expected to var& somewhat. For the dry year 1960~-61
a breakdown in the percentage contribution from the various sources in the San
Joaquin system is as shown in table VI-11,

Some highlights of this 196171 salt balance analysis are as follows:

1. About one-half of the salt load carried in the San Joaquin River

at Newman originates in the reach between Mendota and Newman.
(Based on chloride balance.)

2. About 20 percent of the salt load that passes Newman is contributed

between Mendota and Salt Slough.

3. Salt Slough is a major contributor to salt load accounting for one-

third to one-half of the load at Newman.

4. The salt locad that enters the San Joaguin River above Newman is

ecquivalent to 60 to 100 percent of that observed at Vernalis.

a5



RECIRC2646.
Table VI-10
PERCENTAGE CHANGE IN SALT LOAD (CHLORIDES)

AT VERNALIS BETWEEN PRE-1950 AND POST-194% AS A

FUNCTION QF TIME CF YEAR AND YEAR CLASSIFICATION

Year PERCENT CHANGE*

Class MONTH

Octchber January April July Year
Dry 25 17 28 -29 18
Below normal 31 =3 a8 -5 35
Above normal -2 -2 -i5 ~-44 3
Wet 12 30 34 -4 1 4]

*

96

({Salt load post=1949/salt load pre-194%)-1) x 100.
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TABLE VI-1l. ©PERCENTAGE CONTRIBUTION OF SOURCES
TO SALT LOAD ESTIMATES AT VERNALIS
Source Percent of Total at Vernalis
Constitqent*
cl SO4 NC B

Mendota to Salt Slough 12.3 12.2 13.0 4.5
Salt Slough 16.2 30.5 19.4 22.8
Merced River 2.0 2.2 0 1.1
Drainage:

Fremont Ford to Newman 29.5 58.3 38.4 40.7
San Joaquin at Newman 60.0 103.2 70.8 69.2
Tuolumne River above

gas wells 1.0 1.9 0 4.6
Tuolumme River

Gas Wells 29.5 1.0 20.5 2.3
Tuolumne River 30.3 2.9 20.5 6.9
Drainage:

Newman to Vernalis 7.5 -8.4 3.7 22.4
Stanislaus River 2.0 2.3 0 1.5
Sann Joaquin River

at Vernalis 100.0 " 100.0 100.0 100.0

* (Cl = chlorides; 804 =

sulfates; NC = noncarbonate hardness; B = boron
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5. ©Of the chleride sait load carried by the rivexr at Vernalis, less
than 6 percent was contributed I'v the three major tributaries—-the
Merced, the Tuoluﬁne (excluding the gas 1ls}) and the Stanislaus.

6. The Tuclumne gas wells contributed chloride salt lecad egqual to about
30 percent of the total at Vernalis, but only about 1 percent of
the sulfates.

7. The sulfates entering the system above Newman exceeded the total
lcad at Vernalis, i.e., the area above Newman accounted for virtually

all of the downstream sulfate load.

SECTION C. WATER QUALITY CEANGES AT VERNALIS

This section deals with the effects any changes in flow or load may
have had on Vernalis water cuality. Due to the sparse data available prior tc
1953, two different methods were develcocped to predict the gquality in the years
prior to 1953. The first of these methods utilizes a wery complete record of
chloride values taken at Mossdale, to predict the pre—-1953 TRS at Vernmalis.
The second method utilizes the flow versus load equations developed for salt
balance computations and the relationship between chlorides and TDS at Vermalis
to estimate TDS for the pre-1950 and post—-1949 periods based on Vernalis flow.
Results of both methods are discussed and where results are substantially_
different comparisons are made.

Estimaticn based on Mossdale Data

Because of the sparse data prior to 1953, one means of determining the
Vernalis quality was developed based cn chloride observations at Mossdale on
the San Jeoaquin River approximately 16 river miles downstream of Vernalis.
These cbservations, made as a part of the Department of Water Rescurces'

extensive 4~-dayv sampling program, cover a pericd from June 1929 through March

as
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1971, overlapping for about 17 full years the Service monitoring of EC at
Vermalis. The data developed in the DWR program, however, represent grab
samples collected a2 4-day intervals {(about 8 times per menth in most months)

at or near conditions of slack water (approximately 1.5 hours after high tide).
Thus, they tend to reflect the highest levels of chloride that would likely be
observed as a result of tidal action at the Mossdale station.

Significant reversals in tide occur at Mossdale where the tidal range
is normally about 2.5 to 3 feet. The Vernalis gage, on the other hand, is
above tidal influence at most levels of riverflow.

The special value of the Mossdale data which are summarized in table
VI-12, is that they cover periods both before and after the const;uction of the
CVP and therefore can be used to predict changes that have occurred from 1930
through 1967, the pericd selected for the present study of CVP impacts on water
quality in the San Joaguin River system.

However, because the station at Vernalis is about 16 miles upstream
of Mossdale, it is necessary to demonstrate that there is a relationship
between observations taken at fhe two locations. This is accomplished by
correlation of the mean menthly TDS at Vernalis {(table VI-13) with the mean
monthly slack water chloride values (8 grab samples) at Mossdale (table VI-12},
as shown in figure VI-22., Data shown are for the pericd April through September,
as defined for use in this investigation, and cover the pericd 1953 through
1970, except for a few months for which no data existed.

As may be clearly seen from the array of data in figure VI=-22, the corre-
lation between TDS (Vernalis) and chlorides (Mossdale) is strong. This is not
unexpected due to the preximity of the two stations and the apparenb lack of

intervening processes that could lead to a disproportionate balance between

%9
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TABLE VI-12.
2 L]
1929
1930 61 74
1931 55 73
1932 80 94
1933 63 47
1934 &7 70
1935 163 66
1936 54 61
1937 58 59
1918 £1 76
1939 7 59
1940 103 ie3
1941 114 63
1942 - -
1943 56 ]
1944 - -
1945 71 58
1944 50 S4
1947 87 65
1548 95 81
1949 90 116
19350 120 9%
1951 121 45
19527 108 112
1953 % 88
1954 102 100
1955 13% 119
1956 183 151
1957 92 82
1958 78 73
1559 74 51
1960 174 140
1581 184 141
1962 277 207
1963 151 116
1964 - b4
1963 - -
1966 103 56
1967 135 144
1968 72 55
1969 127 129
1974 43 45
1971 131 -

*aversge of up to 8 obscrvarions taken at toughly &4-day intervals at approsicatcly 9ne and onc-half hours
after high tide 21 Mossdale Bridge
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TABLE VI-13, MEAN MONTHLY TOTAL DISSOLVED SOLIDS AT VERNALIS ¥
Year 0 N D J « F M A M J J - A S
1953 124 201 400 463 207 128 300 425 373
53-54 317 334 342 365 328 220 124 136 443 539 540 515
54-55 378 354 285 223 254 141 474 388 264 449 464 476
55-56 439 403 302 NR NR 214 148 69 81 279 295 318
56-57 312 295 254 181 464 330 417 331 203 455 479 451
57-58 316 271 282 346 249 202 149 97 89 289 417 315
58-59 280 198 258 366 331 428 546 538 589 634 620 557
59-60 502 446 428 461 482 654 585 582 673 710 640 682
60-61 320 460 402 447 591 715 846 715 794 936 941 807
61-62 805 661 690 713 440 238 325 237 183 516 563 496
6263 415 370 267 413 145 395 108 93 125 369 477 405
- 63-64 287 238 201 301 458 . 578 562 564 571 756 774 615
64-65 472 340 281 163 189 247 150 194 169 422 494 401
65-66 258 243 243 332 346 NR NR 598 662 729 727 698
66-67 485 469 260 402 222 264 123 104 86 162 365 354
- 67-68 299 222 240 367 401 325 486 576 659 665 599 568
68-69 458 481 329 198 129 146 118 86 84 221 363 249

*Average of continuous EC recording converted to TDS by relationships of the form TDS = Cl x EC + C2
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Eq. VI-3) <

i =
= Tps = 4.13 c1L + 38. 7 .
2 (Eq VI-4) :
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Chiorides at Mossdale,

mg/ L

F:Lgure VI-22 RELATIONSHIP BETWEEN TOTAL DISSOLVED SOLIDS AT VERNALIS
AND CHLORIDES AT MOSSDALE

Data are for April-Sept, 1933-1970
Monthly mean concentrations, mg/L
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chlorides and total salts over the historic period considered. The relation-—
ship between these cquality constituents is given best by the equation:
wps = 10 (1) 77 (5)

where

TDS

total dissolved seolids, mg/L

o1

chlorides, mg/L

With the aid of this equation, it is now possible to relate the 4~-day
chloride data at Mossdale with the corresponding wvalues of TDS at Vernalis
and vice versa, recognizing of course that the chloride values are for average
high tide, slack water conditions, while the TDS values are averages over the
24-hour daily period.

Historical Changes in TDS at Vernalis

The pattern of TPS change that has occurred at Vernalis is illustrated
in fiqure VI-23 which shows in the lowef‘section the chlorides history actually
observed at Mossdale and in the upper section the parallel pattern of TDS at
Vernalis estimated by means of Equation 5. To supplement the information on
TDS at Vermalis provided in table VI-13, the earlier record of TDS based on the
Mossdale experience and the predictor Equation 5 1s summarized in table VI-14
covering the hydrologic years 1930 through December 1953. Together, tables
VI-13 and VI-14 provide a continuocus record of water quality experience at
Vernalis from 1930 through 1969.

This water quality experience can be summarized in several ways.

Graphical summary. The graphical history of water quality at Vernmalis

is illustrated by average monthly TDS in figure VI-23, which shows the long term
as well as the seasonal variability. The long~term changes are depicted by the
3-year moving average line presented in the plot of monthly TDS's at Vernalis.

The short-term seasonal variations are evident in the month-by-month fluctuations.
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Data are wonthly means of grab samples at & day sntervals,
except for 1942 wheo only 1 sample per month was collected.

Note:
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Ho record

3 yesr moving everage
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o

ircigation eeason runoff,
A 77 Apr,-Sept. exceeds 400,000 acre-feet

=1 Ho record

. i T
2% 30 31 3z 33 34 35 36 37

CHLORIDES

T T L T T T T T T T T
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Figure VI-23  OBSERVED CHLORIDES AT MOSSDALE AND ESTIMATED TOTAL DISSOLVED SOLIDS AT VERNALIS
1929-1971
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, Tuble-VI-14. MEAN MONTHLY TOTAL DISSOLVED SOLIDS AT VERNALIS*, mg/liter
' Based on TDS (Vernalig: Chloride (Messdale) Correlation
for period 1953-1970
Year 0 N b J F M A M J J A S
1929-30 237 275 63 234 266 255 194 151 171 266 258 228
30-31 249 272 234 266 263 409 383 333 328 347 320 292
31-32 292 331 266 100 59 151 93 68 59 137 357 292
32-33 243 - 194 228 216 194 317 381 317 97 278 352 283
33-14 254 263 - - - - - - 419 301 368 4a4
34-35 517 251 200 93 116 134 89 76 93 213 355 286
35-36 216 237 168 269 112 76 100 68 80 275 360 295
36-37 228 231 194 165 261 76 80 59 68 289 367 286
37-38 237 281 151 151 89 130 148 100 164 97 187 303
38-139 266 260 219 222 158 148 300 280 303 381 396 347
39-40 355 355 328 281 281 165 197 141 144 281 330 368
40-41 3184 261 309 1497 168 197 191 168 158 203 - -
41-42 - - - 97 85 Il34' 144 80 54 72 320 258
42-43 222 292 165 - -~ - - - - - - -
43-44 - - - - - - - 165 200 322 370 355
44-45 266 228 228 194 119 104 116 93 80 222 303 261
45-46 203 216 187 123 171 243 130 72 203 336 365 338
46-47 311 249 178 246 303 275 355 234 386 464 496 349
47-48 333 295 328 331 548 559 309 119 104 306 414 355
48-49 320 389 362 336 376 161 246 151 286 4B6 510 471
49-50 399 333 347 320 175 289 141 137 184 462 481 422
50-51 402 261 80 148 148 206 349 184 246 483 496 432
51-52 368 378 252 123 100 112 100 119 68 269 357 310
52-53 336 314 206 165 252 4557 426 234 144 325 462 404

*Estimated from the egquation:

NS (Vern) ﬁ@{Cl(MOSS)]O'77
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Extreme values~-maximum monthly TDS. Maximum monthly TDS wvalues by

year over the period 1930-1966 are depicted in the graph cf figure VI-24. The
figure summarizes the extremes in quality and flow during each year of record
as tabulated in table VI-15. The triangles in the lower portion of the gzaph
indicate the most critical quality {i.e., maximum TDS) occurrences in each of
the indicated years within the period 1930-1%944. The solié circles, largely
occupying the upper portion of the graph, correspond to the critical occur-
rences in each cf the years, 1952-1966. 1943-1951 are not plctted for reasons
of clarity, although they generally are distributed in the region bounded by
TDS values of 303 to 510 mg/L as will be seen in table VI-15..

Since a compariscn Qf the pre-1944 and post-1947 conditions is germane,
it may be noted further that the means and ranges corresponding to the two data
sets” are as given in table VI-16 following.

Mean monthly values of TDS by decades. Using the average monthly values

of TDS from tables VI-i3 and VI-14 covering the pericd 1930 through 1962, it is
possible to summarize the general trends of changes that have occurred for each
month of the year. These trends are given by the mean 10-year values for each
of the decades of the 1930's, 1940°'s, 1950°s, and 1960's in table VI-17.

In a few cases, oniy 8 or 9 chservations are included in the averages.
These are noted by the asterisks ** and *. 2lso given in the tzble for later
reference are the corresponding values of the mean monthly runcff by months

{KA¥) at Vernalis in the San Joaquin River.

It will be recalled that the mean annual unimpaired {(rimflow) runoffs
during the seascn April through September for these two pericds, pre—-1944
and post-1947, are comparable, the post—-1947 period being slichtly drier
by approximately 5.6 percent.

ENa¥A

040660



Honthly Maximum Mean TDS, mg/liter

RECIRC2646.

lOOOr
61
O,
\
B \
A
\
v
\
\
. A
800 | _ \
bﬁh
sn\
5o O\
. O \
\
59 \
\
\
600 !
™ \ .2 Envelope of all cases prior to 1966 incl.
: C)\ .
o
O N
S
b OG.: .
55@ -4[ O.f:i
53
4 S 58
3 ~ -
400 - //ﬂ{ 39 o
37
) —— e i —
1 $2 O°2 " é;
é} Oss
200 Envelope of all cases prior to 1944 incl.
0 ! ! 1 I J
0 1000 2000

Monchly Mean Flow - c¢fs

Figure VI~ 24 WATER QUALLUTY AND FLOW EXTREMES AT VERNALIS
1930 - 1966
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JERNALI®, 1930-195%

Year Maei mum Minimum
Monthly Mean TDS* Monthly Mean Flow
MG/L AF x 1000 CFS
1930 266 56.6 922
1931 320 14.0 228
1932 357 71.3 1161
1933 352 41.0 668
1934 419 37.3 628
1935 355 61.2 996
1936 360 69.0 1124
1937 367 69.4 1130
1938 363 132.0 2222
1839 396 44,0 717
1940 368 100.4 1690
1941 no data 114.0 1919
1942 320 103.6 1687
1943 no data 94.8 1544
1944 370 67.1 1093
1945 303 109.4 1782
1946 365 75.2 1263
1947 496 35.0 570
1948 414 44.6 726
1949 510 37.0 602
1950 481 38.2 622
1951 496 46.7 760
1952 357 83.3 1357
1953 462 46.0 749
1954 540 33.6 547
1955 476 36.3 611
1956 318 11z2.2 1887
1957 479 46.3 754
1958 417 4.4 1537
1959 634 19.2 313
1960 710 13.7 223
1961 941 9.3 151
1962 365 52.7 695
1963 477 67.4 1098
19684 774 27.1 441
1965 494 75.0 804
1966 729 27.0 439

*Extreme values occurred within the period June-Sept.
to the month in which maximum TDS occurred, 1930-1953 values based on Mossdale

data. 105

Flow values correspond
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TABLE VI-16. SUMMARY OF EXTREME WATER QUALITY CONDITION
APRIL - SEPTEMEER PERICD

1930-1544%* 1952-196%8

CRITICAL WATER QUALITY

Monthly Mean TDS Mg/L

Maximmm for period 412 941
Mean for pericd 355 558
Minimm for period 266 318

LOW FLOW CONDITIONS

Average daily flow £t3/s
corresponding to critical TDS

Maximom 628 151
Mean 1182 774
Minimgn 2222 1887

* Based on Mossdéle data.
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TABLE VI-17. MEAN MONTHLY RUNOFF AND TDS
AT VERNALIS BY DECADES
1930-1969

Menth 1930's *** 1940" g %x* 1950's 1960's

R TDS R DS R TDS R TDS

KAF ng/ L RAF wg/L - EAF mg/L KAF mg/ L
Oct 99 274 '110 299%* 102 355 98 460
Nov 107 260 129 258%* 154 314 117 393
Dec 152 218% 194 261%% 344 261 197 334
Jan 200 191% 299 225%% 262 271% 294 379
Feb 455 169% 391 256%% 280 256% 401 340
Mar 530 188% 505 230%=* 342 280 385 396%
Apr 503 196% 502 211%* 429 287 397 368%*
May 678 166% 639 136% 451 223 404 375
Jun 620 172 675 179% 376 231 393 401
Jul 204 258 191 299% 101 418 139 549
Aug 66 332 75 389 . 56 461 58 595
Sep 70 312 85 344 72 420 76 528
Mean  282.5 228 316.3 257 247.4 315 238.3 427

* Only 9 observations in 10 year peried

*% Only 8 observations in 10 year period
***Baged on Mossdale data
Note: Although 10 runoff observations were recorded for each 10-year
- period, the values shown are averages for the same series for
which TDS values are given.
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Figure VI-25 shows graphically the trend of mean monthly TDS at Vernalis
on a seasonal basis by decades, from the 1930's through the 19607s.

Relaticonship Between Mean Runcff and Mean TDS

Data presented in table VI-17 permit illustration of the changes in rumoff
and corresponding TDS values that have occcurred during each of the decades
since the 1930's. The relationships between these guantities are shown graphi-
cally in figures VI-26A, B, C, and D. The individual data points are identified
by a number corresponding to the month of the year. Coordinates for each point
were determined as the average monthly TDS and average monthly runeff without
regard for year tvpe (i.e., dry, below normal, above normal, wet).

Using fiqure VI=-26A as illustrative of a normal pre-1950 cycle, it is
noted that during the year the lowest runeoff-highest TDS month is August (which
is the case, incidentally, for all four decades). In succeeding months the TDS
gradually drops as the average flow increases, although not in a iinear fashion.
The curve connecting the monthly points foilows in a fairly smcoth segquence
through the winter and intoe the spring when the best quality is identified
withh the greatest monthly runcff (point 5 correspending to May, the month of
maximum runoff in the pre~1950 periocd). Thereafter the flow declines as the
TDS level rises gradually, but at generzlly higher levels through the summer
months. A somewhat similar pattern is seen for the 1940's {see figure 26B8),
aithough in this case the early sPring months seem to reflect somewhat higher
TDS levels. The range of flows and TDS are comparable to the 1930's. 1In the
1950°'s {(see fiqure 26C) some of the same characteristics are noted although
flows are less and TDS wvalues higher. 2also, less variation in TDS in relatiomn
to flow is noted during the winter and early spring months. In the 1960's (see

figqure 26D), the pattern is shifted decidedly upward and toward the left,
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Figure VI-25 MEAN MONTHLY TDS AT VERNALIS BY DECADES
1930~1969

*Based on Mossdale chloride data
**Based on actual observations
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Figure VI-25 MEAN MONTHLY TDS AT VERNALIS BY DECADES
1930-1969
*Based on Mossdale chloride data
*¥*Based on actual observations
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indicating substantial increases in salt lecad for the same levels of flow,
and a generally decreased runoff, especially during the late winter and
spring months {(February through June). 1In all cases it is of interest to
note:
1. The lowest runoff and poorest quality occurred in August.
2. The greatest runoff occurred in May or June (three times in May,
one time in June).
3. A regular pattern of improving guality with increasing flow is
identified with the period September through December.
4. Late spring and early summer months always show a tendency toward
increased TDS as the flow decreases appreoaching the maximum in
August.

Estimation Based on Chloride Load-Flow Relationships

To breoade:: the approach to predicgion of pre-1953 water quality condi-
tions at Vernalis on the San Joaquin River,-an alternative method of analysis
was developed. This method utilized chloride cbservations derived from monthly
grab samplings at Vernalis for the period subsequent o 1938*. These data
were combined with mean monthly flows to determine mean monthly chloride leoads
that, in turn, were correlated with Vernalis run;ff to produce linear regres-
sions of the power function form.. Correlations were made for each month of
record for the periocds 1938 through 1949 and 1950 through 1969, respectively.
Because these regression lines were fitted to 2 limited set of data (from six

to ten data points in the 1938 to 1949 period) they were generally limited to

the range of the data used, e.g., they were not considered reliable for very

* With the exception of some months during World War II when no samplings

were made.
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low flows, where they tended to give TDS predictions larger than had been
observed historically. To correct for this limitation a new set of regression
equations, the coefficients for which are summarized in table VI-7 for the
Vernalis station, were prepared using an additional hypothetical chloride
load-flow point correspending to a TDS of 1,000 mg/L and a monthly flow of 0.5
XAF. Including this value in the data set had the effect of precluding TDS
concentrations in excess of 1,000 mg/L*.

Although plots similar to figures VI-15 and VI-16 express gquality in tons

of chlerides, the chloride concentration in p/m is given by the following

formuiac:
/m = Load
3 Flow x 1.36
where,
p/m = parts per million C1~

Lead chloride load in tons
Flow = 1,000"'s of acre—feet

Tablie VI—-18 tabulates the mean monthly TDS vaiues for the years 1930-1953
based on the chloride lcad flow regressions.

The extreme water guality conditions at Vernalis for the years 1930-66 are
presented in table VI-19. A compariscon of the pre-project years with post-
project years is presented in table VI-20. These tables indicate that extreme
water quality conditions &t Vernalis are poorér for the post-project years, in
terms of higher TDS concentrations and lower daily f£flows.

Applying the regression curves to the pre-71950 and 1950-1952 vears and
using actual data for the post~1952 years, table VI-21 can be used to compare

the mean monthly water quality at Vernalis for the four decades being studied.

* Approximately the maximum mean monthly TDS during the 1977 drought.
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TABLE VI-18. MEAN MONTHLY TOTAL DISSOLVED SOLIDS AT VERNALIS, MG/LITER,
' BASED ON CHLORIDE LOAD-FLOW REGRESSIONS FOR PERIOD 1930-1949
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Seﬁt
1930 338 309 310 241 267 245 168 159 204 378 421 376
1931 327 286 278 253 274 344 334 292 429 616 555 494
1932 417 359 314 199 . 140 - 196 138 95 111 238 403 396
1933 327 275 279 233 217 275 224 189 159 390 447 391
1934 i3 291 261 211 241 277 270 253 364 523 501 456
1935 372 306 _ 292 194 205 208 99 87 110 305 415 380
1936 312 273 256 200 135 141 103 86 123 293 405 383
1937 318 273 249 200 135 145 100 82 110 286 405 378
1938 318 272 211 166 112 111 89 76 86 179 333 349
1939 293 229 232 187 194 262 171 . 164 309 434 441] 399
1940 335 296 293 187 150 140 97 90 124 335 402 366
1941 330 282 245 159 133 127 95 81 99 206 362 366
1942 306 260 217 152 134 164 102 87 99 217 376 358
1943 305 260 222 170 133 _ 124 94 89 121 326 383 366
1944 310 273 262 213 218 197 176 132 188 378 407 388
1945 329 256 231 191 141 161 114 90 122 270 373 355
1946 290 234 207 147 171 214 128 92 154 362 399. 374
1947 321 252 234 211 235 253 204 164 315 481 461 396
1948 343 280 287 262 342 384 209 122 134 372 441 395
1949 332 294 298 244 286 219 182 136 231 472 456 426
1950 420 35t 351 288 269 343 192 174 169 506 566 514
1951 415 211 166 144 180 219 258 156 203 468 538 505
1652 390 342 293 153 174 181 117 92 93 298 464 458
1953 386 323 280 179 265 414 329 216 171 385 538 498
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TABLE VI-18. MEAN MONTHLY TOTAL DISSOLVED SOLIDS AT VERNALIS, MG/LITER,
BASED ON GHLORIDE LOAD-FLOW REGRESSIONS FGR PERIOD 1930-1949
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sebt
1930 338 309 310 241 267 245 168 159 204 378 421 376
1931 327 286 278 253 274 344 334 292 429 616 555 494
1932 417 359 314 199. 140 196 138 95 111 238 403 396
1933 327 275 279 233 217 275 224 189 159 350 447 391
1934 333 291 261 211 241 277 270 253 364 523 501 456
1935 372 306 292 194 205 208 99 87 110 305 415 380
1936 312 273 256 200 135 141 103 86 123 293 405 383
1937 318 273 249 200 135 145 100 g2 110 286 405 378
1938 318 272 211 166 112 111 89 76 86 179 333 349
1939 293 229 232 187 194 262 171 . 164 309 434 441 399
1940 335 296 293 187 150 140 97 90 124 335 402 366
1941 330 282 245 159 133 127 95 81 99 206 362 366
1942 306 260 217 152 134 164 102 87 99 217 376 358
1943 305 260 222 170 133 124 34 89 121 326 383 366
1944 310 273 262 213 218 197 176 132 188 378 407 388
1945 329 256 231 191 141 161 114 90 122 270 373 355
1946 290 234 207 147 171 214 128 92 154 362 399 374
1947 321 252 234 211 235 253 204 164 315 481 461 396
1948 343 280 287 262 342 384 209 122 134 372 441 395
1949 332 294 298 244 286 219 182 136 231 472 456 426
1950 420 351 351 288 269 343 192 174 169 506 566 514
1951 415 211 166 144 180 219 258 156 203 468 538 505
1952 390 342 293 153 174 181 117 92 93 298 464 458
1953 386 323 280 179 265 414 329 216 171 385 538 498
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TABLE VI-19, EXTREME VALUES OF TDS AND FLOW
AT VERMALIS 1930-1966
Maximum Minimum

Year monthly mean TDS* monthly mean flow

mg /L KAF £ft3/s
1930 421 56.6 921
1931 616 14.0 228
1932 £03 71.3 1160
1933 L47 ‘ 4£1.0 667
1934 . 523 23.6 384
1935 415 61.2 985
1936 405 €9.0 1122
1937 405 69.4 1129
1938 349 132.4 2225
193¢ 441 44,0 716
1940 402 72.9 1186
1941 366 100.3 1686
1942 376 103.6 1685
1943 383 94,8 1542
1944 407 67.1 1091
1945 373 108.4 1779
1946 399 75.3 1225
1947 -481 _ 32.4 527
1948 441 44 .6 725
1849 472 34.6 563
1950 566 38.2 621
1951 538 . 46.7 760
1552 L84 83.3 1335
1953 ) 538 46.0 748
1954 546G 33.6 C 347
1955 476 36.3 . 6ll
1956 318 112.2 1887
1957 479 46.3 754
1958 417 94,4 15337
1959 634 19.2 313
1960 710 13.7 223
1961 941 8.3 151
1962 ' 363 42.7 695
1963 477 67.4 1098
1964 774 27.1 &4t
1965 494 75.G 804
1966 729 27.0 439

*Extreme values occurred within the period June-September. Flow values
correspond to the month in which maximum TDS occurred. 1930-533 values
based on load-flow regressions.
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TABLE VI-18, MEAN MONTHLY TOTAL DISSOLVED SOLIDS AT VERMALIS, MG/LITER,
BASED ON GHLORIDE LOAD-FLOW REGRESSIONS FOR PERIOCD 1930-1949
Year Oct Nov Nec Jan Feb Mar Apr May Jun Jul Aug Sept
1930 338 309 310 241 267 245 168 159 204 378 421 376
1931 327 286 278 253 274 344 334 292 429 616 555 494
1932 417 359 314 199 . 140 196 138 95 111 238 403 396
1933 327 275 279 233 217 275 224 189 159 390 447 391
1934 333 291 261 211 241 277 270 253 364 523 501 456
1935 372 306 292 194 205 208 99 87 110 305 415 380
1936 312 273 256 200 135 141 103 86 123 293 405 383
1937 318 273 249 200 135 145 100 82 110 286 405 378
1938 318 272 211 166 112 111 89 76 B6 179 333 349
1939 293 229 232 187 194 262 171 . 164 309 434 441 399
1940 335 296 293 187 150 140 97 90 124 335 402 366
1941 330 282 245 159 133 127 95 Bl 99 206 362 366
1942 306 260 217 152 134 164 162 87 99 217 376 358
1943 305 260 222 170 133 124 94 89 £21 326 383 366
1944 310 273 262 213 218 197 176 132 188 378 407 388
1945 329 256 231 191 141 161 114 90 122 270 373 355
1946 290 234 207 147 171 214 128 92 154 362 399 374
1947 321 252 234 211 235 253 204 164 315 481 461 396
1948 343 280 287 262 342 384 209 122 134 372 441 395
1949 332 294 298 244 286 219 182 136 231 472 456 426
1950 420 351 351 288 269 343 192 174 169 506 566 514
1951 415 211 166 144 180 219 258 156 203 468 538 505
1952 390 342 293 153 174 181 117 92 93 298 464 458
1953 386 323 280 179 265 414 329 216 171 385 538 498
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TABLE VI-19. EXTREME VALUES OF DS AND FLOW
AT VERNALIS 1930-1966
Maximum Minimum

Year monthly mean TDS* monthly mean flow

mg/L KAF ft3/s
1930 421 56.6 921
1931 616 14.0 228
1932 403 71.3 1160
1933 L47 ‘ 41.0 667
1534 . 523 23.6 384
1935 415 61.2 995
1936 405 §9.0 1122
1837 405 69.4 1129
1938 349 132.4 2225
1939 441 44,0 716
1940 402 72.9 1186
1941 366 100.3 1686
1942 376 103.6 1685
1943 383 94,8 1542
1944 407 67.1 1051
1945 373 109.4 1779
1946 399 75.3 1225
1947 481 ‘ 32.4 527
1948 441 LY 725
1949 472 34.6 563
1950 566 38.2 621
1951 538 . 46.7 760
i¢s 404 §3.3 1335
1953 ) 538 46.0 748
1954 540 33.6 347
1953 476 36.3 . Bl1
1956 318 112.2 1887
1957 479 46.3 754
1958 417 94.4 1537
1959 634 19.2 313
1960 710 13.7 223
1961 941 9.3 151
1962 565 42.7 695
1963 477 67.4 1098
1964 774 27.1 L41
1963 494 75.0 804
1966 729 27.0 439

*Extreme values occurred within the period June-September. Flow values
correspond to the month in which maximum TDS occurred. 1930-33 values
based on loazd-flow regressions.
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TABLE VI-20. SUMMARY OF EXTREME WATER QUALITY CONDITION
APRIL. - SEPTEMBER PERIOD
1930-1944* 1952-1966

CRITICAL WATER QUALITY
Monthly mean TDS mg/L
Maximum for period
Mean for period

Minimum for period

LOW FLOW CONDITIONS

Average daily flow ft3/s
corresponding to critical IDS

Maximum
Mean

Minimum

616 941
424 558
349 318
228 151
1107 774
2225 1887

* Based on load-flow regression curves.
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TABLE VI-21. MEAN MONTHLY RUNOFF AND TDS AT VERNALIS
BY DECADES 1930-1969

Month 1930 g 1940 s%* 1950's 1960"s

7 DS % T8 R DS R DS

XAF mg/L KAF mg/ L KAF mg/ L KAF mg/ L
Oct 99 336 115 320 102 355 98 460
Nov 107 287 129 269 154 314 117 393
Dec 152 268 200 250 344 261 197 334
Jan 197 208 291 194 262 271% 294 379
Feb 420 192 401 194 280 256% 401 340
Mar 488 220 564 209 342 280 385 396+
Apr 457 170 518 140 429 287 397 368%
May 613 148 667 108 451 223 404 375
Jun 620 201 590 159 376 231 393 401
Jul 204 364 185 342 101 418 139 549
Aug 66 433 75 406 56 461 58 - 595
Sept 70 400 83 379 72 420 76 528
Mean 291 269 318 248 247 315 238 427

ot
b

Laake
£

#%% Based on load-flow regression curves

Only 9 cbservations in 10 year pericd

Only 8 observations in 10 year period

NOTE: Although 10 runoff cbservations were recorded for each 10-year period,

the values shown are averages for the same series for which TDS values
are given.
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monthly water quality at Vernalis for the four decades being studied. Figure
VI-27 presents graphically the same data. It i1s apparent that during the 1950's
and 1960's water quality at Vernalis has experienced some degradation. Partic-
alarly notable is the decade of the 1960's in which mean monthly water quality is
poorer in all months to the extent of several hundred mg/L TDS in some months.

Data presented in table VI-21 illustrate the changes in runoff and corres-
ponding TDS values that have occurred during each of the decades since the
1930's. The relationships between these gquantities are shown graphically in
figures VI~28A and B, for the 1930's and 1940's. The 1950's and 1960's data
are the same as those used in the Mossdale discussion (see figures VI-26C & D).
Individual data points are identified by a number corresponding to the month of
the year. Coordinates for each point were determined as the average monthly
TS and average monthly runcff without regard for year type (i.e., dry, pelow
normal, above normal, wet}.

As an illustration of a pre-1250 cycle, figuré VI-28A shows that the lowest
runoff -'highest TDS month is August. With succeeding months the TDS drops as
the flow increases until May when the best quality is identified with a high
average runoff. In June, runoff is about that of May; however, the TDS concen-~
tration begins to increase. July and August both show a reduction of runoff
and an increase in TDS concentration with the greatest changes occurring in
July. A similar pattern is exhibited in the 1940's with some slight changes in
the March through June period. A description of the 1950's and 1960's is
contained in the discussion of results based on the Mossdale chlioride data. In
each of the decades the following statements are valid for average conditions:

1. The lowest runoff and poorest guallity occurred in August.

2. The greatest runoff occurred in May or June.
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Figure VI-27 MEAN MONTHLY TDS AT VERNALIS
3Y DECADES 1930-1969

# Estimated by chloride load-flow regressioms for 30's and 40's.
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3. A regular pattern of improving guality with increasing flow is
identified with the period September through December.
4. Late spring and early summer months show a tendency toward increased

TDS as the flow decreases approaching a maximum in August.

SECTION D. EFFECT OF TUCLUMNE GAS WELLS

Since the 1920's and until very recently, a group of about 10 exploratory
gas wells, located along the Tuolumne River in the reach from Hickman to the
mouvth, have been centributing flows of very saline water to the river. The
salt contribution of these wells, which has been estimated te range from 7,00C
te 10,000 tons pex month of TDS, is reflected in an overall increase in the
salinity of the Tuolumne River, which depends upon the discharge from upstream
sources not affected by the wells and to a lesser extent upon local returns of
irrigation drainage water. In turn, because the Tuolumne contributes %tc the
San Joaquin flow, there is an impact of these gas wells on the quality of water
reaching Vernalis. It is not known whether there has been a significant change
in the salt cutput of the wells over the period studied, i.e., from 1930
through 1966, but in 1977 concerted efforts were made to seal the wells and
thus reduce the contribution of salts to the river. The effectiveness of these
efforts has net yet been assessed.

The variation in salt concentration (represented by electrical conduc-
tivity, EC}) in the Tuclumne River in relation to flow is summarized for three
different locations in figqure VI-2%. The actual data shown are for the period
1960-1965, inclusive, and correspond to grab samples collected by the USGS at
the several locations (approximately 1 sample per month). Curves of hyperbolic
form are plotted to represent the data, indicating generally that as flows in

the river increase (the gas wells flows are considered nearly constant over the
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year) the cuality improves, but at very low flows the quality may be dominated
by the gas well salt locad. Assuming a constant accretion of salt (tons per
month), it is estimated that about one-sixth of the salt is contributed by two
wells above Hickman and the remaining five-sixths by the several wells between
Hickman and Tuolumne City, near the river's mouth. This analysis, which
presumes a constant strength of the wells, indicates a total locad as high as
10,800 tons TDS per month, although estimates by the Central Valley Regional
Water Quality Control Beard, based on direct sampling and analysis of the well
water, indicate smaller loadS*-about 6,000 tons per month. Differences between
these estimates may be attributed, in part, to the effects of drainage returns
in the lower reach of the river. These are reflected, however, by the total
salt load estimated at Tuolumne City (see figures VI-~18 to 21).

Analysis of chloride data for the period 1938 through 1969, for four
seasonal periods (November-January, February- April, May-July, and August-
October) indicate similar relationships between chloride concentration and flow
in the Tuolumne to those depicted in figure VI-29 for EC versus flow. Results

of this analysis, which characterizes C1 versus flow in the form of

c1” = ¢, (Flow 2 (VI-6)
where
€l” = monthly average concentration of chlcrides, mg/L
Flow = average monthly runoff, cfs
C1, C2 = constants

are summarized in table VI=22.

The copefficients given correspond to the statistical "best fit" lines
of the relationship presumed in egquation VI-6. The coefficient of correlation,
R, indicates the reliability of the equation in predicting the values actually

observed, R = 1.0, corresponding to a perfect fit.
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yvear) the quality improves, but at very low flows the quality may be dominated
by the gas well salt load. Assuming a coastant accretion of sait {tons per
menth), it is estimated that about one-sixth of the salt is contributed by two
wells zbove Hickman and the remaining five-sixths by the several wells between
Bickman and Tuclumne City, near the river's mouth. This analysis, which
presumes a constant strength of the wells, indicates a total locad as high as
10,800 tons TDS per month, although estimates by the Central Valley Regional
Water Quality Control Board, based on direct sampling and analysis of the well
water, indicate smaller lcads——about 6,000 tons per month. Differences between
these estimates may be attributed, in part, to the effects of drainage returns
in the lower reach of the river. These are reflected, however, by the total
salt load estimated at Tuolumne City (see figures VI-18 to 271).

EAnalysis of chloride data for the period 1938 through 1969, for four
seasonal periods (November-January, February-~ April, May-July, and Aucust-
October) indicate similzr relaticnships between chloride congentration and flow
in the Tuolumne to those depicted in figure VI-29 for EC versus flow. Resulkis

of this analysis, which characterizes C1 versus fliow in the form of

c1” = ¢, (Flow)©2 (VI-6)
where
C1” = monthly average concentration of chlorides, mg/L
Flow = average monthly runcff, cfs
c_, =
1 C2 constants

are summarized in table VI-22.

The zoefficients given correspond to the statistical "best £it"™ lines
of the relationship presumed in equation VI-6. The coefficient cf correlation,
R, indicates the reliability of the egquaticn in predicting the values actually

observed, R = 1.0, corresponding to a perfect fit.
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A summary of predicted values of chlorides for various levels of flow,
corresponding to each of the seasonal and chronological periods, studied, is
presented in table VI-23. Estimates are also shown for electrical conductivity
(EC) based on the relationship

EC = 8.82 (C1T) o (VI-7)
where

EC = electrical conductivity, umhos/cm @ 25 °C

Cl = chlorides, mg/L
which was derived from USGS data for the periocd 1960-65. For purposes of
graphical comparison, the resulting EC versus flow relationships are shown in
figure VI-30, together with the 1960-1965 data for Tuclumne City, shown also in
figure VI-29.

SECTION E. IMPACT OF UPSTREAM DEVELOPMENT ON QUALITY DEGRADATION OF THE
SAN JOAQUIN RIVER SYSTEM

The preceding sections of this chapter-have dealt with the changes that
have occurred historically in the San Joaquin River system, dating from about
1930 and extending through the 1960°'s. Data has been presented to indicate the
changes in quality that have been experienced at the lower extremity of the
system, near Vernalis and at Meossdale 16 miles downstream and within the South
Delta Water Agency. Data on the composition and quantity of salt accretion to
the river system from various scurces from Mendota downstream to Vernalis have
been described. Finally, two methods of estimating the missing quality data
for the early years of the study have been developed. For the benefit of the
reader who may have elected not to read sections A, B, C, and D, a summary of

each section is included here.
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IN THE TUOLUMNE RIVER

AT TUOLUMNE CTTY. AUGUST THROUGH OCTORBRER, FOR SEVERAL

CHRONOLOGTCAL

PFERTODS

CHRONOLOGICAL PERIOD

Flow 1938-49 1950-59 1960-569
cfs c1¥ EC** c1 EC cl EC
250 164 784 189 889 194 909
500 87 449 114 570 109 548
1000 46 258 68 361 61 329
2000 25 148 41 232 34 196
3000 17 107 30 176 25 147
5000 11 73 21 129 16 101

* From vegression equaticn, Aug-Oct, Table VI-22, mg/L

** By correlaticn Cl vs EC, equation VI~7, pmhos/cm @ 25°C
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Figure VI-30 QUALITY-FLOW RELATIONSHIPS
TUOLUMNE RIVER, 1938-1969 (August-October)

Data shown are for period 1960-65, regression lines are
described in Table VI-22
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Data for Section A were developed to facilitate identification of the
locaticns and the relative strengths of major contributions to the salt burden
carried by the San Joagin River from the vicinity of the Mendota Pool to
Vernalis. This study of quality constituents was used in an effort to "finger-—
print" the waters of wvarious sources. In general, the data on quality constit-
uents show the following:
1. There are distinctive differences between the qualities of east-
side streams and the quality of water carried by the San Joaquin
River along its main stem.

2. In the 1960's there is comparatively little difference between the
quality and chemical composition of salts in drainage returns
from the westside of the valley égd the guality of water carried
in the San Joaquin River from Mendota to Vernalis. Westside
drainage is high in TDS, chlorides; sodium} sulfate, noncarbonate
hardness, and boron, all of these properties being identified
with soils of the area.

3. The effect of the flow from eastside tributaries has been largely

one of dilution of salt lcads carried by the river.

The properties of the salts carfied by the San Joaquin River during
periods of low flow appear to be dominated by westside accretions during the
1960's to a degree that they are hardly indistinguishable. To determine the
relative contribution of several sources, the salt balance computations of
Section B were performed.

Section B data were examined to determine trends in TDS salt load and TDS

concentration at Vernalis. A study of monthly TDS load v. monthly Vernalis
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unimpaired rimflow was performed for the four months of Cctober, January,
2pril, and July. BvY grouping theldata intc subsets by decades, the results
indicate that in general, the salt load has increased at Vernalis. Lines
describing the "best fit® of the data oftentimes do not correlate very strongly
but, the indication is that the salt loads have probably increased, while the
magnitude of the lcad is not strongly dependent on unimparied rimflow (see
figures VI-7 through VI~10).

A second study contained in Section B compares the TDS concentrations at
Vernalis for wvarious actual flows. BAgain, the data was divided into subsets by
decades gnd "best fit" curves derived {see figures VI-11 through VI-14). COCnly
the four representative months were studied, but the data supperts a trend of
higher TDS concentrations in the 1950°s and 1960's than occurred in the 1940's
and 1930's. An exception to this general statement is the month of July
although no ready explanation is aveilable for thi; difference from the cther
three months. the purpose of these first two studies was not to gain a'quanti—
tative description, but merely a qualitative insight té the situation at
Vernalis.

The third porticn of Section B, the salt balance computations, is used
to determine the relative contributicn of the several sources by comkining the
effects of flow and concentration. For comparison purposes, the years were
grouped into water year classifications e.g., dry, below normal, abowve normal,
"~ and wet. Post-1947 results were then compared to pre—1944 years of the same
type, much the same as was done in the water balance computations of Chapter S.

The salt load at Vernalis has changed between the pre—1944 and post-1947

periods, the amount varying with the year classification. It appears that
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annual loads in the dry vears increased 18 percent and below normal year annual
loads increased 35 percent. Little or nc annual load change is evident in
above normal and wet years. In the dry and below normal yvears the biggest
increase in load occcurred in April when spring runoff is probably flushing the
basin of some accumulated salts. Consistent with this cbservation, loads in
July have decreased in ary and below normal years apparently due to a reduction
in runoff. In general, it appears that in drier years, salts are accumulated
in the basin during low flow summer and early fall months and then released
during the high flow winter and spring months. Because a net increase in load
has occurred, it seems likely that sources of salt are adding to the annual
burden at Vernalis in dry and below normal years.

In order to evaluate the changes in TDS ceoncentration that have occurred
at Vernalis, a complete record of monthly values is necessary. Due to gaps in
the Vernalis data two methods of estimating-the missing values were developed
in Section C. The first of these methods estimates Vernalis TDS based on a
correlation with Mossdale chloride data. The second method estimates the
Vernalis TDS based on.actual flow at Vernalis. Results of the two methods vary
slightly but generally compare favorably. For average conditions, the following
statements are valid:

1. The lowest runoff and poore#t quality occurred in August.

2. The grgatest runoff occurred in May or June.

3. A regular pattern of improving quality with increasing flow is

identified with the periocd September through December.

4. Late spring and early summer months show a tendency toward

increased TDS as the flow decreases approaching a maximum in August.
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The Tuclumne gas wells are a significant socurce of salt. The exploratory
wells have been contributing highly saline flows since the 1920's estimated to
"be as much as 7,000 te 10,000 tons per month of TDS. The study contained in
Section D indicates that no significant change has occurred in the contribution
of the wells through the 1960's.

An attempt to seal the wells was instituted in 1977 but insufficient data
are available to evaluate the effectivenéss of the effort.

The remainder of Section E is a discussion of impacts on water guality
at Vernalis utilizing the results of thé preceeding sections. EBecause the
impacts are based on the 1930's and 1940's periocd, and two methods were used to
estimate the data for those years, two sets of results will be discussed, one
based on Mossdale chleoride data and one based on Vernalis chloride load-flow
data.

The changes in guality that have occurfed gt Vernalis have been most
notable during the drier years of record, especially during the spring and
summer months of such years. Using the Mossdale data, extreme values of
monthly average TDS followed a more or less regulaf pattern in the ?eriod priocr
to about 1944, ranging roughly between 300 and 400 mg/L, only sligntly affected
by the magnitude of runcff during the month (refer to figure VI-24). Since the
predictions from regressicon curves are based on runoff, the magnitude of
estimated TDS at Vernalis is affected by the flow and the lower envelope shown
in figqure VI-24 is modified upward.

The analysis of Mossdale data indicates that if there were any highly
saline return flows during the 1930's-1940's period, they diminished in flow

during dry pericds in comparable degree to the reduction in flow of high
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quality waters. Chleoride load~flow regression data indicate that, in the
1930's and 1940's, the quality of Vernalis water deteriorated with a reduction
in flow, more or less as it did in the 1950's and 1960's, however, not as
dramatically. For the years prior to 1950, the average difference in maximum
monthly TDS estimated by both methods is 17 percent. Load-=flow regression TDS
values are, in most years, higher than Mossdale values, ranging from -10 per-
cent in 1939, a dry year, to +93 percent in 1931, a dry year.

In the period subsequent to 1951, in distinct contrast, data indicates
that a change occurred that was manifested by occasional very high levels
of TDS correlatable to a high degree with a diminished flow in the river.
Concentrations rose teo 700 mg/L and above in several instances and exceeded 900
mg/L in 1961. This phenomenon was most evident in the late summer months--in

almost every instance July or August pfoved to be the critical month--but it

¢can be seen in the data of more recent years to be associated with the late

spring and early summer periods when upstream diversions were most likely to
influence the runoff reaching Vernalis.

A comparison of the four decades—-the 1930's through the 1960's (see table
VI-17)--indicates that the quality at Vernalis deteriorated at an accelerating
rate relative to the decline in runcff. While the period (1930-1%49) produced
approximately the same annua;laverage unimpaired runoff as the 1950-1969
period, the cuality-flow relationship shifted markedly after the end of the
earlier period. Tﬁe average monthly runoff at Vernalis, which was about
300,000 acre-feet in the 1930's and 1940's, dropped by about 19 percent--to
243,000 acre—~feet in the 1950's and 1960's (an average difference of €834,000

acre-feet per year). Over the same time span the average monthly TDS (over the
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entire year based on Mossdale chlorides for the 1930-1949 pericd) increased 53
percent=-from about 243 mg/L to 371 mg/L. Comparing the 1950's and 1%60's te
the earlier two decades, the TDS increases are about 30 percent and 76 percent
of the 1330~1949 average, respectively.

For a constant salt load it may be expected that a decrease in runcff at
Vernalis would result in an increase in TDS. Comparing the average menthly TDS
{over the entire year), load-flow regressicns show a 1950-1969 increase of 43
percent--from 259 mg/L to 371 mg/L. For the 1850's alone, the percentage
increase is about 22 percent and for the 19€0's, 65 percent.

From these same data it is possible to estimate the proportionate degra-
dation that occurred as a result of reduction of flow and as a result of added
salt load in the system. Using the Mossdale data for the decades of the 1930°s
and 1940's as a base of reference (mean monthly runoff = 299.4 XAF and mean TDS =
242.5 mg/L), andéd assuming, first, no change in salt-load, we find that due to
runoff reduction alone in the 1950's we could expect an increase in TDS of about
40.5 mg/L. The difference in this increase and that which actually occurred,
72.5 mg/L, is 32.0 mg/L and must be attributed to arm increase in salt burden
carried by the river. Thus., according to this analysis, in this first decade
after the CVP went into operation, about 56 percent of the increase in average
TDS was caused simply by a reduction in flow from upstream sources; the remain-
ing 44 percent was a result of increased salt burden, perhaps associated with
an expansion of irrigated lands in the basin. Similarly, in the 1960's (compared
to the 1930%'s and 1940's) about 27 percent of the average increase in TDS
(184.5 x 0.27 = 50.0) can ke accounted for by a reduction in flow and 73

percent attributed to increased salt burden. It is of interest to note here
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that the absolute change apparently caused by reduction in flow changed relatively
little from the 1950's to the 1960's (from 41 to 50 mg/L} while that charged to

an increase in salt burden increased about four times (frem 33 to 134.5 mg/L).
This is consistent with other analyses that indicate a progreséive buildup in

salt lcad in the San Joaquin system.*

Based on the load-flow regressions data for the 1930's and 1940's, the
proportionate degradatiocn that has cccurred due to decreased flow and increased
load is also calculated.”

*

1930' & 1940's average load = 747,740 tons”

1950's reduction due to flow = (50} {(90) = 34,500 tons

747,740 ~ 34,500
2,969

(277 = 36) - (204) = 37 mg/L TDs

1550's TDS increase due to flow =

- 204 = 36 mg/L TDS

1950's TDS increase due to load

1960"'s reduaction due to flow = (50) x {700) = 35,000 tons

1960's TDS increase due to flow = 747'7309;935'000 - 204 = 37 mg/L TDS
!

1960's TDS increase due to lead = (393 - 37) - (204) = 152 mg/L TDS

According to this analysis, in the 1950°'s a guality degradation of 36 mg/L
TDS is due to a reduction in flow. The calculations show a slight degradation
of 37 mg/L TDS due to load, or about 50 percent. The degradation due to
load change is siénificantly greater in the 1960's, 152 mg/L TDS, while the
degradétion due to reduced flow, 37 mg/L TDS, is about the same as for the

1950's.

* It is assumed in this analysis that water lost from the system would have
a TDS of about 50 mg/L.

** Obtained by summation of average monthly saltloads for the period 1930-1949.
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tThe chronological shifts in TDS concentration and salt leads, calculated
by the Mossdale method, are depicted graphically in figures Vi-31 and VI-32, in
which the changes that have occurred (see table VI-17) in the 1950's and 1960°'s
are related to the average of the earlier period. The relative concentration
is noted to be greater than unity throughout the year in both decades, the
maximum occurring in late spring and early summer. The rate of increase
over time, indicated by the spacing between the curves, is seen as increasing
in all months from the 1950's through the 1960°'s, with the greatest rate
differences occurring in May and Juns.

Changes in salt load, i.e., the product of runoff and concentration,
are indicated in figure Vi-32 to have changed relatively littie betweenA
the 1950's and the 1930's-1940's pericd. However, the salt load at Vernalis
for the 1960°'s increased substantially in all months of the year, by amounts 40
percent or greater than for the period of the 1930‘5 and 1940's, despite the
fact that flows in this periocd were substantially reduced by upstream develcpment.
The average for the 12-month pericd of the 1960's was about 152 percent of the
1930's=-1940's level. For the 19530's, the average was about 110 percent.

Chronclogical shifts in TDS concentration and salt loads as determined
by the load-~flow regressions are presented in figures VI-33 and VI-34.
Monthly changes that have occurred in the 1950's and 1960's (see table VI-21)
are related to the average of the 1930°s and 1940's. Relative concentrations
are greater than unity for all months in the 1950's and 1960's. The greatest
rate of increase over time for both the 1950's and 1%60's is seen in April and
May.

The changes in salt lcad, i.e., the product of runoff and concentration,

are indicated in figure VI-34. The 1950's show some change in load over the
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Relacive Concentration, C/C

Figure VI-31 RELATIVE TDS CONCENTRATION AT VERMNALIS
BY DECADES, 1930-1969
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Relative Salt Load, M/M

Figure VI- 32 RELATIVE TDS SALT LOAD AT VERNALIS
BY DECADES, 1930-196%
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50%s

30's & -’40'5/

Figure VI-33
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RELATTVE TDS CONCENTRATION AT VERNALIS
BY DECADES, 1930-1969%

£0%s —

\\~30's & 40's

Figure VI-34

J F M A M J J A 8

HELATIVE SALT 10AD AT VERNALIS
BY DECADES, 1930-1969*

*Based on chloride lead-flow relationships.
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Figure VI-35 BEELATIVE RUNCFF AT VERNALIS
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vear, and a substantial chronclogical shift is evident. Loads are greater in
the months of November, December, Januvary, and April. The months of February,
March, June, July, and Auqust, show relative loads less than unity. For the
12-month periecd, loads in the 1950's were about 116 percent of the 1930's-1940's
period. During the 1960's salt loads were much higher than those of the 1930's
and 1940's. For the January through May period the monthly loads were as much
as 240 percent of the 1930's and 1940°'s. Overall the salt lecads for the 1960's
were about 153 percent of the pre-1950 years. Figure VI-35 depicts the relative
runoff at Vermalis in the same manner as figqure VI-33 and VI-34. Both the
1950's and 1960's have relative runoffs generally less than unity. Exceptions
are the months of November, December, and January; however, these increases are
offset by reductions in the remaining months. The 1960's relative flow was
about the same as the 1950's, while at the same time the relative load was
greater than the 1250's. This supports the calculaﬁions indicating that an
additional salt burden has been placed on the system.

Comparisons of quality changes by vear classification is peossible from the
Mossdale data presented in tables VI-13, 14 and 15. These are summarized in
tables VI-24 and VI-25, for the April through September perioa, and for the
extremes of high TDS and corresponding flows experienced in each of the study
years. Data are presented as averages for each of the several year classifi-
cations. It is noted that because of the scarcity of "Below Normal™ years in
the 1930-1944 period and "Ahove Normal" years in the 1952-1966 period averages
are presented aiso for "Below and Abéve Normal" year classifications.

The summary of Mossdale results shown in table VI-24 for the April through

September period shows clearly the impact of post—1952 upstream development of
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MEAN TDS AND RUNOFF AT VERNALTS BY YEAR
CLASSIFICATION, APRIL~SEPTEMBER FERICD,

RECIRC2646.

Year Mean TDS Mezn Period Runoff
Clzss MG/L AF x 1000

Pre# Post** Pre Post
Dry 314 877 424 168
Balow Normal 282 419 788 735
Above Normal 190 325 3046 1201
Combined:
Below & Above Normal 203 396 2764 851
Wet 180 209 5469 3845
All Years 227 434 2344 1268

& 1930-1944, data
#%  1952-1966, dats

TN

from Table VI~14, based on Mossdale chlorides.

from Tables VI-13and VI- 14,
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TABLE VI-25. EXTREME VALUES OF HIGH TDS AND LOW FLOWS
AT VERMALIS BY YEAR CLASSIFICATION
Year Maximum Minimum
Monthly Mean TDS Monthly Mean Flow
Class
MG/L AF x 1000
Pre* Postf* Pre Post
Dry 351 765 38.6 17.3
Below Normal 370 530 67.1 44,0
Above Normal 355 521 Bl.4 55.0
- Combined:
Below & Above Normal 357 528 79.6 46.8
Wet . 363 364 123.0 36.5
All Years 354.8 558.2

71.7 48.9

%

*% 1952-1966, data from Table VI-15

131

1830-1944, data from Table VI-15, based on Mossdale chlorides
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the San Joaquin Basin's water rescurces on beth the quantity and quality of
water reaching Vernalis. This effect is especially notable in the dry years,
where a reduction of about 60 percent in the average April through September
runcff corresponds to approximately 115 percent increase in average TDS-—-from
314 mg/L pre-1944 period to 677 mg/L post-1952 periocd. In the below and above
ncrmal years, the impact is similar, a reduction in average runcff of about 69
percent corresponds to an average increase in TDS of roughly 95 percent. In
wet years, althocugh flow reductions were substantial--about 30 perxcent of
pre-1944 levels?—the quality changes were minor, as would be expected. Con-
sidering all vears, & reduction in runoff of 41 percent (959,000 acre-feet for
the April-September period} corresponded tc a 84 percent increaée in TDS
cancentration in the runcff at Vernalis.

Comparisons of quality changes by year classification for the pre-1%44
pericd and post~1952 period using load—-flow regression data are presented in
tables VI-26 and VI-27. Data summarized in those tables are found in tables
Vi-13, 18, and 19. The impact of upstream development is apparent in reduced
flows and increased TDS ceoncentraticon at Ve;palis for all year types. Like
results from the Mossdale methoé, the estimated April-September £low reductions
are about €0 percent in the drier years and about 30 percent in the wet years.

The loadflow regressions give an average TDS increase in dry years of 93

percent, in bhelow and above normal yvears 69 percent, and in wet years 8 percent.

Considering all years together, the degradation of quality amcunted to an
increase of 63 percent coupled with a 46 percent reduction in flow for the
April-September period.

The same comparisons using the extreme TDS month: is summarized in table

vi-=27.
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MEAN TDS AND RUNOFF AT VERNALIS BY YEAR
CLASSTFICATION, APRIL-SEPTEMBER PERIOD

Year
class Mean TDS Mean period runoff,
mg /L KAF

Pre* _ Post*¥ Pre Post
Dry 350 677 424 168
Below normal 278 419 788 735
Above normal 228 325 3046 1201
Combined
Below normal &
above normal 234 396 2764 851
Wet 194 209 5469 3845
All years 267 434 2344 1394

* 1930-1944, data from table VI-18 based on flow-load regression data.

*% 1932-1966, data from table VI-13 and VI-14.
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IABLE VI-27. EXTREME VALUES OF HIGH TS AND LOW FLOW
AT VERNALIS BY YEAR CLASSIFICATION

Year
Class Mazximm Minimum

monthly mesn TDS monthly mean flow

ng/L AF ¥ 1000
Pre* Post** Pre Post

Dry 490 765 35.8 17.3
Below normal 407 330 67.1 44,0
Above normal 398 521 77.5 55.0
Combined
sbove & below normal 39¢ 528 76.2 46.8
Wet 358 364 li6. 4 96.5
All years 424 561 68.1 48.9

® 1930-19%44, data from table VI-19, based on load-flow regression data.

*%  ]1G52-1966, data from table VI-15.
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F. SUMMARY COF QUALITY IMPACTS

Generally, the water gquality at Vernalis has deteriorated since the
1930's. How much degradation has occurred and what have been the principal
causes, have been the topics of this chapter. In the analysis of data and
interpretation of results,lseveral methods have been employved, sometimes with
differing results. The discussion that follows attempts to summarize results
and reconcile differences wherever possible. In ¢ases where the methods yield
disparate results, ranges are given to include all estimates.

Changes that have occurred in the quality of water at Vernalis between
the pre~1944 and post~1952 periods are summarized in tables VI=-28 and VI-29.
The tables present data derived from the records of mean ménthly TDS at Vernalis
(mg/L) given in tables VI-13, VI-14, and VI-18. Maximum and mean values are
given for three periods-—the maximum month, the April«September period and the
entire water year-—and for each type of year;—dry, below normal, above normal
and wet.

Data presented in the tables indicate that the TDS at Vernalis has increased
in almost all categories listed. The greatest effect is shown in the drier
years and the least in the wettest years. Table VI-30 is a composite of tables
VI-28 and VI-29, showing the range of estimated impacts at Vernalis. Using
the April-September period in a dry year as an example, the mean TDS increasgd
somewhere between 327 and 363 mg/L from pre-1944 to post-1952 years. This
increase correspended to 93 to 116 percent of the pre-1944 period TDS.

As noted in previous discussion, the general deterioration in quality
at Vernalis is identified both with reductions in flows along the main stem of

the San Joaguin and increases in salt burden transferred to the river. When
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Table VI 28, SUMMARY QF IMPACTS ON QUALITY AT VERNAL Ib
PRE-1944 AND POST-1952
YEAR TYPE & PERIOD Total Dissolved Solids, meg/L Peicent Increase
PRE-194k POST-1952 PRE-1944 to POST-1952
Max Mean Max Mean Max Mean

DRY

Max.month 444 387 uLl iBo 112 ) 98

April-Seprt 333 314 - i) 657 119 116

Full Year 342 288 sel 349 99 91
BELOW NORMAL

Max.month 370 370 PRLY] 544 97 47

April-Sept 282 2u7 _ 653 419 142 46

Full Year 282 261 502 364 78 40
ABOVE NORMAL

Max.month 517 382 803 641 56 68

April-Sept 244 260 387 325 59 52

Full Year 269 233 489 3594 B2 69
WET

Max.month 3184 374 462 439 20 17

April-Sept 180 - 173 226 209 26 21

Full Year 224 197 252 2137 13 20
ALL YEARS

Max.montn 517 381 941 584 g2 53

April-Sept 383 239 540 433 L9 8]

Full Year 342 24 651 97 99

o

e e e e e

KBASED ON MOSSDALE DATA ' - o T T T
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TABLE Vi-29, SUMMARY OF IMPACTS ON QUALITY AT VERNALIS
PRE-1G44 AND POST-1952
Total dissolved solids, mg/L Percent increase
PRE-1944 POST-1952 PRE-1944 to POST-1952

Year type and period Max Mean Max Mean .’ Max Mean
DRY

Max month 616 490 941 765 53 56

Apr-Sept 453 350 B840 677 85 93

Full vyear 374 310 681 549 82 77
BELOW NORMAL

Max month 407 407 729 544 79 34

Apr-Sept 278 278 633 419 146 51

Full year 262 262 - 502 364 92 39
ABOVE NORMAL

Max month 415 398 " BO5 641 94 61

Apr-Sept 236 228 387 325 64 43

Full year 251 229 489 394 95 72
WET

Max wmonth 366 358 462 439 26 23

Apr-Sept 202 194 226 209 12 8

Full year 207 © 200 252 237 22 19
ALL YEARS

Max month 616 424 941 588 53 39

Apr-Sept 453 267 840 434 85 63

Full year 372 254 681 383 82 51
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TABLF, VI-30. RANGE OF ESTIMATED IMPACTS* QN QUALITY AT VERNALIS
(1930-1944) to (1952-1966)
Year type Totzal dissolved solids, mg/L Percent increase
& period Max Mean Max Mean
DRY
Max month 325 - 497 275 - 378 53 -~ 112 56 - 98
Apr-Sept 387 - 457 327 - 363 85 - 119 93 - 116
Full yeex 307 - 339 239 - 261 82 - 99 77 - 91
BELOW NORMAZL,
Max month 322 - 359 137 - 174 79 - 97 34 - 47
Apr~-Sept 401 - 405 132 - 141 142 - 146 &6 - 51
Full year 220 - 240 102 - 103 78 - 92 39 - 40
AROVE NORMAT,
Max month 288 - 390 243 - 259 56 - 94 61 - 68
Apr-Sept 143 - 151 65 - 97 59 - 64 25 - 43
Full year 220 - 238 161 - 165 82 - 95 69 - 72
WET
Max month 78 - 96 65 - 81 20 - 26 17 - 23
Apr-Sept 24 - L6 1s - 36 12 - 26 8 - 21
Full year 45 - 59 37 - 40 22 - 31 19 - 20
ALL YEARS
Max month 325 ~ 497 164 - 203 33 - 112 39 - 53
Apr-Sept 387 - 457 167 - 194 85 - 119 63 - 81
Full year 307 - 339 129 - 158 82 - 99 51 - 68

% Based on results from Mossdzale data
tableg VI-28, VI-29.

and load-flow

regression data.

See
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the total change in quality at Vernalis that has cccurred between the two
)eriods is distributed between reduced flow and increased salt lead, it is
noted that the effect of increased salt load is becoming relatively more
important in recent years. Tables VI-31 and VI-32 summarize the changes in
total salt load that have occurred in the two decades 1950-59 and 1960-6€9 in
relation te the period of 1930-49.

In the 1950's, the estimated increased in annual TDS locad at Vernalis.

In the 1960's the load increased 530 to 569 kilotons TDS per year. This
increase between the 1950's and 1960's, a 50-56 percent jump, indicates the
more recent impact on water gquality at Vernalis. Buring the 1960's the average
annual runoff at Vermalis was about 710,000 acre-feet lower than for the
1930-1949 period while the total TDS load actually increased.

In the 1950's the estimated increase in the April-séptember TDS load at
Vernalis ranged from =18 to +21 kilotons TDé. In the 1960's the load increased
+251 to 290 kilotons TDS per year. This increase, 44 to 54 percent of 1930-194%
is indicative alsc of more recent impacts on Vernalis water quality. During
the 1960's the average April-Septembef runcff at Vernalis was about 610 thousand
acre-feet lower than in the 1930-1949 pericd.

A similar analysis based on chloride data summarized in table VI-10,
indicates an overall increase in salt load (as chlorides) of about 0-35 percent
in the post=1949 years depending on year classification, the dry and below
normal years showing the greatest change.

Analysis of the sources of salt load contributing to the San Joaquin
River, and thch account for, in part, the increases noted at Vernalis, indi-

cates that about 45 to 85 percent of the total load, depending somewhat on the
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Table VI-31. SUMMARY OF CHANGES IN TDS LOAD AT VERNALIS,
1930-1969

Month TDS Load, Teons x 103

of
Year 1930-49 % 1950-59 1960-69
Qct 41 49 61
Nov 42 66 63
Dec S7 21 Q)
Jan 71 97 152
Teb ‘ 122 . a8 186
Mar 148 131 208
Apr 140 168 199
May 136 ' 137 207
Jun 155 119 215
Jul 75 58 04
Aug 35 33 47
Sep 35 41 55
Apr-Sep 576 558 827

Percent change

from 1930-49 G -3 44
Year 1057 1080 1587
Percent Change

from 1930-49 o] 2 50

% Based on Mossdale chloride data
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TABLE VI-32. SUMMARY OF CHANGES IN TDS LCAD AT VERNALIS,
1930-1969

Mggth TDS load, tons x 103

vear 1930-49%* 1950-59 1960-69
Oct 48 49 61
Nov 44 66 63
Dec 62 81 90
Jan 66 97 152
Feb 108 98 186
Mar 153 151 208
Apr 102 168 199
May 111 137 207
Jun 149 - 119 215
Jul 94 55 104
Aug 40 35 ‘ 47
Sept 41 | 41 55
Apr-Sept 537 558 827
% Change

from 1930-49 0 4 54
Year 1018 1080 1587
% Change | |

from 1930-49 0 5 36

* Based on load-flow regression data.
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quality constituent considered and the year type, enters within upper San
Joaquin River basin. The remaining fraction includes the contributions of the
Tuolumne gas wells that have been the subject of efforts by the State of
California to reduce point source salt accretions to the river, local drainage
returns between Newman and Vernalis and runcff from the east side streams.

Table VI-33 is a summary of the results obtained from salt balances using
chloride data for the four representative menths of Octcber, January, April,
and July. The tabulated results show that virtually no change has occurred in
the proportion of salt load contributed by the upper San Jeaguin River basin.
The table shows that the most apparent changes have taken place on the Tuolumne
River and in "other" flows, the unidentified sources and sinks of salt load
within the San Joagquin River basin.

Table VI-33 sﬁmmarizes estimated impacts on the water guality of the San
Joaguin River at Vernalis as determined by ﬁhe two ﬁethods, one utilizing the
Mossdale chloride data and the second based on chloride load-flow regressions.
Data presented in the summary table were derived from various tables presented
eariier in this chapter; specifically tables VI-2, 30, 31, 32, and 33 were
utilized. Footnotes on table VI-34 describe the procedures used in calculation
of the values given.

The effects of upstream develcopment, both in the entire San Joaguin River
basin and in the upper San Joagquin River basin as given in table VI-34, are
outlined briefly for each year classification as follows:

Cry Years
In dry years the average TDS increase at Vernalils, resulting from develop-—

ment upstream after 1947, was estimated at about 350 mg/L for the April-September
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Table VI-33 PERCENT OF VERNALIS CHLORIDE LOAD
AND THEIR ORIGINS*

Uppef Upper
San Joaquin Stanislaus Tuolumne San Joaquin
River Basin "Others" River River plus "others"
% % % % %

Pre Post Pre Post Pre Post Pre Post Pre Post
DRY
Apr-Sep 107 86 -67 -55 L 2 57 69 4o 30
Full Year 72 71 -22 -28 3 2 L7 56 50 43
BEIOW NORMAL
Apr-Sep 83 81 -28 -49 3 2 43 66 55 32
Full Year 61 67 -1 -21 3 2 38 52 59 hé
ABOVE NORMAL
Apr-Sep 59 63 17 1 2 3 23 35 75 63
Full Year 51 55 22 9 2 2 26 3h 7 64
WET
Apr-Sep 68 -5 37 25 2 3 16 21 82 77
Full Year L7 Lg 31 25 2 2 21 26 78 73
ALL YEARS
Apr-Sep 8 . 73 -1 -2h 3 2 35 51 63 48
Full Year 58 62 7 =7 2 2 33 Ly 65 55

*Based on load-flow regression salt balances.
Pre refers to 1930-1944 period with 5-Dry, 1-B.Norm., 7+A.Norm,, 2-Wet
Post refers to 1952-1966 period with 4-Dry, 5-B.Norm., 2-A.Norm., U4-Wet

RECIRC2646.
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TABLE VI-34., SUMMARY OF ESTIMATED IMPACTS ON THE QUALITY Or
THE SAN JOAQUIN RIVER AT VERNALIS
1 2 3 4 2 8 z 8
Total _ Increase in TDS mg/l. Increase in total salt load
increase in due to decreased flow Vernalis total Increased caused by CVP
TDS mg/L at Percent Percent Increase Z of Increase % of
Year Type & Perilod Vernalis of Pre-CVP due to CVP Tons x 103 Pre-CVP  Tons x 103 Pre-Gvp
DRY o .
Apr-Sep 327 - 363 84 - 100 1.8 - 2.1 68 49 58 42
Full Year 239 - 261 22 - 26 6.3 - 7.4 143 55 102 39
BELOW NORMAL
Apr-Sep 132 - 141 100 36 95 57 77 46
Full year 102 - 103 100 45 193 62 129 41
ABOVE NORMAL
Apr-Sep 65 - 97 100 37 33 39 21 25
Full year 161 - 165 100 _ 59 72 46 40 26
WET
Apr-Sep 15 - 36 81 - 100 . 45 - 55 76 46 43 26
Full year 37 - 40 65 - 73 44 - 50 143 hé 70 23
ALL YEARS
Apr—S8ep 167 - 194 90 - 1060 30 - 33 73 49 54 36
Full year 129 - 158 70 - 73 37 - 39 147 53 91 i3
Col, 2 - See Table VI-30, .

3 - Obtained by assuming no change in salt load and flow reduction TDS=50 mg/L.

4 - Col 3 x ratio of upper San Joaquin flow reductions te total San Joaquin flow reduction.

5 - Obtained by pro~-rating average TDS load increase between 1960's and 1930-49 period (Tables VI-31
and 32) in proportion to salt load increase in each year type (Table VI-9) and number of years
of each year type in 1950-69 period.

6 ~ Col 5 salt load for 1930-49 period x proportion of years in each class,

7 -

Col 5 x proportion of total chloride load contributed by upper San Joaquin basin (Table VI-33)

8§ - Col 7 x nronoarrion aof vears in eaarh vear rlaca
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Table VI-33

PERCENT OF YERNALIS CHLORIDE LOAD
AND THEIR ORIGINS*

Upper Upper
San Joaquin Stanislaus Tuolumne San Joaquin
River Basin "Others" River River plus "others"
% % % %

Pre Post Pre Post Pre Post Pre Post Pre Post
DRY
Apr-Sep 107 86 -67 -55 L 2 57 69 40 30
Full Year 72 71 ~-22 -28 3 2 L7 56 50 13
BELOW NORMAL
Apr-Sep 83 81 -28 -49 3 2 43 66 55 32
Full Year 61 67 -1 21 3 2 38 52 59 T
ABOVE NORMAL
Apr-Sep 59 63 17 1 2 3 23 35 75 63
Full Year 51 55 22 9 2 2 26 34 72 6l
WET
Apr-Sep 68 5 37 25 P 3 16 21 82 77
Full Year L7 49 31 25 2 2 21 26 78 73
ALL YEARS
Apr-Sep 78 73 -11 ~2h 3 2 35 51 63 L8
Full Year c8 . 62 7 -7 2 2 33 iy 65 55

*Based on load-flow regression salt balances.
Pre refers to 1930-1944 period with 5-Dry, 1

-B.Norm., ‘?-A.Norm,, 2-Het

Post refers to 1952-1966 period with 4-Dry, 5-B.Norm., 2-A.Norm., 4-VWet

RECIRC2646.
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TABLE VI-34. SUMMARY OF ESTIMATED TMPACTS ON THE QUALITY OF
THE SAN JOAQUIN RIVER AT VERNALIS
i 2 3 4 3 L] z 8
Total Increase in TDS mg/L Increase 4n total salt load
Increase in due to decreased flow Vernalis total Increased caused by GVF
7 TDS mg/L at Percent Percent Increase % of Inerease % of
Year Type & Period Vernalis of Pre-CVP  due to CVP Tons x 103 Pre—CvP Tons x 103 Pre-CVP
DRY il
Apr-Sep 327 - 363 84 ~ 100 1.8 - 2.1 68 49 58 42
Full Year 239 -~ 261 22 - 26 6.3 - 7.4 143 55 1.02 39
BELOW NORMAL
Apr-Sep 132 - 141 100 36 95 57 77 46
Full year 102 ~ 103 100 45 193 62 129 41
ABOVE NORMAL
Apr-Sep 65 - 97 100 37 33 39 21 25
Full year 161 ~ 165 100 59 72 46 40 26
WET
Apr-Sep 15 - 36 81 - 100 45 - 55 76 46 43 26
Full year 37 - 40 65 ~ 73 44 - 50 143 46 70 23
ALL YEARS
Apr-Sep 167 - 194 90 - 100 30 - 33 73 49 54 36
Full year 129 - 158 70 - 73 37 - 39 147 53 91 33
Col. 2 - See Table VI-30,

3 -~ Obtained by assuming no change in salt load and flow reduction TDS=50 mg/L.

4 -~ Col 3 x ratio of upper San Joaquin flow reductions to total San Joaquin flow reduction.

5 - Obtained by pro-rating average TDS load increase between 1960's and 1930-49 period (Tables VI-31
and 32) in proportion to salt load increase in each year type (Table VI-9) and number of years
of each year type in 1950-6Y9 period.

6 - Col 5 salt load for 1930-49 period x proportion of years in each class.

/7 - Col 5 x proportion of total chloride load contributed by upper San Joaquin basin (Table VI-33)

8 - Col 7 x proportion of years In cach year class.
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pericd and 250 mg/L for the full year. Of this increase the proportion due to
reduced flow from all sources was 90 percent in the April-September period, but
only 25 percent for the entire year. The impact of the CVP on water guality
(as\expressed by changes in TDS) in dry years, caused by flow reductions in the
upper San Joaquin basin, was relatively small, only 2 percent in the April-
September period and 7 percent for the entire year.

salt loads at Vernalis in dry years were estimated to have increased in
the period subsequent to 1947, by 68,000 tons in the April-September period and
by 143,000 tons for the whole year. These increases corresponded to roughly 49
percent and 55 percent, respectivély, of the pre=1944 TDS loads at Vernalis.
The CVP salt load impact in dry years was estimated at 58,000 tons in the
April-September period and 102,600 tons for the full year, corresponding to 42
percent and 39 percent increases, respectively, of pre=1944 salt lqads at

Vernalis.

Below Normal Years

In below normal years, the increase in average TDS conéentration at
Vernalis between the pre- and post-~CVP periods was estimated at about 135 mg/L
for the April-September period and slightly more than’100 mg/L for the full
year. Virtually all of this incréase is attributed to reductiéns in flow from
all sources. The impact due to reduced flow attributed to the CVP was about 36
percent in the April-September period and 45 percent for the full yeaﬁ.

DS loéd incréases'in below normal years subsequent to 1947 are éstimated
at 95,000 tons for the April-September period and 193,000 tons for the‘year.

Of this increase, 77,000 tons and 129,000 tons, respectivély, were estimated to

have been derived from the upper San Joaquin basin. The proportionate impact
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of the CVP on salt loads at Vernalis was largest for below normal years, 46
percent of the total increase at Vernalis in the April-September period and 41
percent for the whole year.

Above Normal Years

In above normal years the average TDS incresase at Vernalis, resulting from
development upstream after 1947, was estimated at about 80 mg/L for the April-
September period and 165 mg/L for the full year. Of this increase, the propor-
tion due to reduced flow from all sources was 100 percent in both the April-
September and full year periods. The impact of the CVP on water quality (as
expressed by changes in TDS) in above normal years, caused by flow reductions
in the upper San Jeagin basin, was 37 percent in the April-September period and
59 percent for the entire year.

Salt loads at Vernalis in above normal years were estimsted to hawve increased
in the period subseguent to 1947 bwv 332,000 tons in £he April-September pericd
and by 72,000 tons for the entire year. These increases correspond to roughly
39 percent and 46 percent, respectively, of pre-1944 TDS loads at Vernalis.

The CVE szalt lecad impact in zbove normal years was estimated at 21,000 tons in
the April-September pericd and 40,000 tons for the full year, corresponding to
25 and 26 percent increases respectively, in pre~i1944 salt loads at Vernalis.
Wet Years

In wet years, the increase in average TDS concentration at Vernalis between
the pre- %nd post-CVP pericds was estimated at about 25 mg/L for the April-
September period and about 40 mg/L for the full year. Of this increase the
proportion due to reduced flow from all sources was 20 percent in the April-

September pericd, and 70 percent for the entire year. The impact due to



040723

RECIRC2646.

reduced flow attributed tc the CVP was about 50 percent for both the April-
September and full year periods.

TDS load increases in wet years subsequent to 1947 are estimated at
76,000 tons for the April-Septeﬁber period and 143,000 tons for the year. Of
this increase, 43,000 tons and 70,000 tons, respectively, were estimated to have
been derived from the Upper San Joaguin Basin. The proportionate impact of the
CVP on salt loads at Vernalis was 26 percent of the total increase at Vernalis

in the April-September period and 23 percent for the full year.
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CHAPTER VII

EFFECTS OF CPERATION CF CVP AND SWP EXPORTS PUMPS NEAR TRACY

CHANNEL DEPTHS AND CROSS SECTIONS

The geometry of the channels within the socuthern Delta was studied to
determine whether the channel cross sections and bottom elevations have changed
since the 1930's in such a way as to alter water circulatioﬁ patterns and water

depths to a degree that modifies the southern Delta water supply.

Channel Surveys

Prior to 1913, most existing channels within the South Delta Water
Agency were well defined, due in part to the sidedraft clamshell dredge which
was used over many years to construct the levee system within the South Delta
and to keep channels cleaﬁ of sediment. Since 1913 most of the channels in the
South Delta have been surveyed several timés. The'results of surveys are
summarized if figure VII-1.

Available survey data include:
T

Date of ' Source of
survey Channels surveved data
1913 014 River = Middle River to Victoria Canal USCE

Middle River - 014 River to Victoria Canal
Grant Line and Fabian Canals

1933~34 All SDWA channels USC&GS

1957 Grant Line and Fabian Canals, plus Salmon Slough CWR
and Paradise Cut

1965 Grant Line and Fabian Canals USCE

1973 0ld River-San Joagquin River to Victoria Canal DWR
Middle River~0ld River to Victoria Canal
Grant Line and Fabian Canals

1976 San Joaquin River-Vermalis to Mossdale DWR
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In describing the geometry of the channels, especialiy the depth, it
is appropriate to use a fixed reference plane. For example, navigation charges
which need to be site specific use local MLLW. However, this locally oriented
datum varies from -0.2 ft MSL to +0.5 £t MSL within the SDWA and is dependent
upon the condition of San Joagquin River inflow.

Much of the hydrographic data used in this study was taken from charts
used by the Corps of Engineers to build the Sausalito model of the Bay-Delta,
the low water datum, (LWD) of 1.0 foot below mean sea level as shown in the

‘etch below, which was used by the Corps to integrate data from diverse

.wees, was alsc adopted for the present study. It is a conservative datum in
that it is lower than the local MLIW levels throughout the SDWA by a foot or
more.

Most of the channels, dredged prior to 1913, were 10 to 20 feet below the
LWwD. By 1933-34, however, most channels su?veyed héd aggraded significantly.
Existing survey data indicate that in some channels, such as the southern
reaches of Middle River, little dredging has been done. Data on dredging to
maintain the levees and to provide £ill for road construction were not available.

In the 1973 and 1976 surveys channel geometry was determined for reaches
from Vernalis on the San Jocaquin River to the State and Federal pumping plants
near Clifton Court Forebay, including 0l4 River and the Grant Line and Fabian=-
Bell Canals, and for the Middle River between 0ld River and Victoria Canal. To
determine channel bottom profiles, bottom elevations taken at 1/2 o 1-1/2-miie
intervals were averaged. The shapes of the channels studied were such that the
average water depths approximated the hydraulic radius. An example of the

¢hannel mean depths and cross sections observed in the 1973 survey for the

150
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reach of 01ld River between Clifton Court and the San Jeaguin River is presented
in figure V1I-Z.

The diagram below illustrates the differences between average and maximum
depths and between LWD and MSL.

MSL N

Approximate [.C foot

AN

MAXx
DEFPTH

MEAN
DEPTH

Bottom elevations of the major channels were further analyzed in relation-
ship to the survey dates and the initial operaticns of the Federal and State

purpling plants.

San Joaguin River--Vernalis to Mossdale 3ridge. Most of this reach
has aggraded since the 1933-34 surveys. By‘1976 the elevation of the stream
bottom had risen 0.5 to 9.5 feet above the 1933-34 levels, with an awverage
increase of abcut 4.0 feet. The bottom elevation of the reach from Vermalis to
2 point approximately 4.8 miles north of the San Joaquin River club varied from
2 to 7 feet below the LWD in 1933 and varied from 1.5 te 3.5 feet above LWD
in 1976. This aggradaticn generally causes a corresponding reduction in
water depth.

Cld River, San Jeocaquin River to and including Salmon Slough. In 1973,

streambed elevations of this 7.5-mile reach were equal to or kelow that measured
in the 1933-34 survey. The 1973 elevations rarnged from 8 to 24 feet below LWD
with an average cf about 14 feet; the 1933-34 elevations varied from 8 tc 17

feet with an average of about 10 feet. Therefore, during the intervening
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40 years, the channel had degraded an average of 4 feet, but with very little
change in the upstream 1/3 of the reach.

0ld River, to Salmon Slough to Delta—-Mendota Canal Intake Channel. Bottom

elevations of this 11-mile channel averaged 12 feet in 1913, with a range of 9
to 22 feet below LWD. The channel had displayed a 3.5-foot aggradation by the
1933-34 survey. However, the channel had not had any further significant

change by the 1973 survey. The 1933=-34 and the 1973 surveys each indicated a
similar channel restriction near the bifurcation of Old River and Tom Paine
Slough. Maximum cross sectional depths measured in 1973 through the 4-mile
regtricted section averaged about 6 feet with a minimum of 4 feet with reference
to LWD elevation. The mean elevation of the bottom of the most restricted

area is about 2 feet below mean sea level as shown in fiqure VII-2. Where as
the maximum depth below LWD was about 3.7 feet.

Grant Line and Fabian Canals=--=In 1913 the elevation of these paralleling

7-mile channels averaggd more than 20 feet helow IWD. By 1957 they had
aggraded about 8 feet with an average depth of 12 feet be;ow~LWD, remaining at
that depth until after the 1965 survey. By the 1973 survey, however, the
channels had degraded to an average of about 16 feet below LWD. The channel
.depths could have been influenced by maintenance dredging and/or increases in
channel velocities due to operation of Clifton Court Forebay. Flow restric-
tions have not been apparent in these channels.

.Middle River-—0ld River to Victoria Canal--In 1913, the channel elevation

of this 11.5-mile reach of Middls River varied between 7 and 18 feet below
LWD with an average of about 12 feet below LWD. By the 1933-34 survey, channel

bed had aggraded to an average of about 6 feet below LWD elevation. Further
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aggradation was shown by the 1973 survey to an average depth of 4 feet below
LWD elevation. However, the 6—mile reach directly north of 0ild River has only
aggraded about (.5 feet since the 1933-34 survey. Both the 1933-34 and 1973
surveys recorded a restriction 0.4 of a mile nerth of the head of Middle River
with maximum depths of 1.0 in 1933-34 and C.5 feet in 1973, below LWD elevation.

Calculated Hydraulic Resistance in ©ld Rivexr

The resistance to flow, assuming present channel geometry in 0ld River,
was studied as a basis for examination of the effect of reduced water levels aon
water circulation through this channel.

Using channel cross section data cbtained by the DWR in 1973, the
hydraulic resistance characteristics were estimated for scme 22 channel segments
of 0ld River hetween Clifton Court and the main stem of the San Joagquin River.
It can be shown by open channel flow hydraulics that resistance, the relation-
ship between head loss and channel dischargé, is proportional to the square of
channel width and-the 10/3 power of the mean depth. In essence, this means
that a narrow, shallcow channel greatly restricts flow—-—much more dramatically
than might at first appear to be the case by inspection in the field. For
example, simply reducing channel width and depth by one-half each, thereby
reducing the effective area to cne-quarter, increases hydraulic resistance for
the same length and roughness more than 40 times. These effects are
especially evident in the central section of 0l1d River in the vicinity of Tom
Paine Slough where mean channel depths below mean sea level average less than
3 feet and widths are less than 100 feet.

The channel cross sections and depths along Old River are illustrated

graphically in figure VII-2. In figure VII-3 the cumulative hydrzulic resistance
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to flow is plotted for the entire channel from Clifton Court to the San Joaguin
River. The same data are visually keyved to a partial map of 0ld River in
figure VII-4. It is noted that most of the effect, about 90 percent of the
total, is concentrated in a short section about 2 miles long in the vicinity of
Tom Paine Slough. This restriction was evident during the 1933-34 channel
survey. Obviously, this area controls the rate of flow in an east=west direc-
tion through ©¢ld River. Actually, it forces the largest proportion of the east
to west flow through Grant Line and Fabian-Bell Canals rather than through the
westerly section of 0Ol& River.

Sediment Movement

In 1950, the USBR improved the operation of the Delta-Mendota Canal
intake channel by dredging the 0ld River Channel to a minus 17-foot elevation
f?om the Delta-Mendota Canal headworks down;tream to approximately Grant Line
Canal. By 1969 the dredged channel was nearly obliterated by sediment which
continued to move into the Delta-Mendota Canal Intake Channel. The 01ld River
Channel was dredged again in 1969 and in 1974. Another example of sediment
movement is the accumulation of 60,000 cubic yards of sediment in Clifton Court
Forebay during the first 4 vears of its operation.

During the same pericd a large but unestimated amount of sediment was
pumped inte the Delta-Mendota Canal as suspended load and deposited within
the canal, C'Neill Forebay and Mendota Pool. The available suspended solids
data for both the DMC and State Aqueduct and vicinity are located in STORET, a

Federal data storage system, and summarized below for the period of record:
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Average total suspended solids
Stations Period of record mg/L pounds/acre~foot

DMC near Head 1973 = 1974 42 .0 115

Delta Pumping Plant

Headworks 1973 - 1979 21.3 58
Clifton Court 1973 - 1979 41.86 114
Qld River at Mouth of

Clifton Court Intake 1973 = 1974 : 44.1 120
0ld River at Mossdale

Bridge 1973 - 1978 48.0 123
014 River opposite

Ranche Del Rio

(near Rock Slough) 1973 = 1979 23.0 63

The Service and the Department of Water Resources established a Scour
Monitoring Program primarily in 01d and Middle Rivers north of the pumps to
identify any channel scouring. The Department makes soundings repetitively at
selected cross sections and the Service makes an aﬁnual aeropheotographic survey
of channels contiguous to the export pumps. Results indicate some degradation
and aggradaticn at the selected cross sections north of the pumping plants, but
no overall erosion or scour patterns. There are no stations east of Tracy
Read in the Scuth Delta Water Agency in the program.

IMPACT QF EXPORT PUMPS ON SOUTHERN DELTA WATER LEVELS, | WATER DEPTHS, AND
WATER QUALITY

Impact of Export Pumping on Water Levels and Water Depths

Any diversion from the Delta, including export pumping, lowers the
water levels to some distance from the peint of diversion, and the lowering of
level is superimposed on whatever level would ctherwise result from the combina-

tion of tides and net advective or downstream flows. The effect of large
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diversions from Delta channels is a depression in channel water surface which
provides the gradient for the movement of water in all c¢onnecting channels

toward the pumps. The distribution of flow and the water level drawdown among
connecting channels is a function of channel gecmetry, roughness,.pumping

rate and in the instance of the SDWA channels, the flows in the San Joagquin River.
4 generalized impact of operating the CVP and SWP export pumps is a reduction

of water levels and a modification of charnnel flows in the southernm Delta.

The Clifton Court Forebay was incorpcrated into the SWP primarily to
allow the use of offpeak power to pump water inte the State Aqueduct and to
prevent channel scouring prior to the creation of a Delta transfer facility.

Water level data are available in considerable detail at a number of
stations throughout the Delta, including nine stations within the southern
Delta. Since the drawdown of ﬁater level by the export pumps is superimposed
on the water level fluctuations that would ;therwisé occur, two approaches have
been used to determine the degree and spatial extent of the drawdown caused by
the expeort pumps. These methods of determination include field tests and
mathematicél modeling.

Field tests--Steady export pumping field.tests were made in May and
BAugust of 1968 wherein levels were measured at high and low export pumping
rates with other conditions substantially the same. These tests were precipi-
tated by concerns that export pumping was a contributing cause of reducticons in
water level such that the operation of agricultural puﬁps in Tom Paine Slough
and in the southern portion of Middle River was restricted during low tide,
and siphons around Victoria Island were losing prime. Reducticons in pump

capacity due to low water levels were alsc reported at the Westside Irrigation
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District intake on 0ld River south of Fabian Tract. The test evaluations werer
limited to low tide levels which were considered by the project operators teo
represent the pericds when steady export pumping has the maximum effect on
southern Delta water supply. EHowever, the reduction in channel water supply is
also influenced by the reduction in tidal prism upstream from the export pumps
and this is related to water level reductions at all levels of tide.

The flows in the San Joaquin River near Vernalis were about 700 and 900 ft3/s
for the May and August testing period, respectively.

These 1968 tests are described and the results summarized in two coopera-
tive reports by DWR and the USBR, both titled "Summary of Effect of Export
Pumping on Water Levels in the Southern Delta." One report describes the
May 25=30, 1968 tests and was issued in July 1968. The other report describes
the August 29 to September 9, 1968 tests anq waé issued in December 1968.
Results of these tests indicated that steady export,pumping at the rates
observed in the tests lowered the lower low tide lewvel at Clifton Court by
0.07 to 0.08 foot for each 1,000 ft3/s of export pumping.

The effects of water level depression due to State and Federal export
pumping extends northward and eastward from the points of diversion. The 1968
 test results in vicinity of Clifton Court, after correction by a constant
amount for the normal tidal fluctuation at Antioch (assumed to be ocutside of
the influence of the pumps), are presented in table VII-1.

The general effect of export pumping is to reduce local water levels,
creating a gradient toward the point pf diversion and redistributing flows in
the principal channels of the socuthern Delta. Dépending on the level of export

and rate of inflow to the Delta near Vernalis, the effect is sometimes to

157

040737



Stations

01d River at Clifton Conrt
01d River at Tracy Road

Tom Paine Slough zbove Mouth
Grant Line at Tracy Road
Middle River at Bacon Island
San Joaquin River at Mossdale

San Joaguin River at Brant
Bridge '

0ld River near Byreon
0ld River near Rock Slough
Middle River at Borden Bwy.

Rock 3Slough at CCC Intzke

TABLE VII-1

1968 PUMP TESTS RESULTS

May Test
6725 to 1950 ft/s
Differential
(4775 £t3/s)

Water Level Depression

040738
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2 3
Difference in
Aug/Sep Test water level

6934 to 800 ft3/s depression be- |
Differential tween pump tests
(6134 £t3/s)  Col.l Col. 2

Water Level Depression

Feet Ft/1000 £t3/s

Feet  F£/1000 ft3/¢  Feer

0.33 0.07
0.30 0.063
0.29 0.06
0.30 0.06
0.12 0.03
0.14 0.03
0.16 0.03
0.29 0.06
0.08 8.02
0.29 0.06
0.15 0.03

0.47 0.08 0.13
0.40 . 0.065 - 0.10
0.35 0.06 0.06
0.38 0.06 0.08
0.10 0.02 ~0.02
0.12 0.02 ~0.04
0.32 0.05 0.03
0.12 0.02 G.04
0.30 0.05 6.01
0.14 0.02 -0.01

A/This column illustrstes that with an inerease in diversiom rate of about 1,400 ft3/s
the water level depression either decreased or increased only slightly at stations
beyond Tom Paine Slough. This is indicative of the significance of pumping impact
during the tests at these outlying statiouns.
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reverse the net flow downstream of the bifurcation of the San Joagquin and 014
Rivers.

Another examination of recorded water levels was made for the June i4=30,
1972 period. Dr. G. T. Orlob's November 15, 1978 memorandum to the SDWA Beoard
examined the hydraulic depression created by the export pumps and © 2 gradient
toward the export pumps along various channels during this period. Table VII-2
and figure VII-5 are taken from pages 8 and 10 of that memorandum. Table VII-2
shows the drawdown of HHW indicated for various dates and export rates. The
period of June 22=-25 was used to develop figure VII-5. During this period only
the CVP steady export pumping was being made. Figure VII-5 shows the difference
between Bacon Island tide levels and Clifton ferry tide level# as a function of
CVP export rates. The figure also indicates a high tide level depression at
Clifton Court of 0.1 foot for each 1,000 £t3/s of steady export pumping.

Data collected in 1977 was used by the DWR.to compare two 15-day periodé
with markedly different export rates and with other pertinent conditions only
moderately different (see table VII-3). The period October 17-31, 1977 included
an average export of about 300 ft3/s and a San Joaquin River flow at Vernalis
of about 250 ft3/s. The pericd December 17=31, 1977 included an average
export rate of about 9,400 ft3/s and a San Joaquin River flow at Vernalis
of 470 to 600 ft3/s. Tahle VII~4 compares the differences in the 15 day
means of each tidal phase between the selected control stationlat Rock Slough
and stations in the South Delta for the twe periods. About 5,800 ft3/s of
this average export rate was by the SWP which diverted at high tide. There-—
fore, the differences in water level depression near Clifton Court was greatest

during the high tidal phase. The comparison between the October and December

159



RECIRC2646.
TABLE VII-Z
EXAMPLE OF TIDAL ELEVATION DATA
FOR SOUTH DELTA -~ JUNE 1972
Export, ftzfs BHW, feat MSL

Date SWP cvp Bacon Island Ciifton Ferry AH, feet
6-16-72 2109 4191 2.79 1.67 -1.12
6-17-72 20%0 41596 2.34 1.18 -1.16
§-18-72 2382 4204 2.81 1.56 -1.25
6~-15-72 2331 4180 3.45 2.28 -1.17
6~20-~-72 2411 4233 3.42 2.22 -1.20
6-21-72%/ 2362 3561 3.39 1.85 ~1.56
6-22-72 4] 2553 2.93 2.51 -0.42
6-23~72 0 1173 3.46 3.25 -0.21
6—-24~72 0 923 3.25 3.07 ~0.18
6-25-72 0 926 3.45 3.28 -0.17
6-26-72 487 847 3.69 3.52 -0.17
6-27-72 911 968 3.68 3.37 -0.31
6-28-72 945 965 3.52 3.17 -0.35
6-29-72 1564 963 3.33 2.98 -0.37
6-30-72 1682 1041 2.98 2.34 -0.64
6-30-72 1682 1041 3.10 2.38 -0.72
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1/ Andrus and Brannom Islands were f£illing due to a levee failure June ?1 at abour 0030.

The effect on the tidzl elevation at Bacon Island is indicated in figure VII-é, where
a small depression in the water level curve 1s noted for about am hour following the

It may be expected that this effect would have had only
the water levels in the Southern Delta.
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DIFFERENCE IN HHW ELEVATION BETWEEN
BACON ISLAND AND CLIFTON COURT FERRY

AH, FEET

~0.6

-0.5

RECIRC2646.

—
AH = ~[0.09 + 0.10 Q]
" &3
O
o O
R S Note: Observations correspond to periods when
SWP pumps were not operating, 1.e., Q=0

Effect of pumping

Normal difference in HHW w/o export pumping

1 l 1 f )

0 1 2 3 4 5

EXPORT FROM BELTA PUMPING PLANT, Q, 10006 CFs

Figure VII-5 DEPRESSION IN HWL AT CLTIFTON COURT RELATIVE TO MIDDLE RIVER
AT BACON ISLAND AS A RESULT OF CVP EXPORT PUMPING AT TRACY
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TABLE VII-3
CLIFTON COURT FOREBAY
Daily Qperation of Gotes
Month _ Qctoter 1977 Momth _ December 39 T/
DALY K DAILY _—}
TIME TIME AMOUNT . TIME TIME . AMGCUNT j
OATE OPENED  CLOSED OF INFLOW OATE OPENED  CLOSED OF INFLOW |
IN ACRE-FEET ) N ACRE-FEET |
17 0
: 17 0016, 13,231
18 1010 1325 198 l 0430
, . 18 0807 1845
19 18c0 1348 99 2204 10,402
0617 -
20 2000 2050 99 19 Q840 1836
2125 10, 163
21 1311 1625 585
< 20 2007 11,513
22 1733 2000 595 21 | o005 2050 3,844
23 0 22 0015 0740
. 1120 1645 9,332
24 o
i 23 0723 1640 7,735
25 1041 1217 298 | ' ‘
_ | 2z 0219 0710
6 ' _ 0} ] 0510 19G5 10,897
27 0 Hoo2s 0300 2153 13,095
28 0842 1000 298 ' | 26 0330 2200 12,473 :
29 0855 0945 298 1 % 0330 2200 1L
30 0853 1012 208 i = 0445 11,93
| 29 0005 : l
31 1015 1250 | 1,388 1o 0517 12,683
‘ 30 0042
0530 11,382
A o2l
Q555 10,043




TABLE VII-4

1/

EXPORT EFFECTS ON TIDE STAGES—

15 Day Mean Tidal Differences

RECIRC2646.

040743

between 0ld River at Rock Slough

and indicated locations

1/ Range of San Joaquin River f{lows near Vernalis was 232-268 ft3/s and 470-800 ft3/s
during the Qct 17~-31 period, and the Dec 17-31 period, respectively.

9

Tracy Pumping Plant and Clifton Court Intzke ccmbined 15 day mezn diversion rate.

1977
Oct. 17-31 Dec. 17-31
o Tidal 3 2y -/
Deltz Tide Stations Stage 286 _fr~/s= 9,368 ft%/S;

' R 0.10 0.35

LE 0.10 0.49

HL 0.16 0.41

L. 0id River mear Byron LL 0.10 0.23
HE Q.02 Q.52

LH Q.03 0.44

HL 0.10 0.36

2. Middle River at Borden Hwy. L 0.06 0.18

HH 0.0& 1.08 .

LE 0.06 0.95

. HL 0.17 0.47

3. 0Qld River at Clifton Court Ferry LL 0.09 0.32
HE 0.12 1.04

LE g.12 0.88

HL -0.04 0.320

4. Grantline Canal at Tracy Road Bridge LL ~2.30 ~3.07
HH -0.13 .55

LE -0.11 0.42

HL, -3.31 0.00

5. Middle River at Mowry Bridge LL -0.67 -0.560
HH G.25 1.20

LH 0.62 .99

HL -0.55 .08

6. Qld River near Tracy Road Bridge LL -0.93 ~0.61
HH 0.13 1.05

LE G.13 0.88

HL. -0.12 -0.30

7. Tom Paine Slough above Mouth LL -3.32 -0.13
HH 0.02 0.57

LH -0.10 0.37

HL -C.18 -0.42

8. San Joaquin River at Mossdale LL -1.35 -1.01
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pericds demonstrates, in general, that reductions in 15 day average water
levels due to an increase in export as measured in the prototype are of
the same order as those cbtained in mathematical model studies to be discussed
later in the text. The reduction in 15 day average water level at high tide
at Clifton Court is a composite effect of high tide diversion into Clifton
Court Forebay and steady diversion into the Delta=Mendota Canal. The impact of
steady pumping is estimated to be about an average of 0.08 foot depression at
Clifton Court Ferry per 1,000 £t3/s based on the analysis of the 1977 data.
The impact of intermittent diversion into Clifton Court Forgbay at high tide is
approximately 0.14 foot per 1,000 ft3/s of average daily diversion. The
combined effect of steady and intermittent pumping was to depress the high tide
level by about 1.1 feet. Table VII-5 discusses the data and describes the
procedures used to calculate these estimates.

The above tests showed that water levei drawdown was about the same in
0ld River near Tracy Road and at Clifton Court. A depression in water level
was evident as far away as Mossdale. However, an exact effect at Mossdale
cannot be determined by tests in which San Joagquin River flows and agricultural
diversions upstream from the export pumps vary between test periods. For
example, in December 1977 the San Joagquin River flow was two to three times
greater, and the agricultural diversions were presumably less than in October 1977.

A graphic presentation of the effect of intermittent export pumping on
water levels at high tide is shown in figure VII-6. This figure shows the tide
levels during the upper portion of the tide at Clifton Court and at 0ld River
at Tracy Read on June 20-21, 1972, and compares them to the Bacon Island ticde

level. During this period, the average daily export rates were 2,362 ft3/s

1272
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Table VII-S. Impact of CVP and SWP export on
water levels in 0Old River at Clifton Court Forebay1
CVP-SWP mean Mean 15-day tidal elevation difference
Observation daily diversion between Old River at Rock Slough and
period rate in £t3/s Clifton Court Forebay in feet
CcvP SWP EH IH HL L
October 17-31, 180 140 0.04 .06 0.17 0.09
1977
December 17-31, 3,600 5,800 1.08 0.95 0.47 0.32
1977
Differential 3,420 5,660 1.04 0.89% 0.30 0.23

Steady pumping impact = HL Diff. + LI Diff.
2
average DMC Diversicon in 1,000 ft3/s

0.30 + 0.23
2 © = 0.08 ft/1,000 £t3/s
3.42

1

Intermittent pumping impact HH Diff.- steady pumping impact

average daily diversion to CCFB in 1,000 ft2/s

1.04 - 0.08 x 3,42C0 = 0.14 ft per 1,000 £t3/s
1,000 of average daily diversion
5.66

Intermittent pumping impact HH - Steady pumping impact

24 hours
Diversion period

Average daily diversion teo CCFB x

feet per 1,000 ft3/s of intermittent diversion.

1.04 - 0.08 x 3.42 = 1.04 ~ 0.27 = 0.096 or 0.10 feet

3
5.66 x %% 7.99 per 1,000 ft3/s

Total impact at high high tide 0.08 x 3.42 + 0.14 x 5.66 = 0.27 + 0.79

= 1.06 feet as compared to the measured value
of 1.04 feet.

IThe rates of impacts identified in this analysis are approximations only.
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Andrus—-~Brannon Island Break
@ 0030 21 June 1972 | Mic River @ Bacon Island
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:
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| 5
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' - . \ . 1.45' = drawdown In HHW
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o N A \‘ i pumping
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i

CLIFTON COURT closes \
B / ; FERRY
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Figure VI1-6 WATER LEVELS IN SOUTHERN DELTA, 20-21 JUNE 1972

CVP Export = 4233 cfs SWP Export (Avg) = 2411 cfs
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for the SWP and 3,561 £t3/s for the CVP. The southern Delta tide levels
would probably have been about the same height as the Bacon Island tide in the
absence of pumping. Using the indicated difference between HE water at Bacon
Island and Clifton Court as the effect of pumping and the procedure outined in
table VII-5, it is estimated that the intermittent pumping impact was about 0.5
feet per 1,000 ££3/s of average daily diversion and 0.122 feet per 1,000 fr3/s
of actual intermittent diversion rate. The total impact was a reduction in
water level at high tide of about 1.5 feet, extending as far upstream on 01d
River to Tom Paine Slough.

The comparison of the impact of intermittent pumping rates on the
water levels near Clifton Court in feet per 1,000 f£3/s of average daily
diversion is appropriate when the periods of diversion are approximately the
same. Comparing the impact of intermittent pumping during the June 20-21, 1972
period with the October 17-31, 1977 and Decémber 17-31, 1977 periods, in feet
per 1,000 ft3/s of average daily diversion will give a distorted result.
During the 1972 period the actual diversion of 10,300 ft3/s occurred over a
period of 5.5 hours whereas during the 1977 period the actual diversion of
7,990 ft3/s was sustained for 17 hours. The maximum pumping water level
drawdown on June 21, 1972, between Bacon Island and Clifton Court was 1.26°
feet; during the 1977 period between Rock Slough and Clifton Court the drawdown
was 0.77 £oot. Expressing these drawdowns in terms of actual rates of diver-
sicn for each period results in 0.122 foot per 1,000 ft3/s and 0.10 foot
per 1,000 £t3/s, respectively.

The impact of export pumping on water levels in the vicinity of Cliften

Court Forebay is relatively insensitive to the flows in the San Joaquin River
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at Vernalis. However, the effects of export pumping on the hydraulic gradient
between Clifton Court Ferry and the San Joaquin River dves vary with the
rivefflcws. The project impact on net flow rates and water levels in this
reach are greatest at low rates of inflow.

A mathematic procedure (Hardy Cross netwerk analysis) was used to describe
the relationship between head loss within individual chanmels and the average
exports and flows in the San Jeaquin River. A memorandum dated February 16,
1951, summarized the network analyses of the Lower Sacramento-San Joaquin Delta
that were made in connecticn with the design of the Delta Cross Channel. Copy
of this memcranduwm is included in Appendix 4. A simplified technigue, based on
the assumptiocon of steady flow with ne tidal fluctuation was used to demonstrzate
the effect of San Joaquin River inflow on the distribution of drawdown related
tc a constant export. This procedure assumes no agriculture diversion within
the scuthern Delta. (During periods of low flow tﬁis is seldem a realistic
assumption.)

For the semi-quantitative use the various channels were ccmbined inte four
egquivalent channels as shown.. The ship channel recause of its relatively large
cross—section was assumed to act as a manifeld at a constant level. The
resistance values represent channel resistance coefficients such that head loss
{ h) = 5.543 x 1078 er where the constant was derived from the Manning
equation.

Flow distributions were developed: Case & with 4,600 ft3/s export and a
downstream flow at Mossdale of 1,000 ft3/s, and Case B with the same export

(4,600 £t3/5), but 2 downstream €low of 300 f:3/s.

166
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Case A Manifoid o
Case A . S D
. 3 -
Q, in channel 1 = 3,550 ft°/s 3550 f”/sl
Q. in channel 2 = 50 ££3/s 7 =0.204 &
2 ®©
. = . 3
Q3 in channel 3 1,050 ££3/s 50 ft 3/5
rg =10
SR, = 0.145,Ah, = 0.00014 - 1050 #t 355 )
and Ah, = 0.1405 4600 ft 3/5/ T35\ 1000t 3/

The junction of channel 2 and 3 which represents Mossdale approximately is

subject to negligible drawdown (1 percent.of drawdown at Tracy).

Case B Monifold
= 3
Q, = 3,870 /s 3870 ft3/% |
0, = 430 ££¥/s 7=0.204 l
o) 730 fti/s
3 ®'/ 430 ftsfs -
- _ -~ ra =0
Ab, = 0.169, gh, = 0.102 ove =IO 2
and h, = 0.068 4600 f1 3/ Y 2.3\ 300fts/s

At Mossdale the drawdown (Ahz) is 0.102 or 60 percent of the drawdown at
the DMC intake.

The analysis indicated that when the flows at Mossdale are less than
S00 ££3/s and the pumping is approximately 4,800 ££3/s, the gradient
between the pumps and the bifurcation was very flat. Therefore, depression of
the water levels at Clifton Court would be felt as far away as the bifurcatiocon
and even upstream beyond Mossdale. However, with riverflows at Mossdale of a
magnitude of about 1,000 ft3/s, the gradient is much steeper and, therefore,
the pumping impact is less at the bifurcation.

Model studies-=-Tests such as those just described in 1968 and 1977

are difficult to arrange. They are, therefore, limited in the range of condi-~
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tions tested. Furthermore, conditions of tide, riverflow, and agricultural
diversions vary during the tests, thereby modifying results, particularly for
points far upstream of the export pumps. Therefore, it was necessary to
develop a mathematical model in order to examine a wider range of conditions
and to aveoid the uncertainties of test data whereir conditions other than
export rates vary during the +tests. A mathematical model for this Durpose was
developed for SDWA by Dr. Ge. T. Orlcb per his report entitled "Investigation of
Water Level Problems in the Southern Delta - Model Studies” and dated May 14,
1979. The model is a refinement of an earlier Delta-wide model which was
developed under Dr. Orlob's direction and commonly referred to as the WRE
nodel.

It was first necessary to establish a reference station for southern
Delta tides. Delta tides do not correlate reliably with ocean tideé for
various reasons. (See DWR-USBR report datea Septeﬁber 1970 and titled
"Sacramento—-San Joaguin River Delta Low Tides of April--May 1970.") The Bacon
Island tide station was, therefore, chosen as being reliably related to the
southern Delta tide levels which would cccur in the absence of ail pumping.

The model was calibrated so as to obtain a close a match as possible
between model results and the measured data from southern Delta tide gages
during various conditions of tide, export diversion, and riverflow. Comparison
of the model's predictions and actual tidal curves for conditions of steady
diversion indicate that *he mcdel is a useful tool for water level studies.

The model still requires verification for some special cases . However it
improves understanding of the interreiationships between water level changes
and export pumping under the dynamic conditions induced by tides in the scuthern

Delta.
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Table VII-6 shows the model's predicted change in water level due to export
pumping at various southern Delta points and for various export rates. With a
CVP export rate of 4,323 f+3/5 and no SwWP export and a 550 f£3/s riverflow
rate at Vernalis,-the drawdown of water levels by the export pumps is calculated
to be 0.52 foot at HHW and 0.40 foot at LLW at the CVP intake channel; 0.51 at
HEW and 0.47 at LILW at the Westside Irrigation District intake channel on 014
River; 0.41 foot at HHW and 0.37 foot at LLW at 0ld River a;d Tom Paine Slough;
0.35 foot at HHW anéd 0.31 foot at LLW at Old River and Middle River; and 0.34
foot at HHW and 0.13 at LLW at Mossdale. Steady pumping impacts predicted by
the mathematical moedel presented in table VII-6 is compared to the LLW value

calculated using the 1968 pumping test rated of depression presented on table

Vii-1i.
May 1968 Test'/2
Model Run' Results

0ld River at Clifton Court Ferry -.40 -.30
014 River at Tracy Road -.39 -.27
Grant Line at Tracy Road ~.44 - 27
Tom Paine Slough -+37 -.27
San Jeaguin River at Mossdale -.13 -.13

TThe May 1968 test results were adjusted to reflect the same rate of
diversion as simulated in the model run, i.e., the 1968 test results were

multiplied by the factor of &_%%§=0 50.

2During the 1968 test 10 to 31 percent of the flows diverted from the Del:a
by the SWP were withdrawn from Italian Slough not Clifton Court Forebay as
simulated in the model study. ‘ ‘

With the same CVP export rate and the same riverflow rate at Vernalis,

but with a 4,800 fe3/s average dally SWP export rate (drawn off the high
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TABLE VII-6
SUMMARY OF WATER LEVEL CHANGES IN THE SOUTHERN DELTA
DUE TO EXPORT PUMPING BY THE CVP AND SWPE/
RUN SD-29A RUH SD-29B RUN 5D-30 RUN 5D-32
2 q, (DHC) = 4323 q,{BHC) = 4323 G, (DHC) = 4323
S o) e oo - s Gemome

Hode Lacation 1w Qﬂ (su:;:. LLy m er~m£3%:1’) " 2000 e A41 ww I I LLu

1 Bacon Isl. (Input} Q 1] 0 [} 0 0 a 0 0 0 1] ¢
20 Clifron Ct. -0.36  -0.315  -0.34 -0.89  -0.417  -0.36 -1.086  -0.58  ~0.34 -1.74 -0.77  -0.26
22 Old R, @ DHC ~0.52  -0.49  -0.40 -1.01  ~0.59  -0.40 -1.17  -0.70  -0.39 -1.83  -0,89  -0.32
6 WsID ~0.51  «0.47  ~0.47 ~1.0L  -0.58  ~0.49 ~1.17  -0.68  -0.48 -1.84  -0.87  -0.38
32 0ld R, @ Tracy Rd, -0,43  -0.43 -0.39 -0,97  -0.54  -0,40 ~1.12  -0.64  ~0.37 -1.81  -0.8)  ~0.29
115 Grancline @ Tracy Rd.  -0.44  -0,40  -0D.44 ~0.93  -0.60  ~0.46 -1.09  -0.61  -0,4) -1.76  -0.00 -0.36
4 Ton Faine 51. ~0.41 -0.42  -0.37 -0.92  -0.53  -0.40 -L.11 -0.62  ~0.39 -1.78  -0.01  -0.34
as Salman 81, ~0,40  -0,39  ~0,33 -0,90 -0,50 ~0,37 ~L.06  ~0.39  -0.36 -1,73 -0.7%  -0.31
39 0ld R, @ Hiddle R. -0.35% 0,33 -0.3% ~0.8F ~0.46  -0.35 ~L.00  -0,56  -0,3% -1.63  -0,74  -0.31
44 01d R. @ San Josquin ~0.31  -0,27  -0,18 -0.65  -0.38  ~0.24 -0.8%  -0.46  -0.26 -1.32  -0.61  -0.2%
139 San Joaquln @ Hossgale -0.34  -0.26  ~0.13 ~0.66  <0.38  -0.22 ~0.87  =0.46  -0.27 -1.33  -0.65. -0.37

1/ Based on mathematical medel analysis using a

2/ Qg 1s the average daily diversion
3/ Q,, 18 the actual diversion during HIM

Note:

Vernalls flow rate 550 rfs.

version of the YWRE Model
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tide at about 12,000 ft3/s), the drawdown at the CVP intake channel is
increased to 1.83 feet at HHW and 0.32 foot at ILLW; at 0ld River and Tom Paine
Slough it is 1.78 feet at HHW and 0.34 foot at LLW; and at Mossdale it is 1.33
feet at HEW and 0.37 foot at LLW. The intermittent pumping impact at Clifton
Court was calculated at 0.127 foot per 1,000 ft3/s at HHW, which compares
favorably with the rate calculated using the June 21-22, 1972 data (0.122
££/1,000 ££3/s5).

Impact of Export Pumping and Channel Configuration on Water Circulation
and Water Quality

Circulation of water in southern Delta channels and the related water
quality in those channels is influenced by tidal activity, expert and local
pumning, inflow and channel configuration. Tidal activity is the dominant
factor . ’1ﬁencing circulation for short time periods. For longer periods, net
flow direction . d primarily by export éumping'and inflows becomes the
major influence. The circulation is determined by the excursion and the
volume of displacement dur: idal cycle, which are related to the tidal
prism upstream from any given sw. taken together with the cress sectional
area at that station. Values of excu from a low slack to a high slack
tide range to as much as 3 miles in the so * Delta.

Net flow direction is markedly changed by v. physical works such
as pumps, siphons, and tidal gates. Circulation chan.-s have been studied in
the field and by models, both physical ané mathematical. A relationship
between the division of flow at the head of 0ld River and export pumping.has
been developed per figure VII-7. This figqure is a modificaticn of plate 11 of

the appendix to DWR Bulletin 76. This plot depicts the flow split at the
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RATIO OF DELTA- MENDOTA CANAL PUMPING."TO“-FLQW IN

SAN JOAQUIN RIVER AT 'MOSSDALE
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RATIO OF FLOWS IN SAN JOAQUIN RIVER AT BRANDT BRIDGE TO FLOWS IN
SAN JOAQUIN RIVER AT MOSSDALE

NOTE: Flows in northwesterly direction in San Joaquin

River at Brant Bridge positive and in oppoasite
direction negative.

This is plate 11 from the California Department of
Water Resources' Report entitled Salinity Incursion
and Water Resources Bulletin No. 76 Appendix on
Delta Water Facllities dated April 1962,

RATIO OF FLOW AT TWO LOCATIONS
ON SAN JOAQUIN RIVER AS INFLUENCED
BY DELTA-MENDOTA CANAL PUMPING

APRIL. 1962
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bifurcation of 0ld River and the San Joaquin River in relationship to the rate
of export pumping. This determination of the relationship is an approximation
because it does not account for the seasonally varying channel depletions
between Vernalis and the head of Old River and because net flows are difficult
to determine in tidal channels. Eowever, the approximation is useful in
analyses of the circulation and water quality. Depending upon the rate of
export and local pumping, varying percentages of the San Joaquin inflow are
drawn toward the export pumps even to the extent of reversing the normal
downstream flow of the San Joaquin River below its bifurcation with Old River.

The induced flow toward the export pumps is carried mainly by Salmon
Slough and Grant Line and Fabian Canals. Downstream flows in Middle River and
Cld River west of Salmon Slough have serious impediments to flow in the form of
width and/or depth constrictions as previously discussed. These limitations
are exacerbated to some degree by the lowering of wﬁter levels at the entrance
of these channels.

ﬁydraulic restrictions in Middle River and portions of 0ld River tend to
limit eirculation and increase the likelihcod of stagnation and poor water
quality. These conditions may be aggravated further by reductions in waterxr
level, depth and/or tidal prism. Such cccurrences are illustrated by the
behavior of 014 River hetween Salmon Slough and the DMC intake channel during
July 1976, as shown in figure VII-8. The average monthly TDS concentration in
014 River getween Salmon Slough and the Westside Irrigation District intake
generally exceeded 1,000 mg/L, while at the DMC intake the TDS averaged 312
mg/L. The rather large gradient of TDS between these two locations indicaces

that the effects of tidal mixing, and any available advective flow is not
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sufficient to offset the effect of salt accumulation in this channel. Such

ci’ sulation as did exist may have been aided by the Westside Irrigation District
divasion since there are no cther significant diversions between the district's
intake and the DMC intake.

The operation of the export pumps draws water from all contributing
channels, including the 014 River-—Salmon Slough-—-Grantline Canal principal
channel through which water from the San Joaquin River enters the zone affected
by exéort. Data derived from the Service's continucous EC monitors show that
at low tide fellowing a downstream tidal excursion the EC near Clifton Court is
generally higher than at high tide when cross Delta flows from the Sacramento
River are most likely to be dominant. As an illustration the quality of water
in San Joaguin River at Vernalis between July 9 and July 18, 1978, averaged
about 635 umhos EC with no tidal variation whereas the cquality in the Delta-
Mendota Canal intake channel varied about tﬁreefold'between the high and low
tidal stages. The 10-day average qualities in each tidal phase in umhos at the
various tidal phases between July 9 through July 18, 1978 were as follows:

Water quality

Tidal phase {micromhos}
HH 323
LHE 212
LL 631
BL 385
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SUMMARY AND CONCLUSIONS

CHANNEL DEPTHS AND CROSS SECTIONS

Changes in channel gecmetry were assessed by comparison of surveys
made in 1913 and 1965 by the Corp of Engineers and in 1933-34 by the United
States Cocast and Geodetic Survey and at various times during the period 1957
through 1976 by the Department of Water Resources. Results of the analysis for
each principal channel is summarized below:

San Joaguin River-—-Vernalis to Mcssdale Bridge

The bottom elevation increased from 0.5 to 2.5 feet, with an average
increase of about 4 feet. This aggradation raised the bottcom elevation of
about 45 percent of this reach to. an elevation of 1.5 to 2.5 fee£ above LWD
wheréas it was 2 to 7 feet below LWD in 1933. This probably has occurred
due to reduced floodflows, a normal supply 6f ri;;r sediment load, and the fact
that this reach is where the river enters the tidal zone. Sediments tend to

deposit at the entry to a tidal zone.

0ld River-—San Joagquin River to Salmon Slough

The bottom elevation dropped an average of 4 feet, i.é., the channel
degraded. This degradaticn is unexplained.

Grant Line and Fabian Canals

These channels degraded between 1957 and 1973 by an average of 4 feet.

This pericd corresponds to an increase in Delta export pumping. Channel

degradation could have been due to maintenance dredging of the channels performed

by the local reclamation districts and the Corps of Engineers.
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Middle River--0ld River to Victoria Canal

This channel has aggraded since the 1933 survey from an average maximum
bottom elevation of 6 feet below LWD to an average maximum bottom elevation of
4 feet below LWD. BAbcout 55 percent of the reach, that immediately north of
0ld Riwver, has aggraded an average of 0.5 foot since 1933-34. The most restric-
tive section is now about 0.5 foot below LWD as compared to the previous
1 foot below LWD. The channel conveyance capacity is quitellow and often less
than the agricultural diversicon rate. There is no evidence of recent channel.
maintenance dredging (access to 55 percent of the most restrictive sections is
hampered by two £ixed span bridges).

0ld River=--Salmon Slough to DMC Intake Channel

This channel also has restrictive cross sections with maximum depths
of about 3.5 feet below LWD and a minimum mean depth of about 2 feet below LWD.
There has been little change since the 1933;34 survey.

Changes in channel cross sections that have been obsgrved since 1933=34
are a consecquence of modifications in the ﬁydraulic regimen of the southern
Delta: export pumping by the CVP initiated in 1951, intermittent diversions by
the SWP commencing in 1968, and reduced San Joaquin River inflows at Vernalis.
The analysis of channel depths within the South Delta Water Agency does not
establish whether or not export pumping has caused appreciable siltation or
scour within the SDWA channels. Channel degradation in the reach of 0ld River
between Salmon Slough and the San Joaquin River is unexplainable. The &hannel
degradation within Grant Line-—Fabian Canals could be attributed to export
pumping and/or dredging. This channel carries the largest proportion of San

Joagquin River flows which are drawn to the export pumps. The decrease in
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channel resistance in this channel modifies the proportion of flcws carried by
this channel and the proportion carried by the reach of Cld River between
Salmon Slough and the export pumps.

The control of siltation in some South Delta channels requires periodic
channel maintenance. No routine channel maintenance program exists in this

area of the Delta at this time.

IMPRACT OF EXPORT PUMPS ON WATER LEVELS

teady diversicn of flows by the CVP reduces the water level at Clifton
Court and adjacent channels by a range of 0.07 to 0.10 foot per 1,000 ft3/s,
or about 0.32 to 0.46 foot at full capacity of 4,600 ft3/s. This impact
influences the water levels in 0l1d River and Grant Line Canal upsteam to Salmon
Slough, at about the same magnitude, thereby directly impacting the entrance to
Tom Paine Sleugh, which relies on tidal elevation differences to produce the
gradient for flow into the Slough.

The intermittent diversions into Clifton Court Forebay by the SWP
reduce the HEW levels by about 0.10 to 0.127 per 1,000 £23/s of water
diverted. At full capacity of the CVP, operating at 4,600 ft3/s on a steady
basis, and the SWP, operating only on the high tide, with a 10,000 £t3/s
diversion rate,| the water level depression at HHT may be expected to be in
the range of 1.34 to 1.76 feet.

Reductions in water level also are evident at Mossdale Bridge on the
San Joaguin River. However, the water level depression at this point is

related to the perticn of the inflow from the San Jeoaguin River which reaches

! The maximum SWP pumping rate of 6,000 ££3/s into the aqueduct corre-
sponding to this 10,000 ft3/s high tide diversion to Clifton Court
Forebay over a period of approximately 14 hours.
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the bifurcation with 0ld River. When the riverflows at the bifurcation are less
than 1,000 £t3/s, the gradient between the pumps and the bifurcation flattens
and the pumping effect is increased whereas at 1,000 £t3/s the effect is

relatively insignificant.

IMPACT OF EXPORT PUMPING ON WATER CIRCULATION AND QUALITY

During most summer periods, the San Joaquin River flows are now less
than the net rate of channel depletion within the SDWA. The induced flow
toward the export pumps which is caused by the drawdown of levels, is .arried
mainly by Salmon Slough and Grant Line and Fabian Canals. Downst  -am advective
flows into the reach of Middle River between 0l1d River and V' .coria Canal and
in the reach of 014 River west of Tom Paine Slough are c.uerally less than the
agricultural diversions from those channels durina dry seasons, thereby causing
water to flow into these reaches from both ends permitting accumulatién of
salts from local return flows as illustrated in figure VII-8. Both of these
channels have serious impediments to flow in the form of width and/or depth
constrictions as previously discussed. However, it is apparent that substantial
portions of low summer San Joadquin River_flows pass through the upstream end of
0ld River and Grant Line and Fabian Canals and are diverted with the export.

The increase in net unidirectional fiow frem the Sén Joaguin River
toward the pumps reduces the accumulation of drainage salts in the upper end of
Old River and in Grant Line and Fabian Canals. However, the drawdown which
causes this increase in flow does not necessarily induce net daily upnidirectional
flows through Middle River in the southern Delta, or in 0ld River from Tom

Paine Slough west toward the DMC intake channel as discussed above.
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Tidal circulation is reduced by the lowering of water levels. However
tidal exchange of salts is dependent both on circulation and the difference in
salt concentration between any two points in a channel. For example in the
restricted reach of OLd River even with the reduced tidal prism in the vicinity
of the DMC intake channel, there is scme flushing resulting from tidal exchange
with better quality of water available. _

Quality in dead end sloughs such as Paradise Cut and Old Oxbows rely

e -irely on tidal exchange. When San Joaguin River flows at Vernalis are less

. ~ .he agricultural aiversions south of Mossdale, the reach of San Joaguin
Rive. amnel south of the bifurcation of 0ld River functiens alse functions
like a k. ~lough and tidal flushing becomes important for water quality as
well as for ‘epth in that reach of channel.
~The overall . £ ekport pumping on the Scuth Delta channels includes:

1. Reduction in v ~aulie capa;ity of channels with consequent
reduced water availability o ~ local diversion points.

2. Increase in gradient o *he Delta export pumps which results

in increaged downstream advec: . v: circulaticon frem the San Jeoaguin River

through the east end of 0ld River to CI Court via Grant Line Canal.
3. Availability of Sacramento River w. - the northern boundary of
the southern Delta which is drawn imto portions . me southern Delta channels

through tidal mixing.
4. Increase in suction lift required of pumps of lccal diverters.
5. Increase in freguency of loss of prime (due to inadeguate water

depth) by pumps of local diverters.
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8. Reduction in tidal prism with resultant decrease of tidal flows
and of tidal flushing of salts, particularly in shallow, or stagnant, or blind
channels.

This report does not attempt to quantify all of these export pump
impacts or to determine the water levels, hydraulic capacities, and salinity
levels needed in southern Delta channels. Water level drawndewn, of the
magnitude indicated, obviocusly has an impact on water availability in the
shallowest channels, but determining the net effect on salinity due to changes
in advective and tidal flow would require additional study of the net effect in
each channel. Furthermore, the impact of export pumping also wvaries with the

degree to which San Joagquin River flow and salinity at Vermalis are altered.
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APPENDIX 1

MONTHLY FLOW DATA (KAF) AND

MONTHLY CHLORIDE DATA (P/M)
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THIS IS THE DATA FILE OF ACTUM. SAN JOAQUIN RIVER FLOWS (KAF) AT VERMALIS,
oeT NOV NEC JAN FER MAR APR MAY JUN Jul AUG SEp

1930 yh 8a. 170 13.20 79.30 111,00 ga,4n 151,00 154,00 136,00 164,00 16,20 56, A0 A5, 10
i3t VYN 103,00 7.0 117,00 05,30 12,90 ha., 20 23.10 27.30 23.30 14,30 14,00 19, 00N
1932 VN 29,40 39,130 Ta. 9N 2a5,00 421,00 301,00 224,00 13,00 BOR,. 00 3%6.00 I, 30 A3.T70
1933 VN 103,00 113,00 115,00 124,00 1a7,00 107,00 AR, 40 A4.80 316,00 ai, 20 41,00 a8, 40
1934 VN 94,10 21.00 148,00 149,00 124,00 105,00 41,80 39,3N 37.30 24,30 23,60 Y. HO
1935 VN 52.720 16.80 OR. B0 223,70 19a,30 250,40 BTR.20 IN07.00 93R.8B0O 165,90 Aal.20 1o, 30
1935 VN 125,10 115,40 185,90 203,20 SRA, 00 B7I8.10  7713.10 10o20.n0 AAl .60 IRT, 40 Ay, NN 16,20
1937 VN 11A/.20 114,60 175,40 202.40 ARR.30 RIZ2. 20 RAQ.AD 1233,00 925,70 200,50 69, 140 R3. 10
1038 VN 11A.70 HIT7,R0 326,40 371,20 301,00 2100.00 1333.00 1743,00 2181.00 898,30 206,460 132,40
1939 VN 163,90 224,00 227.5%0 25%1.50 231.60 124,60 146.R0N 125,20 HY, NN 46, 650 14,00 A1.50
{940 WN 91. 30 845, 40 Q7.60 254,00 493,10 002,30 96%.20 A879.30 Ad45,60 122,70 12,90 100,40
1941 VN QR0 102,00 1RK,. 20 43R, AN T27.90 1302.00 1017.00 1302,00 1327.00 562,10 128,80 100,30
1942 VN 135,20 137,40 293,70 SIR. 40 TNG. 9N 533.40 79R,20 1017.00 1323.00 478.20 103,60 114,00
1943 VN 137,90 133,80 268,40 347.20 125,80 1422,00 1075.00 920,40 693,40 135,80 4,80  1N0,H0
144 VN 129.60 114,20 146,80 145,40 164.60 204,70 136.90 235,30 201,40 16.60 67.10 71,40
194 VN 101,40 147,20 232.90 237.60 604,30 %66,.70  534,R0 855,40 673,80 238,40 109,40 120,90
944 VN 169,60 207,30 352.50 584,80 330.70 229.60 1357.90 802.90 344.10 90,10 %, 30 BH. 30
1947 VN 111,60 185,70 222,40 171,10 133,70 13R.90 88.60 125,80 56. 10 32.40 35,00 03.90 .
1948 VN 80.80 105,50 104.20 15,10 47.50 36.80 A2.90 307,50 512,10 B1.70 44, /50 64, 10
1949 VN 95,20 83, 8n 91.40 107,00 TR.60 213,30 122,40 2i7.00 119,20 34.60 37.00 42,450
1950 VN T71.90 94.10 Q6,60 122,90 194,70 135%,60 319,30 3NR,. 20 298,30 42, 30 3R, 2n H6, 30
]951 VN 81,40 4R2.10 1545, 00 632,10 A00.50 471,70 157.80 401.20 198,60 53, /0 46,70 atl.60
1952 VM 109,70 104,90 192,80 544,20 661.90 B4A5,30 202,00 1699.00 1389,00 215,10 13,30 @6.40
1953 VW 114,70 129,50 225,00 365,70 204,00 T1.50 90.40 1RA, 10 292,40 98.n0 446,00 6h, 0n
194 VN 100,20 YR.P0 10R.30 101,90 131,00 274,30 301,00 412.90 16,50 33, 30 33,60 44 ,9()
195 VN 32.30 R2.50 .50 182,30 136,10 9a, 00 Hhd, 60N 0. 70 A9.,0N0 25,60 26,50 36,30
1954 VN 49,20 63,70 670.60 1663.00 9u3,90 460,30 372.60 RBRHY,30 T720,0n 214.20 14,90 112,20
1957 VN 122,90 131,60 154,00 IR, I 97.90 AT.80 18,90 53,70 223.70 53, 8N A6, 30 “8.30
1958 VN 126,40 133.80 153,30 14R8.80 301,80 743.60 16561.00 1379.00 929,30 251,460 Q4,40 133,40
1999 YN 174,300 216,10 181.70 143,40 i81.50 127.20 48, 3N 4R. A0 31,70 19.20 24,70 46,70
1960 VN 53.00 62.60 T2.80 25,R0 90, 1N " 36.6N 30,80 3R, N0 17.40 13.70 16,50 22.90
1961 VN 43,80 a0, 30 19.10 R2,.30 62.10 27.30 11,90 23.40 12.30 AL A0 Q. 3N 19,10
1962 VN 25,20 35, 3n 43,80 49,50  320.90 364.80 124,10 1A}, 20 208,10 Hh2. /N 42,70 9,10
1943 VN 19,40 97.80 149,70 107.80 4%4.60 140,30 512,70 5T74.20 39A.50 12,00 61,40 00,20
1964 VM 164,60 179,80 217.20 116,60 QT.60 57.10 45,50 43,20 3R.70 23.4/0 27.10 53.50
196% VN BA.90 140,20 371.20 R34,80 440,30 327.5%0 536,70 325,60 336,20 121,30 5,10 09,90
A966 VN 181,00 214,80 383,RB0 3723.90 227.20 117.70 6R. 40 53.10 33.90 21,00 0. 10 413,20
1067 VN 6f. 10 T0.10 269,00 197,30 3%3.40 401.90 RA2.50 1252.00 1190.00 442,50 124.20 120,70
1968 VN 167.60 204,70 223,50 180,80 150,600 190,20 35, 40 54,430 35,20 30.90 41.20 Hhh, A0
JO6Y VN 85.10 Q5h.50 185,70 RA40 40 808,00 I89R, N 136,00 1513,00 652,00 3%6.80 142,90 193,70
1970 YN 274.400 278.40 24A4.70 AR1.(N &I AN 441 . /D (oo 0 = | 1A7.20 YtAN .00 1. 70 Ad DD 787 K
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THIS 15 THE DATA FILE FAR STANISLAUS RIVER FLOW AT RIPON.

(CT Hiv Ni:C JAN FIER HAR AR MHAY JUN Jut Al 5P
1930 n»P 0N .00 .00 .0 .00 .Y . N0 . N0 .00 .0 . N0 . 0N
931 n}p 00 .00 . N0 .0 00 .00 .0n . N0 .00 N0 . 0N W0
{932 1P .00 « 10 . N0 (30 « 0 .00 L .00 00 .00 . 00 N0
1933 P 0N N0 .0 . N0 .00 - N0 .00 )0 .00 .0 .00 » 020
1934 1P . N0 .00 .00 .00 .10 .00 .0 ©.n0 .00 .ON 00 .00
1935 RP .00 .00 « 0 .0 . (10 L0 .00 .0 .00 .00 .00 O
1936 R .00 .00 .00 - 030 . (6} - 00 .10 . N . 00 . 0N . ) .00
1937 RP . NO N0 . 00 . N0 .0 L0 . 00 00 .00 .00 . 00 » N0
1938 RP .00 N0 .00 .00 0N .00 .00 .00 N0 .00 .00 .00
1939 RP . N0 .00 .00 .00 00 .0 « 00 .00 . 0N .10 .
1940 1P 00 « {30 00 O . (0 (0 . 00 . N0 .00 00 .M « 00

1941 RP 15,49 18.40 213,29 H2.41 72.00 186,10 178,90 386.50 173,90 36, 34 14,73 13.63
1942 R 15.46 21.82 H3.31 .20 175,90 T1.01 215,00 294,30 232,10 50 .69 i1.33 14,70
1943 1P 16.51 27.44 52.74 113,80 122,20 313,20 265.30 201,30 108,20 (7.13 P4,71 13.87
1944 1P l6.51 17.46 26.32 31.60 17.42 Al ., 00 3,010 104,40 51.71 4.1 1 .o7 1 .nY
1945 )P 13.40 31.88 60. 44 55,84 105,40 111,40 125,80 265,20 152,00 25 .91 14,42 13.41
1946 RP 16.30 30.36 T4.98 146,90 b}, 39 64.93 155,20 234.30 61.9% 15.50 13.59 12.54
1947 1P i1.83 21,40 .42 11,56 .15 37.56 52.60 82.53 15,35 e, 70 9,37 9.59
1948 i@ ta. 72 16,19 2H,94 17.3b 12.07 1(31.46 53.08 216,70 180,30 21,01 i, 90 Q.76
149 Hp 12,14 14,62 f4.1) 24,34 12,62 68,69 44,82 158,70 52,26 10.85 Q.86 9,10
1950 R 11.78 11.38 13.60 37.5% “3.77 42,70 152,40 235.50 112,30 13.36 11.36 10,38
1951 RP 11,39 268,90 467,40 152,90 122,10 127.60 #1.59 130,90 3n.28 13.55 fr.ot 1.8
t9ob2 1P 23.12 21.25 54 .38 7.5 16,60 155,00 224,900 473.60 294,80 57.17 I5.506 14,01
1953 np 15,91 20.93 35.03 Bg,12 32,03 12.43 56.38 109,50 153,60 30,36 12.19 .73
1994 P 15.30 21.20 21.35 13.62 22.92 70.90 146.00  147.%0 13.96 Q.62 9.99 8,93
19b kP 1.o7 15.36 33.63 47.53 28,22 35.62 13.14 37.40 63,93 B.617 /.98 T.14
tvha (e 1,32 O 21HJT0 0 311,50 17,40 B3.34 147.90 312.30 187,90 6218 12.01 1,71
1957 np 23.82 21.18 21,32 17.86 1,96 30.62 1,40 13.48 81.53 12.04 19,30 13,69
1958 NP 14.07 10,43 10.46 32.43 79.41 136,90 242,80 362,20 217.00 Jo.62 13.55 20,04

1959 1P 19.91 29.56 49 .61 28.05 23.29 38,099 9,97 Q.16 7.85 6,98 7.96 9,7t
1960 WP Q.7 8,69 9.00 B.24 9.70 6.83 7.21 B.64 6. 66 5.096 6.09 6. 10
1961 1P T.6b .66 §1.02 1.8 B,71 6.50 5.5 5.38 3.484 3.15 3.74 4,56
1962 RP H.61 6.34 6.87 6.63 54.76 T0.77 49,01 13.72 103,40 .44 Het3 9,24
1963 kP 13.48 14,84 19.22 .40 133,50 42,46 177.80 P2RA.80 118,10 16,34 1,24 13,74
o664 NP 24.04 17.54 32.15 54,94 24,78 12.03 t0.23 B.16 T.15 6. 37 6.53 7,908
965 Rp v, 00 13,12 189,30 254,40 109,30 102.40 202,00 131,20 124,20 2H. 84 13.72 16,75
1966 RP 24.41 47,06 86.83 Q0 .41 0. 47 16.00 .39 9.95 7.82 6.1l B, 5 6.017
1967 RP 8,26 9.35 6n.217 70,59 97.84 137.0n 225,40 267,20 329.10 107.20 19,36 23.00
{908 1P 29,79 36.09 H2 .79 3,72 1H,90 28.53 28,00 9.38 7.68 629 1.01 7.44

Ivee RP 11.59 H1L70 13.34 309,00 266,70 225,70 187,10 359,40 233,60 41,12 17.09 20,64
LMD OF FILE
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THIS 1S THE DATA FILE FOR THE ACTUAL FLOW AT MAZE ROAD BRIDGE (KAF),

0acT NOY nEC AN FERR AR AR HAY o WU JULL ALIG SEF
1730 0.00 0.00 0.00 0.00 Q.00 0,00 0.00 0.00 .00 0,00 0.00 0.00
1731 0.00 .00 0,00 0,00 .00 0. 00 Q.00 0.00 0,00 Q.00 0,00 0. 00
1932 Q.00 0.00 0.00 0.00 Q.00 .00 0. 00 0.00 Q.00 0,00 0.00 0.00
1933 0.00 0,00 .00  0.00 000 0.00 .00 .00 0.00 Q.00 0,00 0. 00
1934 .00 0.00 Q.00 0.00 0.:00 0.00 0. 00 0,00 .00 0.00 0.00 .00
123 0.00 Q.00 Q.00 000 0,00 Q.00 .00 0.00 0.00 0,00 0,00 0.00
1734 0.00 0,00 0,00 162,320 HA4.30 468,20 G74.60  767.460 0 503,80 150,40 95410 64,10
1937 102.50  106.460 141,00 174,70 617,40 722,80 708.90 270.30 818,80 177,40 B30 71.80
1238 110.50  100.830 Q.00 F41.20 126B.,00 2077.00 1092,00 1265.00 1798.,00 776,40 185,20 123,00

1939 140.70 206,70 206,80 216,00 212,40 114,40 ?0,20 34.70 15,10 34,10 A4.,20 Tl B0
1940 #4.220 76,40 B3.80 194,70 394,30 707,20 727,90 643,40 527,20 PP L0 7.0 Y120
194] 47,680 BgB.70 166,60 380,00 640,50 1094.00 $19.20 990,00 1202.,00 510.10 116,30 P340
1942 118.70 113,10 241.460 4464.30 HA7.30 448,20 [72.00 737.20 1113.40 427,750 B8.00 101,50
1943 124,10 115,90 200,10 247,20 578,00 1088,20 773.40 6H83.60 U6H.20 113,00 79410 8%5.70

1944 110.70 101.20 127,70 135.80 144,20 218.60 100.50 140,20 146.20 L. 10 9.’0 w40
1945 6,490 117.10 169,20 166,20 496,00 466,70 400,00 600.80 H3IB,HY0 214,80 G520 10440
12446 150.50 177.60 288,40 451,40 278,00 171,80 217.50 5H57.40 282.70 72,50 &.10 74420

1947 P7.60 131.40 178,80 142.00 118,490 106,60 37430 n2el1Q 40,30 26,10 27,30 60460
19448 71.30 #9 .00 00.40 &, 90 34.70 23440 29,30 123.%0  323.80 Hd1.10 36,20 T 20
1949 £a. 80 7320 7720 02,40 61.60 154,50 3.3, 50 #H3.90 7930 24,00 J0.80 Jh.90
1950 G600 82,40 84,20 B88.90 145,60 geg.70 172,50 29,00 178,70 33,00 30,60 46 .00
19451 73.40 341,40 1003.00 A533.90 474,60 351,30 ?3.20 271,90 159,50 41,80 35,40 G080
19352 832,20 74,80 140,60 A45,40 546,00 498,40 942,50 1402,50 1006.30 171,80 76,50 7920
159063 0e. 40 24,00 175,30 279.70 158.40 599,90 48,70 6H.20 161,10 73.70 35,00 Ul 20
1954 g0, 20 73.20 11,940 84,10 104.00 201.60 179,60 270.20 460,70 3%5.20 31.40 J83.20
1955 Gle60 0 592,30 72,70 131,70 102,20 61.00 43,306 42,20 37,30 23.50 23,10 30.40
19546 37.90 47,40  324.60 1303.00 7468.60 342,90 244,20 609,00 $H5.20 148,60 103,30 97,00
1957 Y4.90 6,00 116.30 100,10 U%.00 149,80 70,220 103.30 154,90 43,80 4%, 40 33,40
1268 101,20 114,20 130,20 103,50 239.40 64668.00 1983,00 1121.00 712,40 236,70 g7.20 112.%0
1259 149,40 209.60 134,20 116,30 137.70 09.80 42.80 43.00 29,00 12.90 Q2,40 39,20
1960 4%, 50 524550 &l 40 B1.49 20,10  37.00 29 .30 x2,20 17.90 16,00 17,40 20,00
1941 37.90 52.10 4% 70 76,10 .60 25.30 15,00 24,40 13,50 Y40 12,00 20,00
19462 .M.4O 30.60 A9, 20 43,60 271,10 255.40 7290 B7.90 109,00 41,20 346,00 A46,70
19463 44,30 70,30 101.80 B3.350 374,70 110,40 3AB4.70  410.490 293,40 77,90 48,80 60 30
1944 136,10 155,40 173,80 120,20 70430 40,90 37.00 3360 35,80 24,40 27,70 45,00
1965 000 0,00 240,460 HEHH,70 324,90 26,90 400,90 227,20 233.90 1,20 65,20 #30.40
1966 131920 173.80 297,00 244,60 169,30 100,10 48, 90 42,80 246,90 22,30 24,60 365,40
1947 57,40 47,40 220,60 146,30 267,90 279,40 485,10 970,30 906,60  485.50 101,50 Ha .80
1268 120,90 162,10 197,10 123,40 1”’ 50 149 .30 D610 4510 29,10 2780 43,130 A, 10
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DATA FILE FOMRY THE CFUCHUMME RIVER FLOYE AT TI!ﬂl.-UMI"Ii? CItTY.

cr

N.N0O
59,30
19.50
60,80
62.50
33.30
49,70
Hb. 00
59.50
67,30
5N .50
47,90
63.50
63,40
HO.10
46,50
©3.59
bHl.10
48.40
44,30
45 . 60
41,80
54, 30
41,70
49,10
3140
22.00
51.30
60,60
23.90
26,20
27.40
14.60
12 .50
69,30
21.00

11%.60
34,40
409,70
23.50

FMD (1 FTE

MY

N.00
N.,00
0.00
0.00
0.00
1,00
0.00

BT

70.30
125,90
H2 .00
64 .10
GR, 30
54 .40
61.70
11,00
35 .90
93.50
67.60
47.50
63.90
2H0.00
48,80
67,30
48,10
38.90
34,80
64,10
B33.90
162.00
34,20
35.80
20.30
60,10
131.10
82.80
120,00
40,10
16 .60
30,00

NEC

.00
.00
0,nN
D00
.00
.00
0.00
79.30
0,00
B, 0
H0 .40
33,30
107,60
1372 .60
78.70
118,10
121.60
36.20
53.10
H2.40
63.70
H22.20
95,00
132.20
H2.70
46 .40
294,80
30,40
96 . B0
V6. 10
42 .20
52.10
b, 60
P05 .50
147.30
189,40
159,40
164 .70
Q4,70
V10

JAN

(L, N0
0,00
0,00
0.00
0, N0
0,00
T2 .90
19,80
P, 10
70 .90
hEe L, 60
88, 30
144 .80
Oh. 30
55 .20
0,20
{45 .50
55,30
41,90
43,10
51,50
205,70
200,00
128,20
H4 .10
72.10
H07.00
H8.,60
L% .60
6o, 70
48,50
43,20
12.60
54,10
13..10
378,40
113,00
80 .90
03.70
359,20

FER

0,00

73 .00
.00
). 00}
), 00
0. 0n
231.10
‘Ial .30
402 .10
.00
1He,. 00
132,90
143,90
179,20
44,50
183,00
15,90
148,30
17.80
32.10
19.770
160,10
168,20
93.90
47,30
69 .60
236.10
37.60
99.10
92,60
39,60
23,90
102.20
(.00
37.80
200,80
D%, 60
144 .80
HO B0
431,60

MALR

) .00
0..00
.00
0. 00
0.00
.00
247 .60
210.30
444,10
38.40
203,20
270,90
141,10
3,80
Ta B0
167.90
H43..10
49,00
183.10
Hy 50
51,30
il ,20
277.50
300, 30
134,00
37.90
145,20
70.30
288,10
46,10
21 .10
[4.80
120,20
.00
Iv.30
07.70
HY6 .70
201 .1h0
92 .10
289,70

APR

0.00
.00
0,00
0.00
0.00
0.00
199,20
222.30
342,70
23.90
264.20
2725.90
172 .80
231.70
35.20
119,90
118,80
20,60
201,00
51.10
148,70
39.70
390,70
29,170
845,00
20,40
104, 80
2v.30
530,50
21.40
16.40
.00
371.90
15%,20
16.50
240.10
21.10
341.10
20,80
25,10

HAY

1,00
16,50
0,N0
19,80
10,00
N .N0
328,10
388,50
398,40
21,70
213,20
319,90
2Hh, 30
2H1 .90
63.60
127,90
282,50
14,10
79,730
31,00
&0, 10
164 .20
4111 .50
36.00
12%.90
19,00
204,30
3131.40
444 .30
20.50
15.40
10.90
2230
125.20
15 .50
HO . N0
18,30
239.40
14,00
376.80

JUM

69,20
1. 7n
0.nNo
00,80
17,90
0,00
250,60
222.20
621,00
200,10
161,10
39n.40
14% , Q0
214,30
40,90
238.20
119,30
16.50
174,20
273.00
113.40
109,40
302.30
120,20
24,60
17.20
1 90, BO
51.10

-305.00

17.40
13,40
v.90
18,60
122,10
14.30
107.50
Fd4.40

326,80
12.00
458,20

i,

47.00
15.50

). 0n
25,70
V7.0
41 .60
Y6, 30
34.00
186,10
27.50
26.70
10000
§31.,80
3o.40
23.20
83,00

30,10

15.20
37.40
20,60
24 .00
25.10
50.00
65,50
20.50
16, 30
69,50
21,90
106,00

16.40

13.40
B.80
17.90
41,60
12.50
45, 80
13.50
218,50
12.40
B, 60

RECIRC2646.,
}

AUG

37.0N
1%H.40
23.60
12,70
143,00
273.80
2% .00
23,40
4%, B0
27,10
27.70
41,30
42.30
33,70
22.00
20,60
23,20
17.30
21.5h0
20,80
21,90
23.20
26,10
22 .80
19.80
16,20
59,40
20,70
29.60
15,60
13.20
17.50
19,20
25,10
12,60
2h, 00
13,10
2Hh,. 00
1, 30
16,50

040768

SHL

58,70
15.40
23.40
39,50
17,10
40. 00
30.60
an. 00
50 .60
29.50
H2 .80
4% .70
LYo hBo
44,20
21,80
35.00
24,060
39,80
24,20
19,50
21,30
21.70
20.450
20.10
18.5%0
22,00
52 .30
21,40
46,90
16.80
t4.10
13.60
23.00
23.40
14.40

(+.00
i3.10
23.10
.20
.20



IS

1930
1931
to3p
19233
1934
12365
1236
937
1938
t939
1940
1904
1042
1943
| 944
1 941
1946
1947
1944
1949
o0
1991
Loh2
1053
1 954
1 obY
1956
19%7
194583
1vH9
1 960
{961
1962
tvoi
1964
1 V6%
1066
1907
Y68
V6o

NP OF

ts THE DATA FILE FOR SAN

N
M
N4
MA
it}
Y
HM
4y
sy
R
HA
H:A
M
HHA
HA
M
4
fd
Nt
I\J ‘I‘
M
M
My
HhA
N
t
4
My
Mid
M
M
MY
i
oY
M
i
M
N
1A
N i
FILE

Her

5,00
i1.10
4.50
19,70
1.0
7.10
31.80
285,20
2H.60
43,50
13.90
20410
25.20
13.60N
29.50
3t.10
67,00
26,90
l4,10
20,70
10.60
12 .60
14,90
28.10
15,00
10,80
10.10
20,70
19,40
2H. 90
9,80
0.0
H.60)
t5.40
37.20
38,450
19.50
113,30
48,00
29,30

HOV

8.50
10,90
5. 10
13,80
Y.00
8.40
8,00
36.40
21.00
63.30
11.30
12.80
25 .00
13.00
1¢,70
3H.00
T4 .30
30.30
14.70
13.20
i1.n0
61,10
14,80
17.00
172.40
12.40
9.70
15.60
12,60
13.10
9,90
9,50
.30
15,90
23.40
41.10
H2,H0
17.00
33.80
35,20

nec

2.70
14 .A0
24 .80
24 .60
21.00
14,650
%4, 40
I7.60

174,10
B, 30
26 .00
79.50

126 .00
19,80
37 .80
45,10

55 .60
81 .80
16,10
13.20
12.50

401,70
30.60
Hi3, 70

4,70
16.40

1O, 20
15.10

17.70
16,90
12,80
13.40
17.60
19,10
23.30
ot.40

130,10
52.00
Hi3 . 80
313,00

JAN

26.30
28 A0
151,00
&2.10
86,10
110,40
T9.20
104 .60
233,80
{20,900
13,10
278, A0
314,30
163.70
F4.10
82 .80
278,10
92.00
18,00
21.90
29.40
253,40
250,60
149,90
23.60
50.10
711 .40
26 .40
43,00
35,00
24 .30
24 .60
28,130
2H .80
31.20
247,70
07,70
33, RO
5. 10
332,40

AU RIVER FLOH

18

19,70
28,70
300,00
P13, 0N
62 .20
113,80
349,00
499,10
797,00
135.60
260 .80
533,90
319 . 60
405,10
87.20
311,80
178,10
6N .70
11.80
19,80
A0 L 60)
29% .30
316,80
45,70
Y4 .50
29,30
508,40
37.10
111,70
* 42,90
42 .50
21.80
193,00
154,40
13.70
I, 10
37.00
VA L 40
H2 .20
Q70,40

AT HEWAA
M AR

29 8N
17,10
141 .00
35,90
40,90
152 .60
349,40
439,10
14445, 00
41,80
411.70
169.90
215,70
762 .90
129,00
274,730
A3.30
B4, M)
13.10
Ho .80
31.00
142 .30
386.80
21,00
54,90
21 .40
1836.10
15.70
318,70
28,90
13,50
13.80
141,10
13.50
15,70
179,20
24,40
62,90
1,20
Ho2e, 00

il
APR

|9, N0
T30
Uh .40
24,30
L. 80
164, 30
364, 80
413,00
OH3.00)
L. 10
394,480
B4, 20
370,90
Hhh . N0
51.00
297,170
913,00
2,00
21.90
29,20
23,90
47.40
525.60
22.80
B, 40
22.40
78,90
45,40
127,30
24 .90
16,40
11.20
33.720
133.40
18,30
155,70
23.10
375170
21.10
750,00

MAY

20,10
7.10
223.00
2T.40
12.10
430,00
451,40
HL2H,H0
Q41,20
38,60
426,40
&9 .50
427 .80
437.30
Gl 1N
414,80
2H0 .80
40,00
35.70
38,90
34,10
110,00
6a7.00
31,40
121.20
26.50
284,50
48,50
659,40
26,50
19,70
Fd .50
64 .90
200,40
21 .60
115,50
21.60
114,00
2h.en
754, 30

N

13,90
AL, R0
339,00
Q.1 .60
10, Q0
375,30
222.90
479,10
1 750,00
19, R0
324 .30
719,00
GHT.10
325,20
P28, 40
301,50
128,90
28,80
136.60
49 ,H0
60 .90
42 .80
625,30
23,10
32.60
20,50
261,10
104,20
426,10
16,20
12.00
153,40
94,40
126.20
1v,90
1173%.30
16.60
539,10
14 .70
830,70

4T

12,70
1.60
164,00
21.60
f. 20
78,80
T1.40
0w, 60
B3N, 30
14,40
.50
345,50
249,70
K2.80
31,40
YO7.70
40, H0
20,10
20.00
14 .60
13.70
200,60
T1.20
14,30
17.80
15.20
46 .70
21.00
Ha .60
.00
Q.80
&.00
22.30
21.50
13.00
A2.00
12.60
2T1.50
13.80
149,40

RECIRCZG&?B

MUG

F2.40
2,60
21,20
12.90
h,60
22,80
2H,00
20,30
inj7. 30
13,80
22 .80
44,40
37,730
271.50
25,00
51 .80
249,00
17,40
27.10
15,60
11,20
13,60
34,90
11,80
17,30
14,50
26,10
21.70
31.50
11.40
10.410
4, 30
19,30
22.60
13.40
21.40
HEL 1O
61,70
22,30
A3 10

040769

SiP

i2.30
3. t0
19,60
14.50
5.0
20.50
260,30
26,30
45,70
165,50
23.00N
20,60
30.40
26.80
25,80
47,20
34,30
19,80
28,40
I, 70
TH 40
23.00
36.40
22,30
17.50
14,40
.60
22.50
37.00
12.90
T.80
0,60
18,90
h.10
20,50
31 .00
.30
441 .50
23.70
89,00



THIS

1930
1931
1932
1933
1034
1935
19036
1937
1938
1939
| Qa0
19441
1942
1943
1944
1 945
1946
1947
1948
| 949
1 940
1991
19%2
1053
1 9%
1 96
1956
19%7
| v5H3
959
1960
1961
1962
1963
1964
tuah
1 966
1967
1 YO8
1969

ENn OF

15 THE DATA FILE FOR SAH NADUTH RIVER FF104 AT HEWIAN,

NH

Mg

M

MA

i

Y

MM

Hid

R}

M

M4

H.4

M

Hd

M4

N4

N

HH

i

N4

MM

M.

Ny

HA

NA

ti4

HA4

M

A

M4

K]

Mg

HiH

M

S

Nt

HA

Hid

i1

N4
Ik

(CT

1, ON
11.10
4,50
12,70
.70

7.10
3t .80
28,20
28.60
43,50
13,00
20,10
25.20
13.60
29.50
31.10
a7.00
26,00
14,10
20,710
10.60
12,60
16,90
28,10
15 .60
t0.80
10,10
26,170
19,40
25,90

Q,RN

G4}

5. 60
15.40
37,20
38.5H0
19.50
11}, 30
48,900
29.30

vV

8.50
10,90
5.10
t3.80
Y, 00
8.40
38.00
36,40
21.00
63.30
11,30
12.80
2h .00
43,00
19,70
35.00
T4 .30
30,30
14.70
13.20
11.00
6l.10
14,80
17.00
172,40
12.40
2.70
15.60
12,60
13.10
Q.90
0,50
8.30
1%, 90
23.40
41,10
H2 .80
17.00
33.80
35,20

m-c

?.70
I4,60
24 .80
24 .60
21.00
13.50
Y8 .40
17.60

174,10
He, 30
26,00
79.50

t26.00
719 .80
37 .80

49,10

155,60
81,80
16,10

'3.207

12.50
408,70
30.0n
583,70
14 .70
16.10
o, 20
15.10
17.70
16,20
12 .80
13.40
17.60
19,10
23.3n
61 .40
130,10
52 .00
55, HO
38,90

JAN

26.30
28580
151,00
&2 .10
R, 10
110,40
T9.20
1044, 60
233.80
120,00
P33, 10
208 .00
It4.30
163,70
T4 .10
82 .80
278,10
92 .00
18,00
21.00
29,40
2h3.40
250,60
149,900
23.60
50,10
T1.40
26,40
43,90
35.00
24,30
24 .60
28,730
26,80
.20
247,70
v7.70
31,80
.10
332,40

FER

19,70
28,70
309,00
P, QN
62,20
113,80
3Ha,on
499,10
TO7,.00
13% .60
200,80
533,90
340,60
405,10
B87.20
311,80
(743,10
anN . iI0
11.80
19,80
&0, 60
295,30
316,80
45,70
Ha,h0
29,30
503,40
37.10
111,70

* 42,90

42.50
21 .80
193.90
156,40
14.70
.10
37.00
04, 40
Hh2.20
V79,40

MAR

IV 15
17.10
141 .00
13, 90
403, 00
152,060
349 .50
439,10
1444, 00
41,80
411,70
769,90
285,70
762 .90
129,00
274,730
13,30
54,00
13.10
H9.H0
34,00
ta2 .30
386,80
.00
54, 00
21 .40
186,10
15,70
318,70
28,00
183,50
13.80
141,10
53.50
5 .70
129,20
24 .40
62,90
14,20
120,00

APR

19,00
7.13n
V6.0
24,30
15,80
164 . 30
Jo8 RO
413.0N
HH Y. N0
L1.10
394,80
Hah, 20
31,00
H5th, 00N
51.90
24%7.70
93,00
b .60
21.90
29,20
23.90
47.40
525,60
22.80
B4, 40
22 .40
T8.90
45,40
821,30
24.90
16,40
11.20
33.720
133.40
183,30
155,70
23.10
37()|':’0
27.10
150,00

HAY

20,10
.10
223.00
27.40
12.1N
430,00
451 , 401
h2 R, 50
41 .20
38.60
426.40
613V, K0
427 .30
437,30
G61.10
414,80
2H9, 90
40,00
3. 70
JB. o0
34,10
110,00
67, N0
31.40
121.20
26.50
284 .50
48,50
659, 40
26,50
19,70
b .50
61,90
200,40
21.60
H18,h50
21 .60
114,00
25,90
7958, 30

Ui

18,90
A, 80
330,00
94 .60
101,90
175,30
222,90
479,10
1250, 00
19,80
324.30
75%. 90
657,10
375,20
88,40
301.50
126,90
21,80
136,60
49,80
60.90
42,80
625 .30
23,10
32.60
20.50
261,10
104,20
426,10
16,20
12.00
10.40
94,40
126,20
1w, 9N
113,30
16,60
539,10
14,70
830,70

T,

12N
1.60
164,00
2l.60n
0.20
78,80
T1.40
109, A0
H130, 30
14,40
55 .50
345 .50
249,70
H2 .80
31.40
107.70
40, 80
20,10
20,00
14,60
13.710
21,60
T1.20
14,30
17,80
15.20
46,10
21.00
4, 60
11,00
9,80
A, N0
22.30
27.50
13,00
32,00
12.60
211,50
13,80
149,40

RECIRC2646.

MG

[2.40

2,60
21,20
12,00

5,60
22.80
26,00
20,30
Inf, 30
[ 3.80n
22 .80
ad, 40
37.30
21.50
25,60
51 .80
29.00
17.40
29,10
15,60
b4.20
13.60
34,50
14,80
1 7.30
11,50
25,70
21700
31 .50
11,40
10,10

4. 30
19,30
22.60
13.40
217.40
1,10
a1.70
22,30
63,10

040770

5P

12.30
3.0
19,60
14.50
bl
20,50
26,30
26,30
4% ,70
16,50
23.00
29,60
30,40
26,80
29 . R0
47,20
34,30
19,80
283.40
th.70
14,40
23.00
36.40
22.30
1°7.50
ld .40
30,60
22.50
37.00
12.90
1,80
O .60
18,90
2H.10
20.50
31,00
11,30
441 ,H0
23.70
890,00



Jonr ACIIVE,
tigtyfF=vufile

THIS

1930
1931
1932
1933
1934
1935
1936
1937
1936
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955

1956

1957
1956
1959
19460
1741
1962
194643
1944
i?
1766
1947
1968

10409

T4

v
vu
Ui
vu
Vi
Vi

Ui

vu
Vi
Vi
v
vu
v
Vi)
W)
vul
Vi)
vu
#1]
Vi
UL
Ju
VU
Wi
VL
vu
vu
vy
vy
vu
Vi
vu
ViJ
UL
UL

45 VU

vt
Vil

VLS
un

THE TATA
ocT

9,70

27036
12,00
29, 60
12,10
33, 30
34,90
26,30
27430
119,87
111,58
32420
47,20
31,56
34,92
30,02
162, 6%
67,02
B8, 04
25, 0%
20, 80
58,29
3.9
37,20
27,02
18,50
17430
67470
45,14
30, 6%5
37 .82
16,37
10,65
56049
59, 85
69,12
366
29,44
50,70

T . AN

FILE OF UNIMPATRED FLOW AT

NV

12,20
91,051
24,20
22,80
28,90
108.50
e * 20
33,20
A47.00
117,63
47 24
39.920
97.50
209.75
A7.17
232,17
257.53
197.81
6742
33.85
43,23
1395, 24
7822
49?417
30.33
49,04
40,00

7560

61.08
37449
246055
B7.31
. 2.64
31.48
256.78
153.05
Ja0.81
132.56
U340

1481 "

DEC

G720
33447
J146.60
J8 .30
125,70
130.40
P0.40
24 .00
244,40
@790
H30. 10
361 .40
409 .40
AF6.59
G251
214,58
BnS. 41
241 .00
S0.03
G97 5(}
4\J| | 2
14924,97
322,04
151.67
HO .65
124.034
1831..30
6% .00
133.2%
33,39
A0.64
P2.03
Gh 90
G620
134,83
1143.86
238,94
HH3.70
24,00

310 I

JAN

102,10
70,02
2364 00
81,40
163,90
300,40
234,90
112,00
291,00
118.467
614,27
346, 00
478,10
715,74
113,60
162,62
337,16
130,64
96,54
61,96
200,66
478,82
617,42
367 .68
116,59
176,51

1207 30

?4,70
169.38
174,57

68,38

Vb4

o8 87
285,40
143.059
877,22
22372
377.93
125.90

A L7 T

VERNALTS .
FER MAlK
182,50 400,50
107,90 1467.30
680.40 524,40
91.40 237.10
DEQLH0 425,00
290,10 404,30
1009,00 625,40
B6H3.50  655.90
P45 .80 1425,20
152,39 393,74
690,75 967,46
HEP .20 7HYS .50
431,20 473,70
490,72 1181.,94
205,08 . 206,96
911,63 524,49
206,58 479,22
22,90 3P2,55
74,03 1ﬂU.ud
107,02 336.65
348,87 3466 .50
429,31 501,43
A18.42 716,58
180,546 292,57
258,36 S58%.84
169.95% 249,94
494,10  5%5%,00
294,00 422,30
491,84 774,83
330,60 375,87
A91.52 398,28
119.50 195,99
G73.90 399,52
RO7.54 343,03
133,16 206,91
437,81 455,60
202,78 438,75
FAPL53 912,80
352,60 343,90
» 10 ral (A FAY A 4

AR

713,70
422,20
BL7.460
W35 .20
544,90
1414,60
1250.40
P56.30
1389, 00
850,90
1055, 72
84660
1075.90
1254,17
AG7 . O
926416
1091.18
604,57
649,70
(20.61
1037.36
763,11
1393.43
79135
1063,52
439,02
9323.60
540,30
1319,13
()‘?4 + .3;3
705,09
4681 .55
1240,79
728.87
490, 68
Dha,. 37
Y40, 10
P30.90
57330

415 A [4TA)

MAY

794,30
H63.45
16723.20
794,20

420,40 239,70
1720.90 1538.80
162,00 10946,00
2149,40 122,680
2490,80 2459,460

A0 .68 253,55
F7280.52 1005.96
DRORDL,A0 170530
1%77.10 1890.,70
1591 . P74
1372, 99 BO3,72
lﬁJ?.Ob 1387.353
1521,44 793,04
10%3.01 370,13
13600,41 1271,07
1359, 02 734,33
1419.,17  901.25
1080.94 753,76
R6A7 .17 1910,71

785,41 1124.80
1371 .46 S49. 67
1128.28 925,17
1844.70 1761.00
1188.10 1209,10
DEI5 AT 1022,49

667968 410,46

B47.07 443,44

0647 358,92
1217.04 1362.56
168395 1386.11

POR. 16 HL2.32
1381,29 14:3.?W
10646.90  F22.,48

2146%.70
01 .80

b 0 T B L W Y

SN ST

JUN

773.60
L5150
1628.70
1:200.30

2487 .10

P2 20

(R VAT

UL

152,50
3 70
B4H1.460
245.70
G620
A48 .00
376,40
335,00
?90.10
03,448
206,31
745,50
74% .60
A%4.53
313,03
533,99

T3, A0

3964
285430
130,47
215.82
235,20

35,42 7

47%.18
165,93
177.11
7H9.90
200,70
7232710
B2.76
7727
9717
42762
S75.40
L3589
710. 37
‘)’{) LI J
1517420
Bé.40

4 /AT 7 BTN

A

RECIRC2646.
N

ALG

34,04
17460
112,10
5450
24320
91,30
{2 00
7010
243,20
34508
4%, 40
15620
135,450
10630

H1. 72

120,24
G020
22012
46,37
38.69
JE. 469
U414

210,67

&5+ 00
I1.12
36461
L7670
T 20
217,41
2L.329
23,20
4\{ * ;’(.li
Q1 .469
128348
A% 1
I53.72
41 .29

JO% . 30

4340

FYAS

040771

SEF

20.49646
10.19
3540
AEL.T70
16,80
21,90
21 .90
2160
36 60
45 .47
13.40
4270
34,70
A2.44
2006
39,21
S ae,00
L4, 44
19242
20,83
1v.14
16,88
YEN Y4
a3, 44
1é419
16H.96
&é 90
2580
7345
118,467
13.63
1?41
AR HT
96,05
.
138332
24.,.9%
114,57
21.70

AT AN



THES

193N
1931
1932
1933
1934
1935
19356
1931
19313
{939
1940
{941
1942
1943
1944
1945
946
1947
{948
1949
1 910
1964
19h2
19454
1954
1955
1 9h6G
1957
1953
1959
1960
1961
1962
1943
1964
196K
1964
oal
1064

1969
Q70

IS THE DATA FILE FOR UNITMPATRED SAN JOAQUIN RIVER FLOW (KARY AT FRIANT.

FR
FR
FR
FR
IR
R
FR
kit
FR
FR
Fh
i
IR
R
FR
R
Fi
R
R
I-R
KR
I-R
FR
tH
FR
FR
FR
R
FR
kR
FR
R
FR
R
ki
R
FR
Fh
-R
FR
-1

0CcT

5. 00
10,60
5,90
12.60
6. 8n
12.A0
13.60
10,90
Q.AN
38.90
34,90
10,10
21.50
10.10
10.50
12,70
"o, 10
28.50
22.80
0. %0
Q.80
17.10
i2.30
16,90
Q.40
6. 00
6. 10
26.30
6. 40
16. 10
183,40
8.50
Q.80
F7.60
2h.5N
1o, 10
17.%0
6,40
26.90
Pn, 1N
12 AN

MOV

A, 20
13,40
.40
R.90
1. 30
26.60
15,80
12.60
12,30
33.10
14, 20
Lo
30.30
42.50
15.10
53, 40
65. 60
64,90
18.20
T7.90
16,0
247,00
20.40
18.70
t6. 600
17.80
13.20
21,70
19, 50
I4.60
9. 70
22.30
14.90
N, 80
64,30
34,00
1gl.10
29,70
22,90

A0, 00
TN

DEC

/.30
10.20
T1H.R0O
14,60
38.10
36.20
16,40
36.40
210,70
28.70
11,40
Q8. 40
96.00
43.40
t9.80
56. 10
118, 30
84,50
15,40
14,60
17.20
300.40
B3.40
42.90
16,60
31.20
460,50
20.70
43, 30
14.460
Q.5hnN
3it.20
23.10
10.70
36.40
203.00
66. 50
212,70
34.30
h2.20

A7 tno

JAN

Ir, 20
16,00
52,90
26,50
46,80
72.50
Jr.30
344,90
10.90
32,170
134,10
105,80
113,10
169,70
31.20
44,10
78.90
47,70
13,90
16.20
43,20
111,20
133.00
15, N0
J3.40
41.60
271.20
20.50
12 .60
37.00
18,00
1O, 0N
23.680
31,90
31,20
137,20
61,90
92.50
36,90

396.60
160 AN

FER

35,60
23.40
167. 70
30,00
50. 30
85,20
195,90
252,70
207, 30
43,30
139.80
182.80
102.60
113,30
55, 40
237.70
53.80
64,00
20.20
25,90
90, 10
104,20
98,70
48,00
65.40
48,90
40,80

AT PR

12,50
89,060
5%.00
30.80

IR4, 80

207.90
AN, B0

4,10
9. K0

100,70
1H.40

233,60
111N

MAR

K]0, N0
38,90

156,60

13.40
109, 40
110.90
163.50
190, A0
433,80
107.80
2t0,0n
208, 60
128,50
2671.770
111.60
147.90
125,80
100, 30

42 .60

73.00

R9, /O
119,20
176,70

71.50
12¢1.20

14.10
i 69 .H0

0. 10
IBy.4n
113,40

86,10

48.90
109,90
[0t ,40

51,80
12R, 20
126.80
243,00

R2,090
227.2n

I A OnN

APR

1AH. 10
I o, 20
238.10
159,00
A5, 10
356, 60
348,60
3n3,R0
434,20
239.90
290.00
242,40
298,50
a3nh. 10
140,80
215.90
3i0.an
171,00
1 A1, 60
234,80
280.10
2n,o0
315,20
197,20
2AIR,40
126 .50
278,30
i42.20
3A2.60
203,10
1 77.90
124,60
321.00
121,90
126.70
250.80
216,90
249,60
l46. 10

454, 50}
LAA 0N

MAY

213.450
{73.%0
491. %0
213.40
146. 20
494,830
510,00
704, 30
795.00
208.80
HHA, 40
1t1.20
465,10
502,450
408, 20
474,80
463.90
347.70
390, 60
4100 .50
379.00
321.90
R19,90
211.30
439.%0
d4317.40
KGR, N0
za. 10
795,50
208. 10
240,70
171.60
396.90
164,20
2%6.00
434.20
341.4/0
659, 30
231.10

1Nos, 4N
176N

JUN

243.60
H0.70
Hhd3,40
410.10
6R,.90
h19,20
347.70
156 .80
912,10
1in, 30
362.90
641,50
632.60
325.10
279.50
4R7 .60
279.91
145,80
372.60
268,30
262,90
278,00
640,80
370.20
211.60
344, 20
613.80
439 .90
622,30
153.00
146,90
178,00
505,20
492,10
200,00
472.20
147.70
823,50
131.20

A74,20
DU RO

JUL

6. 40
16,00
238,80
18,90
27.30
l 44, 20
150, 50
159,70
431.20
43,40
96.60
330,90
284,00
178,80
142,60
240,20
PET. 80
42,70
107.90
63.20
87.00
114,70
335, 30
171,60
R}, 40
Hir,vn
317,80
11h, 00
287,50
41.50
42.60
27.40
202,60
264,20
59. 30
266,70
50. 40
594, 30
43,80
162 . 80

1A AN

RECIRC2646;

AVG

16.20
.10
H1.40
29.30
{3.40
43,80
42,10
34.00
27,90
24.80
21.20
85,80
64, 1)
49,90
3%, 00
73.90
34,90
1A.830
26,00
25./0
21.70
31.70
01,40
30,20
20,20
209,60
Re.HN
31,70
{07.90
1A, A0
16,40
24,80
51,70
70.70
28,70
137,080
25.00
154, 20
22.10

137.1Nn
1A .0

040772

Sk

9.90
71.20
14,70
14.70
.90
18,60
10.90
10y, 80
42,60
14,10
7.00
23.30
16.70
14,60
1510
260.80
[9.10
11.A0
15,00
14.90
13.80
11,70
33.00
13,20
g9.1n
11,40
34,40
15.90
A}, B
41.40
1.50
10,40
20,20
31.40
10, 50
350010
tH, RO
AL HO
H, 40
403, 50
b0y
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THIS 1%

1930
1931
1932
1933
1934
1935
1936
1937
1938
1239
1940
1941
1942
1943
1744
1945
1244
1947
ivan
194Y
19150
1eul
1952
1953
1954
1965
1956
1957
1958
195¢

1940,

1941
1962
196X
19464
1945
1944
1947
12683
1249
FEADY ,

ermalil

THE DATA FILE

neT

0O
4]
0
0
0
QO
0
y)
O
a7
0
)
1Y)
0e
fu¥)
&1
O
233
095
845
93
78
20
39
4
140
143
©3
&84

0

141
176
290
124
87
112
28
g9
75
75

CHLORIIES

NDV

0
4]
O
0
4]
0
0
O
0
32
0
0
0
a3
&b
a2
0
ue
24
O
100

- 10

84
78
Y7
113
143
{14
73
0
138
140
194
101
70
108

41
)
0
O

26

40

37
4]

62

94

94
100
Q0

e
S

A1
24
24
6.3
&4
70
G0
124
110
196
&7
o
P2
11
31
1¢]
94

(FFHY AT VERNALLS

Jak

0
Q
0
0
0
O
0
0
20
A0
QO
0
17
iy
49

FER

0
0

0

0

0

0

0
0

0
31
0

0
21
11
3%
19
31

77
160
1330
A7
0
1%

732

80

7%
25
124

S

B3

145
148
110

44

9% -

35
37

oyt
.-’3 vy

108
il

HAR

QO
QO
0
0
0
0
O
O
18
34
0
)

33

13
49
17
&b

4 S
160

20
63

0O
16

All"?. -

45
104
a7
61
A4

109

236
y ey
P .t

s

Q7
209
A4

1

30
A5
15

AFR

Q)
0
0
0
0
O
O

18
0
0
0
9

10

a2

i4

16

80

[

70
1

0
10

ion
20

124
40
133
M

172

199

348
96
27

223

42

&b
12
32
13

T 90

JUN

0
0

0

0

0

)

0

0

7

0

0

0
8
24
16
7
ha

140

14
110
74
0
10
23
135
71
14
1%
L&

20l

2463
315
&7
36
146
21

4
Q
4

0

T oezey

whas
GIe)
1320
0
120
150

C 140

140
140
0
Wz
34

Q77

174
]
152

Ha

256

201

407
162
109
240

686
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AL

O

0

4]

0

0

¢,

0

0
5
0

0

0
760
[514)
P4
0
100
150
120
130
140
0
106
134
167
170
Qo
151
1
240
ay

040773

SEF

0
0
O
0
0
0
0
0
L e
0
]
0

72
64
76
0
110
7
100
140
110
O
03
123
L&0
15%
£97
135
100
172
LTS
206
154
130
182
Rese
rig
101
179

35



040774

RECIRC2646.

ligty F=daraflow |
THIS IS THE BATA FILE OF CHLORIGES (FFM) AT GRAYSON

0cT NOV DEC JAN FER MAK AF R MAY Jun JUHL At SEF

1930 0 0 0 0 0 0 0 0 0 0 0 0
1931 0 0 0 0 0 0 0 0 0 0 0 0
19352 0 0 0 0 0 0 0 0 S0 . 0 0 0
19353 0 0 0 0 0 0 0 ) 0 0 0 0
1934 0 0 0 0 0 0 195 199 214 240 202 0
1935 0 0 0 0 0 0 0 0 0 0 159 0
1934 0 0 0 n 0 0 0 0 0 0 189 0
1937 0 0 0 . 0 0 0 0 ) 0 ) 100
1930 112 0 0 0 D 0 12 8 9 54 99
1939 39 54 57 50 160 50 31 Eats] 135 124 tid
1940 97 1604 110 y o) 24 13 3 Y 80 131 7
1941 113 187 117 b 20 23 20 Q P 40 1%% 1.00
1942 1t 137 52 9 28 19 16 1 7 30 130 112
1943 3 130 66 59 19 14 10 14 1 118 @1 24
1944 0 0 & 52 34 49 bh 5 73 130 £4 &9
1945 76 100 1 63 7 0 X 13 9 0 0 0
1946 0 0 - 0 0 0 o 0 0 ' 4] O O
1947 aé 168 0 56 0 206 0 148 27 185 0 0
1948 0 207 0 175 0 0 246 0 0 0 0 0
1949 y 0 0 0 0 0 0 0 0 0 0 0
1950 0 0 0 0 0 0 0 0 0 0 0 0
1951 0 0 _ 0 0 _ 0O 0 123 35 148 146 164 95
1952 149 2085 97 16 - ap 35 136 R I 116 - o1R7 76
1953 153 168 130 1) 161 232 1490 103 134 190 15% g1
1954 106 192 212 250 - 119 1724 41 @21 Yé Lo 1455 170
1955 210 224 209 1164 174 218 177 114 174 191 159 1334
1956 234 da 191 17 2% 78 1540 pels B 5 132 154 120
1957 118 192 a98 191 470 102 A7y 131 346 1EY a6 128
1958 142 218 192 b &5 100 0 18 B 111 165 100
1959 112 214 240 140 250 277 218 B0 ety 205 0 0
1940 181 205 280 250 205 306 244 213 240 210 191 230
1961 270 DAY 235 235 O 318 200 180 A7 200 256 257
1962 B 298 204 233 DY 53 220 e 3o 39 158 141 158
19463 208 0 202 309 42 210 0 70 37 114 168 144
1964 115 231 2 1894 2360 xa% 240 155 162 206 0 154
1965 115 204 208 57 127 o 118 0 &5 124 1%6 L1é
1966 122 245 30 2?6 200 305 0 0 0 0 0 0
1947 0 0 0 0 0 0 0 O 0 0 0 0
1966 0 0 0 0 0 0 0 0 0 0 0 )

104D 4] Y (3] 3] 3] (4] (3] I3} 0 0O 0O 4]



RECIRC264'6,‘

THIS 1S THE DATA FILE OF CHLNRINES (PPM) AT MAZE ROAD BRIDGE.

OCT NQOV NEC JAN FEB MAR . APR MAY JUN JUL AIG SEP
1930 0 0 0 n 0 0 0 0 N n 0 N
1931 0 0 0 0] 0 -0 0 0 0 0 N 0
1932 0 0 0 0 0 0 N 0 N N 0 0
1933 0 0 0 0 0 n 0 0 0 0 0
1934 n 0 0 n 0 0 0 J n 0 0 3]
1935 0 n 0 0 n ¢] o 0 0 0 N 0
1936 0 0 0 0 0 0 L0 N 0 0 0
1937 - 0 n 0 0 0 r n 0 0 0 0 0
193A 0 0 0 0 4] 0 0 n 0 0 0
1Y 39 0 n 0 0 0 ; 90 56 146 I 08 106 94
1940 74 82 72 35 15 24 I 10 9 54 126 66
1941 73 R5 74 24 n 15 21 13 7 46 19 79
1942 67 75 49 0 17 n 0 0 0 50 0 s7¢!
1943 62 0 39 n 0 0 0 0 120 0 99
1944 s 0 0 0 N 68 0 ¢] 0 In7 0
1945 0 n 0 0 . 0 n 0 0 n 0 0
1946 N 0 0 0 0 L 0 0 0 0 0 0
1947 9l 74 0 ¢ 0 214 0 187 170 162 0 0
1948 0 R7 0 ' 0 N 213 0 0 0 0 0
1949 0 0 0 ' 0 0 0 0 0 0 0 0
1950 0 0 ) 0 0 0 0 0 0 N N 0
1951 ¢] 0 g] 0 N 75 13 37 92 60 46
1952 0 5R ? a ] Q "0 0 0 116 136 65
1953 N 70 ) 34 73 0 0 72 69 33 166 0
1954 0 17 20 0 0 230 39 31 95 196 194 194
1955 I 98 b 137 0 0 0 2113 216 1 99 198 19} 187
1956 206 ‘ 124 J:] 23 0 n 19 20 154 127 91
1957 103 S R4 142 1 50 45 205 1 54 42 177 165 140
1958 82 74 Ba 67 . 24 A0 23 17 16 80 164 8l
1959 Hin 55 109 19 12 1 46 195 210 240 205 0 262
1960 227 132 104 135 175 190 280 250 285 278 246 269
1961 260 144 132 122 0 2R7 kPl 206 258 344 1 n
1962 0 0 0 0 0 0 n b 0 n ¢] 0
1963 0 0 0 0 0 n 0 0 0 0 0 0
1944 a9 R0 60 RY 151 271 21 0 0 265 0 1RO
1965 139 132 98 | 49 42 25 52 0 76 17 0 25
1946 66 /2 22 74 67 126 220 222 190 244 0 245
1967 n 0 n 0 0 0 0 0 0 0 0 0
1948 0 0 0 0 N 0 0 0 0 0 0 0
1969 0 0 n 0 0 0 0 0 0 0 0 0

END OF FILE

G070
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1930
1931
1932
1933
1934
17235
1936
1937
1938
1939
1940
1941
1642
1943
1944
1945
1944
1447
1746
1749
19250
1951
1952
1953
195 4
1955
1954
1957
1958
1959
19460
19241
17462
1943
1964
1949
1926646
1967
19613
1040
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aeT

LT TLTOD D

0
0
A1

25

Y o
25

Lge 1 4
25

4%
Gl
QO
O

QO

0
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158
74
54
o5
238
232
189

a9
152
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O
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N

[ o]
ol

32

121
63

30

23
86
4
194
QO
i
&b
34
O

Q
I

BEC

28

46

aé
&2
70
1462
39
21
144
20

O

3]

(FFPHY FROM THE

JAN

0
0

0

0

0
0
0

0
18
37
11
20
10
33

02

38

[y
SO COTOOSC

34

70
63
7
73
6%
170
461
36
21
X147

¢

(4}

FEER

0
0
0
)
0
)
)
4]
0
X7
A

W]

16
10
60
35
0
0
0
0
0
0

5

20
34
&2
20

108

10
554
107
0
ivo
11

70

12
17
0
0

(A

TUOLUMMNE

MAR

26
20
pels
&7
112
218

Gd
18%
27
38
O

AFR

Y]
QO

0
0

)
9]
13
44

]

17

20

21

)
0

0
0

0

13
191
3
166

6

171
ey

AL AL

O
435
24

193
21
143
¢

[

MAY

0
0
G
23
4
a1

31
77

JUN

0
0
Y]
0
0
0
0

. 1 ul

0

94
a1
151
79
74

18

210
a5

’)l‘lj

135
2
4]
7h
135
4]

Al

JUL

0
4]
0
0
0
0
0
0
11
?
27
17
27
L
a0
0
0
0
Q
0
0
62

13

324
130
150

96
178

42
206

2308

298
138
0

ey
Aoy a N

76
218
O

O

N

F{ECIRC26,4_6,.\l

AUG

)

4]

0

0

QO

)

0

0
A%
13
34
40)
a9
12
&0
0

0

O

0

0

0
403
38
114
&2
146
]
183
176
O
210
203
164
1488
QO
134
O

O

9]

Fal

040776

0

0
0
0
G
0
0
11
12
13
17
30
27
110
0
O

0

0
79
27
122
0
151
73
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&H6
222
218
179
144
1131
202
30
209
4]
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1930
1931
19332
1933
1934
1935
1934
1937
1930
1939
S 1940
1241
1942
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1944
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1947
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1949
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1958
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1965
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1947
19460
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QO

0

0

0

0

0
2
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97
113
8
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b
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0
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0
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DEE:

4]

0

)

0

0

O

O

0

9]
57
110
117
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08
110
)

O
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0

Q0

0
97
130
212
209
191
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192

240

280
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2005
202
225
208
30
Q0

0O

0
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JAN

39
26
iy
4%

[ ]
LW

a2

56
175
0

0

0
14
34

250 -

116

17
191

66
1460
250
235
233
F09
184

B7
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0
0
0
¢
0
Q
0
0
QO
G50
22
20
24
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34
17
Q0
0
0
0
0
0
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1461
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25

A0
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0
292
42
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¢
0

35
232
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277
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210
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0

AFR
0
0
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0

0
G50
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20
16
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a2
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QO

O
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G
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G
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o
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13
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O
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APPENDIX 4
SUMMARY OF NETWORK ANALYSES OF THE

LOWER SACRAMENTO-SAN JOAQUIN DELTA
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R. F. Hlanks= February 16, 1951

D. J. Hebert and 7. B. ¥cBimey
Sumary cf network analyses of lower Sacramento-San Joaquin Delta

1. The resulis of all network analyses of the lower Sacramenio~
San Joaquin Delta have been symmarized on the six diagrams attached.
Rate and direction of flow are shown on one side of a channel, and a
regigtance value based on charmmel characteristics is, given on the
other side. Resistances were c¢omputed from ral x 10% . Three chamels

NL, IX, and XQ, are very large and have been assumed at constant level
regardless of discharge. Computations made to test this premise
show that a large increase in discharge can be accommodated by a
negligible increase in slope. The wavy comnection shomn from S to Q
represents charmels NS, LS, and KS, and the resistance value used is
the hydraulic eguivalent of the three chammels having S as a common
point and terminating at W, L, K, or Q. :

2. The first few schemes tried made use of registance values
which were derived from charmmel cross«gsections as shown on available
maps. 1t became evident they gave a division of flow which was
contrary to that actually prevailing, and therefore at points such
as 7 and 8, the resistances of commecting chamnels were arbitrarily
adjusted until the division was more nearly correct. Thus, in
channel (7-8) the resistance was changed.to 26.2 and to 0.832
from 239.0é and in charmel 8+Y, the resistance was increased to

10Lg from 8.85. Resistance in chanmel 4-7 was decreased to 2.0 from
7.L1, : ‘

3. The results of the network analysis can be used to estimate
the drop in water surface from Central Landing to Tracy Pumping Flant
when the pumps are working at design capacity of L,500 cubi¢ feet per
gsecond. For mean tide height in the lower Delia this drop has been
estimated to be 0.25 foot. Were the levels to be at mean low tide
height an increase %o approximately 0.3L foot may be expected. Making
allowance for indeterminate factors, it is thought the maximum head
loss, or-draw-down, to Tracy Pumping Flant will be about 0.5 fooct.
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STATE OF CALIFORNIA
STATE WATER RESOURCES CONTROL BOARD

ORDER WR 2006 — (Hd6

In the Matter of Draft Cease and Desist Order Nos. 262.31-16 and 262.31-17
Against the
Department of Water Resources
and the
United States Burean of Reclamation
Under their Water Right Permits and License'
and
In the Matter of Petitions for Reconsideration of the Approval of a2 Water Quality
Response Plan Submitfed by the
Department of Water Resources
and the
United States Bureau of Reclamation
for their Use of Joint Points of Diversion in the Sacramento-San Joaquin Delta

SOQURCES: Sacramento and San Joaquin Rivers and their tributaries, and the
Sacramento-San Joaquin Delta Estnary

COUNTY: San Joaquin

ORDER ADOPTING CEASE AND DESIST ORDER AND GRANTING
PETITIONS FOR RECONSIDERATION

BY THE BOARD:

1.6 INTRODUCTION

In this order, the State Water Resources Control Board {State Water Board or Board)
orders the Department of Water Resources (DWR) and the United Staies Bureau of
Reclamation (IFSBR) to take corrective actions under 3 time schedule to correct
threatened violations of their permits and license. Their permits and license require
DWR and USBR to meet the 0.7 millimhos per centimeter {Hlmhos.fcm] electrical

' Permits 16478, 16479, 16481, 16482, and 16483 (Applications 5630, 14443, 144454, 17512, and
175144, respectively), of the Department of Water Resources and License 1986 (Application 23) and
Permits 11315, 11316, 11885, 11886, 11887, 11967, 11968, 11969, 11970, 11971, 11972, 11573, 123,
12721, 12722, 12723, 12725, 12726, 12727, 12860, 15735, 16597, 16600, and 20245 (Applications 13370,
13371, 234, 1465, 5638, 5628, 15374, 15375, 15376, 15767, 16768, 17374, 17376, 5624, 9363, 9364,
9366, 9367, 9368, 15764, 22316, 148584, 19304, and 148588, respectively).
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conductivity (EC)* objective for southern Delta agriculture at specified southern Delta

compliance locations between April 1 and August 31 of each year.

In this order, the State Water Board also revises the July 1, 2003, cenditional approval by
the Chief of the Division of Water Rights (Division) of the Water Quality Response Plan
(WQRP) submitted by DWR and USBR for their use of each other’s points of diversion
(also known as joint points of diversion or JPOD)’ in the southern Sacramento-San

Joaquin Delta (Delta).

Om October 24 and 25, 2005, and on November 7, 17, 18, and 21, 2005, the State Water
Board conducted a hearing on draft Cease and Desist Order (CD0) Nos. 262.31-16 and
262.31-17, issued by the Division Chief to DWR and USBR on May 3, 2005 and on
petitions for reconsideration of the July 1, 2005, conditional approval of the WQRP.*
The hearing was an adjudicative hearing govemed by certain provisions regarding
administrative adjudication in the Administrative Procedure Act (Gov. Code, §§ 11404,
et seq.), as specified in the State Water Board’s regulations at California Code of
Regulations, title 23, section 648. The State Water Board issued a Notice of Public
Hearing for this proceeding on August 4, 2005, and a Revised Notice of Public Hearing
on September 23, 2005.

In this hearing, a staff Prosecution Team (PT) presented the case for adopting the draft
CDOs. The parties to the proceeding on the draft CDOs are DWR, USBR, and PT. The
parties to the proceeding on the petitions for reconsideration are USBR and DWR and the

? Blectrical conductivity or “EC™ is a measurement commonly used to quantify the salt content or
“salinity” of water. (DWR 22 rev,, p. 1)

3 In 1995, DWE and USBR filed a petition requesting, among other things, that their water right permits
authorizing diversion or rediversion of water in the southern Delta be amended to add the State Water
Praject’s Harvey 0. Banks Pumping Plant as a point of diversion and rediversion in USBR’s water righis
and to add the Central Valley Project’s Tracy Pumping Plant as a point of diversion and rediversion in
DWR’s water rights. The use of one project’s diversion facility by the other project is referred o as the
Joint Points of Diversion or JFOD. (PT 5, p. 85.)

* The State Water Board held a combined hearing because both the draft cease and desist orders and the
petitions for reconsideration address the implementation of the 0.7 EC objective.
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petitioners Contra Costz Water District (CCWD), Sonth Delta Water Agency (SDWA],
Central Delia Water Agency (CDWA), and Westside §£f§g&§i§ﬁ District (WID). As
discussed below, not all of the parties participated fully. However, several additional
persens and entities participated in the hearing. The State Water Board has considered afl
of the evidence and arguments in the hearing record, and the findings and conclusions

herein are based on the evidence in the hearing record.
28 BACKGROUND

2.1 Awutherity to Issue 3 CDO
The State Water Board is authorized to issue a CDO when it determines that any person’
is violating or threatening to violate any requirement described in Water Code section
1831, subdivision (d). Under subdivision {d), the State Water Board may issuiea CDO in
response to a violation or threatened violation of any of the following:

“{1} The prohibition set forth in Section 1052 against the unauthorized

diversion or use of water subject to this division.

“{2) Any term or condition of a permit, license, certification, or
regisiration issued under this division.

*{3) Any decision or order of the board issued under this part, Section 275,
or Article 7 {commencing with Section 13556} of Chapter 7 of Division 7,
in which decision or order the person to whom the cease and desist order
will be issued, or a predecessor in inferest to that person, was named as a
pariy directly affected by the decision or order.”™ (Wat. Code, § 1831(d).)

The State Water Board may issue a CDQ only afier notice and an opportunity for hearing,
Such notice shall be by personal notice or certified mail, and shall inform the person
allegedly engaged in the violation {respondent) that he or she may request a hearing
within 20 days after the date of receiving the notice. The notice shall contain a statement
of facts and information showing the violation. On May 3, 2005, in accordance with
Water Code section 1834{2), the Division Chief issued Draft CDO No. 262.31-16 10

* A “person” includes sny city, county, district, the siale, or any depariment or agency thereof, and the
United States to the exient authorized by law. {Wat. Code, § 1835)
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USBR regarding alleged threatened vielation of its license and permits. Also on May 3,
2005, in accordance with Water Code section 1834{a}, the Division Chief issued Draft
CDO No. 262.31-17 to DWR regarding alleped threalened violation of its permits.

By letter dated May 20, 2005, USBR requested a hearing. By memorandum dated

May 23, 2005, DWR requested a hearing. As explained above, the State Water Board
conducted the requested hearing on Ociober 24 and 25, 2005 and on November 7, 17, 1§,
and 21, 2005.

If USBR or DWR violaies this CDO, the State Water Board may proceed pursuant to
Water Code section 1845(2). Under section 1845, the penalties for a violation of a CDO
are injunctive relief issued by a superior court and liability for 2 sum not to exceed
$1,000 for sach day in which the violation occurs. Either the court or the State Water

Board may impose civil liability against a violator of 2 CDO.

2.2  Physical Setting

The Bay-Delta Estuary includes the Sacramento-San Joaquin Delta {Delta), Suisun
Marsh, and the embayments upstream of the Golden Gate. The Delia and Suisun Marsh
are located where California’s fwo major river systems, the Sacramento and San Joagquin
Rivers, converge to flow westward through San Francisco Bay. The watershed of the
Bay-Delta Estuary is a source of water supplies for much of the state. The water is used
for municipal, indusirial, agricultural, and environmental purposes. The watershedis s
source of drinking water for two-thirds of the state’s population. The State Water Project
{SWP), operated by DWR, and the Central Valley Project {CVF), operated by USBR,
release previously-stored water into the Delta where they redivert the stored water and
also divert natural flow. The water diverted by the two projects in the Delta is exported
to areas south and west of the Delta through 2 system of water convevance facilities.

(PT S, p.6.)

The southern Delta generally encompasses lands and channels of the Delta southwest of
Stockion. The bulk of the lands in the southern Delia are included within the SDWA.



RECIRC2646.

Salinity levels in the southern Delta are infiluenced by San Joaquin River inflow; tidal
action; SWP and CVP water export facilities (primarily water levels and circulation),
local pump diversions; agricultural and municipal return flows; channel capacity; and
upstream development. (PT 5, pp. 87-89; DWR 21, p. 1.} The area is irrigated primarily
with surface water through numerous local agricultural diversions. A small percentage of
SDWA agricultural land is imrigated with groundwater.

(DWR 21,p. 1)

The souther Delta salinity objectives for agricultural beneficial uses referenced in this
order are measured at four compliance stations: the San Joaquin River at the Brandt
Bridge site (Station C-6), Old River near Middle River (Station C-8), Old River at Tracy
Road Bridge (Station P-12), and the San Joaguin River at Airport Way Bridge, Vernalis
{Station C-10}. (See Figure 1.) Stations C-6, C-8, and P-12 also are referred to herein as
the interior southern Delta stations and station C-10 as the Vernalis station.

1

17!
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2.3  Coaditions of Permits and License Requiring 0.7 EC

DWR’s permits and USBR’s license and permits listed above in footnote 1 are subject to
conditions imposed by Water Right Decision 1641, revised March 15, 2000, in
accordance with Order WER 2000-02 (hereinafier D-1641). USBR and D'WR. are each
fuily responsible for meeting certain water quality objectives, including the interior
southern Delta salinity objectives, as described in Table 2 of D-1641. Only USBR is
responsible for meeting the salinity objectives on the San Jeaquin River at Vernalis.

The southern Delta salinity objectives have a long history, which is illustrated in the
following text box. {See Figure 2.) When it approved the water right permits for the
SWP and the federal CVP, the State Water Board found that Delta salinity conirol
requirements would be needed. The lasi salinity objective 1o be implemented is the 0.7
EC objective during the April through August period at Stations C-6, C-8, and P-12.
i

1

i
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Figure2

HISTORY QF SOUTHERN DELTA SALINITY ISSUES

1958-1970-5taie Water Board Adopts Decisions Approving Permils for the CVP: During & twelve-
vear penicdl the State Water Board adopied six difference decisions {Decisions 893, 390, 1020, 1250,
1348, and 1356) approving permits for various components of the federal CVE eperated by USBR.
The permits issued as a resuli of the decisions inclnded a term by which the Water Board reserved
jurisdiction to revisit salinity control requirements. {Decision 893, p. 71, Condition 12; Decision
SO0, p. 86, Condition 25; Decision 1020, p. 21, Condition % Order Extending Time in Which to
Farmulate Terms and Conditions Relative to Salinity Contrel Pursuant to Decision 990 and Decision
1024, p. 2; Decision 1230, p. 3, Condition 9; Decizion 1308, p. 11-12, Condition 8, Decision 1354,
7. 17, Condition 21.3

1947-Siate Water Board Adepts Decision 1273; In Decision 12735, the State Water Board approved
permits for DWR's SWP and conditioned the penmits on meeting water quality criteria at several
Delia locations. The State Water Board included permnt conditions reserving the State Water
Board's jurisdiction to address salinity control in the Delta, {Degision 1275, p. 40-42, Conditions 15,
16a, and 19} '

1973-Siale Water Board Adopis Decision 1422 Decision 1422 spproved the permits for USBR™s
New Melones Reservoir on the Stanislaus River and conditionad the permils on meating total
dissoived solids of 500 parts per million (~833 mmbos/em EC) on the San Joaquin River at Vemalis.
{Decision 1273, p. 31, Condition 5.)

1976-University of Califomia Conducts Study on Effocts of Salinity on Delta Crops: The University
of Califomia calculated the maximmum salinity of applied water which sustaing

100 percent yields of two important salt sensitive crops growa in the southern Delta {beans during
the summer origation season and aifaiz during the winter Ivigation season), in condifions typical of
the southem Delta. {1978 Water Quahiy Conirel Plan for the Sacramento-San Joaguin Delta and
Suisun Marsh {1978 Plan}, p. VI-13.}

1978-State Water Board Adopts 1978 Plan and Decision 1485: Based on the conclusions of the
Urversity of Califormia crop study, the Stale Water Board, in the 1978 Flan, sstablished the salinity
ohbjectives in effect today. Specifically, it found that to protect southern Deliz zgriculture it was
neCessary to mmaintzin 2 30-day running aversge salinity objscive of 0.7 mmhwos/cm EC from April
through August and 1.0 remhosfem EC from September through March 2t four locations in the
southern Delta: (1) the San Joaguin River at Yemnalis, (2) San Joagoin River af Brandi Bridge,

{31 Old River near Middle River, and {4} Ol¢ River at Tracy Road. (1978 Plan, p. VI-29)) The State
‘Water Board believed that the most practical selution for Tong-term protection of southern Delta
agriculture was the construction of physical facilities to provide adeguate circulation and substifute
supplics, but negotiations concerning these facilities were underway at the time Decision 1485 was
under consideration. {1978 Plan, p. ¥1-23; Decision 1485 p. 11} Therefore, the State Water Board
did not allocate responsibility for the 1978 Plan southern Delta EC objectives in Decision 1485, The
1978 Plan and Decision 1485 state that if contracts (o ensure the water supplics and facilities
menticned above are not executed by January 1, 1980, the State Water Board wall take appropriste
enforcement actions to prevent encroachment on riparian rights in the southem Delta, (1978 Plan,

p. Y1-8; Decision 1485, p 28, Condition 8.} Coniracts were nol negotiated, but SDWA asked the
State Water Board to delay tzlong action.
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Figure 2 Continued

19%1 -State Water Board Adopis 1991 Water Quality Control Plan for Salinity for the San Francisco
Bay/Sacramento-San Joaguin Della Estuary (19591 Plan): The State Water Board did not change the southern
Delta EC objectives in the 1991 Plan from the objectives in the 1978 Plan. However, because of on-going
negotiations among DWR, USBR, and SDWA, the State Water Board established a staged implementation
plan for the objectives with two interim stages and a final stage. The final stage, to be implemented no later
than 1996, required implementation of a 30-day minning average EC at all four southern Delta locations
{Vemalis, Brandt Bridge, Old River near Middle River, and Old River at Tracy Road) of 0.7 between April
and August and 1.0 between September and March for all year-types. The 1951 Plan also stated that if a three-
party contract has been implemented among DWR, USBR, and SDW A, that contract will be reviewed prior to
implementation of the southem Delta EC objectives and, after also considering the needs of other beneficial
uses, Tevisions will be made to the objectives and compliance/monitoring locations noted, as appropriate.
{1995 Plan, Table 1-1,p. 4 and 8.}

19%5-State Water Board Adopis the 1995 Water Quality Conirol Plan for the San Francisco Bay/ Szeramento-
San Joaquin Delta Esmary (1995 Plany: The Staite Water Board did nof change the southern Delta EC
objectives in the 1993 Plan from the objectives in the 1991 Plan except that the effective date of the chjectives
at the Old River sites was exiended from January 1, 1996 to Decomber 31, 1997, The 1995 Plan includes the
same condition as the 1951 Plan regarding review of the objectives upon exscution of a three-party agreement.
{1955 Plan, p. 17.3

1995-Staic Waler Board Adopis Order 93-6: The State Water Board temporarily amended DWR's and
LUSBR s water righis for the SWP and the CV'P to be cansistent with the 1995 Plan. This order aliowed DWR
and USBR. fo operate the SWP and CVP in accordance with the 1995 Plan while the State Water Board
prepared & long-term waler right decision io implement the plan. Among other requirements, the order
requited USBR to release conserved water from New Melonos Reservolr to comply with the 1995 Plan
Yemalis EC objectives. The order was to 2xpire on December 31, 1998 or upon adoption by the Stale Water
Board of a long-term: water right decision implementing the 1995 Plan. {Order 95-8, p. 51-52.)

1998-8iate Water Board Adopts Order 98-9: The State Water Beard continued the temporary terms and
conditions set forth in Order 95-6. The order was to expire on December 31, 1999 or upon adoption by the
State Water Board of a long-term water right decision implementing the 1995 Plan. (Order 98-5, p. 23-24.)

1998 to 1999-Siate Water Board Conducts Hearings to Implement 1995 Plan: The State Water Board held
over 80 days of hearing on how to best implement the objectives in the 1995 Plan. The Siate Water Board
received evidence that permanent operable barriers to be constructed in the southern Delta by 2005 would
significantly improve southern Delta salinity, (Decision 1641, p. 88))

December 1999 and March 2000-5tate Water Board Adopis Decision 1641 and Revises it in Response to
Petitions for Reconsideration: The State Water Board assigned sole responsibility to USBR for mecting the
Wemnalis EC objectives and DWR and USBR for meeting the EC objectives al Brandt Bridge, Old River near
Middle River, and Old River at Tracy Road. Decision 1641 immediately implemented the Vernalis objectives
and implemenied a year round objective of 1.0 EC at the interior southem Delta stations until April of 2005.
After April of 2005, Decision 1641 reguires implementation of 0.7 EC during April through August unless
permanent barriers or equivalent measures are completed and a plan to protect agriculture is approved, in
which case the required objective is 1.0 EC. (Decision 1641, p. 139-160 and Table 2, p. 182.) Decision 1641
also approved use by DWR and USER of each other’s points of diversion (JPOD) subject to completion by
DWR and USBR and approval by the Division Chief of nutipation requirements incloding a WQRP. (Decision
1641, p. 150-153; 155-158)
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In D-1641, the State Water Board reguired DWR and USBR 1o imaplement the interior
southern Delta EC objectives on a time schedule pursnant fo Condition 6 on page 159
(concerning DWR's permits), Condition 1 on pages 159-160 {concermning USBR’s
permits and license except New Melones), and Condition 1 on pages 160-161
{concerning USBR ’s permits for New Melones). D-1641 requires DWR and USBR
Jointly to implement the interior southern Delia EC objectives included in Table 2
{page 182).° Foomnote 5 on page 182 of D-1641 provides:

*[5] The 0.7 EC objective becomes effective on April 1, 2005, The DWR
and the USBR shall meet 1.0 EC at these stations year round until April 1,
2005, The 0.7 EC objective is replaced by the 1.0 EC objective from
April through Augnst after April 1, 2005 if peomanent barriers are
construcied, or equivalent measures ars implemented, in the southemn
Dezlta and an operations plan that reasonably protects southern Delta
agriculture is prepared by the DWR and the USBR and approved by the
Executive Director of the SWRCB.” The SWRCB will review the salinity
objectives for the southern Delta in the next review of the Bay-Delta
objectives following construction of the barriers.” {PT 5, p. 182}

2.3.1 Related Proceedings

As described above, when the State Water Board adopted D-1641, USBR became
responsible for meeting the salinity requirements in Table 2 atf the Vemalis station (C-10)
and DWR and USBR became responsible for meeting the salinity requirements at the
interior southern Delia stations (C-6, C-8, and P-12). In the hearing leading to D-1641,
DWR representatives advised the Board that the barriers® described in D-1641, Table 2,
Footnote $, would be completed by 2005,

§ D-1641 requires only USBR to meet the Vemalis EC objectives.

7 In iis recent opinion in State Water Resources Confrol Board Cases (C043714, ICCP No. 4118} issuad
February 9, 2006, the Court of Appeal, Third Appellate District, opined thst the State Water Board cannot
wow replace the 0.7 EC objective with a 1.0 EC objective az envisioned in foolnoia 5 on page 182 of D-
1641,

} Currently DWR and USBR refer to the permanent barriers as permanent opersble gates.

10
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On February 18, 2085, USBR. and DWR jointly filed a petition for temporary urgency
change with the State Water Board. In the petition, USBER and DWR requested
temporary relief from the requirement of their water right permits and license that USBR
and DWR meet the 0.7 EC objective in the interior southern Delia at stations C-6, C-§,
and P-12, from April through August of 2005. The State Water Board issued Order
WRO 2005-0009 on February 24, 2005, denying the Petition for Temporary Urgency
Change.

In addition to the petition for a temporary urgency change, on February 18, 2005, DWR
and USBR submitted a long-term petition to the State Water Board requesting to change
the effective date of the 0.7 EC objective for the interior southern Delta stations from
April 1, 2005 to December 31, 2008 to coincide with the then anticipated date for
completion of the southern Delta barriers project. The State Water Board issued notice of
the petition to the public and received three protests from SDWA, CDWA, and CCWD.
The State Water Board will process the peiition after DWR completes its California
Environmental Quality Act compliance. DWR issued an Initial Study and Proposed
Negative Declaration for the petition in November of 2005. The comment period for the

environmental document closed on December 5, 20035,

USBR and DWR filed the above petitions during the same time period the State Water
Board held a workshop to consider potential changes to the 1995 Plan and the Program of
Implementation for the Plan. The Board held the public workshop over several days,
from October 2004 through March 2005, and received evidence on potential changes to
the southern Delta salinity objectives from several parties. The State Water Board
anticipates issuing a decision on this matter in 2006. At this time, the State Water Board
is considering what, if any, changes to make to the southern Delta EC objectives and
other Delta objectives, based on information submitted during the workshop and other
information. Any changes in the 1995 Plan would not have a direct effect on the
conditions of DWR’s and USBR’s water right permits and license. However, that
information could serve as a basis for the Board to consider future changes in DWR's and

USBR's water right permits and license.

11.
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2.4  The Water Quality Response Plan Approval and Order WR 2005-0024

In -1641, the State Water Board authorized DWR and USBR to use JPOD. The JPOD
authorization includes three stages, which correspond to export rates and the purposes for
which DWR and USBR are authorized to divert or redivert water under JFOD.® Each
stage of the authorization is subject to special terms and conditions to mitigate the effects
of using JPOD. All three stages are subject to five terms and conditions, one of which is
the requirement for a WQRP. {D-1641, pages 150-151 and 155-156; Order WRO 2004-
0043-EXEC.)

Specifically, condition 1.a.{5) on pages 150 and 151 and Condition 2.a.(5) on page 156 of
D-1641 requires DWR and USBR to prepare 2a WQRP prior to use of JPOD. The
purpose of the WQRP is to ensure that water quality in the southern and central Delta will
not be significantly degraded through operations of JPOD to the injury of water users in
the southern and central Delia. D-1641 requires that the plan be prepared with input from
a designated representative of CCWD. In addition, pursuant to direction from the
Division Chief, DWR and USBR were required to consult with SOD'WA. On July 1, 2005,
the Division Chief conditicnally approved the April 25, 2005 WQRP submitted by DWR
and USBR.

The State Water Board’s regulation at California Code of Regulations, title 23,

section 768, authorizes reconsideration based upon any of the following causes:

a. [rregularity in the proceedings, or any ruling, or abuse of discretion, by
which the person was prevented from having a fair hearing;

b. The decision or order is not supported by the evidence;

* USBR is the primary user of JPOD due to limitations on the capacity of its facilities at the Tracy
Pumping Plant. Under Stage 1, USBR can use DWR"s point of diversion at Banks Pumping Plant to serve
the Cross Valley Canal contractors and Musco Olive, 1o support a recirculation study, and to recover export
reductions taken to benefit fish. Under Stage 2, USBR can use the Banks Pumping Plant for any purpose
authosized under its permits, except that the total pumping at Banks cannot exceed the limits of the U.S.
Army Corps of Engineers permit. Under Stage 3, USBR can use the Banks Pumping Plant up to the
phiysical capacity of the pumping plants, subject to the completion of certain mitigation measures.

12.
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¢. There is relevant evidence which, in the exercise of reasonable diligence,
could not have been produced;

d. Frrorin law.

The State Water Board received four timely Petitions for Reconsideration of the Division
Chief’s July 1, 2005 approval of the WQRP from CCWD, SDWA, CDWA, and WID.
All of the petitioners requested reconsideration of Condition 1 of the Division Chief’s
approval and each peiitioner alleged causes for reconsideration under each of the
avzilable canses listed above. Condition 1 requires USBR and DWR to meet all of the
conditions of their water right penmits and licenses in order to use JPOD with one
exception. Instead of meeting the required 0.7 munhos/cm EC objective at the interior
southern Delta compliance locations, prior to Janary 1, 2009, Condition { states that
JSBR and DWRE may conduct JPOD diversions if they mest an EC objective of

1.0 mmhos/cm as long as they are in compliance with the time schedule established in
Draft CDO Nos. 262.31-16 and 262.31-17 or any subsequent final order of the State

Water Board on this matter.

By Order 2005-0024 dated September 22, 2005, the State Water Board provisionally
granted the petitions for reconsideration. The State Water Board ordersd that a public
hearing be conducted to receive additional information before the State Water Board
takes final action on the petitions for reconsideration. The State Water Board held the
hearing on this matter to receive evidence on what, if any, action it should take with
respect to the Division Chief’s July 1, 2005 conditional approval. The hearing notice
specifically asked, if the State Water Board modifies the conditional approval of the
WQRP or takes other appropriate action, what actions or modifications are

recommended, and what is the basis for such actions or modifications.

2.5  Positions of Hearing Pariicipants

Several parties submitted Notices of Intent to Appear (NOI) at the hearing. DWR, PT,
CDWA, SDWA, San Joaquin County (SIC), the California Sportfishing Protection
Alliance (CSPA}Y, and the San Joaquin River Group Authority {SIRGAY submitted NOIs

13.
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to present cases in chief and to participate in cross-examination and rebuttal. However,
the SJRGA did not present a case in chief during the hearing. USBR, the Bay Institute,
CCWD, Northern California Water Association (NCWA), and Stockton East Water
District (SEWD) submitted NOIs to present policy statements and participate in cross-
examination and rebuttal. However, USBR participated only in cross-examination during
the hearing and the Bay Institute, CCWD, and NCW A did not participate in cross-
examination or rebuttal. The California Department of Fish and Game (DFG), Merced
Irrigation District and San Luis Canal Company (MID), San Joaquin River Exchange
Contractors Water Authority (STRECWA), San Luis and Delta Mendota Water Authority
and Westlands Water District (SLDMWA), and the State Water Contractors (SWC)
submitted NOIs to participate in cross-examination and rebuital. Patrick Porgans anﬁ
Associates submitted a NOI to present only a policy statement. In addition, PT, CDWA,
SDWA, SIC, CSPA, SEWD, DWR, USBR, SIRECWA, and SWC submitted closing
briefs.

PT,CDWA, SDWA, SJC, and CSPA all support issuance of the CDOs. PT supports the
following modifications to the CDOs: removal of reference to the San Joaquin River at
Vernalis station in DWR’s CDQO; addition of a requirement in both of the CDOs for an
annual Water Quality and Baseline Monitoring report by December 1 of each year
pursuant to Condition 11.c. on page 149 of D-1641; addition of a requirement in DWR’s
CDQ that if the ability to collect EC data at stations C-6 or P-12 is interropted for more
than 7 days in a row DWER must submit a report to the Executive Director of the State
Water Board explaining why the outage occurred, a plan for restoring coilection, and the
anticipated date data collection will resume; and addition of the above requirement in
USBR’s CDO for stations C-8 and C-10. (R.T. {Oct. 24, 2005) p. 51.)

CDWA, SDWA, SIC, and CSPA all argue that the CDOs should be modified to focus on
attainment of the water quality objectives instead of construction of permanent barriers or
the method of compliance with the objective. CD'WA advocates that in the event the
objectives are violated, the CDOs should curtail water deliveries to the west side of the
San Joaquin Valley to prevent saline drainage to the San Joaquin River from those lands.

14.
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SDWA and SIC argue that DWR and USBR should be required to meet the objectives
through options including water purchases, releases from various reservoirs, water
exchanges, recirculation, modifying operations of the temporary barriers, control of
drainage to the San Joaquin River, and export reductions. SIC and SEWD argue that
while the EC objectives should be met, they should not be met through increased releases

from New Melones Reservoir on the Stanislaus River.

DWR, USBR, SLDMWA'"", and SWC argue that the CDOs should not be issued.
Additionally, DWR states that if the State Water Board issues DWR a CDO, the

San Joaquin River at Vernalis station should not be included in DWR’s CDC because
D'WR is not responsible for meeting the water quality objectives at this location.

30 ALLEGED THREATENED YIOLATIONS
The draft CDOs allege that there is a threat that DWR and USBR will violate the
conditions imposed on their water righis in D-1641 which require DWR and USBR to

" SLDMWA asserted, in a January 24, 2006 comment on the draft order, and subsequently in a petition
joined by the SWC on January 31, 2006, that if any of the prosecutorial team membess, particularly
Andrew Sawyer or Erin Mahaney, simultanesously was an adviser to the State Water Board in another
matter, that service would give the appearance of unfairness and would suggest the probability of unfair
influence by the prosecuting attomeys. Ms. Mahaney is the prosecuting atlormey in this matier, and Mr.
Sawyer is her supervisor. SLDMWA's comment is based on Chefntero v. City of Samia Ana (2003) 114
Cal. App.4® 810 and on a superior court ruling in Moronge Band of Mission Indians v. State Water
Resources Conirol Board, Case No, 04CS500535. SLDMWA asserts that the State Water Board must now
withdraw this order and hold a new hearing before deciding either the issues in the CDO or the issues
regarding the WQRP. SLDMWA’'s comment and the ensuing petition are rejected for the following
reasons: First, SLDMWA and SWC are not parties to either the CDCG or the reconsidesation of the WQRP,
and therefore are not in a position to claim that this proceeding viclates its due process rights. Since the
hearing officers were under no duty to allow SLDMW A or SWC to participate, they likewise have no duty
to recommence the hearing at SLDMWA™s or SWC's request. Third, this request is untimely, as it shoold
have been made no later than the commenacement of the hearing on Oclober 24, 2003, instead of waiiing for
thres months while the State Water Board conducted a full six days of hearing and then prepared and
published a deaft order. Fourth, the ruling in the Moronge case is not & citable precedent. (See Fenske 1.
Boord of Administration (1980) 103 Cal App.3d 590, 556 [163 Cal Rpir. 182).) Fifth, the Quintero case is
based on evidence and is distinguishable, since there is no evidence, and no timely attempt to present
evidenee, in this case to establish the same type of close attorney-client relationship between Ms. Mahaney,
the prosecutor in this case, and the members of the Board that was evident in Quintere. Sixth, Mr, Sawyer
did not speak on the recond during the hearing in this matter. Seventh, even if it could be argued that Ms.
Mahaney should not have prosecuted the CDO, Ms. Mahaney made it undeniably clear that she and the
other prosccutorial tcam members were not addressing the WQBP issue, and they provided no evidence on
that issue. Accordingly, SLDMWA's and SWC's request is inapplicable to the proposed action on the
WQRP.

135.
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implement the 0.7 EC objective from April 1 through August 31 of each year at the
following southemn Delta compliance locations: the San Joaquin River at Brandt Bridge
{Station C-6); Old River near Middle River (Station C-8); Old River at Tracy Road
Bridge (P-12), and the San Joaguin River at Vernalis (C-13). PT argues that Water Code
section 1831 allows the State Water Board to issue CDOs for the alleged threatened
violation of DWR’s and USBR’s permit/license conditions and to set a time schedule for
compliance. (PT 1, p. 2.)

The draft CDOs allege that DWR and USBR are responsible for either meeting the 0.7
EC objective as of April 1, 2005, at Stations C-6, C-8, and P-12 or for constructing
permanent operable barriers or other equivalent measures along with an operations plan
that reasonably protects southern Delta agriculture. The draft CDOs allege that neither
permanent barriers nor equivalent measures have yet been completed. In addition, the
draft CDOs allege that DWR and USBR have not prepared an operations plan for
approval by the Executive Director to protect agriculture. (PT 3 and 4, p. 2.}

The draft CDOs include a time schedule for compliance and various corrective actions.
The proposed time schedule would require DWR and USBR to ensure that permanent
barriers or equivalent measures are installed by January 1, 2009. The draft CDO’s also
would require that DWR and USBR submit a detailed schedule with milestones to the
Division Chief for completion of permanent barriers or equivalent measures for approval
by the Executive Director. In addition, the draft CDOs would require DWR and USBR
to submit a status report to the State Water Board every three months on construction of
the barriers and an update on the projected final completion date. The draft CDOs also
include a requirement that if D'WR and USBR project a violation of the .7 EC objective
at the interior southern Delta EC stations prior to construction of the barriers that DWER
and USBR inform the State Water Board and describe the corrective actions they will
take to avoid the violation. If a violation occurs, the draft CDOs would require DWR and
USBR to report regarding the violation, including any corrective actions and the amount

of project supplies remaining for beneficial uses. (PT 3 and 4, p. 3.}

16.
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40 ACTION ON CDO

The State Water Board finds that there is a threat that DWR and USBR will violate their
permit/license conditions requiring them to implement the 6.7 interior southem Delta EC
objective at the following stations: the San Joaquin River at Brandt Bridge (Station C-6);
Qld River near Middle River (Station C-8); and Old River at Tracy Road Bridge (P-12).
The State Water Board finds that there is no current threat, however, of a violation of the
objective on the San Joaquin River at Vemalis (C-10). The State Water Board further
finds that issuance of a CDXO is appropriate for the threatened violation.

Water Code section 1831 allows the State Water Board to issue a CDO for the threatened
violation of any of the terms or conditions of a permit or license. The Water Code does
not require that an actual violation occur prior to taking an enforcement action, only that
a threat be demonstrated. The purpose and effect of this CDO is to require DWR and
USBR to implement measures to obviate the threat of viclation that is caused by their

failure to carry out measures that would improve salinity levels in the southern Delta.

DWR’s and USBR’s own statements substantiate the threat of viclation. First, DWR and
USBR acknowledged in the cover letter to their Febrnary 14, 2005 Joint Petition for
Change and Petition for a Temporary Urgency Change, in which they sought to delay
implementation of the 0.7 interior southern Delta EC objective, that there 13 a potential
that they mighi violate their pcnnitflicensc. conditions in the absence of the permanent
operable barriers that they are planning to construct. (PT 6, pp. 2 and 8.) While DWR’s
and USBR’s permit/license conditions also allow them to meet the 4.7 EC objective or
employ alternative measures, it is clear from PT Exhibit 7 {p. 1-2) that DWR and USBR
consider the barriers to be the only feasible method for compliance, and that the barriers
are the only method DWR and USBR. are currently pursuing. Further, DWR and USBR
do noi aniicipate insialling permanent barriers for several years and DWR and USBR are
unlikely to consistently meet the objectives without installing permanent barriers. DWR
and USBR state;

“imposition of the more stringent 0.7 EC agricultural salinity objective

could force DWR and [USBR] to release large quantities of water from
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upstream reservoirs in an attempt to meet the 0.7 EC objective in the
southern Delta. It is unlikely that that increased flows alone will result in

compliance with the objective.” (PT 6, p. 2.)

In addition, DWR and USBR knew that they would be subject to enforcement action if
they violate the 0.7 interior southern Delta EC objective as demonstrated by the following
statement: “Without an extensicn in the effective date, DWR and [USBR} could be found
in violation of {] D-1641 if they exceed the 0.7 EC objective....” (PT 6, p. 8.) Further,
DWR admits in its letter to the State Water Board dated March 25, 2005." that water
quality at the southern interior Delta stations often exceeds 0.7 EC in July and Angust in
average to dry years and that even in wet years water quality may exceed 0.7 EC in late
summer. {PT 7.} The exceedance of 0.7 EC in the past was 1ot a violation of DWR’s
and USBR’s water right permits, but the fact that exceedances have occurred in the past
demonstrates that 1f nothing is done to prevent exceedzances, the requirements in the

permit/license conditions to meet the 0.7 EC objective are likely to be violated.”

Additional evidence also demonstrates that there is a continued threat of violation of
DWR’s and USBR’s permit/license conditions until such time as the permanent barriers
are installed. Although DWR and USBR did meet the interior southern Delta EC
objecti#*e from April through August of 2003, their meeting the water quality objective in
2005 apparently was due to unusually wet hydrologic conditions. (PT 5, p. 1.) Historic
EC data from 1996 through 2005 shows that 0.7 EC historically was exceeded between
April and August at various times at all three interior southern Delta stations, including at

least one wet vear for each station and in 2001 following a five-year period of wet and

' The purpose of the letter was to advise the State Water Board that DWR was not petitioning for
reconsideration of the order denying the Temporary Urgency Changs Petition.

" Even in the absence of this CDO, DWR and USBR must, under their permits and license, meet the 0.7
EC objective. The construction of barriers or equivalent measures, and the preparation of an operstions
plan, are not a requirement of the permits and Heense, but in the absence of these measures, DWR and
USBR have no apparent means other than flow releases fo meet the 0.7 EC shjectives dunng the period
each year when they arz in effect. The D'WER and the USBR would take a substantial sk if they filed to
act prompily io enable themselves {o meet the objectives.
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above normal years. (PT 11; 12; 13; and 18.) In addition, thcré was an actual
exceedance of the required 1.0 EC objective at stations P-12 and C-6 during 2003 that
neither DWR nor USBR reported to the State Water Board until very recently. (PT 15;
DWR 26.) Further, there appear to be at least some gaps in required data collection for
the interior southern Delta sites. (PT 19.)

Statements by DWR and USBR, historic data, gaps in required data reporting, and the
unreported exceedances of the 1.0 EC objeciive in 2003 immediately before the effective
period of the more resirictive 0.7 EC effective period support a conclusion that DWE. and
USBR are likely to violate the 0.7 EC objective in the future. As the barriers appear to be
the only method for achieving compliance with the objective currently under
consideration and DWR now states that it does not anticipate that the barriers will be
installed until mid-2009 {DWR 23, p. 4.), a threat of violation is likely to exist until at the
earliest 2009.

DWR argues that the proposed CDH)’s are inconsistent with its and USBR’s
permit/license conditions", which state that,

“If (Licensee/)Permittee exceeds the objectives at stations C-6, C-8, or
P-12, Permittee shall prepare a repori for the Executive Director. The
Execuiive Director will evaluate the report and make a recommendaticn to
the [State Water Board] as to whether enforcement action is appropriate or
the noncompliance is the result of actions beyond the control of
Permittee.”

DWR is in effect arguing that the State Water Board cannot initiate an enforcement
action until DWR. and USBER. submit & report to the Executive Director. This provision
addresses aciual exceedances of the objectives, however, not the threatened violations
that are the subject of this proceeding. Because no actual violation is alleged in the draft
CDQs, the above provision is not applicable in the current proceeding. The meaning of
the condition DWR references is that if DWR and USBR are in: violation of the condition,

one of the matters to be considered by the Executive Director in recommending whether

¥ Condition 6 on page 15%, Condition 1 on pages 159-160, and Condition 1 on pages 160-161 of D-1641.
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to prosecute is the extent to which the noncompliance results from actions that are
beyond the control of DWR and USBR. It does not mean there is no viclation if other
factors are affecting salinify levels; it means simply that the Executive Director may

exercise prosecutorial discretion.

DWR and USBR did not take adeguate measures to ensure future compliance with their
permit/license conditions by the April 1, 20035, effective date of the interior southern
Delta EC objectives, as evidenced above. The current enforcement action is a separate
matter from any future violation of the (.7 interior southern Delta EC objective. If D'WR
and USBR actually exceed the objective in the future, DWR and USBR. will still have the
opportunity to submit a report to the Executive Director before the State Water Board
determines what if any enforcement action fo take. Further, the State Water Board may
consider, if adequate evidence is provided regarding the causes of an exceedance,

individual penalties appropriate to the relative impacts caused by each of the parties.

41 DWR’s Argumenis Oppesing Enforcement

DWR makes several arguments opposing the requirement in its permits that it meet the
salinity objectives at the interior southern Delta compliance stations. These arguments
are relevant only to the extent that they are presented for the purpose of arguing that the
State Water Board should not issue a CDO against DWR despite DWR’s failure to take
steps that would minimize the risk that the objectives at stations C-6, C-§, and P-12 will
be exceeded in the future. DWER.’s arguments generally are more relevant to a
consideration of whether the State Water Board should amend DWR’s permits to relieve
it of the responsibility for meeting the objectives or reduce its responsibility, or to an
argument that the water quality objectives themselves are unnecessarily protective of
southern Delta agriculture and should be amended, or to an apportionment of
responsibility for an actual, not threatened, violation of the objectives. DWR’s and
USBR’s permits and license currently require them to meet the objectives at stations C-6,
C-8, and P-12. The matter addressed herein is whether they are threatening to violate
their permits and license through their inaction, not whether they are currently in

violation or whether their permits and license should be amended.
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DWR presented evidence that as the operator of the SWP, DWR has little control over
compliance with the inferior southern Delta EC objectives and that DWR’s primary
control over improving salinity in the southern Delta lies m ifs water management and
planning authority. {R.T. (November 17, 2005}, p. 155-158; DWR 20.} In D-1641,
however, the State Water Board miade both DWR and USBR responsible under their
permits and license for meeting the objectives. Meither DWR nor USBR petitioned for
reconsideration regarding this responsibility. Accordingly, the requirement stands unless

DWR or USBR successfully petttions 10 change this requirement.

D'WR argues that the CDOs inappropriately rely upon information that was submitied in
support of petitions to change DWR’s and USBR’s water rights and historic data.

{(DWR 18, pp. 11-12.y DWR and USBR, however, are the operators of the SWP and the
CVP and therefore are the hest source for determining likely fufure operations of the
projects. D'WR did not refute evidence that DWR and USBE will not complete actions to
comply with DWR’s and USBR’s permit/license condition before 2009 or that the
objective will likely be exceeded in the future. DWR also did not refute that the
permanent barriers are the only aliernative DWR and USBR currently are considering for
meeting DWR’s and USBR s permit obligations. DWR s correct that PT failed 10
consider future hydrology, reservoir conditions, and DWR’s ability to control these
conditions when issuing the draft CDOs. (DWR 18; BT, {Oct. 24, 2005) pp.1 11, 138-
145.) Nevertheless, it is reasonable for the State Water Board to rely upon historic EC
data to determine the potential for a future violation of the EC objective. DWR's
speculation that conditions on the San Joaquin River and modeling of those conditions
may change in the future is not gronnds for disregarding the current generally accepted
modeling information. {DWR 18, pp. 10-12} Further, it is not clear when or if future
modeling will be validated and found to be acceptable for predictive assessments; nor is it

clear that salinity conditions will continmue to improve on the 8an Joaquin River.
The State Water Board agrees with DWR’s request for a meaningful time schedule for

implementation of the permanent barriers. Given the anticipated completion date for the

barriers in mid-200% (DWR 23, figure 18), a final completion date of July of 2009 should
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provide adequate time for DWR and USBR to complete construction and begin operation

of the permanent barriers.

4.2  Conclusions Regarding the CDO

The State Water Board will not defer consideration of the CDOs until after it has
considered DWR’s and USBR s Petition to Change and has decided whether to make any
changes to the interior southern Delta EC objectives in the 1995 Plan, as DWE requests.
(DWR 18, pp. 15-16.). The existence of recently pending actions does not excuse DWR
and USBR. from having failed to take adequate steps to comply with their permit/license
conditions by the required date of April 1, 2005. In addition, even if the State Water
Board were to modify the EC objectives in the 1995 Plan, subsequent changes would
have to be made to DWR’s and USBR’s water rights in order to change the water right

permits and license.

Based on the foregoing, the State Water Board issues a CDO jointiy to DWR and USBR
for threatened violation of their permit/license conditions requiring implementation of the
0.7 interior southern Delta EC objective. The CDO has conditions that allow the Board
fo actively moaitor compliance with the salinity objeciives and ensure compliance.
Because DWR and USBR are each fully responsible for meeting the interior southem
Delta EC objectives, the State Water Board is issuing one joint CDQ to both parties. In
order to prevent further delays in DWR’s and USBR’s plans for complying with their
permit/license conditions {PT 6, p. 2; DWR 23, Figure 18), the State Water Board
requires a compliance schedule and regular progress reports with State Water Board
oversight. Considering that DWR and USBR failed to repart exceedances in the past of
the 1.0 EC objective at interior southern Delta compliance stations in 2003 until recently
{PT 15; 26), the CDO reiterates the requirement in D-1641 that DWR and USBR file an
annual water quality monitoring report by December 1 of each year pursuant to Condition
11.c. on page 149. In addition, based on evidence that DWR and USBR have failed to
maintain consistent EC records at the interior southern Delta compliance stations (PT 19),
the CDO includes a requirement that if the ability to collect EC data at any of the interior
southern Delta EC stations is interrupted for more than seven {7} days in a row DWR and
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UUSBR shall submit a report to the Executive Director of the State Water Board
explaining why the outage occurred, a plan for restoring collection, and the anticipated

date data collection will resume.

CDWA, SDWA, 5JC, and CSPA argued that the State Water Board should include
conditions in the CDO to require D'WR and USBR to take various actions to meet the 0.7
EC objective and punitive actions if the objective is violated. The State Water Board will
not impose such penalties at this time. This CDO addresses the threatened violation of
DWR’s and USBR’s permit/license conditions requiring implementation of the 0.7
interior southern Delta EC objective. This order takes into consideration the failure of
DWR and USBR to have measures in place to meet their permit/license requirements by
the April 1, 2005 required time frame. Pursvant to D-1641, if D'WR and USBR violate
the 0.7 interior southemn Delta EC objective in the future, DWR and USBR can submit a
report to the Executive Director of the Board and the Executive Director will make a
recommendation to the State Water Board as to whether the violation should be
prosecuted. (Condition 6 on page 159, Condition 1 on pages 159-160, and Condition 1
on pages 160-161 of D-1641.) At that time, the State Water Board can determine what
actions DWR and USBR should take.

1t should be emphasized that DWR’s and USBR’s permit/license conditions do not
require construction of permanent barriers as the exclusive method of compliance.
Accordingly, this order requires DWR and USBR to develop a plan and a time schedule
to comply with their water right permit/license conditions requiring them {o meet the 4.7
interior southern Delta EC objective. They should consider all potential means of
compliance. The State Water Board expects the issues raised by CSPA regarding
potential water quality and fisheries impacts associated with the barriers to be addressed
by DWR and USBR in their environmenial documentation prepared in sapport of the
permanent barriers if that is the aliemative that DWR and USBR select. {CSPA 1 and 3.)
i

1

i
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5.0 ACTION ON THE WATER QUALITY RESPONSE PLAN

DWR and USBR submitted the WQRP to the Division Chief on April 25, 20035, and the
Division Chief conditionally approved itom July 1, 2005, As explained above, the
approved WQRP is a condition on DWR and USBR using JPOD. The pwpose of the
WORP is to ensure that operation of JPOD does not significantly degrade water quality in
the southern and central Delta to the injury of water nsers in the southern and central
Delta.

All of the petitioners for reconsideration of the approval object to Condition | of the
approval, which provides:

1. DWR and USER shall meet the requirsments included in the WQRP
dated April 23, 2003, and shall meet the farther conditions in this
approval. JPOD diversions are authorized pursuani fo this WQRP if
DWR and USBR are in compliance with the thme scheduie established
ine Drafi Cease and Desist Orders 262.31-16 and 262.31-17 or any
subsequent final order of the State Water Board on this matter and
meet the following requirements:

a. DWR and USBR may conduct JPOD diversions if DWR and
USBR are in compliance with all of the then-current conditions on
their water right permits and licenses with the following
exceptigns:

1. Prierto January 1, 2009, DWR and USBR may conduct JFOD
diversions if they meet an EC objective of 1.0 mmhos/om at the
compliance locations C-6, C-8, and P-12 {8an Joaguin River at
Brandt Bridge, Ol River near Middle river, and Old River at
Tracy Road Bridge).

ii. After January 1, 2009, DWR and USER may conduct JPCD
diversions only if they meet all of the reguirements of their
water right permits and licenses, including, if it isstifl 2
condition of their permits, meeting the 0.7 mmhos/om electrical
conductivity (EC) objective for the proteciion of agricultural
beneficial uses in the interior southern Dela at compliance
locations C-6, C-§, and P-12 (San Joaquin River at Brandt
Bridge, Old River near Middle River, and Old River at Tracy
Road Bridge).

b. Hany permit or Heense condition implementing the water quality
obiectives {with the exception of the 0.7 mmhos/om agricultural
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EC objective for the interior southern Delta prior to January 1,

2009) is violated, JPOD diversions shall cease until such time as

the water quality objectives are met.
In Order WR 2005-0024, the State Water Board provisionally granted reconsideration of
the July 1, 2005 approval, subject to further action in this order. Order WR 2005-0024
suspended all of Condition 1 except the first sentence, which requires DWR and USBR fo
meet the requirements of the April 25, 2005 water quality response plan and to meet the
further conditions of the July 1, 2005 approval.

In their petitions for reconsideration, the petitioners asserted that the Division Chief has
no authority to change the terms and conditions of D-1641 by changing the requirements
that DWR and USBR meet the salinity objectives at compliance locations C-6, C-8, and
P-12."* In effect, they argue that DWR and USBR should not be aliowed to operate
JPOD when the 0.7 EC objective is not mef.

In D-1641, the State Water Board found the use of JPOD could cause potential
significant impacis on aquatic resources. However, the use of JPOD pumping if
appropriately conditioned, could benefit fishery resources by providing greater flexability
to avoid impacts during criticat time periods. The State Water Board also found that the
use of JPOD could affect the ability of CCWD to divert water at Old River to

Los Vaqueros Reservoir because of restrictions under the biological opinion for

Los Vaqueros Reservoir. The State Water Board approved the use of JPOD in three
stages, subjeci to extensive terms and conditions. Among the conditions, several
response plans are required that are subject to the approval of the Executive Director or
the Chief of the Division of Water Rights. In effect, DWR and USBR are privileged to
be able to use the JPOD at all. In the absence of the conditioné, the State Water Board
was not satisfied that the use of JPOD would not injure other legal users of water or have
other adverse impacts. Among the conditions on use of JPOD by DWR and USBR, in

¥ In fact, the Chief of the Division of Water Rights does have conditional delegated authority to amend
water right permit terms and conditions in response to change petitions, but the WQRP does not involve a
change petition. (State Water Board Besolution 2002-(106.)
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addition to the condition requiring a WQRP, is a condition requiring that all provisions of
the respective permits and license of the project using JPOD be met during all stages of
JPOD. D-1641" added to the permits and license of DWR and USBR conditions
requiring that they meet the salinity cbjectives at compliance locations C-6, C-8, and
P-12. Since April 1, 2005, those conditions require that DWR and USBR meet the 0.7
EC objective during April through August each year, in addition to meeting the 1.0 EC
objective at other fimes of the year. Accordingly, D-1641 does not authorize JPOD
operations when DWR and USBR are not meeting the 0.7 EC objective during April
through August. However, such a change would require compliance with the California
Environmental Quality Act. (Pub. Resources Code, § 21000, et seq.) Since no
environmental document that analyzes the effects of Condition 1 of the WQRP approval
is in the hearing record, the State Water Board will require that DWR and USBR meet
the objectives whenever they conduct JPOD operations.

6.0 CONCLUSIONS

1. DWR and USBR are each fully responsible to meet the cbjectives in the interior
southern Deelta, as described in Table 2 of D-1641, at the following stations: the
San Joaguin River at Brandt Bridge (Station C-6); Old River near Middle River
(Station C-8); and Old River at Tracy Road Bridge (Station P-12).

2. A threat of violation of DWR’s and USBR’s permit and license conditions for
implementing the 0.7 mmhos/cm agricultural EC objective exists at Stations C-6,
C-8; and P-12.

il

1

it/

1 See D-1641 at pages 159, conditions 6 and 1, and page 160, condition 1. Also see Order WR 2005-
0024,
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. The State Water Board may issue a CDO for the threatened violation of any of the

terms or conditions of a permit or license under Water Code section 1831.

. This order does not relieve DWR and USBR of the requirement to meet the 0.7 EC

interior southern Delta objective that apply at stations C-6, C-8, and P-12 from April
through August of each year; however, the State Water Board recognizes that DWR.
and USBR have not implemented measures that will help them meet the interior
southern Delta objectives. Therefore, this order imposes a ime schedule that requires
that DWR and USBR obviate the threat of non-compliance with the 0.7 EC inferior
southern Delta salinity objectives by July 1, 2009. If there is a violation of the 0.7 EC
objective, the Executive Director of the State Water Board will make a
recommendation to the State Waler Board regarding w&eiﬁet to take enforcement
action against DWR and 1JSBR.

. DWR and USBR estimate they can implement measures that will obviate the threat of

non-compliance with the 0.7 interior southem Delia EC objectives by early 2009. In
the hearing leading to D-1641, DWR and USBR assursd the State Water Board that
they would have barriers in place to protect southern Delta agriculture by Apnl 1,
2005. Considering that the objectives were first adopted in the water quality control
plan in 1978, and there is evidence that salinity is a factor in limiting crop yields for
southern Delta agriculture, the State Water Board will not extend the date for
removing the threat of non-compliance beyond July 1, 2009.

. Ii DWR and USBR project a potential exceedance of the April through August

permit/license conditions for Interagency Stations C-6, C-8, and P-12, prior to July 1,
2009, this order requires DWR and USBR immediately to inform the Executive
Director of the potential exceedance and to describe the comrective actions that DWR

and USBR will use 1o avoid the exceedance.

. This order requires that DWR and USBR submit a status report to the State Water

Board every three months which describes their progress towards compliance with
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10,

il

the April through August permit/license conditions for Interagency Stations C-6, C-8,
and P-12 and an updated projection of the final compliance date {(including the final
construction and aperations dates if DWR and USBR determine that permanent

barriers or alternative measures are the preferred method of compliance).

This order requires D'WR and UISBR promptly to report any threat that they will

exceed any water guality objectives.

This order requires that if DWR and USER are unable to collect EC data at any of the
interior southern Delta EC stations for more than 7 days in 3 row DWR or USBR
shall submit a report to the Executive Director of the State Water Board explaining
why the outage occurred, a plan for restoring data collection, and the anticipated date

when they will resume collecting the required data.

In this order, the State Water Board revises the July 1, 2005, approval by the Division
Chief of the WQRP for use by DWR and USBR of JPOD in the southern Delia.

This order, in accordance with D-1641, conditions the ase of JPOD upon DWER and
USBR meeting all requirements of their permits.

ORDER
The State Water Resources Control Board {State Water Baard) ORDERS that,
pursuvant 1o Water Code sections 1831 through 1834, the Department of Water
Besources (DWR} and the United States Bursau of Reclamation (USBR) shall take

the following corrective actions and satisfy the following time schedules:

1. DWR and USBR shall implement measures to obviate the threat of non-
compiiance with Condition 5 on page 159, Condition | on pages 15% and 160, and
Condition 1 on pages 160 and 151 of Revised Decision 1641 {D-1641) regarding
the 0.7 mmhos/cm electrical conductivity (EC) abjective by July 1, 2009
Beginning April I, 2003, these conditions require DWR and USBR 1o meet the
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b

0.7 EC Water Quality Objective for Agricultural Beneficial Uses at the following
locations specified in Table 2 of D-1641 at page 182:

1) San Joaquin River at Brandt Bridge (Interagency Station No. C-6);
2} Old River near Middle River (Inferagency Station Ne. C-8); and
3) Old River at Tracy Road Bridge {Interagency Station No. P-12).

Within 60 davs from the date of this order, DWR and USBR shall submit a
detailed plan and schedule fo the Executive Director for compliance with the
conditions menticned above, including planned completion dates for actions that
will obviate the current threat of non-compliance with the 0.7 EC objective at
stations C-6, C-8, and P-12 by July 1, 2049, If the plan provides for
implementation of equivalent measures, DWR and USBR shall submit
information establishing that those measures will provide salinity control at the
three compliance stations equivalent io the salinify control that would be achieved
by permanent barriers. The plan and schedule are subject o approval by the
Execuiive Director of the State Water Board, shall be comprehensive, and shall
include significant project milestones. DWR and USBR shall submit any
addittonal information or revisions fo the schedule and plan that the Executive
Director requests within the period that the Executive Director specifies. DWR
and USBR shall implement the plan and schedule as approved by the Executive

Director,

Within 60 days from the date of this order, if D'WR and USBR decide to
implement the permanent barriers project or equivalent measures, DWR and
USBR shail submit a schedule to the Chief of the Division of Water Rights
{Division} for developing an operations plan that will reasonably protect scuthern
Deltg azriculture. DWR and USBR shall submit the final plan to the Executive
Director for approval no later than January 1, 2009, To ensure that the plan is
adequate priof to the required compliance date, DWR and USBR shall submit a
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draft of the operations plan by January 1, 2008, to the Division Chief for review

and comment.

. Inthe event that DWR and/or USBR projects a potential exceedance of the 0.7

EC objective at Interagency Stations C-6, C-§, and P-12, prior to July 1, 2009,
DWR and/or USBR shall immediately inform the State Water Board of the
potential exceedance and shall describe the corrective actions they are initiating to
avoid the exceedance. Corrective actions may include but are not limited to
additienal releases from upstreamy Central Valley Project (CVP) facilities or south
of the Delta State Water Project (SWP) or CVP facilities, modification in the
timing of releases from Project facilities, reduction in exports, recirculation of
water through the San Joaguin River, purchases or exchanges of water under
transfers from other entities, modified operations of temporary barriers,
reductions in highly saline drainage from upsiream sources, or alternative supplies

to Delta farmers (including overland supplies).

. Ifthere is an exeeedance of the 0.7 EC objective for Interagency Stations C-6, C-

8, and P-12, within 30 days from the date of the excesdance, DWR and USBR
shail repori to the Executive Director {1) the length of time over which the
excesdance oocurred and (2) the corrective actions {aken fo curfail the
exceedance, including the amount of water bypassed or released from upstream
CVP supplies and south of Delta SWP and CVP supplies, the net reduction in
exports, and the measurad quantity of other actions, if any, taken specifically to
cotrect the exceedance. DWR and USBR also shall identify the amount of their
Project supplies remaining for beneficial uses following corrective actions. Upon
receipt of the above report, the Executive Director will make a recommendation
to the State Water Board regarding whether to take enforcement action. In
deciding whether to initiate enforcement action, the Executive Director shall
consider the extent to which the noncompliance was beyond DWR’s and USBR s

control and the actions teken to correct the exceedance.
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6. Ewvery three months, commencing on the last day of the month following the date

of this order, DWR and USBR shall submit to the State Water Board a status
report on progress towards compliance with the referenced permit/license
conditions and an updated projection of the final compliance date (including
completion of construction and commencement of operations if DWR and USBR
determine that permanent barriers or equivalently protective measures are the

preferred method of compliance).

. If DWR or USBR is unable to collect EC data at Interagency Station Nos. C-6, C-

8, or P-12 for more than seven (7) consecutive days for any reason, DWR and
USBR shall report the outage in writing to the Executive Director. The report
shall include the reason for the loss of data, a plan to restore data collection, and
the anticipated date that data collection will resume.

. DWR and USBR shall submit to the Executive Director by December 1 of each

year the annual monitoring report required by Condition 13, paragraph c, on page
149 of D-1641, beginning with the report required by December 1, 2065. DWR
and UJSBR shall make historical results of the monitoring required under
paragraph ¢ available to the State Water Board and other interested parties by
posting the data on the internet. The posted data shall include a computation of
the 30-day running average.

DWR and USBR shall serve copies of all reports, plans, and other
communications required by the above paragraphs of this order on the Central
Delta Water Agency, South Delia Water Agency, San Joaquin County,
California Sportfishing Protection Alliance, and Contra Costa Water District,
and shall submit a proof of service to the Executive Director or to the Division
Chief showing that the copies were served concurrently with their submittal to

the Executive Director or the Division Chief,
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Upon the failure of any person to comply with a CDO issued by the State Water Board
pursuart to chapter 12 of Part 2 of Division 2 of the Water Code {commencing with
section 1825), the Attorney General, npon the request of the State Water Board, shall
petition the superior court for the issuance of prohibitory or mandatory injunctive relief
as appropriate, including a temporary restraining order, preliminary injunction, or
permanent injunction. (Wat. Code, § 1845, subd. (a).) Any person or entity who violates
a CDO may be liable for a sum not to exceed one thousand dollars ($1,000) for each day
in which the violation cceurs. (Wat. Code, § 1845, subd. (b)(1).)
B. The State Water Board ORDERS that the petitions for reconsideration of the approval
of the Water Quality Response Plan {WQRP) are granted, and amends the approval of
the WQRP as follows:

1. Condition 1 of the Division Chief's July 1, 2005 conditional approval of the
WQRP is replaced by the following condition:

“1. DWR and USBR shali meet the requiremenis included in the
WORP dated April 25, 2005, and shall meet the further conditions
in this approval as follows. Joint Points of Diversion (TPOD)
operations are authorized pursuant to the WQRP dated April 25,
2005, if DWR and USBR are in compliance with the conditions in
part A. of this order and if they meet the following requirements:

a. DWR and USBR may conduct JPOD diversions if DWR and
USBR are, at the time of the JPOD diversion, in compliance
with all of the conditions on their water right permits and
license including, if it is still a condition of their water rights,
meeting the 0.7 EC objective for the protection of agricultural
beneficial uses in the interior southern Delta at Interagency
Station Nos. C-6, C-8, and P-12.
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b. If DWR or USBR violate any permit or license condition
implementing the water quality objectives, JPOD diversions shall
cease until such time as the water quality objectives are met.”

CERTIFICATION

The undersigned, Acting Clerk to the Board, does hereby certify that the foregoing isa
full, true, and correct copy of an order duly and regularly adopted at a meeting of the
State Water Resourees Conirol Board held on Febmary 15, 2604,
AYE: Tam M. Dodue

Richard Kaiz

Gerald D. Secundy
OPPOSED:  None
ABSENT: Arthur G, Baggett, Ir.

ABSTAIN: None

Sclica Potter
Acting Clerk to the Board
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STATE OF CALIFORNIA
STATE WATER RESOURCES CONTROL BOARD

ORDER WR 2010-0002

In the Matter of Cease and Desist Order WR 2006-0006 against the
Department of Water Resources and the United States Bureau of Reclamation
in Connection with Water Right Permits and License
for the State Water Project and Central Valley Project®

SOURCES: Sacramento and San Joaquin Rivers and their tributaries, and the
Sacramento-San Joaquin Delta Estuary

COUNTY: San Joaquin

ORDER MODIFYING ORDER WR 2006-0006

BY THE BOARD:

1.0 INTRODUCTION

By this order, the State Water Resources Control Board (State Water Board or Board) modifies

State Water Board Order WR 2006-0006, which is a cease and desist order issued against the

Department of Water Resources (DWR) and the United States Bureau of Reclamation (USBR)
in response to the threatened violation of DWR’s water right permits for the State Water Project
(SWP) and USBR’s water right license and permits for the Central Valley Project (CVP). In
Part A of Order WR 2006-0006, the State Water Board required DWR and USBR to take
corrective actions in accordance with a time schedule in order to obviate the threatened
violation of the requirement to meet a water quality objective for salinity designed to protect

agricultural beneficial uses in the southern Sacramento-San Joaquin Delta Estuary (Delta).?

! Permits 16478, 16479, 16481, 16482, and 16483 (Applications 5630, 14443, 14445A, 17512, and 17514A,
respectively) of the Department of Water Resources and License 1986 (Application 23) and Permits 11315, 11316,
11885, 11886, 11887, 11967, 11968, 11969, 11970, 11971, 11972, 11973, 12364, 12721, 12722, 12723, 12725,
12726, 12727, 12860, 15735, 16597, 16600, and 20245 (Applications 13370, 13371, 234, 1465, 5638, 5628, 15374,
15375, 15376, 16767, 16768, 17374, 17376, 5626, 9363, 9364, 9366, 9367, 9368, 15764, 22316, 14858A, 19304,
and 14858B, respectively) of the United States Bureau of Reclamation.

2 |n Part B of Order WR 2006-0006, the State Water Board amended the July 1, 2005 approval by the Chief of the
Division of Water Rights of a Water Quality Response Plan submitted by DWR and USBR for their use of each
other’s points of diversion in the Delta. This order does not modify Part B of Order WR 2006-0006.


http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2006/wro2006_0006.pdf
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At the outset, it bears emphasis that the purpose of this proceeding is not to determine the
responsibility of DWR and USBR to meet the salinity objective, an issue that was addressed in
Order WR 2006-0006, or to revisit the issue of whether a threat of violation exists. Instead, the
purpose of this proceeding is to determine whether to modify the compliance schedule

contained in Order WR 2006-0006, and whether to impose any interim protective measures.

As more fully explained below, we have determined that the July 1, 2009 deadline to obviate the
threat of violation should be extended in recognition of the fact that, in a biological opinion
issued in June of 2009, the National Marine Fisheries Service (NOAA Fisheries) prohibited
DWR from constructing permanent, operable gates in the southern Delta as part of the

South Delta Improvements Program (SDIP). Construction of the gates was a central
component of DWR and USBR'’s plan to achieve compliance with the salinity objective as
required by Order WR 2006-0006. We will extend the compliance deadline until after we have
completed our current review of the salinity objectives and associated program of
implementation contained in the 2006 Water Quality Control Plan for the San Francisco
Bay/Sacramento-San Joaquin Delta Estuary (2006 Bay-Delta Plan) and any subsequent water
right proceeding so that, in developing a revised compliance plan, DWR and USBR can take
into account any changes to their responsibility for meeting the objective that may occur as a
result of our review. To avoid undue delay in the preparation and implementation of a revised
compliance plan, we will require DWR and USBR to provide any technical assistance necessary
to support our efforts to complete our review of the 2006 Bay-Delta Plan and any subsequent

water right proceeding expeditiously.

In the interim, we will require DWR, with any necessary assistance from USBR, to continue to
implement and improve upon the temporary barriers program. The temporary barriers improve
salinity in the southern Delta, but they are not sufficient by themselves to ensure compliance
with the salinity objective. More information is needed, however, concerning the effectiveness
and feasibility of other salinity control measures. Accordingly, we will require DWR and USBR
to study the feasibility of alternative salinity control measures, and we will delegate to the
Executive Director the authority to require DWR and USBR to implement on an interim basis
any additional salinity control measures that the Executive Director determines are reasonable

and feasible.
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2.0 LEGAL, FACTUAL, AND PROCEDURAL BACKGROUND

2.1 State Water Board Decision 1641

In State Water Board_Decision 1641 (Revised March 15, 2000, in accordance with State Water
Board Order WR 2000-02), the State Water Board determined the responsibility of specified

water right holders, including DWR and USBR, to meet water quality objectives set forth in the
1995 Water Quality Control Plan for the San Francisco Bay/Sacramento-San Joaquin Delta
Estuary (1995 Bay-Delta Plan). As part of that decision, the Board imposed a number of
requirements on DWR and USBR, including the requirement to meet salinity objectives
designed to protect agricultural beneficial uses in the interior southern Delta. Specifically, the
SWP and CVP water rights are conditioned on implementation of 0.7 millimhos per centimeter
(mmhos/cm) electrical conductivity (EC) from April 1 through August 31 each year and

1.0 mmhos/cm EC from September 1 through March 31 each year at the following three
locations in the interior southern Delta: (1) Station C-6 (San Joaquin River at Brandt Bridge),
(2) Station C-8 (Old River near Middle River), and (3) Station P-12 (Old River at Tracy Road
Bridge).® (Revised Decision 1641 at pp. 159-161, 182.) These objectives are referred to in this

order as the interior southern Delta salinity objectives.
2.2 Cease and Desist Authority for Water Right Violations

The State Water Board may issue a cease and desist order (CDO) in response to a violation or
threatened violation of (1) the prohibition against the unauthorized diversion of water, (2) a term
or condition of a water right permit, license, certification, or registration, or (3) a State Water
Board order or decision issued pursuant to specified provisions of the Water Code. (Wat. Code,
§ 1831, subds. (a) & (d)(1-3).) The State Water Board may require compliance immediately or
the State Water Board may set a time schedule for compliance. (Wat. Code, § 1831, subd. (b).)
The State Water Board may, after notice and opportunity for hearing, modify, revoke, or stay a
CDO, either on its own motion or upon application by any aggrieved person. (Wat. Code,
§1832.)

® In addition, the CVP is required to meet the same salinity objectives in the San Joaquin River at Vernalis, but the
requirement to meet the objectives at Vernalis is not an issue in this proceeding.


http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/decisions/d1600_d1649/wrd1641_1999dec29.pdf
http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2000/wro2000-02.pdf
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Water Code section 1845, subdivision (b) provides that any person who does not comply with a
CDO may be liable for an amount not to exceed one thousand dollars for each day in which the
violation occurred. In addition to imposing administrative civil liability pursuant to this provision,
the State Water Board may request the Attorney General to petition the superior court for
injunctive relief. (Id., § 1845, subd. (a).)

2.3 State Water Board Order WR 2006-0006

On February 15, 2006, the State Water Board issued a CDO against DWR and USBR for the
threatened violation of the requirement to meet the 0.7 mmhos/cm interior southern Delta
salinity objective. (State Water Board Order WR 2006-0006 or 2006 CDO.) The State Water
Board ordered USBR and DWR to implement measures to obviate the threat of violation by
July 1, 2009. (Id. at pp. 17, 26.) The State Water Board established the July 1, 2009
compliance deadline in order to accommodate DWR and USBR’s plan to meet the salinity
objective by constructing permanent, operable gates (then called permanent barriers) in the
Delta. (Id. at pp. 17, 21-22.) The gates were expected to decrease salinity levels by improving
water circulation in interior southern Delta channels. At the time, DWR and USBR estimated
that construction of the permanent gates would be completed by early 2009. (Id. at p. 27.)

Although the State Water Board established the July 1, 2009 deadline in order to accommodate
DWR and USBR’s plan to construct the permanent gates, the Board did not require DWR and
USBR to construct the gates. Instead, the Board required DWR and USBR to develop and
implement a plan to obviate the threat of violation by either constructing the permanent gates or
implementing equivalent salinity control measures. (Id. at pp. 23, 29-30.) The Board required
DWR and USBR to submit the compliance plan to the Board’s Executive Director for approval

within 60 days of the effective date of the order.

In the 2006 CDO, the State Water Board also imposed several reporting requirements. The
Board ordered DWR and USBR to submit quarterly status reports on progress towards
compliance with the 0.7 mmhos/cm interior southern Delta salinity objective, including an
updated projection of the final compliance date. (Id. at p. 31.) In addition, the Board required
DWR and USBR to report any projected future exceedances of the objective, as well as any
actual exceedances. (Id. at p. 30.) A report of any potential or actual exceedance was to
include a description of any corrective actions DWR or USBR had taken to avoid or curtail the
exceedance. The Board specified that corrective actions could include additional releases from
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upstream CVP facilities or south of the Delta SWP or CVP facilities, a change in timing of
releases from SWP or CVP facilities, a reduction in exports, recirculation of water through the
San Joaquin River, purchases or exchanges of water with other entities, modified operations of
temporary barriers in the Delta, reductions in saline drainage from upstream sources, or the

provision of alternative supplies to Delta farmers, including overland supplies. (Ibid.)
2.4 DWR and USBR’s Compliance Plan

As required by the 2006 CDO, DWR and USBR submitted a compliance plan dated

April 14, 2006. (State Water Board Staff Exhibit 10.) The plan proposed to obviate the threat of
violation at Station C-8 (Old River near Middle River) and Station P-12 (Old River at Tracy Road
Bridge) by constructing the permanent, operable gates component of the SDIP. The plan stated
that additional actions to control local salinity discharges might be needed, but the gates were a
necessary first step. The plan proposed to obviate the threat of violation at Station C-6

(San Joaquin River at Brandt Bridge) by continuing and expanding ongoing San Joaquin River
salinity management activities. The State Water Board Executive Director approved the
compliance plan by letter dated May 12, 2006. (State Water Board Staff Exhibit 9.)

2.5 Environmental Review Process for the SDIP

In order to implement the SDIP, including the permanent gates, DWR and USBR needed to
comply with numerous regulatory requirements, including the federal Endangered Species Act
(ESA), the California Endangered Species Act (CESA), sections 401 and 404 of the Clean
Water Act (33 U.S.C. 88 1341, 1344), section 10 of the Rivers and Harbors Act (33 U.S.C.

8 403), and sections 1600 through 1616 of the Fish and Game Code. (See DWR Exhibit
DWR-14.)* In addition, USBR and DWR needed to prepare environmental documentation
pursuant to the National Environmental Policy Act (NEPA) and the California Environmental
Quality Act (CEQA), respectively.

* DWR Exhibit DWR-14 is a quarterly status report that DWR submitted to the State Water Board in accordance with
the 2006 CDO. DWR requests the State Water Board to take official notice of this report, along with a number of
other reports that DWR submitted to the Board in accordance with the 2006 CDO, all of which are labeled for
identification Exhibits DWR-13 through DWR-32. We take official notice of these reports pursuant to California Code
of Regulations, title 23, section 648.2 (authorizing the State Water Board to take official notice of matters that may be
judicially noticed), and pursuant to Evidence Code section 452, subdivision (c) (authorizing judicial notice of the
official acts of administrative agencies).
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On June 6, 2006, USBR initiated formal consultation with NOAA Fisheries and the U.S. Fish
and Wildlife Service (USFWS) pursuant to section 7 of the ESA (16 U.S.C. § 1536). (DWR
Exhibit DWR-14.) In DWR’s August 31, 2006 status report, DWR estimated that the
consultation process would be complete, and NOAA Fisheries and USFWS would issue
biological opinions concerning the SDIP, by November 2, 2006. (Ibid.) DWR estimated that
most of the other regulatory approvals necessary to implement the SDIP would be obtained by
November 2006, as well. (Ibid.) To comply with NEPA and CEQA, USBR and DWR had
prepared a draft Environmental Impact Statement/Environmental Impact Report (EIS/EIR) for
the SDIP in November 2005. (DWR Exhibit DWR-13.) By December 2006, USBR and DWR
had finalized the EIS/EIR. (DWR Exhibit DWR-04, p. 2; DWR Exhibit DWR-16.)

In a quarterly status report dated February 28, 2007, DWR informed the State Water Board that
consultation with NOAA Fisheries and USFWS had been delayed due to the fishery agencies’
concerns about the interrelatedness of the SDIP and the long-term operation of the CVP and
SWP under the Operations, Criteria, and Plan (OCAP), which was the subject of a separate
consultation process. (DWR Exhibit DWR-16.) In a quarterly status report dated May 31, 2007,
DWR reported that DWR and USBR had agreed to include operation of the permanent gates as
part of the OCAP consultation, which meant that the consultation process for the gates would be
delayed until April 2008. (DWR Exhibit DWR-17.) As a result, DWR estimated that the
permanent gates would not be constructed and operable until April 2011. (Ibid.) Accordingly,
DWR requested the State Water Board to modify Order WR 2006-0006 by extending the July 1,
2009 compliance deadline to July 1, 2011. (lbid.)

Although the State Water Board resolved to take action on DWR’s request (State Water Board
Resolution 2007-0079 at p. 7), the Board did not schedule a hearing to consider the request

until June of 2009. In the interim, DWR continued to submit quarterly status reports. In a
quarterly status report dated February 29, 2008, DWR informed the Board that the NOAA
Fisheries’ biological opinion would not be completed until sometime between March and May of
2009, and therefore the permanent gates would not be operable until April 2012. (DWR Exhibit
DWR-20.)

In a quarterly status report dated February 27, 2009, DWR informed the State Water Board that
USFWS had issued a biological opinion on December 15, 2008, which allowed operation of the

gates, subject to USFWS approval to protect Delta smelt. NOAA Fisheries, on the other hand,


http://www.waterboards.ca.gov/board_decisions/adopted_orders/resolutions/2007/rs2007_0079.pdf
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had released a draft biological opinion in December 2008, which concluded that the permanent
gates would degrade critical habitat for Central Valley steelhead. (DWR Exhibit DWR-24.) In
addition, staff from NOAA Fisheries had indicated that additional studies were needed to
address the potential impact of the gates on salmonid predation. (Ibid.) According to DWR,
NOAA Fisheries proposed to estimate the predation impacts of the permanent gates based on a
two-year study of the predation impacts of temporary barriers in the Delta that the United States
Army Corps of Engineers had required as a condition of the Clean Water Act section 404 permit
for the temporary barriers. (Ibid.) DWR estimated that the two-year predation study would not
be complete until early 2011, and therefore the schedule for completion of the permanent gates
would be further delayed. (Ibid.)

2.6 Application for Modification of Order WR 2006-0006

By letter dated May 29, 2009, DWR and USBR again applied for a maodification to Order

WR 2006-0006 in light of the fact that the permanent gates would not be installed by

July 1, 2009. (State Water Board Staff Exhibit 5.) In the letter, DWR stated that its upcoming
guarterly status report would provide information on changes to the schedule. In the
subsequent status report, dated June 1, 2009, DWR explained that a three-year predation study
was needed, rather than a two-year study, and therefore installation of the permanent gates
would be delayed by another four years. (State Water Board Staff Exhibit 4.) Contrary to
DWR’s previous estimate that the gates would be operable by April 2012, DWR estimated that

the gates could be completed in time for the 2016 agricultural season. (Ibid.)

2.7 NOAA Fisheries’ 2009 Biological Opinion for CVP and SWP Operations

On June 4, 2009, NOAA Fisheries issued a final biological opinion for the operation of the CVP
and SWP under the OCAP. In the biological opinion, NOAA Fisheries found that the
replacement of temporary barriers in the Delta with permanent operable gates would adversely
modify critical habitat, and directed DWR not to implement the SDIP. (Staff Exhibit 3, p. 659.)
Under the ESA, NOAA Fisheries was required to identify any reasonable and prudent
alternatives that would allow the gates to be operated in compliance with the ESA. (16 U.S.C.
8 1536(b)(3)(A).) In this case, however, NOAA Fisheries did not identify any reasonable and
prudent alternative to the permanent gates that would meet ESA requirements. (Staff Exhibit 3,

p. 659.) NOAA Fisheries stated that USBR could reinitiate consultation, or DWR could apply for
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a permit under section 10 of the ESA, after analyses of the operation of temporary barriers in
the Delta had been completed. (lbid.)

2.8 Exceedances of Interior Southern Delta Salinity Objective

Since the State Water Board issued the 2006 CDO against DWR and USBR in February 2006,
salinity levels at Station P-12 (Old River at Tracy Road Bridge) have exceeded the

0.7 mmhos/cm salinity objective on numerous occasions. According to the exceedance reports
that USBR and DWR submitted to the State Water Board as part of this proceeding, the salinity
objective was exceeded at Station P-12 during the following periods: (1) April 2007 (USBR
Exhibit 8);° (2) June 16 through July 13, 2008 (DWR Exhibit DWR-27); (3) April 1 through April
20, 2009 (DWR Exhibit DWR 30); and (4) June 24 through July 3, 2009 (DWR Exhibit DWR-32).
In addition, the exceedance reports that were submitted indicate that the salinity objective was
exceeded at Station C-6 (San Joaquin River at Brandt Bridge) from June 25 through

July 13, 2008, and at Station C-8 (Old River near Middle River) from June 22 through

July 13, 2008. (DWR Exhibit DWR-27.)’

The only corrective action identified in DWR’s and USBR’s exceedance reports that DWR or
USBR took in order to avoid or curtail exceedances of the interior southern Delta salinity
objective was the implementation of the temporary barriers program. (See DWR Exhibit
DWR-31; DWR Exhibit DWR-32.) The temporary barriers program entails the seasonal

construction and operation of three flow control barriers in the southern Delta. (DWR Exhibit

®The exceedances only include those that were reported in the exceedance reports that DWR and USBR submitted
as part of this proceeding. Additional exceedances that were not documented in the exceedance reports that were
submitted as part of this proceeding are not included in this listing.

® USBR Exhibit 8 is an exceedance report that USBR submitted to the State Water Board in accordance with
Decision 1641 and the 2006 CDO. USBR requests the State Water Board to take official notice of this report, along
with a number of other reports that USBR submitted to the Board in accordance with the 2006 CDO and some related
correspondence, all of which are labeled for identification USBR Exhibits 1 through 8. We take official notice of
USBR Exhibit 8 pursuant to California Code of Regulations, title 23, section 648.2 (authorizing the State Water Board
to take official notice of matters that may be judicially noticed), and pursuant to Evidence Code section 452,
subdivision (c) (authorizing judicial notice of the official acts of administrative agencies). The remaining documents
are either the subject of DWR’s request for official notice or contain information that is also contained in DWR’s
exhibits. We also note that USBR labeled two documents as USBR Exhibit 1. The other document, the written
testimony of Paul Fujitani, has been admitted into evidence.

" DWR also has reported exceedances of the 1.0 mmhos/cm salinity objective during the following periods:
March 16-22, 2008 (DWR Exhibit DWR 25); December 19, 2008 through March 10, 2009 (DWR Exhibit DWR-30);
and March 23-31, 2009 (ibid).
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DWR-05.) As stated earlier, the temporary barriers improve salinity levels, but they are not

sufficient by themselves to ensure that the objective will be met. (Id. at p. 5.)

2.9 Water Quality Control Planning Process

The State Water Board is currently reviewing the 2006 Bay-Delta Plan to determine what, if any,
changes should be made to the southern Delta salinity objectives or the associated program of
implementation for those objectives to ensure the reasonable protection of agricultural beneficial
uses in the southern Delta. As part of this effort, the State Water Board issued a Notice of
Preparation pursuant to CEQA and held a public scoping meeting in March of 2009. (State
Water Board Staff Exhibit 6.) State Water Board staff are currently preparing technical and
environmental analyses to inform the State Water Board regarding any modification to the
objectives. In July of 2009, the State Water Board released a draft report for public review
entitled Salt Tolerance of Crops in the Southern Sacramento-San Joaquin Delta (Draft Report)
by Dr. Glen Hoffman.? The Draft Report suggests that higher salinity water than the current
objectives may be fully protective of agricultural beneficial uses in the southern Delta and
recommends additional analyses to further review this issue. Once the Draft Report is finalized,
the information from it and other relevant information will be used to inform the State Water

Board’s water quality control planning (basin planning) and environmental review proceedings.

Following completion of environmental analyses, State Water Board staff will prepare any
proposed amendments to the southern Delta salinity objectives or the associated program of
implementation and will circulate the draft amendments and associated environmental
documentation for public comment. The State Water Board will then determine what, if any,
changes should be made to the objectives and program of implementation through adoption of
any amendments to the Bay-Delta Plan. Following this basin planning phase, the State Water
Board will undertake any necessary water rights or other proceeding to assign responsibility for
meeting the southern Delta salinity objectives, which could include changes to DWR'’s and
USBR'’s responsibility for meeting the interior southern Delta salinity objectives. The State

8 san Luis and Delta-Mendota Water Authority request the State Water Board to take official notice of Dr. Hoffman’s
report. We take official notice of the report pursuant to California Code of Regulations, title 23, section 648.2
(authorizing the State Water Board to take official notice of matters that may be judicially noticed), and pursuant to
Evidence Code section 452, subdivision (c) (authorizing judicial notice of the official acts of administrative agencies).
We take official notice of the existence of the report and its conclusions, but do not take official notice of the truth of
the matters asserted in the report.
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Water Board plans to complete the basin planning phase followed by the water rights
implementation phase by the spring of 2012. (State Water Board Staff Exhibit 7, p. 68.)

2.10 Evidentiary Hearing

On June 5, 2009, the State Water Board issued a notice of public hearing on DWR and USBR'’s
application to modify Order WR 2006-0006. The State Water Board held the hearing on

June 25, 29, and 30, 2009. The key hearing issues were as follows:

1. What modifications, if any, should the State Water Board make to the
compliance schedule set forth in Part A of Order WR 2006-0006, and how
should any modifications be structured to take into account any potential
changes to the southern Delta salinity objectives or the program of
implementation that may occur as a result of the State Water Board'’s current
review of the Bay-Delta Plan?

2. If the compliance schedule contained in Part A of Order WR 2006-0006 is
modified, what interim protective measures, if any, should be imposed?

The following entities participated in the evidentiary portion of the hearing: DWR; USBR; South
Delta Water Agency (SDWA) and Lafayette Ranch (hereafter collectively referred to as South
Delta); County of San Joaquin and San Joaquin County Flood Control & Water Conservation
District (hereafter collectively referred to as San Joaquin County); California Sportfishing
Protection Alliance (CSPA); California Water Impact Network (C-WIN); San Luis and
Delta-Mendota Water Authority (SLDMWA) and Westlands Water District (Westlands);

San Joaquin River Group Authority; San Joaquin River Exchange Contractors Water Authority;
Stockton East Water District (Stockton East); Contra Costa Water District; and Central Delta
Water Agency.

At the hearing, the following persons and entities presented policy statements, either orally or in
writing: SLDMWA and Westlands; the San Joaquin River Group Authority; Stockton East; the
State Water Contractors; Delta farmer Mike Robinson; Restore the Delta; and the California

Salmon and Steelhead Association.

10.



RECIRC2646.

3.0 DISCUSSION

3.1 The Compliance Deadline Should Be Extended until the Water Quality Control
Planning Process Is Complete

DWR and USBR’s application to modify Order WR 2006-0006 did not specify what modifications

DWR and USBR would like the State Water Board to make to the 2006 CDO. During the

hearing on their application, however, DWR and USBR requested that ordering paragraph A.1

of the 2006 CDO, which requires DWR and USBR to obviate the threat of violation of the

0.7 mmhos/cm interior southern Delta salinity objective by July 1, 2009, be stayed, or that the

compliance deadline be extended, until the State Water Board has completed the water quality

control planning process described in section 2.9, above. (DWR Closing Brief, p. 2; USBR

Closing Brief, p. 3.)

DWR also requested that paragraph A.1 be stayed, or that the compliance deadline be
extended, until DWR has obtained the regulatory approvals necessary to install the permanent
gates. (DWR Exhibit DWR-04, p. 1; DWR Closing Brief, p. 2.) Finally, DWR requested that
ordering paragraph A.3 be modified to provide that a compliance plan is not required until the
Board has completed the water quality control planning process and DWR has obtained the

approvals necessary to install the gates. (DWR Exhibit DWR-04, p. 2.)

SLDMWA and Westlands support DWR and USBR’s request to stay paragraph A.1 or extend
the deadline until completion of the water quality control planning process. South Delta,
San Joaquin County, CSPA, and C-WIN oppose any modification to the CDO.

DWR and USBR’s request to extend the July 1, 2009 compliance deadline until the water quality
control planning process has been completed should be granted, but DWR’s request to extend
the deadline until DWR has obtained the approvals necessary to install the gates should be
denied. The July 1, 2009 compliance deadline was based on DWR and USBR’s original plan to
construct the gates by July 1, 2009. Obviously, that plan is no longer viable. As discussed
above, construction and operation of the gates has been delayed until at least 2016, and

ultimately may prove to be infeasible due to concerns about impacts to endangered species.

At this juncture, DWR and USBR should begin to evaluate the feasibility of alternative salinity

control measures in order to prepare a revised compliance plan. In light of the fact that the

11.
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salinity objectives and associated program of implementation contained in the 2006 Bay-Delta
Plan are currently under review, completion of the revised compliance plan should be delayed to
the extent necessary to allow the plan to take into account any changes to DWR'’s or USBR’s
responsibility for meeting the interior southern Delta salinity objectives that may be made as a
result of our review of the 2006 Bay-Delta Plan. Accordingly, we will not require the revised
compliance plan to be submitted until we have completed our review of the 2006 Bay-Delta Plan
and any subsequent water right proceeding to consider whether to change DWR’s or USBR’s

responsibility for meeting the objectives as a result of any changes to the 2006 Bay-Delta Plan.

The revised compliance plan should specify a new compliance deadline, based on the amount
of time required to implement the measures necessary to obviate the threat of violation. It may
be possible to include the permanent gates in the revised compliance plan, depending on the
outcome of the ongoing predation studies and any subsequent efforts to obtain NOAA Fisheries’
approval of the gates, but development and implementation of the revised plan should not be
delayed indefinitely pending approval of the gates, which may never occur. Accordingly, DWR'’s
request to postpone the compliance deadline until DWR has obtained the approvals necessary

to install the gates should be denied.

South Delta and C-WIN suggest that extending the compliance deadline would not be
consistent with the State Water Board’s statement in the 2006 CDO, that the Board would not
extend the deadline beyond July 1, 2009, considering that the salinity objectives were first
adopted in 1978, and there is evidence that salinity is a factor in limiting crop yields for southern
Delta agriculture. (Order WR 2006-0006 at p. 27.) At the time when the Board made that
statement, however, the record supported the conclusion that the permanent gates could be
constructed by early 2009, which is no longer the case.

South Delta and C-WIN also contend, as do CSPA and San Joaquin County, that the
compliance deadline should not be extended, and the State Water Board should take steps to
enforce the 2006 CDO, because alternative salinity control measures exist that DWR and USBR
could have implemented in the past, and should implement in the future, in order to obviate the
threat of violation. South Delta argues further that the State Water Board found in Decision
1641 that construction of permanent, operable gates alone would not be sufficient to result in
attainment of the objectives, and therefore DWR and USBR should have implemented

additional salinity control measures in the past.

12.
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Specifically, an expert witness for South Delta testified that DWR and USBR could meet the
objectives by modifying the design and operation of the temporary barriers, installing low lift
pumps at one or more of the barriers, and recirculating water from the CVP’s Delta-Mendota
Canal through the San Joaquin River. (South Delta Exhibits SDWA 1, SDWA 2, SDWA 12.)
Similarly, an expert witness for CSPA testified that DWR and USBR could meet the objectives
by implementing some or all of the alternative salinity control measures listed as possible
corrective actions in the 2006 CDO, including reducing exports, reducing highly saline drainage
from upstream sources, and increasing flows in the San Joaquin River by releasing more water

from CVP reservoirs or purchasing water from third parties. (CSPA Exhibit CSPA-2, pp. 5-6.)°

It is possible that DWR and USBR could have obviated the threat of violation by July 1, 2009, or
earlier, by pursuing multiple compliance strategies simultaneously. In our judgment, however, it
was reasonable for DWR and USBR to focus their efforts on implementation of the strategy set
forth in the compliance plan approved by the Executive Director in 2006, which included
construction of the permanent gates as a necessary first step, until NOAA Fisheries issued its
biological opinion in June 2009, and it became clear that operation of the permanent gates may
not be feasible. In addition, we find that DWR and USBR were diligent in their efforts to obtain
the approvals necessary to construct the permanent gates. With respect to future compliance,
as explained in greater detail in section 3.3, below, the record does not support South Delta’s
contention that alternative salinity control measures exist that would achieve compliance with
the objectives and that could be implemented in 2010 without further analysis or environmental
review. For these reasons, we disagree with South Delta and CSPA that the compliance
deadline should not be extended, or that we should take steps at this point to enforce the

2006 CDO.

South Delta and CSPA also contend that the outcome of the water quality control planning
process is too speculative to be considered in determining whether to modify the compliance

schedule. We recognize that the outcome of our review of the 2006 Bay-Delta Plan and its

9 Although the southern Delta salinity objectives were established in order to protect agricultural beneficial uses, not
fish and wildlife beneficial uses, CSPA and C-WIN assume that achieving the objectives also will serve to protect fish
and wildlife. CSPA and C-WIN are correct that some salinity control measures, such as reducing highly saline
drainage, may have incidental benefits to fish and wildlife. Other measures, however, such as recirculation, may
have incidental adverse impacts to fish and wildlife. Even increasing San Joaquin River flows, which CSPA favors,
could have incidental adverse impacts to fish and wildlife, to the extent that water is released from storage in order to
meet salinity objectives later in the irrigation season, which could reduce the amount of water available to protect
fishery resources during other periods of the year when the water would be more beneficial to fishery resources.
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implementation is uncertain, and the interior southern Delta salinity objectives could remain
unchanged. Nonetheless, a reasonable possibility exists that the objectives, or DWR’s and
USBR’s responsibility for meeting the objectives, could change as a result of our review, and
therefore DWR and USBR should not be required to prepare and submit a revised compliance
plan until our review is completed. To avoid undue delay in the preparation and implementation
of the revised compliance plan, we will strive to complete our review of the 2006 Bay-Delta Plan
as quickly as possible. Toward that end, we will require DWR and USBR to cooperate in
providing any technical assistance necessary to complete our review of the plan and any

subsequent water right proceeding expeditiously.

3.2 Extending the Compliance Deadline Is Consistent with the State Water

Resources Control Board Cases
South Delta and San Joaquin County contend that extending the compliance deadline would
constitute a failure to fully implement the interior southern Delta salinity objectives in
contravention of the Court of Appeal’s holding in the State Water Resources Control Board
Cases (2006) 136 Cal.App.4th 674. That opinion involved numerous cases challenging various
aspects of Decision 1641. In large part, the Court of Appeal upheld Decision 1641, but the
Court also held that the State Water Board had erred when it failed to fully implement certain
water quality objectives, including the southern Delta salinity objectives. (ld. at pp. 689-690,
724-735.)

The Court’s holding in the State Water Resources Control Board Cases was based on Water
Code section 13247, which provides that state agencies “in carrying out activities which may
affect water quality, shall comply with water quality control plans approved or adopted by the
[State Water Board], unless otherwise directed or authorized by statute . . . .” Based on this
section, the Court reasoned that the State Water Board was required to fully implement the
southern Delta salinity objectives because the program of implementation contained in the
1995 Bay-Delta Plan had specified that those objectives would be achieved by assigning
responsibility for meeting them to water right holders in the Delta watershed. (Id. at

pp. 724-735.) Specifically, the Court faulted the State Water Board for allowing DWR and
USBR to meet a 1.0 EC objective instead of the 0.7 EC objective if permanent gates were

constructed or equivalent salinity control measures were implemented. (Id. at p. 735.)*

% The Court also faulted the State Water Board for allowing DWR and USBR to meet the salinity objectives by
April 1, 2005, when the 1995 Bay-Delta Plan provided that full compliance would be achieved in 1995 at one of the
[footnote continues on next page]
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To remedy the discrepancy between the 1995 Bay-Delta Plan and Decision 1641, the Court
held that the State Water Board must either initiate a proceeding to assign full responsibility for
meeting the southern Delta salinity objectives or duly amend the plan. (Id. at p. 735.)
Consistent with the Court’s decision, and as discussed above, the Board has initiated a review
of the current (2006) Bay-Delta Plan to consider whether to change the southern Delta salinity
objectives or the associated program of implementation.

Contrary to South Delta and San Joaquin County’s contention, extending the compliance
deadline in the 2006 CDO does not constitute a failure to fully implement the southern Delta
salinity objectives in contravention of the holding in the State Water Resources Control Board
Cases. As the State Water Board explained in the 2006 CDO itself, the establishment of a
compliance schedule as part of the CDO does not relieve USBR and DWR of the requirement to
meet the objectives, which remains a condition of their permits. (Order WR 2006-0006 at p. 27.)
Instead, the establishment of a compliance schedule constitutes an exercise of the Board’s
enforcement discretion, in recognition of the fact that DWR and USBR have not taken the steps
necessary to avoid a threatened violation, and as a practical matter it will take time to achieve
compliance. Likewise, modifying an existing compliance schedule, as contemplated here,
constitutes an exercise of enforcement discretion. Essentially, the modification of the
compliance schedule in this CDO reflects our determination that further enforcement action
would not be warranted, provided that DWR and USBR take steps to obviate the threat of

violation in accordance with the modified compliance schedule.

For the reasons explained above, establishing or modifying a compliance schedule does not
constitute a failure to fully implement the southern Delta salinity objectives. Moreover,
establishing a compliance schedule is consistent with Water Code section 13247, which was the
basis for the Court’s holding in the State Water Resources Control Board Cases. As stated
earlier, section 13247 requires state agencies to comply with water quality control plans “unless
otherwise directed or authorized by statute . . . .” Water Code section 1831, subdivision (b)
expressly authorizes the State Water Board to establish a compliance schedule in a CDO
issued in response to a violation or threatened violation of a water right requirement. Thus,

assuming for the sake of argument that establishment of a compliance schedule constitutes a

compliance stations, and by the end of 1997 at two of the compliance stations. (Id. at pp. 734-735.) The Court
acknowledged, however, that the issue of delayed implementation of the objectives had become moot by the time the
Court rendered a decision. (Id. at p. 735.)
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failure to fully implement the southern Delta salinity objectives, the establishment of a

compliance schedule is nonetheless entirely consistent with section 13247.

3.3 Interim Protective Measures

Having decided that the compliance schedule contained in the 2006 CDO should be modified,
we turn to the next key hearing issue, which is whether to impose any interim protective
measures. South Delta, CSPA, C-WIN and San Joaquin County oppose any changes to the
2006 CDO, and therefore do not recommend that any interim protective measures be imposed.
As discussed above, however, South Delta, CSPA, C-WIN, and San Joaquin County contend
that a variety of alternative salinity control measures exist that DWR and USBR could and
should implement in order to meet the interior southern Delta salinity objectives, including
modifications to the design and operation of the temporary barriers, installation of low lift pumps
at one or more of the barriers, recirculation of water from the CVP’s Delta-Mendota Canal
through the San Joaquin River, reducing exports, reducing highly saline drainage from upstream
sources, and increasing flow in the San Joaquin River by releasing more water from CVP

reservoirs or purchasing water from third parties.

DWR contends that no interim measures should be imposed because DWR already is taking
actions to improve the temporary barriers program, and USBR continues to implement
measures to reduce salt loads in the San Joaquin River. (DWR Closing Brief, pp. 13-18.) DWR
argues that any additional measures would require further analysis to determine whether they
would be effective in controlling salinity. In addition, DWR argues that before implementing any
additional measures, the potential environmental impacts of the measures would need to be

evaluated pursuant to CEQA and NEPA, and ESA consultation likely would be required.

Like DWR, USBR, SLDMWA, and Westlands contend that the only appropriate interim
protective measure is continuation of the temporary barrier program. (USBR Closing Brief,

pp. 3-6; SLDMWA and Westlands Closing Brief, pp. 1, 7-8.) USBR argues that any interim
protective measure involving a flow requirement, in particular, would require an analysis of the
environmental and water supply impacts of the requirement, and a determination of whether the
requirement constitutes a reasonable use of water pursuant to article X, section 2 of the
California Constitution. Similarly, SLDMWA and Westlands argue that interim measures should

not be imposed if they would exacerbate the water supply shortage that SLDMWA’s member
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agencies are currently experiencing. Specifically, SLDMWA and Westlands oppose
recirculation to the extent that recirculation would displace pumping to supply water to
SLDMWA'’s member agencies. For its part, Stockton East opposes any interim measures that
would entail an increase in releases from New Melones Reservoir. (Stockton East Closing
Brief, pp. 2-3.) Stockton East also opposes recirculation, unless it would serve to reduce

reliance on New Melones.*!

DWR, USBR, and South Delta appear to agree that DWR should continue to implement the
temporary barriers project and pursue improvements to its operation and design. For example,
expert witnesses for both DWR and SDWA testified that tying open culverts on the Old River
barrier during certain tidal periods and increasing the Middle River barrier by one foot are
technically feasible and have the potential to improve water quality. (DWR Exhibit DWR-05,

pp. 4-5; South Delta Exhibit 12, pp. 1-2.) DWR’s witness testified that for the past several years
DWR has tied open certain culverts and monitored the results. (DWR Exhibit DWR-05, pp. 4-5.)
In addition, DWR has applied or will apply for the permit amendments necessary to raise the
height of the Middle River barrier.

Instead of simply recognizing DWR'’s efforts to improve the operation and design of the
temporary barriers project, as suggested by DWR, we will require DWR, as a condition of this
order, to continue to implement the temporary barriers program and to pursue the improvements
to the program discussed above, and any other potential improvements, in consultation with
SDWA, and with any necessary assistance from USBR. In addition, we will require DWR and
USBR to continue to implement, and update as necessary, the component of DWR and USBR'’s

' stockton East argues that H.R. No. 2828 (the Water Supply, Reliability, and Environmental Improvement Act of
2004 (Pub.L. No. 108-361 (Oct. 25, 2004) 118 Stat. 1681)) does not allow USBR to make additional water releases
from New Melones Reservoir in order to meet the southern Delta salinity objectives. In conducting the feasibility
study of alternative salinity control measures, discussed below, DWR and USBR should address the consistency of
any measure that involves increased releases from New Melones with H.R. No. 2828. We emphasize, however, that
while H.R. No. 2828 requires USBR to develop methods for reducing reliance on releases from New Melones
Reservoir to meet water quality objectives, nothing in H.R. No. 2828 relieves USBR from its responsibility to achieve
water quality objectives as required by its water right permits. (I1d., § 108(1)(3)&(5); see also 43 U.S.C. § 383

[section 8 of the Reclamation Act of 1902].)
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April 14, 2006 compliance plan that was intended to achieve compliance at Station C-6

(San Joaquin River at Brandt Bridge).*?

With the exception of the two requirements described above, the administrative record does not
support the imposition of any of the other salinity control measures identified by South Delta,
CSPA, C-WIN, and San Joaquin County at the present time. DWR presented expert witness
testimony, which South Delta did not refute, that salinity in the southern Delta cannot be
significantly improved by increasing releases from reservoirs in the Sacramento River
watershed. (DWR Exhibit DWR-06.) In addition, the witness presented testimony that CVP and
SWP exports have minimal impact on and control over water quality at the interior southern
Delta salinity locations. (lbid.) The record is inconclusive as to the feasibility of the remaining
salinity control measures. More information is needed concerning their effectiveness in

controlling salinity, technical feasibility, cost, environmental impacts, and water supply impacts.

For example, South Delta did not submit any evidence to substantiate the assertion of its
witness that low lift pumps would be effective in controlling salinity and could be installed without
further analysis or environmental review. Moreover, an expert witness for DWR explained in
rebuttal testimony that the effectiveness of low lift pumps has not been modeled or otherwise
analyzed, and additional planning, design, permitting, and environmental review would be
required before low lift pumps could be installed. (R.T. (June 30, 2009) pp. 219-223.)

Similarly, the feasibility of recirculation requires further analysis. According to USBR’s website

(http://www.usbr.gov/mp/dmcrecirc/index.html), USBR is currently evaluating the feasibility of

recirculation, formally referred to as the Delta-Mendota Canal Recirculation Project, as required

pursuant to Decision 1641 and the Water Supply, Reliability, and Environmental Improvement

12 CSPA and C-WIN argue that Water Code section 13360 prohibits the State Water Board from specifying the
manner of compliance with the southern Delta salinity objectives. Section 13360 provides in relevant part: “No waste
discharge requirement or other order of a regional board or the state board or decree of a court issued under this
division shall specify the design, location, type of construction, or particular manner in which compliance may be had
with that requirement, order, or decree, and the person so ordered shall be permitted to comply with the order in any
lawful manner.” (ltalics added.) Section 13360 has no bearing on this order, however, because section 13360
applies only to requirements or orders issued pursuant to Division 7 of the Water Code (commencing with section
13000), and this order is issued pursuant to Water Code sections 1831 and 1832, which are part of Division 2
(commencing with section 1000) of the Water Code.
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Act of 2004 (Pub.L. No. 108-361, 8103 (Oct. 25, 2004) 118 Stat. 1681). In addition, USBR and
DWR are preparing a joint EIS/EIR for the recirculation project pursuant to NEPA and CEQA.*

The feasibility of increasing San Joaquin River flows also requires further analysis. In particular,
the administrative record does not contain substantial evidence concerning the extent to which
the interior southern Delta salinity objectives could be met by increasing flows in the

San Joaquin River, the availability of water for purchase or exchange in order to increase

San Joaquin River flows, the cost of any such water, or the potential impact of increasing such

flows on water supplies, including water supplies needed to protect fishery resources.

To remedy the lack of information concerning the effectiveness and feasibility of alternative
salinity control measures, we will require DWR and USBR to conduct a feasibility study and
submit a report to the State Water Board. At a minimum, the study should address the
effectiveness and feasibility of installing low lift pumps and increasing flows in the San Joaquin
River. We will also require DWR and USBR to submit copies of the feasibility study and
EIS/EIR for the Delta-Mendota Canal Recirculation Project, once those documents have been
completed. Finally, we will delegate to the Executive Director the authority to require DWR and
USBR to implement on an interim basis any alternative salinity control measures that the
Executive Director determines are reasonable and feasible, based on the feasibility study and

any other available information.

4.0 CONCLUSION

We find that DWR and USBR have been diligent in their efforts to obtain the approvals
necessary to construct permanent, operable gates in the southern Delta in accordance with the
compliance plan approved by the Executive Director in 2006. That plan is no longer viable,
however, in light of NOAA Fisheries’ recent biological opinion, and the associated delay and
uncertainty regarding the feasibility of constructing the permanent gates. In recognition of the

fact that it will take time to develop and implement a revised compliance plan, we will extend the

13 We take official notice of the fact that USBR is conducting the feasibility study and USBR and DWR are preparing
an EIS/EIR, as evidenced by the documents and other information posted on USBR’s website. We take official notice
of these facts pursuant to California Code of Regulations, title 23, section 648.2 (authorizing the State Water Board to
take official notice of matters that may be judicially noticed), and pursuant to Evidence Code section 452,
subdivisions (c) (authorizing judicial notice of the official acts of administrative agencies) and (h) (authorizing judicial
notice of facts and propositions that are not reasonably subject to dispute and are capable of immediate and accurate
determination by resort to sources of reasonably indisputable accuracy).
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compliance deadline set forth in Order WR 2006-0006. Moreover, we will extend the deadline
until after we complete our review of the 2006 Bay-Delta Plan and any subsequent water right
proceeding, so that DWR and USBR'’s revised compliance plan can take into account any
changes to DWR'’s or USBR’s responsibility for meeting the interior southern Delta salinity
objectives that may occur as a result of our review of the 2006 Bay-Delta Plan. We will also
require DWR and USBR to provide any technical assistance necessary to support our efforts to
complete our review of the 2006 Bay-Delta Plan and any subsequent water right proceeding

expeditiously.

In the interim, we will require DWR to continue to implement and improve upon the temporary
barriers program, in consultation with SDWA, and with any necessary assistance from USBR.

In addition, we will require DWR and USBR to study the effectiveness and feasibility of
alternative salinity control measures, and implement any additional measures that the Executive

Director determines are both reasonable and feasible.

ORDER

IT IS HEREBY ORDERED that Part A. of the ordering section of Order WR 2006-0006,

beginning on page 28, is modified as follows:

A. The State Water Resources Control Board (State Water Board) ORDERS that, pursuant to
Water Code sections 1831 through 1836, the Department of Water Resources (DWR) and
the United States Bureau of Reclamation (USBR) shall take the following corrective actions
and satisfy the following time schedules:

1. DWR and USBR shall implement measures to obviate the threat of non-compliance
with Condition 56 on page 159, Condition 1 on pages 159 and 160, and Condition 1 on
pages 160 and 161 of Revised Decision 1641 (D-1641) regarding the 0.7 mmhos/cm
electrical conductivity (EC) objective-by-Jduly-1,-2009. Beginning April 1, 2005, these
conditions require DWR and USBR to meet the 0.7 EC Water Quality Objective for
Agricultural Beneficial Uses at the following locations specified in Table 2 of D-1641 at

page 182:
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1) San Joaquin River at Brandt Bridge (Interagency Station No. C-6);
2) Old River near Middle River (Interagency Station No. C-8); and
3) Old River at Tracy Road Bridge (Interagency Station No. P-12)**

Notwithstanding the foregoing, if as a result of the State Water Board'’s review of the

2006 Bay-Delta Plan, the Board adopts an order or decision modifying DWR'’s or

USBR'’s responsibility for meeting the interior southern Delta salinity objective, then

DWR and USBR shall implement measures to ensure compliance with the Board'’s

order or decision.

2.  Within60-days-from-the-date-of this-erderWithin 180 days from the completion of the

State Water Board's pending proceeding to consider changes to the interior southern

Delta salinity objectives and the associated program of implementation included in the

2006 Bay-Delta Plan, and any subsequent water right proceeding to consider whether

to change DWR'’s or USBR'’s responsibility for meeting the objectives as a result of any
changes to the 2006 Bay-Delta Plan, DWR and USBR shall submit a revised, detailed

plan and schedule to the Executive Director for compliance with the conditions
mentioned set forth in paragraph one, above.—reluding The plan shall include

planned completion dates for actions that will obviate the eurrent threat of non-

compliance with the 0.7 EC objective at stations C-6, C-8, and P-12_and shall specify

the date by which the threat of non-compliance will be eliminated-by-July-1,-2009. #

permanent-barriers—Notwithstanding the foregoing, if as a result of the State Water

Board’s review of the 2006 Bay-Delta Plan, the Board adopts an order or decision

modifying DWR’s or USBR'’s responsibility for meeting the interior southern Delta

salinity objective, then DWR and USBR shall submit a revised, detailed plan and

schedule to the Executive Director for compliance with the Board’s order or decision.

The plan shall include planned completion dates for actions that will ensure

compliance with the Board’s order or decision and shall specify the date by which

compliance will be achieved. For purposes of this paragraph, the pending proceeding

4 Hereinafter referred to as the interior southern Delta salinity objective.
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to consider changes to the interior southern Delta salinity objectives and the

associated program of implementation and any subsequent water right proceeding

shall be deemed to have been completed if the State Water Board has not issued a

final order in the water right proceeding by January 1, 2013, unless the Deputy

Director for Water Rights determines that the water right proceeding has been initiated,

is proceeding as expeditiously as reasonably possible, and will be completed no later
than October 1, 2014. To assist DWR and USBR in determining when the revised

compliance plan is due, the Deputy Director will notify DWR and USBR when the

proceeding to consider changes to the interior southern Delta salinity objectives and

the associated program of implementation and any subsequent water right proceeding

have been completed. The plan and schedule submitted by DWR and USBR are

subject to approval by the Executive Director of the State Water Board, shall be
comprehensive, shall provide for full compliance with DWR’s and USBR’s

responsibility to meet the interior southern Delta salinity objective_(or any Board order

or decision modifying DWR’s or USBR'’s responsibility for meeting the objective), and

shall include significant project milestones. DWR and USBR shall submit any
additional information or revisions to the schedule and plan that the Executive Director
requests within the period that the Executive Director specifies. DWR and USBR shall
implement the plan and schedule as approved by the Executive Director. Once
approved, the revised compliance plan shall supersede any inconsistent requirements
established pursuant to Order WR 2006-0006 or this order.

|0

DWR and USBR shall comply without delay with any reasonable requests for technical

assistance, including modeling, necessary to assist the State Water Board in its

current efforts to review and implement the 2006 Bay-Delta Plan expeditiously.
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Specifically, within two weeks of adoption of this order, the Deputy Director for Water
Rights will submit to DWR and USBR a scope of work and time schedule for DWR and

USBR to provide modeling assistance to the State Water Board in its current efforts to

review and implement the 2006 Bay-Delta Plan. DWR and USBR shall execute the

scope of work pursuant to the time schedule specified in the scope of work. At the

discretion of the Deputy Director for Water Rights, modifications or additions to the

scope of work may be made to ensure the expeditious review of the 2006 Bay-Delta

Plan, including the addition of technical assistance unrelated to modeling. If DWR or

USBR object to any provisions of the scope of work, within two weeks of receipt of the

scope of work, or any modifications to that scope of work, DWR and USBR may

request reconsideration of the scope of work by the Executive Director of the State

Water Board. DWR and USBR shall implement any scope of work approved by the

Deputy Director for Water Rights, or by the Executive Director in cases where

reconsideration has been requested.

In order to obviate the threat of violation at Station C-6 (San Joaquin River at Brandt
Bridge), within 60 days from the date of this order DWR and USBR shall submit for
approval by the Executive Director any necessary revisions to DWR and USBR’s
April 14, 2006 Compliance Plan for Monitoring Station C-6. DWR and USBR shall

implement this element of the April 14, 2006 compliance plan and any revisions to this

element of the plan required by the Executive Director.

DWR, with any needed cooperation from USBR, including funding and technical

assistance, shall continue to implement the temporary barriers project. In addition,

DWR, with assistance from USBR, shall pursue and implement, if feasible, any

improvements to the temporary barriers project, including, but not limited to, the

proposed increase in the height of the barrier located in Middle River near Victoria
Canal. DWR and USBR shall consult with South Delta Water Agency (SDWA)

regarding potential improvements to the temporary barriers project on a yearly basis

and as needed throughout the irrigation season. DWR and USBR shall expeditiously

complete any necessary analyses to determine the feasibility of any proposed

improvements and shall diligently pursue any permitting or funding needed to

implement improvements. |If DWR or USBR disagrees with SDWA regarding the

feasibility of a proposed improvement or the analyses necessary to determine the
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feasibility of a proposed improvement, DWR and USBR shall immediately advise the

Executive Director who will make a determination regarding necessary actions. By

February 1 of each year, DWR and USBR shall submit a plan for approval by the

Executive Director outlining the proposed construction and operation of the temporary

barriers during the upcoming irrigation season. DWR and USBR shall implement the

plan as approved by the Executive Director.

USBR shall diligently pursue completion of the Delta-Mendota Canal Recirculation
Project Feasibility Study. DWR and USBR shall submit to the State Water Board

copies of the Final Feasibility Study and the Environmental Impact

Statement/Environmental Impact Report for the project within 10 days of the

completion of those documents.

DWR and USBR shall study the feasibility of controlling salinity by implementing

measures other than the temporary barriers project, recirculation of water through the

San Joaquin River, and construction and operation of the permanent, operable gates.

For each measure studied, DWR and USBR shall evaluate the extent to which the

measure could control salinity at each of the interior southern Delta compliance

locations, whether implementation of the measure would result in compliance with the

interior southern Delta salinity objective at each of the locations, the technical and

requlatory feasibility of the measure, the costs of the measure, and any potential

impacts of the measure, including potential impacts to water quality, fishery resources,

or water supplies. The study shall include, but is not limited to, an evaluation of the

installation of low lift pumps at one or more of the temporary barriers. In addition,

DWR and USBR shall evaluate, through modeling, whether compliance with the

interior southern Delta salinity objective could be achieved by increasing flows in the

San Joaquin River. In evaluating the feasibility of increasing flows in the San Joaquin

River, DWR and USBR shall (1) evaluate the feasibility of both increased releases

from CVP and SWP facilities and purchases or exchanges of water from third parties,

and (2) evaluate the potential impacts of increasing flows on water supplies, including

water supplies needed to protect fishery resources. Within 60 days from the date of
this order, DWR and USBR shall submit a study plan to the Deputy Director for Water

Rights for the Deputy Director’s review and approval. The Deputy Director may direct

DWR and USBR to make any changes to the study plan necessary to ensure a
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meaningful evaluation of alternative salinity control measures. In addition, the Deputy

Director may require DWR and USBR to conduct the study in phases, to refine or

augment the study based on the results of an earlier phase, or to evaluate a

combination of alternative salinity control measures designed to improve or achieve

compliance with the interior southern Delta salinity objective. DWR and USBR shall

make any changes to the study plan that the Deputy Director requires within the period

that the Deputy Director specifies, and shall conduct the study in accordance with the

approved study plan. Within 180 days from the Deputy Director’s approval of the study

plan, DWR and USBR shall submit a report to the Executive Director that describes

the study and its results.

During the interim period before the revised compliance plan described in paragraph 2,

above, is developed and approved, the authority is delegated to the Executive Director

to require DWR or USBR to implement any additional salinity control measures that

the Executive Director determines are feasible and reasonable based on the Executive

Director’s review of the studies described in paragraphs 5 and 6, above, or any other

available information. Any decision of the Executive Director under authority

delegated pursuant to this paragraph is subject to reconsideration pursuant to sections
768 through 771 of title 23 of the California Code of Regulations.

In the event that DWR and/or USBR projects a potential exceedance of the 0.7 EC
objective at Interagency Stations C-6, C-8, andor P-12, prior to July-1,-2009the

compliance deadline specified in the plan approved pursuant to paragraph 2, above,

DWR and/or USBR shall immediately inform the State Water Board of the potential
exceedance and shall describe the corrective actions they are initiating to avoid or
reduce the exceedance. Corrective actions may include but are not limited to
additional releases from upstream Gentral-\Valley-Project{CVP} facilities or south of
the Delta State Water Project (SWP) or CVP facilities, modification in the timing of
releases from Project facilities, reduction in exports, recirculation of water through the
San Joaquin River, purchases or exchanges of water under transfers from other
entities, modified operations of temporary barriers, reductions in highly saline drainage
from upstream sources, or alternative supplies to Delta farmers (including overland

supplies).
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510. If there is an exceedance of the 0.7 EC objective for Interagency Stations C-6, C-8,

611.

712.

813.

ahdor P-12, within 30 days from the date of the exceedance, DWR and USBR shall
report to the Executive Director (1) the length of time over which the exceedance
occurred and (2) the corrective actions taken to curtail the exceedance, including the
amount of water bypassed or released from upstream CVP supplies and south of Delta
SWP and CVP supplies, the net reduction in exports, and the measured quantity of
other actions, if any, taken specifically to correct the exceedance. DWR and USBR
also shall identify the amount of their Project supplies remaining for beneficial uses
following corrective actions. Upon receipt of the above report, the Executive Director
will make a recommendation to the State Water Board regarding whether to take
enforcement action. In deciding whether to initiate enforcement action, the Executive
Director shall consider the extent to which the noncompliance was beyond DWR’s and

USBR’s control and the actions taken to correct the exceedance.

Every three months, commencing on the last day of the month following the date of
this-erderOrder WR 2006-0006, DWR and USBR shall submit to the State Water

Board a status report on progress towards compliance with the referenced

permit/license conditions and an updated projection of the final compliance date

preferred-method-of compliance)._During the interim period before the revised

compliance plan described in paragraph 2, above, is developed and approved, the

status report shall describe the activities undertaken to comply with paragraphs 4, 5, 6,

7, and 8, above.

If DWR or USBR is unable to collect EC data at Interagency Station Nos. C-6, C-8, or
P-12 for more than seven (7) consecutive days for any reason, DWR and USBR shall
report the outage in writing to the Executive Director. The report shall include the
reason for the loss of data, a plan to restore data collection, and the anticipated date

that data collection will resume.
DWR and USBR shall submit to the Executive Director by December 1 of each year

the annual monitoring report required by Condition 11, paragraph c, on page 149 of
D-1641, beginning with the report required by December 1, 2005. DWR and USBR
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shall make historical results of the monitoring required under paragraph c available to
the State Water Board and other interested parties by posting the data on the internet.

The posted data shall include a computation of the 30-day running average.

914. DWR and USBR shall serve copies of all reports, plans, and other communications

required by the above paragraphs of this order on the Central Delta Water Agency;

Seuth-Delta-Water-Agenrey-SDWA,; San Joaquin County; California Sportfishing

Protection Alliance; California Water Impact Network: and Contra Costa Water District,

and shall submit a proof of service to the Executive Director or to the Bivision-Chief
Deputy Director for Water Rights showing that the copies were served concurrently
with their submittal to the Executive Director or the Division-ChiefDeputy Director.

Upon the failure of any person to comply with a CDO issued by the State Water Board
pursuant to chapter 12 of Part 2 of Division 2 of the Water Code (commencing with section
1825), the Attorney General, upon the request of the State Water Board, shall petition the
superior court for the issuance of prohibitory or mandatory injunctive relief as appropriate,
including a temporary restraining order, preliminary injunction, or permanent injunction.
(Wat. Code, § 1845, subd. (a).) Any person or entity who violates a CDO may be liable for a
sum not to exceed one thousand dollars ($1,000) for each day in which the violation occurs.
(Wat. Code, § 1845, subd. (b)(1).)

CERTIFICATION

The undersigned Clerk to the Board does hereby certify that the foregoing is a full, true, and
correct copy of an order duly and regularly adopted at a meeting of the State Water Resources
Control Board held on January 5, 2010.

AYE: Chairman Charles R. Hoppin
Vice Chair Frances Spivy-Weber
Board Member Arthur G. Baggett, Jr.
Board Member Walter G. Pettit

NAY: None
ABSENT: Board Member Tam M. Doduc
ABSTAIN: None

Jeaning’ Townsend
Clerk to the Board

27.



	Exhibit 5 1980 Report 1st half
	Exhibit 5 1980 Report 2nd half
	Exhibit 6 Two CDO Orders
	ORDER, Final
	Order 2010_0002 amending 2006-0006
	ORDER MODIFYING ORDER WR 2006-0006
	ORDER





