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EFFECTS OF THE FEDERAL CV? UPON THE QUALITY AND


VOLUME OF THE INFLOW OF THE SAN JOAQUIN RIVER TO


THE SACRAMENTO-SAN JOAQUIN DELTA AND UPON THE


IN-CHANNEL WATER SUPPLY IN THE SOUTHERN DELTA


CHAPTER I


INTRODUCTION AND DEFINITIONS


Over the last several years 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 (CV?) upon the San Joaqu.in River inflow to the Sacramento—San Joaquin


Delta (Delta) and the effect of the operation of the Federal CV? and California


State Water Project ( SW?) export pumps near Tracy on the in—channel water


supply in the southern 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 order 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” (SOWA) is an agency created by the South


Delta Water Agency Act (Cal. Stats. 1973, c. 1089, P. 2207) for the purposes


therein described.


2. The “United States Water and Power Resources Service” (Service) is the


agency responsible for the operation of the Federal Central Valley Project


(CV?). Prior to November 6, 1979, this agency was known as the United States


Bureau of Reclamation (USER).


3. “Southern Delta” is defined as the area within the boundaries of the


SDWA as defined in Cal. Stats. 1973, c. 1089, p, 2214, sec. 9.1 (California


Water Code Appendix Chapter 116).


4. “Central Valley Project” (CV?) is defined as the Federal Central


Valley Project in California.


5. “State Water Project” (SWP) is the State Water Resources Development


System as defined in Section 12931 of the California State Water Code,


6. The “Delta Mendota Canal” (DMC) is a conveyance facility of the CV? by


means of which water is exported from the Delta near Tracy and delivered on the


west side of the San Joaquin Valley and to the Mendota pool in the San Joaquin


River.


7. The “State Aqueduct” is a conveyance facility of the SWP by means of


which water from the Delta is extorted through Clifton Court Forebay near


Tracy to the San Joaquin Valley and Southern California.
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8. “Export Pumps” are defined as the CV? and SWP pumps located at the


diversion point of the DMC and the State Aqueduct. They are operated as part


of the CV? and the SWP for the purpose of diverting and exporting from the


Delta via the canals.


9. “Delta” or the “Sacramento—San Joaquin Delta” is defined as


all of the lands within the boundaries of the Sacramento—San Joaquin


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, 1962.


11. “Vernalis” is defined as the San Joaquin River gaging station just


below the mouth of the Stani~laus River at the Durham Ferry Bridge.


12. “Pre—1944” is defined as the years 1930 to 1943, inclusive, unless


otherwise indicated.


13. “Post—1947” is defined as the years 1948 to 1969, inclusive.


14. “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 solution determined in accordance with procedures set forth in


the publication entitled “Standard Methods for the Examination of Water and


Waste Water” published jointly by the American Public Health Association, the


American Water Works Association and the Water Pollution Control Federation,


13th Edition, 1971.


15. “Cubic Foot Per Second” ( ft

3

/s) or ( CFS) is the flow of 1  cubic foot


of water per second past a given point.


16. “p/zn” or “ppm” is defined as parts per million, and is used synonomously


with mg/L is this report.
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17. “ng/L” is defined as milligrams per liter,


18. “KAF” is 1,000 acre—feet.


19. “Mendota Pool” is a small storage reservoir impounded by a diversion darn


on the San Joaqain River about 30 miles west of Fresno into which the Delta—


Mendota Canal discharges water conveyed from the Tracy Pumping Plant.


20. “Unimpaired Rim Flow” is defined as the sum of gaged flows, adjusted for


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


SAN JOAQUIN RIVER AT FRIANT DAN


~RCED RIVER AT EXCHEQUER DAN


TUOLUMNE RIVER AT DON PEDRO DAN


STAMISLAUS RIVER AT NEW MELONES DAN


The sum of these gaged flows is also used in this report as the Vernalis


unimpaired flow.


21. The “Lower San Joaquin River’

t


is defined as that portion of the San


Joaqu.in River downstream of the mouth of the Merced River.


22. The “Upper San Joaquin River” is defined as that portion of the San


Joaquin River and basin upstream of the mouth of the Merced River.


4-
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CHAPTER II


PURPOSES 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 CV? upon the San Joaquin River


inflow (quality and volume) to the Delta;


(b) The effect of the operation of the CV? export pumps near Tracy upon


the in—channel water supply in the Southern Delta.


While all water supply development in the San Joaquin 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 CV? 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 CV? 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. Alternative solutions to 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 CV? New Melones Reservoir.


The impacts of developments other than the CV? 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 SW? export pumps has been specifically included. The impacts


other than CV? have been determined incidentally to the principal purposes of


this report.


While development other than the CV? has occurred in the upper San


Joaquin River basin ( as defined in Chapter I) since 1947, it was assumed in the


investigation that the impact of other development is negligible. Consequently,


for this report, the effects on San Joaquin River inflow to the Delta ( both


quantity and cuality) of all development in the upper San Joaqin River basin


since 1947 are considered as effects due to the CV?.
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CHAPTER III


DESCRIPTION OF T!~ SAN JOAQUIN RIVER SYSTEM


INCLUDING T!~FEDERAL CENTRAL VALLEY PROJECT


THE SOUTHERN DELTA, AND DATA SOURCES


A. PRINCIPAL FEATURES


1. General


The San Joaquin River basin lies between the crests of the Sierra Nevada


Mountains and the Coast Ranges, and extends north from the northern boundary of


the Pulare Lake Basin near Fresno to the Sacramento—San Joaquin Delta (see


Figure Ill—i). It is drained by the San Joaquin 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 feet with


occasional peaks higher than 14,000 feet. The Coast Ranges crest elevations


reach up to about 5,000 feet. The San Joaquin valley area measures about 100


miles by 50 miles and slopes gently from both sides towards a shallow trough


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 Joaquin River and has an average slope of about


0.8 foot per mile between the Merced River and Paradise Cut.


Major tributary streams, from north to south, are the Cosumnes, Mokelunine,


Calaveras, Stanislaus, Tuolunine, 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, Orestixuba, 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 Icings River ( called James Bypass) discharges water into the San


Joaquin 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 Joaquin River.


2. Southern Delta


The boundaries of the South Delta Water Agency ( SDWA) are set forth in


section 9.1 of the South Delta Water Agency Act ( Cal. Stats. 1973, c. 1089,


p. 2207) . The area encompassed therein is located in the southeastern part of


the Sacramento—San Joacuin Delta as illustrated in Figure 111—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 devoted to residential, industrial and municipal


uses. The area within SOWA is generally known as the Southern Delta.


The lands in the southern Delta are generally mineral soils with low perme-

ability. The agricultural 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 channels 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, waterways for commercial shipping and recreational boating,


and avenues for the passage of floodwaters.


3. Existing Water Resource Development


a. General


Development of the water resources of the San Joaquin River basin was


initiated more than 120 years ago. This development ranges from small local


diversions from the rivers and streams to large multiple—purpose reservoirs and


extensive levee and channel improvements. Because of this development the flow


regime of the San Joaauin River has significantly changed from that which would


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


below:


Major Reservoirs


San Joaquin River Basin


Name of


Reservoir


Stanislaus River


Union 

Utica


Relief


Strawberry


Woodward


*Melpnes


Spicer Meadows


Lyons


Beardsley


Donnel is


Tulloch


New Melones


Tholumne River


Modesto Reservoir Modesto I.D.


Turiock Lake Turiock I.D.


Lake Eleanor City & Co. of S.F.


Hetch Hetchy City & Co. of S.F.


Cherry Valley City & Co. of S.F.


**Don Pedro Modesto & Turlock I.D.


New Don Pedro Modesto & Turlock I.D.


*Inundated by New Meiones Reservoir.


**Inun&ted by New Don Pedro Reservoir.


9


P
 2,000


P 2,400


P 15,600


P 18,300


I 36,000


I,P 112,500


P 4,100


P 5,500


I,P 98,300


I,P 64,700


I,P 68,200


FC,I,P,P,F&W,WQ 2,400,000


Oueratinq Aqencv Completed 

Year Capacity


Purpose ( AT)


PG&E


PG&E


PG&E


PG&E


South San Joaquin I.D.


Oakdale & SSJ I.D.


PG&E


Oakdaie & SSJ I.D.


Oakdale & SSJ I.D.


Oakdale & SSJ I.D.


U.S.C.E.


1902


1908


1910


1916


1918


1926


1929


1932


1957


1958


1958


1979


1911


1915


1918


1923


1956


1923


1971


I


I


M&I , P


M& I , P


M&I, P


“P


FC, I, P, R


27,000


4,900


26, 100


360,000


268,000


290,400


2,030,000
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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 FC 3,600


Burns USCE 1950 FC 6,800


Bear USCE 1954 FC 7,700


Merced River


McSwain Merced I.D. 1966 I,P,R 9,500


***Lake McClure Merced I.D. 1926 I,P 280,900


New Exchequer Merced I.D. 1967 FC,I,P,R 1,025,000


Chowchilla & Fresno Rivers


Madera Lake Madera Co. t958 R 4,700


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


H.V. Eastman Lake USCE 1975 FC,I,R 150,000


San Joaquin River


Crane Valley PG&E 1910 P 45,100


Huntington Lake SCE 1917 P 89,200


Icerckhoff PG&E 1920 P 4,300


Florence Lake SCE 1926 P 64,400


Shaver Lake SCE 1927 P 135,300


Millerton Lake WPRS 1941 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 Banos WPRS/DWR 1966 I,M&I,P,R 34,600


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


O’ Neill Forebay WPRS/DWR 1967 FC 56,400


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


~ Inundated by New Exchequer Reservoir


b. Irrigation Projects


Major irrigation canals consisting of the Delta—Mendota Canal and


the California Aqueduct have been constructed to transport water from the
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Sacramento—San Joaquin Delta to water deficient areas in the San Joaquin


Valley, Tulare Lake Basin, and Southern California. These canals are located


along the west side of the San Joaquin Valley and are shown on Figure Ill—i.


Numerous 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 111—2) lifts water 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


ft

3

/s. The plant has been operational since 1951. The pumping plant oper-

ates on demand and therefore diverts water from the Delta continuously regard-

less of tidal phase.


Delta—Mendota Canal. The Delta—Mendota Canal 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 to partially replace San Joaquin 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 terminates at the San Joaquin River in the Mendota Pool near the city


of Fresno. The conveyance capacity of the canal varies from 4,600 ft

3

/s at


the intake to 3,200 ft

3

/s at its terminus.
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State Water Project


Clifton Court Forebay. The Clifton Court Forebay ( Figure


111—2) is a 30,000 acre—foot reservoir. The forebay, completed in 1969,


buffers the effects of aqueduct pumping on the Delta. It also provides forebay


storage for the Delta Pumping Plant to permit a large part of the pumping to be


done with offpeak power. Advantage is also taken of the high—tide elevations


to admit water into the forebay.


Delta Pumping Plant. The unlined intake channel conveys


water from Clifton Court Forebay to the Delta Pumping Plant. The Delta Pumping


plant lifts water from sea level to an elevation of 224 feet where it flows by


gravity through the State Aqueduct to the San Luis Division. The pumping


plant, completed in 1967, houses seven pumping units, providing an aggregate


hydraulic capacity of 6,300 ft

3

/s. From the pump discharge lines, the concrete—


lined State Aqueduct, with a capacity of 10,300 ft

3

/s, cohveys water south to


the service areas of the State Water Projects.


d. Interbasin Transfers


There are two major diversions from the San Joaquin Basin. The


interbasin transfer from the Tholumne River through the Hetch Hetchy aqueduct


to the city of San Francisco began in October 1934. A record of these annual


diversions from the Tuolunne Basin was obtained from the files of the city of


San Francisco and are presented on Table 111—2.


In 1950 diversions from the San Joaquin River through the Friant—Kern


Canal to the Tulare Lake Basin were begun by Friant Division of the CV?. A 


year later, the CV? began to import water into the San Joaquin Basin from the


Sacramento—San Joaquin Delta through the DeltaMendota Canal. Records of these


two diversions by the Service are published in the USGS Water Supply Papers.
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TABLE 111—2


HETCH HETCHY AQUEDUCT


DIVERSION FROM TUOLU~E RIVER


CALENDAR YEAR ACRE-FEET


1934 11,211


1935 38,843


1936 56,814


1937 7,236


1938 1,692


1939 53,233


1940 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


1951 81,450


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


1970 198,766


1971 213,277


1972 260,359


1973 205,556


1974 215,501


1975 228,551


1976 263,727


1977 222,734


1973 161,304
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TA J 111—3


INTEBBASIN TRANSFERS SAN JOAQUIN RIVER SYSTEM


San Joaqiiin 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 AF 1,000 1W


Annual Apr—Sept Annual Apr—Sept Annual Apr—Sept Annual Apr—Sept Annual Apr—Sept


1938—39 1,077 616


40 1,829 1,250


41 2,589 1,255


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


H
 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


54 262 138 811 717 212 207 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 1,181 968 920 761


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 96 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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A portion of the water im~rted through the Delta—Mendota Canal was


delivered to the Mendota Pool in the San Joacuin River near Mendota to replace


a portion of the water diverted from the basin at Friant Dan. Records of the


amounts of water delivered to Mendota Pool were obtained from the Service


files.


A listing of these interbasin transfers is presented on Table 111—3.


4. Climate


The climate of the basin is characterized by wet, cool winters, dry, hot


summers, and relatively wide variations in relative humidity. In the valley


area relative humidity is very low in summer and high in winter. The character-

istic of wet winters and dry summers is due principally to a seasonal shift in


the location of a high pressure airmass ( “Pacific high”) that usually exists a


thousand or so miles west of the mainland. In the summer the high blocks or


deflects stonts; in the winter it often moves southward and allows storms to


reach the mainland.


a. Precipitation


Normal annual precipitation in the basin varies from 6 inches on the


valley floor near Mendota to about 70 inches at the headwaters of the San


Joacuin River. Most of the precipitation occurs during the period 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


orographic effect on the precipitation. Precipitation increases with altitude,


but basins on the east side of the Coast 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 Monthly 

Merced 

FS 2 

169 

2.24


1.92


I  • 74


1.41


.45


.07


.01


.02


.11


.55


1.61


2.09


12.22


Precipitation ( in.)


Sonora So. Ent.


RS Yosemite


1749 5120


5. 69 8. 23


4. 88 7. 09


4. 92 6. 39


3.19 4. 30


1.19 1.80


.33 .56


.03 .08


. 05 . 07


. 35 .57


1.49 2.03


4.21 6.33


5.61 8.14


31.94 45.79


Stockton


WSo


22


2.91


2. 11


1.96


1. 37


.42


.07


.01


.03


.17


. 72


1. 72


2.68


14.17


Station


Soda Cr. Flat


Dana Meadows


Snow Flat


Piute Pass


Basin


Stanislaus


Tuolumne


Merced


San Joaquin


Elev ( ft)


7,800


9,850


8,700


11,300


Ave. 1  April


Water Content ( in)


22.0


30.0


42.0


35.0


*SOURCE: “Hydrology, lower San Joaquin River” office re~rt Sacramento


District, Corps of Engineers, December 1977.


Station —— Dudleys


Elev (ft)—— 3000 ________________________________________ _________

Jan 7. 05


Feb 5. 87


Mar 5.74


Apr 3. 87


May 1.28


Jun 0. 44


Jul .03


Aug .05


Sep .37


Oct 1.55


Nov 5.05


Dec 6.90


Mean Ann. 38. 30


b. Snowfall


Winter precipitation usually fails as snow above the 5,000—foot


elevation and as rain and/or snow at lower elevations. Snow cover below


5,000—feet is generally transient, and may accumulate and melt several times


during the winter season. Normally the snow accumulates at higher elevations


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


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


each year. Average April 1  water content at several snow courses is listed


in the following tabulation*:
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5. Storm 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 across the Pacific Ocean. The Coast Range Mountains font a barrier


that reduces the moisture in the airmass moving inland. Most 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


Streanf low and reservoir level records have been maintained by United


States Geological Survey (USGS), the California 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 111—4


and their locations are indicated in figure 111—3.


b. Water Quality Stations


Water cuality data for the San Joaquin River system are rather limited.
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Althougl~ ~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 monthly frequency since 1951 (except for t~i.. 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 thc San Joaquin River at Mossdale


dates from 1929 through mid-1971. In recent years——since about 1959——contin-

uous recordings of electrical conductivity have been made at selected stations


in the Delta, including the San Joaquin River at Vernalis.


The locations of the principal water quality stations referenced in


this report are indicated in figure 111—4.


c. Unimpaired Flow Estimates


Development has affected the flow of all the major streams in the San


Joaquin Basin. Estimates of the “unimpaired” flow of the San Joaquin River at


Friant have been made by the Water and Power Resources Service for the period


1873—1978. Estimates for the other 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 Joaguin at Friant Dam SERVICE 1873—1978


Merced River at Exchequer Dam USCE 1906 1978


.Tuolunme 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 Joaquin


River at Vernalis was assumed to be the sum of the unimpaired flows at the four


stations above.
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Table fl—4 STRAN GAGES IN ThE SAN JOAQUIN RIVER SYSTEM


OperatIng 1/ D.A. Period


StatIon Agency (sq.mi-) of record


San Joaquin River


Millerton Lake -  USER 1638 1941 to date


bel. Fr~ant USGS 1676 1907 to date


ur. Mendota USER 4310 3/ 1939 to date

ur. Dos Palos 2/ USER 5630 3/ 1940 to date


at Fremont Ford Bridge DWR 7615 3/ 1937 to date


ur. Newman USGS 9520 3/ 1912 to date


n:. Crows Landing DWR — 1965 to 1972


at Patterson Br. DWR 9760 3/ 1938 to 1966

1969 to date


at Maze Rd. Br.
 DWR 12400 3/ 1943 to date


or. Verualis
 USGS 13536 3/ 1922 to date


Merced River


Lake McClure MID 1037 1926 to date


bel. Merced Falls Dam, ur.


Sneiling USGS 1061 1901 to date


bel. Sneillag DWR 1096 1958 to date


at Cressey DWR 1224 1941 to data


nr. LIvingston MID 1245 1922 to 1944


ox. Stevinson USGS 1273 1940 to date


Tuolte River


Don ?edro Reservoir USGS 1533 1923 to date


abv. LaGrange Dam nr. LaGrange USGS 1532 1895 to 1970


bel. LaGrange Dam or. LaGrange USGS 1538 1970 to data


at Modesto USGS 1864 1940 to date


at Tucltte CIty DWR 1896 1930 to date


Stanislaus River -
Melones Lake WPRS 904 1926 to date


bel. Melones Powerhouse USGS 905 1931 to 1967


Tulloch Reservoir TRI—DANS 980 1957 to date


bet. GoodwIn Dam USGS 986 1957 to date


at Ripen USGS 1075 1940 to date


Westside Streams


Panoche C:. be!. Silver Cr. USGS 293 1949 to 1953


1958 to 1970


Orestinba Cr. nr. Net~man USGS 134 1932 to date


Del Puerto Cr. a:. Patterson USGS 72.6 1958 to date


Los Zanos Cr. or. Los Eanos USGS 159 1958 to 1966


11 USGS — United States Geological Survey, USER — United States Bureau of Reclama-

tion, USC! — United States Corps of Engineers, DWR — State of Calif., Dept.

Water Resources, MID — Merced Irrigation District


2/ Measures ncsz of lot. ’ flows and only part of flood peaks


3/ Includes Kings River basin
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7. Return Flows


There have been few direct measurements of drainage return flows, only


occasional 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


recorders operated by the Department of Water Resources. The location of water


level stations used in this report are shown in Figure 111—5.


9. 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 quality and water levels were derived


from reports of special studies and Service files.
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CHAPTER IV


INVESTIGATION PROCEDURE


A. SELECTION OF HYDROLOGIC AND WATER QUALITY RECORD 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


CV? operations in the San Joaquin Valley. The pre—1944 spanned 14 years,


1930—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 CV? was being brought “on—line,’ were generally


excluded from analysis. - -

B • ESTIMATION OF UNIMPAIRED RUNOFF


For the purposes of this investigation ‘

1

unimpaired runoff” means the


natural runoff of the river basin, absent the influence of man. Generally,


this quantity is estimated by determining the aggregate runoff of all gaged


streams in the drainage area above the highest point of development and adding


an amount estimated to correspond to accretions from precipitation (ungaged) at


lo ~r 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 developed 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 Joaquin, Merced, Tuolumne, and Stanislaus


Rivers, respectively. Vernalis unimpaired flow as referred to in this report


is the sum of the four unimpaired rim station flows. This definition of


Vernalis unimpaired flow is the commonly used form. -

C. IDENTIFICATION OF ~Y 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 Joaquin River at Vernalis, hence data


for this location are crucial to the investigation. Development of the CV? has


occurred primarily in the upper portion of the San Joaquin River basin, at


Friant, near Mendota and along the reach of the San Joaquin River above its


confluence with the Merced River. Thus, the gaging station on the San Joaquin


River near Newman, situated just below the mouth of the Merced, is imortant


for the information it provides on the changes in runoff that may be attributed


to the CV?. 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 Joaquin River basin above the Merced River, which figures promi-

nently in water balance computations. For the purposes of this report changes


in runoff from the upper San Joaquin River basin, i.e., above the mouth of the


Merced River, that have occurred since 1944 are attributed entirely to the


CVI’.


Other key stations for both the water quantity and water quality analysis,


in addition to Vernalis, include stations on the eastside tributaries just


upstream of their confluences with the main stem of the San Joaquin and the


major westside tributary, Salt Slough for which good water quality data are


available. Several stations along the Tuoluzune River, at LaGrange, Hickman,


and Tuolunuie City serve to assess the contribution of the gas wells to the
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river’s sal.. .~urden~ Upstream stations at Friant, Exchequer, LaGra: ge, and


Tulloch provi~ie water quality data that are useful for comparison w h westside


drainage quality and the quality of water in the main stem of the San Joaquin


D. ESTIMATION OF WATER BALANCE


Changes I water balance in the San Joaquin River for the pre—1944 and


post—1947 periods N :a 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 chronological sequence or in order of magnitude


sequence. Data for double mass diagrams were fitted with regression equations,


that were then used in determining flow reductions,


Since no two—years or other chronological periods are hydrologically


identical, an effort was made to classify seasons, years, or groups of years


according to the magnitude of unimpaired (rim) runoff. Considering the four—


station runoff total** as an estimate of the unimpaired flow of the San Joaquin


River at Vernalis, an analysis of the record 1906—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.


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


Below normal (18 years) 3,500,000 to 5,600,000 AC/yr


Above normal (20 years) 5,600,000 to 7,500,000 AC/yr


wet (15 years) greater than 7,500,000 AC/yr


*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 Tuolumne


River were reduced. Data are not yet available to determine the extent of the


salt load reduction and its impact on the San Joaqain River.


**San Joaquin River at Friant, Merced River at Exchequer, Tuolumne River at


Excheque~ -~ndSt-anislaus River at Melones.
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TABLE IV—1


UNIMPAIRED FLOW, SAN JOAQUIN RIVER AT

VERNALIS, 1906—1979


Flow Flow Flow


Year 1,000 AF Year 1,000 AF Year 1,000 AF


1977 1,014 1918 4,587 1914 8,692


1924 1,504 1950 4,656 1909 8,971


1931 1,660 1971 4,870 1952 9,312


1976 1,928 1925 5,505 1956 9,679


1961 2,100 1923 5,512 1967 9,993


1934 2,288 1970 5,587 1938 11,248


1929 2,844 1962 5,618 1911 11,480


1939 2,909 1946 5,734 1907 11,824


1968 2,958 1921 5,901 1969 12,295


1960 2,960 1975 6,114 1906 12,427


1959 2,986 1963 6,250


1913 2,995 1915 6,405


1964 3,151 1935 6,418


1930 3,254 1973 6,467


1908 3,325 1936 6,495


1933 3,356 1927 6,499


1947 3,424 - 1937 6,530


1912 3,458 1940 6,596


1926 3,493* 1945 6,612


1955 3,512 • 1932 6,622


1972 3,571 1910 6,645


1949 3,799 1917 6,662


1944 3,933 1974 7,146


1966 3,985 1951 7,262


1919 4,096 1943 7,283


1920 4,097 1942 7,370


1948 4, 218 1922 7,681


1957 4,292 1941 7,945


1954 4, 313 1965 8,108


1953 4,554 1916 8, 229


1928 4, 365 1958 8, 367


* Bars divide the
data accordIng to year classifications, dry, below


normal, above normal and wet.
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This division puts approximately the same number of years during the


1906—1978 period into each category. Each category was not equally represented


in the two study periods as the following table illustrates:


1906—1977 1906—1929 1930—1943 1948—1969 1970—1977


Dry 19 6 5 5 2 


Below normal
 18 6 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 Friant


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 designated. The data, graphs, and mathemat-

ical equations that are not included in the body of this report may be found in


the files of the CVOCO offices of the Mid—Pacific 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 Joaquin River have been determined using this water


balance method.


S. EVALUATION OF WATER QUALITY EFFECTS


1. Salt Balance


Data is available for the stations studied, to prepare salt load—flow


relationships. These relationships 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 files of


the Offices of the Mid—Pacific Region of the Service.


25


040547




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 Joaquin River.


2. chemical Composition


Because the geologic, topographic and hydrologic characteristics


of the east and west sides of the San Joacuin Valley are distinctly different,


it was expected that detailed water quality analysis of waters derived from the


several sources would serve to identify their separate and proportional contri-

butions to the San Joacuin River salt burden. For this purose USGS data on


water cuality for selected stations along the main stem of the San Joacuin


River were compared to those for the principal tributaries and sources known to


contribute drainage water to the system. Comparisons were made on the basis of


the proportions of principal cations and anions, especially sulfate ion ( S0~)


known to be derived from soils on the westside of the valley and characteristic


of both wells and drainage waters from this area. Also, noncarbonate hardness


and boron 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 Joacuin River. comparisons are also


made with water imported into the westside of the Valley by the Delta—Mendota


Canal.


F. ESTIMATION OF RETURN FLOWS


In the absence of direct measurement of return flows, it was necessary to


estimate aggregate 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 Joaquin and the lower reaches of


major tributaries ( DWR, 1960) are not determinable by either method. The


question of the relative contributions of east and westside sources, however,


was addressed by considering both chemical composition and water balance.


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


1. On Channel Depths


For purposes of evaluating effects of CV? export on South Delta Channels,


comparisons were made of channel cross sections and average depths, before the


advent of the cv? 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 directly,


but were assessed in general terms from changes in circulation induced by


pumping. Channel discharges, velocities and net circulations were determined


from the results of simulations using the mathematical model.


4. Mathematical Modeling


The mathematical model employed as a tool in this investigation is a


version of the hydrodynamic simulator developed by Water Resources Engineers,


Inc. and employed by DWR and others in a variety of special 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 UPSTREAI4 DEVELOPMENT


This section of the report discusses the effect of upstream development on


lower San Joacuin River flows. It attempts to identify the impact of .the CV?


by assuming that all development on the upper San Joaquin River (that portion


of the San Joaquin River upstream of the mouth of the Merced River) since 1947


is due to the CV?. While some development in addition to the CV? has occurred


in the upper San Joaquin 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 Vernalis that


development of water resources in the basin upstream has decreased the quantity


of flow in the lower San Joaquin River. Figure V—i shows the average reduction


in runoff in the April—September period between two historic periods, 1930—1944


and 1952—1965. The figure demonstrates that the flow of the San Joaquin River


at the Vernalis gage during the April—September period averaged 1,020,000


acre—feet less in the 1952—1966 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


Joaquin River during the April—September period. When adjusted for the diffe-

rence in unimpaired rim flow, the average flow in the upper San Joaquin 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 lower San Joaquin River it is evident from the streanflow records of


the San Joaquin basin rivers, that the magnitude of the annual unimpaired flow


of the San Joaquin River is important in determining the impact of the CV? on


the flow of the river into the southern Delta area.
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To evaluate more effectively the impact of the CV? 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—i.


Figures V—3 and V—4 show a comparison by year type of actual San Joaquin


River flow near Vernalis to the sum of unimpaired rim station flow for the


annual and April through September periods, respectively. Figure V—S presents


a comparison by year type of the actual flow of the upper San Joaquin River


and the unimpaired flow of the San Joaquin River at Friant Dam for the April


through September period. The importance of year type in determining the


impact of the CV? can be seen by comparing figures V—3, V—4 and V-S. For


example, while figures V—3 and V—4 show that there has been a reduction of


flow at Vernalis in dry years, figure V—S 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 CV?


on net
runoff at Vernalis, the following discussion of impact treats each of the


four—year types separately.


DRY YEARS


San Joaquin Basin Above Vernalis


There were five years in each of the pre—1944 and post—1947 periods 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—S summarize the hydrologic conditions for


these 10 dry years.
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Table V—i


Year Classifications
 for the San Joaquin River System


Year Class Unimpaired Flow

1


acre—feet/year


Dry less than 3,500,000


Below Normal 3,500,000 — 
 5,600,000


Above Normal 5,600,000 —
7,530,000


Wet greater than 7,500,000


1  Sum of runoff of four major tributaries to the San Joaquin Basin.
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As the information presented on Table V—2 demonstrates, the annual loss


of flow at Vernalis 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 basin through lietch Hetchy Aqueduct increased from an average of


10,000 acre—feet in pre—1

9

44 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-1
9
47 dry years resulted in importation of an average of


1,031,000 acre—feet through the Delta—Mendota Canal into the Mendota Pool


- and diversion of an average of 728,000 acre—feet through the Friant—Kern Canal


and 171,000 acre-feet through the Madera Canal.


Table V-3 shows that during the April-September period, the estimated flow


reduction in the San Joaquin River at Vernalis due to post-1947 development


upstream from Vernalis ranged from 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 diagram 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 years.


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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TABT..E  V-4


*Exapiple.


Adjusted loss
= Ave. loss in 

- Average unimpaired flow


post—1947 years — Average loss in Pre-1944 years x


Average unimpaired flow


for pre—1944 years


--[(521—361) x 11.2k 
218

L 
 i2lj


01


ACTUAl, AND UNIMPAIRED ANNUAL FLOWS AT RIM STATIONS IN DRY  YEARS


STA1IISLAUS TUOLUMNE MERCED SAN JOAQUIN


Unimpaired Actual Unimpaired Actual at Unimpaired Actual at Unimpaired Actual Upper


Dry at Melones at Ripon at Don Pedro Modesto at Modesto Stevinson at Friant San Jc’aqtiin


Years ICAF 1CAF KAF KAF K.AF
 KAF ______ KAF KAF


TOTAL SUB—BASIN LOSS
=
373


859


480


1,111.


691.


921


81.2


1930 732 474 1,151 527 513 89


1931 315 611 603 368 262 70


1933 609 304 1,119 504 516 158


1934 424 134 812 387 361 95


1939 526 286 985 551 477 224


AVG. 521 361 934 467 426 127


1959 584 241 997 627 455 115


1960 594 92 1,056 293 483 89


1961 404 81 736 223 312 57


1964 643 212 1,139 540 447 92


1968 640 268 1,010 553 426 205


AVG. 573 179 988 447 425 112


ADJUSTED LOSS 218* 47* 15*


109


72


295


195


433


221


949


829


648


922


862


842


11.].


105


88


164


210


136


93,.’


(Stanisi aus Basin) (573—179) 

040561




TABLE V—S


ACTUAL AND UNIMPAIRED APRIL TO SEPTEMBER FLOWS AT RIM STATIONS IN DRY YEARS


STANISLAUS TUOLUMNE MERGED SAN JOAQUIN


Unimpaired Actual Unimpaired Actual at Unimpaired Actual at Unimpaired tipper


Dry at Melones at Ripon at Don Pedro Modesto at Modesto Stevinson at Friant San Joaquin


Years KAF KAY RAP KAF KAF KAF KAF KAF


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 4  614 142 300 60 641 100


AVG. 369 144 663 155 302 48 618 60


14
a’ 1959 364 52 661 86 307 47 664 56


1960 401 41 731 74 344 37 632 39


1961 301 26 544 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 LOSS 103 87 9  7 


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


occurring 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, ICAF


Annual April-Sept


Double mass diagram 519 417


Basin comparison 294 230


Subbasin comparison 373 206


Upper San Joaauin Basin


In the upper San Joaquin 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 Joacuin River ranged from 72,000 to 433,000 acre—feet with an


average of 221,000 acre—feet, while the unimpaired annual flows at Friant ranged


from 480,000 to 1,110,000 acre—feet. post—1947 dry—year flows in the upper San


Joaqilin 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 mass diagram method ( see Column 11, Table V—fl.
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With adjustment for the difference in unimpaired annual dry—year flow at


Friant, the average decrease in flow from pre—194

4


to post—1947 years in the


upper San Joaquin River is about 133,000 acre—feet. This is about 60 percent


of 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—1947 dry years in the upper San Joaquin


River (see Column 11, Table V—3).


Estimated reduction in flow


in the upper San Joaguin River, }ZAF


Method Annual April—Sept


Double Mass Diagram 133 6


Basin Comparison 93 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/month 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


runoff 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—194

7


years.
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When adjusted for the difference in unimpaired flow at Friant, the


April—September period reduction in runoff during the post—1947 period is 2,600


acre—feet or about 400 acre—feet/month in the upper San Joaquin River.


Summary of Impacts — Dry Years


In summary, the data indicates that in dry years the impact of the CVP


on the San Joaquin River at Vernalis was as follows:


a. On an annual basis the estimated decrease in flow ranged from 93,000


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—1944 average dry—year April—September flow at


Vernalis.


BELOW NORMAL


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 1928 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


CV? development on the upper San Joaquin River was about
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TABLE V—S


ACTUAL AND UNIMPAIRED APRIL TO SEPTEMBER FLOWS AT RIM STATIONS IN BELOW NORTIAL YEARS


STANISLAUS TUOLIJI’INE MERGED SAN JOAQLJTN


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 1CM KAF KAF KAF MM? MAP KAF MAE


1923 820 624 1,310 421 690 520 1,303 838


1925 855 690 1,381 914 N.A. N.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 L0SS* 233 304 212 428


*Cornputed as per example in Table V—4  TOTAL SUB—BASIN LOSS = 1 ,177
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• TABLE %T—9


ACTUAL AND UNIMPAIRED ANNUAL FLOWS AT RIM STATIONS IN BELOW NORNAL YEARS


STANISLAUS TUOLUMNE MERGED 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 MAP MAP KAF_


1923 1,130 947 1,786 833 942 786 1,654 N.A.


1925 1,224 1,111 1,932 1,096 910 N.A. 1,439 N.A.


1928 950 777 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

(I_I


1950 1,076 706 1,551 696 719 232 1,311 108


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 LOSS* 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 Joaqiiin 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 Coluni 11, Table V—7).


Although 1923, 1925 and 1928 are not within the study period, information


from these years was used to check the results of the double—mass diagram


method. The information from these 3 ye~s on an annual basis was inadequate


to give a good check. As a 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 quite well.


The loss at Vernalis during the April through September period 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 acre—feet ( Table V—B). Using the subbasin method of


evaluation, the estimated reduction in the upper San Joaquin River was about


428,000 acre—feet. The percentage at Venalis attributed to each subbasin is


*


as follows:


Percent of total reduction in flow


April through Seutember


Stanislaus 20%


Tuolumne 26%


Merced 18%


San Joacuin River above


Merced River (CVP) 36%


*
 Subbasin riverfiows are measured upstream from the actual mouths of the


Tuolumne and Stanislaus Rivers. There nay be some net accretions or diver-

sions between these gaging stations and the lower San Joaquin River which


could affect the proportion of losses attributed to each subbasin.
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Summary of Impacts —  Below Normal Years


In summary, the data indicate that in below normal years the a fect


of the CV? on the San Joaquin 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 percent 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—1
9
44 April—September flow at Vernalis.


ABOVE NORMAL YEARS


Seven of the 14 pre—1944 years were above normal, while only three of the


post—1947 years were in this classification. Tables V—iC, V—il, V—12, V—iS and


Figure V—8 present the hydrologic data for the above normal years.


As indicated in Table V—la the average Vernalis unimpaired flow during the


seven pre—1944 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 Vernalis 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 flow.


Losses increased in the post—i
9
4
7 

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—b.)


Using the same type of analysis, the average reduction in flow in the


upper San Joaguin River (Table V—il) is estimated at 1,076,000 acre—feet in


above normal years. This increase in flow reduction corresponds to 21 percent


of the average above normal year flow at pre—1944 Vernalis. -

45


040573




*
 

CD
 

:0
 

CD



-t
 

CD
 

CD



-
.


CD



-c
 

N
a
 

—
—

—



—
—

 
—



‘0



¼

0
 

‘-
0
 

~
O

 
~
0
 

¼
0
 

~
O

 
-
~



.~
-
 

.
~
 

L
a
 

L
a
 

L
a
 

Le
a
 

L
a
 

N
J
 

C
 

J
 

C
’ 

U
t 

N
~

—
4
 

—
~
 

C
’ 

C
~
 

C
~
 

C
~
 

C
’ 

N
J 

L
a
 

U
t 

U
t 

~
 

C
’ 

‘0
 

~
0
 

L
a
 

‘0
 

—
 

N
J 

Le
a 

~
 

C
’ 

0
 

U
t 

~
 

N
a



C
’ 

C
’ 

-0
- 

U
t 

~
 

L
a



o
 

—
 

—
a

 
-0

- 
~
C

 
0
 

0
~



C
~
 

C
’ 

C
’ 

~
 

0
 

Le
J 

C
’ 

o
 

0
0
 

-0
 

U
t 

0
 

0



A
b
o
v
e


N
o
r
m
a
l



Y
e
a
r



V
e
r
n
a
l
i
s



U
n
i
m
p
a
i
r
e
d



K
A

F



V
e
r
n
a
l
i
s



A
c
tu

a
l

I—



:0



CD



C
 

Co
 

CO
 

—
 

—
a 

N
J *



-
4
 

C
’ *
 

—
 

—
 

~
-‘
 

N
~
 

N
J 

~
 

N
e
t
 

L
o
s
s



N
J 

N
J
 

0
 

0
 

U
t 

L
a
 

‘0
 

a
t 

V
e
r
n
a
l
i
s



N
J 

L
a
 

N
J
 

.>
 

—
 

0
 

0
’ 

L
a
 

0
0
 

O
~
 

0
0
 

N
a



>
 

0
0



c
’ 

—
a
 

C
-’
 

L
a
 

U
t 

C
 

N
J 

N
a
 

0
 

L
a
 

C
’ 

0
0
 

E
s
t
i
m
a
t
e
d



L
o
s
s
 

@
 V

e
r
n
a
l
i
s
 

D
u
e
 

t
o
 

P
o
s
t



1
9
4
7



D
e
v
e
lo

p
m

e
n
t


A
b
o
v
e


V

e
n
a
li
s
 

—
 

K
A
F



—
—
 

—
 

~
0
 

‘0
 

¼
0
 

C
’ 

C
’ 

U
t 

L
~
 

N
J 

—
 

C
~
’ 

U
t 

-
J
 

U
t

C
’ 

o
 

0
0
 

N
J
 

N
J
 

C
_



-
~
-
 

~
.0

-
 

-.
4
 

—
 

o
 

L
a
 

L
a
 

-
j
 

0
0
 

L
a
 

.0
~
- 

N
J
 

~
 

U
t 

L
a
 

L
a
 

N
J 

-.
4
 

—
 

0
- 

U
t 

0
0
 

-4



‘0
 

~
0
 

—
 

0
0
 

0
 

‘0
 

~
O

 
0
0
 

-0
- 

N
J 

U
t 

U
t 

.0
- 

~
C

 

N
a
 

0
0
 

-
4
 

—
 

L
a
 

I_
fl

 
C

’ 

L
a
 

N
J
 

~
-4

 
—

 
C

~
 

U
t 

C
.’ 

0
0
 

0
 

—
 

—
 

—
 

C
’ 

C
’ 

—



N
J 

U
t 

0
 

‘0
 

C
’ 

~
C

 

0
0
 

-J
 

~
-J



C

’ 
N

a
 

~
 

-4
 

0
 

0
0
 

N
J

C—
a

 
—



—

a
—

-a
 

0
~



—
 

-.
4
 

N
a
 

U
t

(-a
 

(-a
 

—



—
4



0
’



L
a
 

0



0
0

‘0
 

‘0
 

—



C
’ 

~
C

 
L
a
 

C
’ 

—
~
0
 

c
-~

I 
L
a
 

N
a
 

-
~
 

-a
 

N
J


‘-
4
 

‘
0
 

~
0
 

>
 

C
 

0
0
 

0
.’
 

L
a
 

-4 —
a 

L
a
 

C
 

L
a
 

L
a
 

L
a
 

C
’ 

.0
- 

.0
- 

C
 

0
 

~
0
 

C
 

~
0
 

.0
- 

.0
- 

U
t 

.0
- 

C
-’
 

.0
- 

-4
 

C
-’ 

0
0
 

N
J 

L
a



0
 

0
 

0
0
 

C
’ 

‘0
 

L
a
 

L
f
l~

 

—
 

N
J 

0
0



N
a
 

-0
- 

L
a
 

—
J
 

P
r
i
a
n
t
 

U
n
i
m
p
a
i
r
e
d



F
-
a
—

a
-
..
 

N
J
 

—
 

o
 

N
J
 

0
0
 

J
 

0
0
 

U
t 

U
’ 

0
0
 

0
 

U
t 

-0
- 

.0
- 

I
-
 

0
0
 

L
a
 

N
J
 

N
J
 

—
 

-
 

2
 

o
 

N
a
 

0
0
 

C
~
 

U
t 

N
a
 

>
 

>
 

.0
- 

‘0
 

N
a
 

N
J 

~
N

J
 

—
 

—
—

 
.0

- 
0
 

.0
-

N
a
 

N
J
 

0
0
 

U
t 

C
’ 

I_
fl 

4
 

U
t 

‘0
 

L
a
 

L
a
 

-a
 

N
a
 

~
0
 

.0
- 

0
0
 

—
 

4
 

0
’ 

~
0
 

C
’ 

>
~

S
a
n
 

J
o
a
q
u
i
n
 

@
 
F
r
i
a
n
t
 

R
A

T



2
 

>



—
a



C
’ 

N
J


L
a



.0
~



U
t


Cr
1


:1
,
 -r



C
’>




Cr
:


CA
D




0



z



>
2



0
>



c
r



C
r:



•
0
 

~



2
>

 
- 0
0

5
: 

r
r
r
 

r:



-C



>
C

r
~



~
C

,,
 

C



C
D

 
>



C



—
 

o
 

2



C
’,


t



M
a
d
e
r
a


C
a
n
a
l



D
i
v
e
r
s
i
o
n



H
’


R
A

T



P
r
i
a
n
t
—
K
e
n



C
a
n
a
l



D
i
v
e
r
s
i
o
n



R
A

T



D
e
l
c
a
—
M
e
n
d
o
c
a



C
a
n
a
l



D
e
l
i
v
e
r
y
 

t
o
 
M
e
n
d
o
t
a


P
o
o
l



R
A
P



N
e
t
 

C
e
n
t
r
a
l


V
a
l
l
e
y



P
r
o
j
e
c
t



I
n
t
e
r
—
B
a
s
i
n


T
r
a
n
s
f
e
r



R
A

T



A
c
t
u
a
l



U
p
p
e
r
 

S
a
n
 
J
o
a
q
u
i
n
 

‘°
 

R
A
P



H
’ 

0
0
 

0
 

.0
- 

U
t

—
a 

~
 

N
e
t
 

L
o
s
s
—
U
p
p
e
r



S
a
n
 

J
o
a
q
u
i
n



R
A
T
 

E
s
t
i
m
a
t
e
d



L
o
s
s
 

@
 
V
e
r
n
a
l
i
s
 

D
u
e
 

t
o
 

P
o
s
t



1
9
4
7
 

D
e
v
e
l
o
p
m
e
n
t


U
p
p
e
r
 

S
a
n
 

J
o
a
q
u
i
n
 

—
 
R
A
P
 

0
4
0
5
7
4





~
a
 

I
n
:e

~

-
B
a
s
in



T
ra

n
s
fe

r

C



~
- 

C
’


A
b
o
v
e


N
o
n
a
l



Y
e
a
r
s



H
’ 

—
 

~
‘ 

C
C
 

~
C

 

L
a
 

N
i 

C
 

-0
- 

L
a
 

-0
 

t-
 

-0
- 

—



—



C
’ 

C
-
~
 

H
’ 

-a



o
 

~
 

N
i 

L
~
 

N
)


o
 

•
°
-
 

-
~
 

L
a
 

C
~
 

N
)


C
 

N
) 

~
-
J
 

-a
 

0
 

—
 

H
’ 

H
’ 

—
 

C
‘0
 

C
C



L
a



L
a

L
a
 

L
a
 

-a



a
’ 

L
a
 

N
)


.t
- 

.0
- 

L
it
 

‘.
..
 

-
0
-
;
-
 

~
 

-0
- 

~
 

L
a
 

N
)


a
’ 

C
 

N
) 

C
 

L
a
 

N
) 

L
a
 

N
i 

L
a



©
—

L
a

-a
 

0
 

L
a
 

~
 

N
i 

H
’ 

H
’ 

~
 

~
‘ 

—
 

~
 

-
~
 

~
 

N
) 

~
0
- 

.0
- 

~
 

H
’ 

H
’ 

V
e
rn

a
li
s



U
n
i
m
p
a
i
r
e
d



R
A

E



V
e
r
n
a
l
i
s



A
c
t
u
a
l



K
M




N
e
t
 

L
o
s
s



@
 
V
e
r
n
a
l
i
s



R
A

P



-0
- 

-a
 

-0
- 

L
a
 

L
a
 

C
 

L
a



L
a
 

H
’ 

a
’ 

C



0
 

H
’ 

L
it
 

L
a
 

-0
-

0
- 

(V



C
- 

0
 

0,
 

0,



H
’


.0
- 

L
a
 

N
)
 *

 II —
a

 
C -0

-

E
s
t
i
m
a
t
e
d



L
o
s
s
 

@
 V

e
n
i
a
l
i
s
 

D
u
e
 

t
o

 
P
o
s
t



1
9
4
7



D
e
v
e
lo

p
m

e
n
t


A
b
o
v
e


V

e
rn

a
li
s
 

—
 
R
A
E



H
’ 

t
 

‘0
 

H
’ 

H
’ 

C
C



V
Q

 
C

’ 
O

~
 

L
a
 

• 
L
a
 

N
) 

—
 

‘0
 

L
a
 

-
 

C
’ 

N
) 

C
 

L
a
 

C
 

L
a
 

C
 

~
 

C
 

• 
H

’ 
E

 

H
’

-a
 

o
 

L
a
 

C
’ 

L
a
 

C
’ 

C
 

.~
-
 

H
’ 

-a
 

C
 

N
I 

~
 

L
a
 

0
 

C
’ 

-a
 

L
a
 

-a
 

C
 

H
’ 

C
 

H
’ 

C
 

H
’ 

H
’ 

H
’ 

H
’ 

-a
 

L
a
 

N
) 

L
a
 

~
 

H
’ 

-a
 

L
a
 

~
 

N
) 

L
a
 

H
’ 

H
’ 

L
a
 

H
’ 

L
a
 

L
a
 

C
 

L
a
 

C
~
 

~
 

C
 

L
a
 

~
 

L
it
 

.t
~
 

~
 

C
’ 

~
 

C
 

L
a
 

-J



L
a
 

H
’ 

>
 

H
’ 

N
) 

L
a
 

C
 

.0
 

L
a
 

.0
- 

t-
 

o
 

N
) 

.t
- 

L
a



-a
 

C
C
 

~



N
) 

L
a
 

N
) 

C
’ 

N
) 

N
) 

H
’ 

~



0
 

C
 

P
r

I
a
n

t
 

U
n
i
m
p
a
i
r
e
d
 

R
A
P
 

H
’H

’H
’H

’ 

.0
- 

-a
 

L
a
 

C
’ 

o
C

’ 
L
a
 

-a



-a



N
iC

’ 
C
 

N
i 

L
a
 

N
) 

~
 

N
) 

L
a
 

~



C
 

0
 

H
’ 

H
’ 

H
’ 

o
 

N
)



~
 

H
’


H
’ 

N
)



L
a
 

0
- 

H
’ 

N
) 

C
’ 

.0
- 

H
’ 

H
’ 

H
’ 

~
L
a
L
a
 

H
’ 

C
 

C
 

~
 

-a
 

~
 

L
a
 

C
’ 

H
’ 

~



L
a
 

C
’ 

~
 

S
a
n
 

.
J
o
a
q
u
i
n
 

@
 P

r
i
a
n
t



K
M
 

H
’ 

L
a
 

C
 

H
’ 

L
a
 

L
a
 

C
’ 

H
’ 

L
a
 

0
 

—
a

H
’


2



>



O
j



0



H
’
r



H
’


z
 

~



C



~



C
’,

o
 

~
-
C

 
~
C



tT

~
 

~
e 

=



t~
,

r



2
 

x
 

o
 

=
~
 

t:
1 

-
C



C
’ 

A
c
t
u
a
l



U
p
p
e
r



S
a
n
 
J
o
a
q
u
i
n



R
A

T



L
a
 

L
a
 

C
 

-

C
’ 

0
 

L
it

L
a
 

C
’ 

~
a
 

C



o
 

N
) 

-0
- 

C
’ 

C



o
 

C
’ 

L
a
 

L
a
 

C
 

N
e
t
 

L
o
s
s
—
U
p
p
e
r



S
a
n
 
J
o
a
q
u
i
n



R
A

P



C
’ 

.0
-

H
’ 

H
’ 

L
a
 

H
’ 

o
L
a



o



H
’ 

L
a



.0
- 

L
a



E
s
ti
m

a
te

d



L
o
s
s 

@
 V

e
r
n
a
l
i
s
 

D
u
e
 

t
o
 
P
o
s
t



1
9
4
7



D
e
v
e
lo

p
m

e
n
t


U
p
p
e
r 

S
a
n
 
J
o
a
q
u
in

 
—

 
R
A
P



M
a
d
e
r
a



C
a
n
a
l



D
i
v
e
r
s
i
o
n



R
A
E



P
r
i
a
n
t
—
K
e
r
n



C
a
n
a
l


D
i
v
e
r
s
i
o
n



R
A
P



D
e
l
t
a
—
M
e
n
d
o
t
a



C
a
n
a
l



I 
D
e
l
i
v
e
r
 

t
o
 
M
e
n
d
o
c
a


P
o
o
l



R
A

E



L
a



.0
- 

L
a
l 

~
 L
a
 

L
a
 

C
’ 

L
a
 

L
a
 

C
 

N
e
t
 

*
n
z
r
a
l


V
a
l
l
e
y


P
r
o
j
e
c
t



0
4
0
5
7
5





TABLE V—12


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


STM1ISLAUS TUOLUMNE MERGED SAN JOAQUIN


Above Unimpaired Actual Unimpaired Actual at Unimpaired Actual at Unimpaired Actual Upper


Normal at Melones at upon at Don Pedro Modesto at Modesto Stevinson at Friant San Joaquln


Years RAT?  RAP KAF KAF KAY KAF lUkE RAE


1932 1,353 939 2,109 1,097 1,113 549 2,047 989


1935 1,21.4 974 2,110 1,251 1,171 735 1,923~ 1,076


1936 1,322 1,075 2,168 1,418 1,152 757 1,853 1,467


1937 1,109 869 1,998 1,383 1,215 828 2,208 2,059


1940 1,400 1,152 2,221 1,322 1,095 706 1,881 1,485


1942 1,485 1,247 2,373 1,7B6 1,287 965 2,254 2,127


1943 1,566 1,268 2,376 1,712 1,289 973 2,054 2,125


AVG. 1,350 1,075 2,194 1,424 1,189 788 2,031 1,618


1951 1,694 1,436 2,484 1,668 1,225 801 1,859 750


1962 995 407 1,773 365 928 380 1,924 268


1963 1,268 861 2,053 990 984 505 1,945 316


AVG. 1,319 901 2,103 1,008 1,046 562 1,909 445


ADJUSTED LOSS 149* 357’ % 131* 1,076*


TOTAL SUB—BASIN LOSS 1,713


*CoIllpu Led as per example in Table V-4
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TABLE V—13


ACTUAL ANT)  UNIMPAIRED APRIL TO SEPTEMBER FLOWS AT RIM STATIONS IN ABOVE NORMAL YEARS


STANISLAUS TUOLUMNE MERGED SAN JOAQUIN


Above Unimpaired Actual Unimpaired Actual at Unimpaired Actual at Unimpaired Actual tipper


Normal at Melones at Ripon at Don Pedro Modesto at Modesto Stevinson at Friant San .Joaquin


Years KAF RAP KAF KAY KAY KAY KAF RAE


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

‘0


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 876 616 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 normal years with the


contribution from above the upper San Joaquin River being 768,000 acre—feet.


The subbasin analysis for annual flows, summarized in Table V—12 produced


the following results:


Increased Losses ICAF


Stanislaus 149,000


Tuolumne 357,000


Merced 131,000


San Joaquin 1,076,000


Total 1,713,000


In the evaluation of the April through September period of the above


normal years (Tables V—li and V—U), the basin analysis and the subbasin


analysis were again in close agreement with the double mass diagram method


producing appreciably different results. The table below summarizes 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 Joaquin 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 period than for the annual period. This anomaly results


from the statistical treatment of the data, i.e. , fitting data with a


regression line.


so
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As the above table indicates, the flow reduction at Vernalis due to


post—1947 development averaged from 1,400,000 to 1, 721,000 acre—feet with


almost all the reduction occurring in the April through September period. The


reduction at Vernalis due to development 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.


Stanislaus 12 percent


Tuolumne 29 percent


Merced 9  percent


Upper San Joaquin 50 percent


Summary of Impacts —  Above Normal Years


In summary, the data indicate that in above normal years the effect of the


cvp on the San Joaquin River at Vernalis has been as follows:


a. On an annual basis, the estimated decrease in flow ranged front 768,000


to 1,076,000 acre—feet, which corresponds to 15 —  21 percent of


pre—1944 average above normal flows at Vernalis.


b. 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
9
44 average above normal flows at Vernalis during


the period.
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WET YEARS


Six of the post—1947 yeai. and two of the pre- .944 years are classified


as et. Tables V—24, V—l5, V—l6. and V—17 present the hydrologic dat~ for these


years.


Analysis of wet year hydrologic data is somewhat complicated by <the  contri-

bution of unmeasured flows to the valley floor. Consequently, 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 post—1947 period, 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 and post—1947 years was about 1,74 000


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 annual 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 development in the upper San Joaquin basin. On an annual


basis the adjusted reduction was 2,916,000 acre—feet for the four subbasins,


2,014,000 acre—feet, or 69 percent of which is attributed to the CVI’. In the


April-September period the reduction in valley floor runoff was 1,760,000


acre—feet for the four subbasins, aná 60,000 acre—feet, or 35 percent of which


was attributed to the CV?.
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TABLE V—15


ACTUAL AND UNIMPAIRED ANNUAL FLOWS AT RIM STATIONS IN WET YEARS


STANISLAUS TUOLUMNE MERGED SAN JOAQUIN


Unimpaired Actual Unimpaired Actual at Unimpaired Actual at Unimpaired Actual tipper


Wet at Melones at Ripon at Don Pedro Modesto at Modesto Stevinson at Friant San Joaqtiin


Years KAF KAF KM KAF KAF KAF KM KM


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 1,319


1958 1,678 1,180 2,649 1,855 1,409 1,058 2,631 1,657


01
 1965 1,702 1,192 2,748 1,333 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* 345* 296* 2,014’~


TOTAL SUB—BASIN LOSS 2,916

*Computed as per example in Table V—4


040583




M
a
d
e
ra



C
a
n
a
l


D
iv

e
rs

io
n



D
e
lt
a
—

M
e
n
d
o
ta



C

a
n
a
l


N
e
t 

C
e
n
tr
a
l


V
a
ll
e
y


P
ro

je
c
t


In
te

r—
B
a
s
in



T
ra

n
s
fe

r

0
1
 

-1
 

C
~
 

0
1
 

‘~
 

N
J


W
et




Y
e
a
rs



V
e
rn

a
li
s


U
n
im

p
a
ir
e
d



K
M




—
 

H
’

‘0
 

‘C
 

.0
’. 

0
1



H
’ 

0
1
 

-J



-a
C

’

H

’ 
C

’ 

.0
’.


.s
’.
 

.0
”


.0
’. 

‘0
 

.0
- 

.0
-

N
J 

H
’


-
J
 

_
J
 

.~
-
 

.0
- 

V
e
rn

a
li
s


A
c
tu

a
l


R
A

E



o
~
- 

o
 

0
1
.

I



r—



~
 

Ca
 

Ca



H
’ 

0
 

>4
 

—
I 

a
 

~
N

J



‘0
 

*



C)



H
’ 

a
 

N
J 

‘C
 

0
~



0
1



*
 

N
e
t 

L
o
ss




@
 
V

e
rn

a
li
s


K
M




E
s
ti
m

a
te

d



L
o
s
s 

@
 
V

e
rn

a
li
s 

D
u
e 

to
 
P
o
s
t


1
9
4
7


D

e
v
e
lo

p
m

e
n
t 

A
b
o
v
e


V

e
rn

a
li
s 

—
 
R
A

E



C
 

0
0
 

C
’ 

C
’ 

‘C 0
1
 

.0
- 

C
’ 

‘C
 

H
’


N
J 

N
J 

.0
- 

0
1
 

C
’ 

N
J 

H
’ 

—
 

H
’ 

—
 

—
 

H
’ 

‘C
 

‘C
 

‘C
 

‘C
 

‘C
 

‘C
 

C
~
 

C
’ 

C
’ 

0
1 

0
1
 

0
1
 

‘C
 

J
 

O
n
 

~
 

C
’ 

N
J 

~
 

~
—

J 
~
 

C
~
 

0
1



C
’ 

0
1
 

‘C
 

C
~
 

O
n
 

—
 

N
J
 

N
J
 

‘J
 

‘C
 

0
1
 

N
J 

H
’ 

J
 

H
’ 

H
’ 

0
1
 

C
’ 

0
1
 

C
’H

’ 
C

’ 
N

J 
.0

- 

H
’ 

H
’ 

O
il
 

.0
- 

C
’ 

0
0
 

‘C
 

.0
- 

.0
- 

0
 

f 
N

J 
U

I 
0
0
 

.0
. 

0
0
 

~
0
1
N

J
0
1
N

J 

N
J 

0
1
 

.0
- 

N
J 

H
’ 

C
’ 

.0
- 

0
1
 

N
J 

C
’ 

L
a
 

C
’


o
 

0
1
 

0
’ 

L
a
 

H
’ 

C
’ 

H
’ 

N
J 

O
n
 

U
I 

0
 

O
n 

‘C
 

C
’ 

—
 

C
 

-i
 

C
’ 

N
J 

0
1



0
0
 

0
1
 

N
J 

H
’ 

0
1
 

H
’ 

0
1
~
N

J
H

’N
J



O
 

U
I 

L
/’
 

N
J
 

0
0
 

0
-)



-
J
 

C
’ 

‘C
 

H
’ 

‘C
 

H
’ 

O
/l
 

0
0
 

-0
- 

C
~
 

‘C
 

0
1
 

H
’ 

H
’ 

H
’ 

H
’ 

N
J 

H
’ 

C
 

.0
- 

U
i 

0
1
 

0
0
 

C
’ 

C
’ 

C
’ 

-J
 

o
 

U
’ 

©
 

N
J 

0
 

H
’ 

H
’ 

H
’ 

H
’ 

‘C
 

0
1

H
’ 

L
a
 

N
J
 

0
1
 

‘.
-J

 
‘-
a
 

H
’ 

0
1
 

H
’ 

U
T
 

C
’ 

0
 

C
~
 

C
 

N
J
 

..
s
 

—
 

H
’ 

H
’ 

H
’ 

o
 

H
’ 

-0
- 

0
0
 

0
’ 

‘C
 

‘C
 

-a
 

-a
 

~
 

C
’ 

‘C
 

0
0
 

0
0
 

C
’ 

~
-J

 
—

 

O
n
 

‘C
 

‘.
-
/
 

0
1
 

0
1
 

.0
-

‘-
a
 

H
’ 

N
J 

‘-
a
 

H
’ 

—
 

0
1
 

C
’ 

‘C
 

‘J
 

L
a
 

0
1
 

N
J 

N
J
 

N
J 

H
’



U
I 

O
/i
 

0
0
 

0
1
 

N
J 

“a
 

C
’ 

H
’ 

U
’ 

a
 

C
’ 

‘C



—
 

H
’ 

0
0
0
’C

’C
C

’

N

J
 

.0
- 

O
n
 

0
.1

 
‘%

J 
L
a



0
1
 

0
 

H
’ 

N
J 

C
’ 

—
 

N
J
 

L
a
 

‘-
4
 

0
.4

 
.0

-
0
0

.0
- 

0
1
 

C
’

N
J 

‘C



o
 

0
 

O
n
 

‘-
1
 

‘
0
 

‘
0
 

C
 

C
a
 

C
’ 

-a
 

H
’ 

N
J 

0
1
 

-a
 

C
’ 

H
’ 

N
J 

‘C
 

-
J
 

0
 

H
’ 

0
 

0
 

N
J 

N
J 

N
J



-a
 

U
i 

H
’ 

C
 

C
’ 

C
 

H
’ 

N
J 

H
’ 

0
1
 

U
, 

U
, 

C
’ 

N
J

-a



N
J 

‘C
 

H
’ 

0
1 

0
.1



0
.4




J
’~

 
i’
~
 

F
ri
a
n
t 

S
 

~
 

U
n
im

p
a
ir
e
d



0
1
 

C
’ 

z
 

S
a
n
 
J
o
a
q
u
in

 

@
 
F
ri
a
n
t

R
A

E
 

H
’ 

0
0
 

U
i 

U
I 

H
’ 

0
0



H
’ 

0
 

C
’:



C
a



H
’ z 0
”



C
a



C
a



0



H
’
r 0



H
’ 

C
a



Z
C
a
 

-e



-
t 

0
”



0
0

C
’C

C
’l


r C
a



C
a



‘
~
C
a
 

‘C



0’
-

H
’


z
z

C
’


C



C
a



C
a



C
a



C
a



0’
-

C



C
a
z



0’
-

A
c
tu

a
l


U
p
p
e
r


S
a
n
 
J
o
a
q
u
in



R
A

E



N
J 

0
1
 

N
J 

0



O
n
 

0
 C

a



N
e
t 

L
o
ss

—
 

U
p
p
e
r 

S
a
n
 

Jo
a
q
u
im

 
R
A

E
 

E
s
ti
m

a
te

d



L
o
ss

 
@

 
V

e
rn

a
li
s 

D
u
e 

to
 

P
o
s
t


1
9
4
7


D

e
v
e
lo

p
m

e
n
t


U
p
p
e
r 

S
a
n
 

J
o
a
q
u
in

 
—

 
R
A

E
 

R
A
E



F
ri
a
n
t—

K
e
rn



C
a
n
a
l


D
iv

e
rs

io
n



R
A

E



D
e
l
i
v
e
r
y
 

t
o
 
M
e
n
d
o
t
a


P
o
o
l

R
A

E



0
4
0
5
8
4





TABLE V—li


ACTUAL AND UNIMPAIRED APRIL TO SEPTEMBER FLOWS AT RIM STATIONS IN WET YEARS


STANISLAUS TUOLUMNE MERGED SAN JOAQUIN


Unimpaired Actual Unimpaired Actual at Unimpaired Actual at Unimpaired Actual Upper


Wet at Melones at Ripon at Don Pedro Modesto at Modesto Stevinson at Friant San Joaquin


Years KAF KAF KM KAF KM RAP RAP RAP


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 1,140 1,095 861 2,216 1,330


1965 971 514 1,593 468 807 331 1,594 116


1967 1,423 971 2,258 1,085 1,298 671 2,548 1,370


1969 1,426 868 2,518 1,225 1,401 118 3,076 1,976


AVG. 1,270 844 2,064 998 1,102 658 2,275 1,060


ADJUSTED LOSS 230* 395* 175* 960*


TOTAL SUB—BASIN LOSS = 1,760


*Computed as per example in Table V—4
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FLOW DURATION ANALYSIS


Reductions in the flow of the
San Joaquin River at Vernalis do not always


of themselves adversely affect the southern Delta. Much of the flow reduction


occurred in above normal and wet years, providing a necessary flood control


function for the lower San Joacauin River. Some of the flow reduction occurs


at times when the water is not required to maintain a minimum flow requirement


at Vernalis. Therefore, it is useful to determine the frequency and duration


of flows below certain thresholds. While specific requirements for the San


Joaquin River at Vernalis have not been established, flow—duration curves


provide usefmi information for impact assessment. Figures V—9, V—ID, V—lI,


and V—12 graphically illustrate the percentage of the time the San Joaquin


River flow at Vernalis is less than any given assumed level of flow. The


example in Figure V—9 demonstrates how the flow—duration curves can be used to


compare the pre—1944 and post—1947 conditions at Vernalis. For example,


during the pre—1944 dry years the flow was less than 1,100 ft

3

/s 36 percent


of the time. In the post—194

7


dry years flow was less than 1,100 ft

3

/s 60


percent of the tine.


Comparisons can be made for any flow value during all year types except


below normal years. There were no pre—1944 below normal years in the study


period.


It is not within the scope of this report to determine the level of San


Joaquin 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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FIGURE V.10
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channel flow for remova of incoming salt load, or in relation to dilution of


incoming salts, or in relation to adequate channel water depth for pump draft,


etc. The flow required to prevent damage will depend, among other things, on


the quality of the water.


Pjowever,.the Service developed a procedure to estimate the ftow reduction


attributable to the CVP which night cause the flow of the San Joaquin River


near Vernalis to drop below required minimirts. Since the miniminn flow require-

ments have not yet been established, the procedure was used to produce curves


which relate total loss and minimirt 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-iS, respectively.


The procedure utilized generalized equations developed using the double-

mass diagram method to estimate the flow at Vernalis at a pre—1944 level of


development for the 194$ through 1969 period. A similar method was used to


estimate the flow at Vernalis with pre—1944 development in the lower San


Joaguin River basin and post—1947 develo~nentin the upper San Joaquin River basin


for the same 1948 through 1969 period. The values calculated using the proce—


dime were then compared to the actual flows recorded at Vernalis to detert the


the effect of total post—1944 development and the effect of CV?.


Table V—20 is an example of the results of computation. 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 develop-

ment is listed in column 2. Column 3  is the estimated flow at Vernalis assum-

ing pre—1944 level of development in the lower San Joaquin River basin and a


post—1947 level of devlo~ent in the upper San Joaquin River basin.
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An estimate of the total flow reduction at Vernalis due to development


in the upper San Joaquin 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 example, 1,500 ft

3

/s or 92,200 acre—feet for


the month. If column 2  is less than the target flow, the contribution to the


Vernalis flow reduction by development in the upper San Joaquin 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 of the total


reduction at Vernalis using the equation on table V—lB.


The procedure was used to estimate the contribution to flow reduction


below various target flows at Vernalis for the 1948—1969 period. Figures


V—iS, V-14, and V-IS show the curves prepared for the development in the upper


San Joaquin River basin average contribution to the reduction of flow at


Venialis below the indicated target flow.


These curves provide a  method of estimating 017? 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 ft

3

/s, the average


CV? 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 CV? impact on San Joaquin


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


60


040593




30


‘1


1600 6


VERNALIS MINIMUM FLOW REQUIREMENT. 1t3/,


VERNALIS FLOW REQUIREMENT VS ESTIMATED CONTRIBUTION TO VERNALIS REDUCTION


BELOW FLOW REQUIREMENT DUE TO DEVELOPMENT IN UPPER SAN JOAQUIN


I-
UI

LU 

‘l-
w


U


0

0

0


r


z

0


I— 

U

3

a

LII 


0

.1

U-

0


20


10


0


0


DRY YEAR


BELOW NORMAL


AaOVE NORM


0 400 800


0 AK


1200 

OCTOBtR THROUGH MARCH

‘4


040594




ao


WET


1600


VERNALIS MINIMUM FLOW REQUIREMENT, tt
3
/.


VERNALIS FLOW REQUIREMENT VS ESTIMATED CONTRIBUTION TO VERNALIS REDUCTION


BELOW FLOW REQUIREMENT DUE TO DEVELOPMENT IN UPPER SAN JOAOUIN


~11


C


C


m


I— 

UI

UI

IL


UI


U

4


0

0

0

r


z

0


F

C-)

3

a

UI


3:


0

-I

U-

0


ABOVE 

20


10


0


NORMAL


DRY YEAR


OW N 

0 400 800


ORMAL


1200 

APRIL THROUGH SEPTEMBER


040595




30


1200 

‘1


1600
 3

VERNALIS MINIMUM FLOW REQUIREMENT, Its/s C


VERNALIS FLOW REQUIREMENT VS ESTIMATED CONTRIBUTION TO VERNALIS RtDUCTION rn 


BELOW FLOW REQUIREMENT DUE TO DEVELOPMENT IN UPPER SAN JOAQUIN


0


0

F

LU 

UI

Ii~


20


U

4


0

0

0

r


z

0


I-’

U

3

a

UI

a:


3:

0

-I

II.


10


KY YEAR


E  NORMAL


0


BELOW NORMAL


0 400 800 

YEAR


ANNUAL TOTAL th


040596




any time and the flow which would have occurred if the CV? 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 Venialis flows. At such times the Service’ s analysis uses


part of that enhancement to offset the impact of the CV? flow decreases even


when the remaining net flow is inadequate.


SUMMARY OF HYDROLOGIC DATA


Hydrologic data for the San Joaquin River at Vernalis for the periods 1930—


1944 and 1947—1969 are summarized in Table V—19. 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 all years in each of the two periods, pre—1944 and post—1947.


It will be noted that the former period includes 14 years, while the latter


includes 22 years of record.


Table 17—20 provides an additional summary of flow reduction in the 1948—


1969 period that have resulted from developnent in the •entire San Joaquin 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, annual and April—September. Net losses are also given.


3stimates 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. Ix~ 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,


SAN JOAQUIN RIVER


Pre—1944


DRY


Unimpaired Rim Actual Losses

Annual Apr—Sept Annual Apr—Sept 

KM KM KAF RAP 

Annual
 Apr—Sept


1931


1934


1939


1930


1933


AVG.


RAF


1,660


2  ,288


2,909


3,254


3,356


( 2,693)


RAP


1,203

1,303


1,909


2,490


2,856


(1,952)


677


927


1,708


1,268


1,376


(1, 191)


1930—1944 AND 1947—1969

NEAR VERNALIS


__________________________ Post—1947 __________ ___________


Actual _______ j~osses ____


Annual Apr—Sept Annual Apr—Sept Annual Apr—Sept

KAF RAP RAP RAP KAF KAF


DRY


121


196


483


672


647


(424)


BELOW NOHMAL


983


1,361


1,201


1,986


1,980


(1,502)


1,082


1,107


1,426


1,818


2,209


(1,528)


1961


1968


1960


1959


1964


AVG.


2,100


2,938


2,960


2  ,986


3,151


(2,827)


1,562


1,918


2,108


1,995


2,216


(1,960)


2,723


3,177

2,492


3,652


3,269


3,216


3,275


3,631


(3,179)


437


1,428


550


1,243


1,124


(957)


943


1,247


1,697


1,553


1,442


1,717


1,891


1,786


(1,534)


BELOW NORMAL


1955


1949


1966


1948


1957


1954


1953


1950


AVG.


3,512


3,799


3,985


4,218


4,292


4,315


4,354


4,656


( 4,141)


ABOVE NORMAL


No Pre—1944 years in the below normal year type.


ABOVE NO[{NAL


1935 6,418 5,152 4,038 3,131


1936 6,495 4,489 4,953 2,787


1937 6,530 4,746 5,483 3,372


1940 6,596 4,107 4,710 2,786


1932 6,622 4,829 3,660 2,388


1943 7,283 4,417 6,060 3,020


1942 7,398 5,461 6,160 3,834


AVG. (6,763) (4,743) (5,009) (3,045)


82


309


139


219


232


(196)


303


573


246

1,094


630


902


780


1,062


(699)


848


1,752


919


1 , 663


1,510


2,410


].,743


2,027


(1,870)


2,569


2,552


2,288


2,665


2 , 850


2,598


2,463


2,870


(2,607)


4,131.


3,438


2,524


1,480


1,609


1,969

1,776


1,984


(1,764)


2,1120

2,604

2,246

2,558


2,639


2,314


2,495


2,569


(2,480)


3,510

2,808

1,987


2,380 2,021 1962 5,618 4,358 1,487


1,543 1,702 1963 6,250 4,560 2,812


1,047 1,374 1951 7~262 2,906 4,738


1,886 1,321


2,962 2,441


1,223 1,397


1,238 1,627


( 1,754) ( 1,698) AVG. ( 6,377) ( 3,941) ( 3,012) ( 1,173) ( 3,36/) ( 2,768)
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TABLE V-JO


SIJ1~1NARY OP HYDROLOGIC DATA, 1930—1944 ANTI  1947—1969


SAN JOAQUIN RIVER NEAR VERNALIS (Continued)


Pre—1944 Post—1947


WET


Unimpaired Rim Actual


Annual Apr—Sept Annual Apr—Sept


KAF KAF KM RAE


Losses


Annual Apr—Sept


RAP RAP


WET


Unimpaired
Rim Actual 

Annual Apr—Sept Annual


RAP RAP RAP


ALL YEARS

a’

U)


Losses _____


Apr—Sept Annual Apr—Sept


RAE RAP RAP


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

1952


1956


1967


1969


8,367

9,312


9,679


9,993


12,295


6,691


7,123


5,534


7,527


8,540


6,056


7,143


6,304


5,560


10,073


4,449


4,685


2,404


4,192


5,181


2,311


2,169


3,375


4,433


2,222


2,242


2,438


3,130


3,335


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)


Mm. 1,660 1,203 677 121 411 1,082 2,100 1,582 437 82 1,510 1,680


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)
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Table V—20


SUMMARY OF  FLOWS, LOSSES AND FLOW REDUCTIONS


SAN JOAQUIN  RIVER NEAR  VERNALIS


1948-1969


ANNUAL APRIL--SEPTEMBER

Avg.Rim Estimated Flow Reduction Estimated Flow Reduction


Station Actual Net Due to Post—1947_Devel. Station Actual Net Due to Post—1947 Devel.


Year Unimpair Flow Loss %  of Rim %  of Umimpair Flow Loss
 % 
of Rim %  of


Type KM KAF KAF KAF
 Station Pre-1944 KAF KAF KAF
 KM Station Pre-1944


Dry 2,827 957 1,870
 410 14  34 1,960  196  1,764  320  16  15


Below


Normal
 4,141  1,534  2,607  1,220  29  33  3,179  699  2,480  1,060  33  52


Above


Normal 6,377
 3,012 3,364 1,560  24  31  3,941  1,173  2,768  1,580  40  52


Wet 9,626 6,489
 3,137 1,890 20  21  6,716 3,743 2,973 1,370 20 25

a’

a


UPPER SAN JOAQUIN RIVER BASIN


1948-1969


ANNUAL APRIL--SEPTEMBER

Estimated Flow Reduction Estimated Flow Reduction


San Joaquin Due to Post-1947 Devel. San Joaquin Due_to Post-1947 Devel


@  Friant Actual Net ~ of @  Friant Actual Net %  of


Year Unimpair Flow Loss ~ of Pre—1944 Unimpair Flow Loss %  of Pre-1944


Type KAF KAF KAF KAF Friant @  Vern. KAF KAF KAF KAF Friant @  Vern.


Dry 842 136 706 120 14  10  636  55  581 7  1.1  1. 6 


Below


Normal
 1,252 165 1,088 540 43 24 1,001  66  935 390 39 30


Above


Normal 1,909
 445 1,464 920 48 18 1,344 95 1,250 570 42 17 


Wet 2,996 1,878 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 flow 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 7—2.)


Exceptions to this procedure are values given for below normal years which were


taken as estimates computed by the double mass diagram method.


Additional information presented in Table 7—18 is flow reduction expressed


as percentage of the unimpaired rim station flow and the actual Vernalis flow,


pre—1944.


SUMMARY


Reductions in runoff that have occurred in the San Joaquin River basin as


a result of development subsequent to 1947 are summarized in Table 7—21.


Data presented in the table are derived from Table 7—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 Joaquin


River basin. Reductions in flow are determined as the difference in “losses”


between the rim stations and Vernalis. Reductions attributable to the CV? 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 tens of volumne of runoff 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 quantity effects


are as follows:


1. For the entire San Joaquin River basin, flows at Vernalis were reduced


by post—1947 development,


* Rounded to nearest 10
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a. in dry years 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 occurred in the April—September


period,


c. in above normal years by amounts exceeding 1,400,000 acre—feet,


all of which occurred in the April—september period, and


d. in wet years by amounts 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 ~W, flows at Vernalis were reduced by post—1947 development;


a. in dry years by 90,000 to 130,000 acre—feet, a relatively small


proportion of which (about 4 to 8 percent) occurred in the April-September


teriod,


b. in below normal years” by more than 500,000 acre—feet, of which


about three—quarters occurred 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 ?.pril—Septenber period, and


d. in wet years by 750,000 to 2 million acre—feet, of which about


half occurred during the April—september period.


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


April—September period of below normal and above normal years when from 14—24


*
Data are limited for these years. Refer to analysis below normal years on


page 7—18.
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percent of the flow reduction at Vernalis (on a pre—1944 basis) was attributed


to development by the CV? in the upper San Joaquin basin. The impact in
dry


years was small, less than 2 percent of the pre—1944 flow at Vernalis. In the


April—September period of wet years, reductions were in the range of 10—18


percent of the pre—1944 flow at Vernalis.
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Table V—fl

SUMMARY OF REDUCTIONS IN  RUNOFF OF  SAN  JOAQUIN RIVER AT VERNALIS FROM PRE-CVP TO POST-CVP


EFFECT OF  ALL  POST-GyP UPSTREAM EFFECT OF CVP ON  RUNOFF AT VERNAL IS 


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  Vernalis as 


MAE’ Pre-1944 KAF’ Percent of Percent of


Actual Runoff Pre—1944 Flow Post—1947 Flow


DRY


April-Sept 206- 4T7 49_672 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 6O_682 386— 428 22 .- 242 55 - 61 

Full Year 1219 442 543 202 35


ABOVE NORMAL


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


Full Year 1400-1721 28-34 768-1076 15  - 21  25  - 36


WET


April-Sept 1002-1760 19-32 554- 965 10  —
 18  15  —
 26 


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


AVERAGE OF  ALL  YEARS
3


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 V—2 through V—U


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 period
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~A~TER VI


WATER QUALITY EFFECTS OF UPSTREAM DEVELCPMEt~T


INTRODUCTION


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 Southern Delta water quality.


Part of 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 load. Chapter V  has


identified the changes in flow at Vernalis, and this chapter equates these


changes in flow with an amount of degradation at Vernalis. This chapter also


examines historic salt loads and concentrations at Vernalis to determine changes


associated with develoment along th~ San Joaquin River and its tributaries.


Sections 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 B 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—
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prints

3

’ in an attempt to identify the principal sources and their relative


contributions to the total salts reaching Vernalis. Also included in this


section are the results of salt balance computations using this data for a


single dry year, 1961.


Section B of this chapter addresses three questions pertaining to water


quality at Vernalis. First, has there been a change in salt load at Vernalis?


By comparing the TDS salt loads at Vernalis over the period 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 employed to judge whether in the years after 1950, the percent of Vernalis


salt load contributed by these sources has changed. Section 3 deals with


trends in the data in a qualitative rather than quantitative manner.


Section C of this chapter presents the record of quality degradation


in the San Joaquin River as 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 periods when none


exists. By constructing the complete set of TDS concentrations, similar


hydrologic years before and after upstream development 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 quality 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 Tholumne 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 development of the individual studies, to forego reading Sections A, B,


C, and ID. Section S summarizes the results of the four preceeding sections and


analyzes the impact of upstream development on quality degradation at Vernalis.


Section F of this chapter is a summary of quality impacts at Vernalis


resulting from CVP development.


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 quality, generally the period prior to 1950 is


considered indicative of conditions in the lower San Joaquin River before CV?


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 change 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 SOURCES OF SALT BURDEN——CHEMICAL CHARACTERISTICS


Figure VI— 1  is a schematic representation of the San Joaquin Valley


System showing the location of stream gaging, water quality sampling


stations and principal drainage accretions.
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LEGEND: A Stream Gage, QWater Qualify Station, —*-- Drainage Accretion
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Figure VI—l 

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


In order to provide a perspective of quality characteristics of


San Joaquin flows, it is necessary to identify the distinguishing chemical


properties of the principal sources of runoff. Table VI—1 gives a represent-

ative analysis of the four major tributaries at locations corresponding


approximately to the location of rim flow gaging stations.


The quality 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 pa of these waters • Chlorides are very


low. Traces of iron and fluoride are occasionally noted. Boron is found


in measurable concentrations (> 0.1 tng/L) in only a few samples. Iron is


virtually absent. Distinguishing properties 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 Joaquin Main Stem


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


the main stem of the San Joaquin 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 Na

4

, 1C~, Cl


and SO
4 

than of Ca~, Mg~ and HCO;~ 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


IC
4 

and Cl are noted, with corresponding changes in TDS, hardness, SAR
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Table VI—l. RiPRESENTATIVE WATfl QUALITY OF HIGH SIERSA STREANS*


San


Joaquin

Merced


@ 


Tuolumne


@ 


Stanislaus


@ 


at Friant Exchequer La Grange Tulloch


1. Date 6 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. iron 0.0


5. Calcium
 3.6 12 2.5 5.6


6. Magnesium 1.6 2.4 0.5 2.2


7.  Sodium
 5.4 3.2 1.2 2.6


8. Potassium 0.7 0.7 0.4 0.3


9. Bicarbonate 24 48 12 35


10. Carbonate


II. Sulfate
 0.0 3.0 0.2 0.0


12. Chloride 6.0 3.2 — 
 1.2


13. Fluoride 0.1 0.1 0.1 0.1


14. Nitrate 0.4 0.8 0.4 0.3


15. Boron 0.1 0.0 0.0 0.0


16. ms 40 59 16 39


17. Ca + Mg hardness 16 40 8  26


18. Non—carb. “ 0 1  0  0


19. SAR 0.6 0.2 0.2 0.2


20. SC, umhos/cn 59 95 22 63


21. pH 7.3 7.6 6.7 7.3


* mg!L except as noted
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Table vI—2. REPP~SENTATIVEWATER QUALITY OF TRIBUTARIES


AT CONFLUENCE WITH SAfl JOAQUIN *


San Joaquin Merced Tuolumne Stanislaus

nr. nr. nr. nr.


Mendota Stevinson Tuol.City mouth


1. Date 4May63. 4May61 9May61 4May61


2. Mean discharge (cfs) 71 235 12


3. Silica 17 26 41 34


4. Iron 0.1 0.02 0.04 0.01


5. Calcium 17 22 53 30


6. Magnesium 9.0 7.3. 16 12


7. Sodium 23 30 102 19


8. Potassium . 0.9 2.0 8.0 .
 2.1


9. Bicarbonate 84 132 147 182


10. Carbonate 0 0


II. Sulfate 27 15 10 10


12. Chloride 26 20 207 9.0


13. Fluoride 0.2 0.]. 9.0 0.1


14. Nitrate 0.9 3.4 3.1 0.6


15. Boron 0.2 0.1 0.0 0.1


16. TDS 162 193. 512 207


17. Ca + Mg hardness 80 84 198 126


18. Non—carb. 11 0 77  0


19. SAR 1.1 1.4 3.2 0.7


20. SC, ]imhos/cm 260 294 913. 33.5


21. pH 7.5 7.8 7.8 7.7


* mg/L except as noted
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and SC. 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 concentration


of sulfate is virtually the same as for the Stanislaus and less than for either


the Merced or the San Joaquin at Mendota.


Westside Drainage Water Quality


Drainage waters from the west side of the San Joacuin Valley are charac-

terized by generally high concentrations of total dissolved solids, dominated


by Na

4

, Cl and SO~. TDS levels commonly 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 a quality 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 valley. However, a fair indication of west side water quality


is seen in observations of Salt Slough near Los Eanos, some examples of


which are described in table VI-3. It is noted that these waters are high


in boron and sulfates; noncarbonate hardness is more than 40 percent of


total hardness.


Quality Variations Along the Main Stem


A general picture of the pattern of quality along the main stem of


the San Joacuin, in relation to the cuality of its principal tributaries, is


presented in figures VI-2 through VI—�.


Cation—Anion balance. Figure VI—2 shows the cation composition of


the river and tributaries during the period May 3—9, 1966, and figure VI—3


shows the corresponding distribution of the principal anicns.
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Table VI- 3. WATER QUALITY OF SALT SLOUGH*


1. Date 4May61 7Sep61 4May66


2. Mean discharge (cfs) 65 73 98


3. Silica 25 25 17


4. Iron 0.0


5. Calcium 56 52 54


6. Magnesium 29 32 25


7. Sddjun 146 157 123


8. Potassium 4.8 5.0 4.6


9. Bicarbonate 160 174 152


10. Carbonate 0 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. Boron 0.4 0.7 0.6


16. TDS 698 721 628


17. Ca + Mg hardness 260 260 236


18. Non—carb. “ 129 117 111


19. SAR 3.9 4.2 3.5


20. SC, pmhos/cm 1210 1300 1060


21. pH 7.8 7.4 7.6


~ ~gJL except as noted
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Figure vi— 2 CONCENTRATIONS OF PRINCIPAL CATIONS IN THE SAN JOAQIJIN RIVER
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Figure VI- 5. NONCARBONATE HARDNESS IN SAN JOAQUIN RIVER SYSTEM
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Figure VI—6
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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 Joaquin River


water at Fremont Ford Bridge (FF) corresponds closely 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 following example:


San Joaquin River


@  Fremont Ford Salt Slough


5—5—66 5—4—66

Q  = 175 = 98 ft


3
/s


Cations


(percent of total)


Ca~ 22.5 26.4


Mg~ 19.7. 20.2


Na~ 56.7 52.2


1.1 1.2


100.0 100.0


P~nions


(percent of total)


HC05 22.2 25.2


CO! 0 0 


SO~ 22.9 25.8


Cl 54.9 49.0


100.0 100.0


It should be noted that the additional drainage accretion to Fremont Ford is


about 77 ft
3
/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 is 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 Frenont 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 overall quality, although high in Nat, IC~and


Cl, accelerates a general decline in salt concentration. The proportion


of Cl to total anions increases notably while the proportion of $04 in


the San Joaquin (more or less constant in the Tuolumne) decreases. A 


further striking improvement in San Joacuin cuality is noted between Maze


Road and Vernalis with the addition of flow (157 ft
3
/s at Ripon) of very


high quality.


Sulfates. Table 171—4 summarizes the principal anion composition of


the San Joaquin System for the dry year 1960—61. Data shown represent


averages of all observations over the year for all USGS stations at which


samples were collected.


As noted previously, a distinctive difference in the quality of east side


streams and the quality of the main stem below Mendota is the concentration


of sulfate ion, so. East side streams, with the exception of the Tuolumne


below the gas wells, contain very little sulfate while the main stem and the


principal west side tributary, Salt Slough
1 

are very rich in this anion. The


pattern along the river, shown in figure 171—4, highlights these differences,


showing clearly that for this period, at least (when flows were generally


very low) the river water cuality, in tens of chemical conmosition of salts,


was similar to drainage from the west side. Some lowering of 304


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


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


sustained at high levels along ~st 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


USGS No. Location


No of


Obs.

1


Principal


HCO so:


Anions,
 mg/L


ci.  % SO
4


2


2510 SJR belowFriant 12 22.3 0.5 5.1 1.8


2540 SJR ur Mendota 13 97.7 36.3 98.0 15.7


2580 Fresno R. 8 51.5 0.0 28.4 0.0


2590 Chowchilla a. 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, Premont Fd. - 15 208.9 233.8 345.3 31.4


2700 Merced @  Exch. 12 50.1 2.5 4.2 6.7


2725 Merced @  Stev. 11 145.5 13.5 22.1 7.7


2740 Sit nr Newman 13 221.6 252.0 318.4 32.0


Z747 SJR nr Crayson 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 II 83.9 2.8 81.1 1.2


2902 Tuol nr Tuol City 11 130.4 9.4 204.0 2.4


2905 Sit @ Maze Rd 12 178.7 87.7 241.6 16.3


2999.98 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 Sit nr Vernalis 39 151.0 81.0 176.0 19.9


3042 SJR at Mossdale 13 163.2 65.3 192.3 14.0


3048 Sit, Garwood Sr. 12 144.6 45.0 145.6 13.1


3127 Old R. nr Tracy 12 167.4 86.5 198.6 17.9


3129.9 DMC above PP 10 - 101.6 23.5 100.6 12.8


3130.1 DMC below PP 28 94.0 39.0 89.0 17..6


3130.5 DMC ur Mendota 13 110.5 36.0 110.6 15.6


3132 Grancline Canal 12 149.1 65.5 182.2 15.0


3132.5 Old R. @  Cl.Ct. 12 103.5 21.0 103.9 12.3


1 
 Corresponds to maximum, usually for HCO and Cl; S0~ analyses were made less


frequently


2 
 Percentage based only on samples analyzed for all three anions, since 504


analyses were made less frequently
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A similar pattern is seen for a set of data taken during the period May 3—9,


1966, although in this case the sulfate concentration of the Tuolumne River at


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


accounts for the sharp drop in 304 between Grayson and Maze Roads.


Noncarbonate hardness. Noncarbonate hardness, a measure of hardness


attributed to the chloride and sulfate compounds with calcium 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 71—5
and


figure 71-S. Once again the main stem quality, in terms of chemical composi-

tion of salts, is closely identified with drainage returns from the west side,


i.e., Salt Slough, while the, east side streams are virtually devoid of NCE (the


exception being the lower reach of the Tuolumne where the gas wells add calcium


and magnesium sulfate). Even the DMC carries a relatively high NCh, a condi-

tion that is also reflected in the quality of water in the San Joacuin River


near Mendota since the DMC is the principal source of water in the main stem at


this location.


Boron. Boron concentrations in east side streams are generally very


low, while this is a conmton constituent of west side waters and also of the


main stem during periods of low runoff. Data on boron concentrations for


1960—61 are summarized in table 71—6 and figure 71—6.


In these examples, boron concentrations are noted to Vary widely


with location along the main stem, but at all locations the concentrations


are substantially greater than for any of the east side streams. Even the


DMC delivers water with more than double the boron concentrations of the


highest east side source (Tuolumne River). Maximum boron concentrations in


the east side streams are no creater than the least values recorded for the


main stem from Fremont Ford to Vernalis.
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Table VI— 5. TOTAL AND NONCARSONATE HARDNESS


SAN JOAQUIN RIVER SYST~, 19 60—61


Station No. of Hardness as CaCO3,
mg/L


13503 No. Location abs. Ca + Mg NRC
 %  @  NRC


2510 Sit below Friant 12 17.0
 0.5 2.9


2540 Sit at Mendota
 13 128.1 47.9 37.4

2580
 Fresno a. 8  43.8 4.3 9.8


2590 Chowchjlla R. 7 101.8 18.3 18.0

2603 Bear Cr. 1]. 112.2 1.6 1.4


2610 Salt Slough - 12 332.9 167.8 50. 4


2615 SJR, Fremont Pd. 15 366.3 194.3 53.0

2700 Merced @  Exch. 12 44.4 3.8 8.5


2725 Merced @  Stev. II 93.6 0.0 0.0

2740 Sit at Newman 13 370.8 188.6 50.9


2747 Sit nr Grayson 12 327.2 135.5 41.4

2880 Tuol @  LaGrange 11 10.9 0.5 4.8

2898 Tuol ar Hickman 11 94.2 25.5 27.3.

2902 Tuol nr Tuol City
 11 173.9 66.5 38.2

2905 SJR @  Maze Rd
 12 265.9 118.2 44.5


2999.93 Sean @  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 at Mossdale 13 229.4 95.1 41.5

3048 SJR, Garwood Br. 12 178.1 60.2 33.3


3127 Old R. nr Tracy 12 247.5 110.3 44.6

3129.9 DMC above PP 10 131.8 48.3 36.6


3130.1 DMC below PP 28 115.0 38.0 33.0


3130.5 DMC at Mendota 13 143.8 52.7 36.6


3132 Grantline Canal 12 206.8 84.3 40.8


3132.5 Old R. ~ Cl.Ct. 12 132.2 55.8 42.2
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Table VI—. 6. BORON CONCENTRATION, SAN JOAQUTh RIVER SYSTfl~


USGS No. 

Station


Lccation

No. of


Obs.


Boron


Mm.


Co ncentr


Max.


anion,


Mean


mgit
 •


Median


2510 SJR below Friant 12 0.0 0.1 0.03 0.0

2540 SiR at Mendota 13 0.0 0.6 0. 23 0.2

2530 Fresno R. 3 0.0 0.2 0.05 0.0


2590 Chowchjfla R. 7 0.0 0.1 0.04 .  0.0

2603 Bear Cr. • 0.0 0.1 0.02 0.0


2610 Salt Slough 12 0.3 2.2 1.00 0.75

2515 SiR, Fremont Pd. 15 0.4 1.8 0.83 •  0.70

2700 . Merced @  Ezch. 12 0.0 0.1 0.03 0.0

2725 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 SJR nr Grayson 12 0.3 1.1 0.63 0.6

2880 Thcl @  LaGrange 11 0.0 0.1 0.04 0.0

2898 TucI nr Hickman lj 0.0 0.1 0.05 0.0

2902 Tual rtr Tuol City II 0.0 0.2 0.11 0.1


2905 Sit @ Maze Rd 12 0.2 0.6 0.42 0.4


2999.98 Sean @ Tulloch 12 0.0 0.1 0.02 0.0


3034 Sean at mouth 10 0.0 0.1 0.04 0.0

3035 SiR tr yamaha 39 0.2 0.7 0.44 0.4


3042 SiR at Mossdaje 13 0.0 0.5 0.28 0.3


3048 SiR, Garwood Br. 12 0.0 0.5 0.26 0.3


3127 Old 3. at Tracy 12 0.0 0.7 0. 39 0.4


3129.9 DMC above PP 10 0.1 0.6 0.21 0.1


3130.1 DMC ~e1ow PP 28 0.1 0.8 0.22 0.1


3130. 5 DMC nr Mendota 13 0.1 0.6 0.22 0.1


3132 Grantline Canal 12 0.0 0.5 0.27 0.4


3132.5 Old H~. @  C1.Ct. 12 0. 0 0.5 0. 14 0.1
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Summary. These data were developed to facilitate identification of


the locations and .
 lative 3trengths of the major contributions to the salt


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


to 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 along its main stem. East side streams are generally of high


quality from source to mouth (an exception being the lower reaches


of the Tuolumne River). They are lower in TDS, lower in boron and


uniquely deficient in sulfate and noncarbonate hardness compared to


the San Joaquin River into which they discharge.


2. In the 1960’s there is comparatively little difference between the


quality and chemical composition of salts
in drainage returns from the


west side of the valley and the quality of water carried in the San


Joaquin River from Mendota to Vernalis. West side 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 quality of water and chemical composition of salts in the San


Joaquin from Mendota 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.


4. 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 front abandoned gas wells. However,
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even in 1961, the average annual quality of the Tuolumne at its


mouth near Tuolunne City was superior to that in the main stem of


the San Joacuin 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 control measure has not yet been assessed quantitatively.)


While the properties of the salts carried by the San Joacuin River


during periods of low flow appear to be dominated by west side accretions,


to a degree that they are hardly indistinguishable, it is not possible on


the basis of quality alone to determine the relative contribution of the


several sources without considering the flow itself. This leads to the


second phase of the cuahity problem——salt load——the product of flow times


concentration.


SECTION 8 •  SALT BALANCE OBSERVATIONS AT VERNALIS


The water quality at Vernalis may be affected by a change in salt load.


Generally, an increase in load can be expected to cause quality degradation.


(The exception would be an increase in load accompanied by an increase in


flow.) An increase in load can 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 occurring naturally in the soil 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 load is through a shift of load with


time. In such a case, the salt burden may be temporarily detained in the basin


during one period but released subsequently with return flow. This mechanism
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may not change the total annual salt load, merely redistribute it with respect


to time, or delay its occurrence 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 both.


Historical Trends of Salt Load at Vernalis


In figures VI-7 through VI—lO are presented the monthly average salt


loads (tons per month) actually occurring at Vernalis during several decades


since the 1940 ~ 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 (KAP)”


where


TDS = tons per month


KAF = unimpaired Vernalis runoff, 1,000 acre—feet


n = exponent


that best fit 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 do 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 monthly


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 period since the 1940’ s.


Historical Trends in Salt Concentration at Vernalis


The Water and Power Resources Service has established a continuous


SC recorder at the Vernalis stream gage and records are available, with some


minor gaps, almost continuously for the period since September 1932. These are


generally in the form of SC measurements from recorders, averaged over the


daily cycle and converted to TDS and chlorides by conversion equations period-

ically updated by comparison of SC measurements with laboratory determinations


of TDS and Cl. The most recent equations employed by the Water and Power


Resources Service for Vernalis are:


TDS = 0.62 SC + 18.0 (1)


0  C  SC C  2000


Cl = 0.15 SC — 5.0 . (2a)


o  < SC C  500


Cl = 0.202 SC —  31.0 (2b)


500 < SC < 2000


By relating TDS to Cl for constant SC, there result the following relation-

ships between these two quality constituents:


TDS = 3.07 ( Cl) + 113 ( 3)


70 C  Cl


TDS 4. 13 ( Cl) +
38.7 ( 4)


0  C  Cl < 70


Using the above equations, and what chloride data are available for the


1930’s and 1940’s, figures VI—il, VI—12, VI—13, and 111—14 were developed.


Also shown in these figures are the actual TOS data for the 1950’s and 1960’s.
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Stan is 1 mis Tuolumne Merced


Figure VJ—18 CHLORIDE SALT BALANCE——SAN JOAQIITN RIVER SYSTEM, 1960—61
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Stanislaus Tuolumne Her ce d


Figure 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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Stanislaus Tuo 1umn a Merced


NONCARBONATE HARDNESS SALT BALANCE


SAN JOAQUIN RIVER SYSTEM, 1960-61
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Stanislaus Tuo lumn a Merced


Figure VI- 21 BORON SALT BALANCE——SAN JOAQUIN RIVER SYSTEM, 1960—61


(Numbers indicate salt load in 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


Joaquin 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 verifying data for all months,


only October, January, April, and July curves were formulated. Because of the


shortage of data prior to 1952, all years prior to 1950 were considered as


pre—CvP. Since the Delta-Mendota Canal did not go into operation until after


1950, no major source of imported salt existed to influence the analysis. For


Vernalis one additional 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—iS and VI—16 are examples of chloride load versus flow curves


for the month of July on the Tuolumne River at Tuolumne City. The actual data
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points used to define the curves are shown on the figures. Additio~.al curves


are in appendix 2. Table VT—7 summarizes the characteristics of re-ression


curves of chloride load versus flow for each month of both the pre—1950 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 Vernalis. A typical sununary 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 accretions 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’s 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—8.


88


040641




TABLE VI —  7

CHLORIDE LOAD  VS. FLOW  COEFFICIENTS AT V~NALIS


1930 —
 1950


MONTH Cl C2


~sIr  OF

PAIRS* R


OCTOBER •3416451758E+03 .7238303788 7 .993


NOVE~ER .3393044927E÷03 .6880766404 6  .987


DE~?~ER .3639052910E+03 .6787756342 7  .972


JANUARY . 3928349l75E÷03 .6231583178 10 . 965


FEBRUARY .5368474514E+03 .5675747831 9 .914


MAR~ .4968879101E+03 .6035477710 10 .951


APRIL .3866605718E+03 .5624873484 9 . 942


MAY . 3805863844E+03 .5399998219 9  .920


JUI~ .6355065225E÷03 .5175446121 9 .849


JULY .6038658134E+03 .6219848451 8 . 900


AUGUST .3874538954E÷O3 .7410226741 8 .991


SEPTE~ER .3500905302E+03 .7524035817 8 . 989


* # OF  PAIRS DOES NOT INCLUDE PESTRIC2ION POINT (.5,200)


y = 
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Tabia VI—8


UNIMPAIRED FLOW OF THE SAN JOAQUIN RIVER


AT VERNALIS


Average Vernalis unimpaired flow


October 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


&‘timated actual Vernalis flow


Pre_years*


Dry year 110 150 86 46


Below normal 101 119 113 64


Above normal 98 279 805 235


Wet year 107 410 1175 730


**


Post—years -

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


“
 1950—1969
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The salt load estimated for Vernalis by month and year classification


is summarized in table VI—9. In
this sumaary, the salt load varies with time


and year classification. Salt loads tended, of course, to be sensitive both to


runoff and concentration. In the pre—1950 period, for example, the greater


loads occurred in the wetter years, and generally in the month of July.


In the post—1949 period, 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 dry 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 normal years and decreased slightly in wet years. This can probably be


explained by lower flows and loads in the summer months. These estimates are


based on “actual loads” as identified in table VI—9.


Salt Balances for a Dry Year -

Additional insight to salt balance estimation is provided by an evaluation


of the salt load distribution along the San Joaguin River for the dry year


1961, as illustrated by figures 71-lB through VI-21.


In figure 71—lB is shown a schematic representation of the average amounts


( thousand tons per year) of chlorides delivered over the year by each of the


several discrete sources, previously identified in figure 71—i, “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 Joacuin River.


It also shows, in the case of this particular constituent,* the important


contribution of the Tuolumne 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. CaORIDE 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 12,563


Jan 8,920 10,420 8,784 10,284 7,720 12,730 7,650 12,320


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 54,595


Year 91,350 105,840 88,712 104,428 92,730 133,290 98,701 133,517


Above Normal Years Wet Years


Average iflow* Actual load** Average if low* 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 14,450 12,926 12,611 16,690 23,320 16,666 21,689


Apr 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 171,750 144,930 177,146 181,840 251,520 255,780 258,249 258,216


* Load based on regression of average flow for month.


~ Load based on average of loads from regression of all flows for month.


NOTE: “Pre” refers to years 1930—1949


“Post” refers to years 1950—1969
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of chlorides that reaches Vernalis, about 60 percent of the load originates


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 between Newman and Vernalis. About 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 71—19 through 71—21 give a somewhat 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 71—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 that there is even a net export of


sulfate to irrigated lands below Newman, not an unlikely occurrence in a dry


year of max—irrigation water use and reuse. According to these analyses, about


57 percent of the sulfate load of the upper San Joaquin River ( that apparently


accounts for virtually all that arrives at Vernalis) originates between Fremont


Ford and Newman, and about 30 percent comes from Salt Slough.


A very similar picture is presented by figure 71-20, 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 total to Vernalis, while 71 percent origi-

nates in the upper San Joaquin River • The east side streams have virtually


no noncarbonate hardness.


93


040647




Finally, a boron balance is shown in figure 71—21 (note that values


are in tons per year, not thousand tons, as in the previous examples). Again,


although some boron is found in most waters tributary to the valley floor, the


dominant sources are in the upper San Joaquin River basin about 69 percent of


that which eventually passes Vernalis. In this case, local drainage between


Newman and Vernalis contributes about 22 percent of the total.


It should be noted that for reference purposes, since it is a part of


the valley system, the Delta—Mendota Canal’s contribution is indicated in
the


figures. The imnorted salt load to the San Joaonin Valley is noted to range


from 147 to 173 percent of that leaving at Vernalis for this dry year, 1961.


Summary of Salt Balance Calculations


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


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


post—1947 periods, 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 appears that loads in the dry years


increased 18 percent and below normal year loads increased 35 percent. Little


or no load change is apparent in above normal and wet years. In the dry and


below normal years the biggest increase in load occurred in April when spring


runoff is probably flushing the basin of some accumulated salts. Consistent


with this observation, loads in July have also decreased in dry 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
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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. 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 Vernalis.


A summary comparison of relative increase in salt burden at Vernalis by


year classification is presented in table VI—lO.


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 Rive~e system. 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 vary 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—il.


Some highlights of this 1961 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 load that enters the San Joaquin River above Newman is


equivalent to 60 to 100 percent of that observed at Vernalis.
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Table VT—lU


PERCENTAGE CHANGE IN SALT WAD (CmJORIDES)


AT VERNALIS BETWEEN PRE—1950 AND POST—1949 AS A


FUNCTION OF TINE OF YEAR AND YEAR CLASSIFICATION


Year


Class


PERCENT CEAN GE*


MONT H


Year
October January April July 

Dry 25 17
 28 —29 18


Below normal 31
 61 88 —5 35


Above normal —2 —2 —15 —44 3


wet 12 30 34 —41 0 


* ( ( Salt load post—1949/salt load pre—1949)—1) x 100.
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TABLE VI-ll. PERCEiNTAGE COflIBTJTION OF SOURCES


TO SALT LOAD ESTINATES AT VERNALIS


Source Percent of Total at Vernalis


Constituent*


Cl SO
4 

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


Tuolumne River


Gas Wells 29.5 1.0 20.5 2.3


Tuolumne River 30.5 2.9 20.5 6.9


Drainage:


Newman to Vernalis 7.5 —8.4 8.7 22.4


Stanislaus River 2.0 2. 3 0 1.5


San Joaquin River


at Vernalis 100.0 100.0 100. 0 100. 0


* Cl chlorides; SO

4 

— sulfates; NC = noncarboriate hardness; B = boron
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5. of the chloride ;ait load carried by the river at Vernalis, less


than 6  percent was contributed ~r the three major tributaries——the


Merced, the Tuolunme (excluding the gas ils) and the Stanislaus.


6. The Tuolumne gas wells contributed chloride salt load equal 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


load at Vernalis, i.e. , the area above Newman accounted for virtually


all of the downstream sulfate load.


SECTION C.
 WATER QUALITY CHANGES AT VEPNALIS


This section deals with the effects any
changes in flow or load may


have had on Vernalis water quality, flue  to the smarse data available prior to


1953, two different methods were developed to predict the quality in the years


prior to 1953. The first of these methods
utilizes a very complete record of


chloride values taken at Mossdale, to predict the pre—1953 TDS at Vernalis.


The second method utilizes the flow versus load equations developed for salt


balance computations and the relationship between chlorides and TDS at Vernalis


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.


Estimation based on Mossdale Data


Because of the sparse data prior to 1953, one means of determining the


Vernalis quality was developed based on chloride observations at Mossdale on


the San Joaquin River anproximately 16 river miles downstream of Vernalis.


These observations, made as a part of the Department of Water Resources’


extensive 4—day sampling program, cover a period from June 1929 through March
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1971, overlapping for about 17 full years the Service monitoring of EC at


Verualis. The data developed in the DWR program, however, represent grab


samples collected a 4—day intervals (about 8  tines per month 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 construction of the


CV? and therefore can be used to predict changes that have occurred from 1930


through 1967, the period selected for the present study of CV? impacts on water


quality in the San Joaquin River system.


However, because the station at Vernalis is about 16 miles upstream


of Mossdale, it is necessary to demonstrate that there is a relationshLp


between observations taken at the two locations. This is  accomplished by


correlation of the mean monthly 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 period April through September,


as defined for use in this investigation, and cover the period 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 proximity of the two stations and the apparent: i.~ckof


intervening processes that could lead to a disproportionate balance between
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TABLE VI-l2. ?IEAN MONT~Y SaORIDES AT MOSSDALE
1
, MG/LITER


BASED ON DWR 4-DAY GRAB SAMPLE PROGRAM


0 N 0 .1  7 N A  N
 .3 .3
 A


1929


1930 61


2931 65


1932 80


1933 63

1934 67


1935 163


1936 54

1937 58

1933 61


1939 71


1940 103

1941 114


1942
 — 

1943 56


1944
 — 

1945 71


1946 50

1947 87

1948 95


1949 90


2950 120


1951 121

1952 108


1953 96

1954 102

1955 139

1956 163

1957 92


1958 78


1959 74


2960 174


1961 184

1962 277


1963 151


1964
 — 

1965
 — 

1966 103


1961 135

2968 72

1969 127


74 84 60
 71 61 47

73 61 71 70 124 114

94 71 20 10 34  18

47 58 54 47 89 1 1 3

70 — — — —  — 


66 49 18 24 29 17


61 39 72 23 14 20

59 47 38 69 14 15

76 34 34 17 28 33


69 53 56 37 33 83


240 129 133
 138 245 204


141 121
 131 175 258 264


207 207 220 117 56 96


116 54 112 44 120 22


64 61 83 142 212 212

— —  10 33  45 23

56 —  80 86 140


144 65 98 43 65 18

55 57 90 203 76 1 53


129 79 43 21 24 18


74 120 108 56


46
 40 71 68 58


95 93
 100 90 80

12 10 30 104 80


89 19 75 102 77


— 128 94 105 138

14 18 53 103 18


12 15 74 105 81

10 12 79 108 78

20 21 19 45 106


76 34 113 119 100


192 220
 373 221 241

242 261 197 165 278


69 57 194 204 169


21
 36 — — — 

217 182 261 296 179


45 60 130 141 — 

195 229 247 251 218

15 22 37 104 97


176 214 220 186 166

13 12 49 106 61


LAVCr.ge of up ~o 8 observatIons zaken at roughly i—day Intervals at spprosIi~ntc1yOne and one—half hour.


after high  tide at ?Ic,~.Ja1eSrldge


103 93 76 76 38 48 31 32 76 94 108


69 86 48 29 48 46 39 36 50
 — — 

— —  19 16 29 32 15 9 13 90 68

30 33 —  —
 — — — 

— —  . — —  — 
 33 49 51 109 103


58 58 47 25 21 24 18 15 56 84 69


54 45 26 40 63 28 13 50 96 107 97


65 42 64 84 74 103 60 115 146 159 101


81 93 94 181 186 86 25 21 85 126 103


116 106 96 in 37 64 34 78 155 265 149


95 100 90 41 79 31 30 44 145 133 129

69 13 33 33 51 1 01
 44 64 154 159 133


112
 66 26 20 23 20 25 12 72 204 90


88 51 38 66 143 131 60 32 92 145 122


100 101 104 91 59 29 27 135 174 281 172


119 100 67 89 126 154 130 93 385 180 175


151 70 10 26 57 42 16 13 84 100 96


82 76 104 135 87 137 90 62 139 160 134


73 74 96 56 3S 27 14 16 86 110 88


51 68 1 00 96 1 36 1 81 269 21 2 225 21 7 1 83


1970 43 45 55 46 3’. 


1911 131 — 
 50 45 63


63 133 81 10 143 142 126


81
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TABLE VI-13. MEAN MONTHLY TOTAL DISSOLVED SOLIDS AT VERNALIS *


Year 0 N D J  F  H A  Ii  J  A S


1953 124 201 400 463 207 128 300 425 373


53—54 317 334 362 365 328 220 124 136 443 539 540 515


54—55 378 354 285 223 254 341 474 388 264 449 464 476


55—56 439 403 302 NR NR  214 148 69 81 279 295 318


56—57 312 295 254 381 464 330 417 331 203 455 479 451


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—61 520 460 402 447 591 715 846 715 794 936 941 807


61—62 805 661 690 713 440 238 325 237 183 516 565 496


62—63 415 370 267 413 145 395 108 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 NIt N’R  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 ~f continuous BC recording converted to T[)S by relationships of the form TDS —  C

1 

x EC + C
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chlorides and total salts over the historic period considered a  The relation-

ship between these quality constituents is given best by the equation:


TDS = 10 (Cl)
077 

(5)


where


TDS = total dissolved solids, mg/L


Cl = chlorides, mg/L


with the aid of this equation, it is now possible to relate the 4—thy


chloride data at Mossdale with the corresponding values 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 TDS change that has occurred at Vernalis is illustrated


in figure VI—23 which shows in the lower 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 Vernalis provided in table VI—13, the earlier record of TDS based on the


Mossdale experience and the predictor Equation S  is summarized in table VT—14


covering the hydrologic years 1930 through December 1953. Together, tables


VI—13 and VI—14 provide a continuous 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 Vernalis


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 TOS’ s at Vernalis.


The short—term seasonal variations are evident in the month—by—month fluctuations.
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TOTAL DISSOLYSO SOLIDS


Figure VI-23 OBSERVED CHLORIDES AT MOSSDALE AND ESTIMATED TOTAL DISSOLVED SOLIDS AT VERNALIS


1929-1971
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Table—VI—14. MEAN MONTHLY TOTAL DISSOLVED SOLIDS AT VERNALIS*, mg/liter


8ased on TDS (Vernalis) Chloride ( Mossdale) Correlation


for period 1953—1970


Year 0 N U  J F  H A  H J  J A  S


1929—30 237 275 303 234 266 255 194 191 171 266 258 228


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—34 254 263 — —  419 301 368 444


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 89 130 148 100 104 97 187 363


38—39 266 260 219 222 158 148 300 280 303 381 396 347


39—40 355 355 328 281 281 165 197 141 144 281 330 368


40—41 384 261 309 197 168 197 191 168 158 203 — —


41—42 — — — 97 85 134 144 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—49 320 389 362 336 376 161 246 151 286 486 510 471


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—53 336 314 206 165 252 457 426 234 144 325 462 404


*Estirnated from the equation: TDS (Vern) =/o[C1(Moss)1°”
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Extreme values——maximum monthly TDS. Maximum m.onthly TDS values by


year over the period 1930—1966 are depicted in the graph of figure VI—24. The


figure summarizes the extremes in cuality and flow during each year of record


as tabulated in table VI—1S. The triangles in the lower portion of the graph


indicate the most critical quality ( i.e., maximum TDS) occurrences in each of


the indicated years within the period 1930—1944. The solid circles, largely


occupying the upper portion of the graph, correspond to the critical occur-

rences in each of the years, 1952—1966. 1943—1951 are not plotted for reasons


of clarity, although they generally are distributed in the region bounded by


TOS values of 303 to 510 mg/L as will be seen in table VI—15.


Since a comparison of 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 VT—iS following.


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


of TDS from tables VI—13 and VI-14 covering the pe±iod1930 through 1969, 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
t
s in table VI—17.


In a few cases, only S  or 9  observations are included in the averages.


These are noted by the asterisks ** and *~ Also
given in the table for later


reference are
the corresponding values of the mean monthly runoff by months


(KAF)
 at Vernalis in the San Joaquin River.


*
 It will be recalled that the mean annual unimpaired ( rimflow) runoffs


during the season April through September for these two periods, pre—1944


and post—1947, are comparable, the post—194

7


period being slightly drier


by anproximately 5.6 percent.
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Table VI— 15. ECRfl~ VALUES OP TDS A1~FLOW Al JERNALIn l930—l9~<


Year Maximum Minimum


Monthly Mean TDS* Monthly Mean Flow


MG/L Al x 1000 C’S


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


1939 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 318 112.2 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 44].


1965 494 75. 0 804


1966 729 27.0 439


*Eztran2e values occurred within the period June—Sept. Plow values correspond


to the month in which maximum TDS occurred, 1930—1953 values based on Mnssdale


data. 105
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T&BLE VI-16. SU~NARYOF ECTP~LMEWATER QUALITY CONDIflON


APRIL - S~TS4EER PERIOD


1930_1944* 1952—1966


CRITICAL WATER QUALITY


Monthly Mean TOS Mg/L


Maximum for period 419 941


Mean for period 355 558


t4inimum for period 266 318


LOW FLOW CONDITIONS


Average daily flow ft
3
/s


corresponding to critical TOS


Maximum 628 151


Mean 1182 774


2222 1887


*
 Sased on Mossdale data.
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TABLE VI-17. ~EAN M0W~~YRUNOFF A1’ID  itS


AT VERNALIS BY DECADES


1930—1969


Month , 1930’ s ***


R itS 

1940’ s*** 1950’ s


R itS


1960’ s


R
R TDS


ICAF mg/L RAP mg/L
 . 
 LAP ng/L LAP 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** 28,0  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 period


** Only 8 observations in 10 year period

***Based on Nossdale data


Note: Although 10 runoff observations were recorded for each 10—year


period, the values shown are averages for the same series for


which itS values are given.
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Figure VI-25 shows graphically the trend of mean monthly TOS at Vernalis


on a seasonal basis by decades, from the 1

9

30’ s through the 1960’ s.


Relationship Between Mean Runoff and Mean TDS


Data presented in table VI—17 permit illustration of the changes in
runoff


and corresponding TDS values that have occurred during each of the decades


since the 1930’s. The relationships between these quantities are shown graphi-

cally in figures VI—26A, B, C, and 0. 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 runoff without


regard for year type ( i.e., dry, below normal, above normal, wet).


Using figure VI—26A as illustrative of a normal pre—1950 cycle, it is


noted that during the year the lowest runoff—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 linear fashion.


The curve connecting the monthly points follows in’ a fairly smooth sequence


through the winter and into the spring when the best quality is identified


with the greatest monthly runoff (point 5 corresponding to May, the month of


maximum runoff in the pre—1950 period) . Thereafter the flow declines as the


TDS level rises gradually, but at generally higher levels through the summer


months. A somewhat similar pattern is seen for the 1940’ s (see figure 263),


although 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. In the


1950’ s ( see figure 26C) some of the same characteristics are noted although


flows are less and itS values higher. Also, less variation in itS in relation


to flow is noted during, the winter and early spring months. In the 1960’ s ( see


figure 2W), the pattern is shifted decidedly upward and toward the left,
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Figure VI—26 ~1EA�1MONTHLY TDS ( MG/L) VS. MEAN MONTHLY R1J1~OPF (KAF)


FOR FOUR DECADES, 1930—1969


* Based on ?4ossd.ale data.


600 

400


C 

z

C


200


0


600


400


C


z

C

z


z
 200

C


.:::::‘‘i :;‘.


~ -~ 

...,.,


:~‘:~__ -~EEi


.,‘


. .  .  .  ,


E..____


~ —r 


0 200 400 600


tt,.,.:~


~TC’~-

t44±~fl±.trttr’W—Lj!~jLLL_.j_.,.:.
::r~,..4 ‘ 

~


~==~=. ~
 btff’~t~

n:n 
—, .


zt’-t~r

:~±:

—._I


znt: 

±zr

—


~—..—_ 


¶~:]
~E~±!~.


:~:


T


0


0 200 400 600


Mean Monthly Runoff——KAF


040668




Mean Monthly Runoff—KAF


Figure VI—26 ( Continued)
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indicating substantial increases in salt load for the same levels of flow,


and a generally decreased runoff, especially during the late winter and


spring months ( February through June). In 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 quality 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 c7acreases approaching the maximum in


August.


Estimation Based on Chloride Load—Flow Relationships


To broade~the approach to prediction of pre—1953 water quality condi-

tions at Vernalis on the San Joaquin River, an alteitative method of analysis


was developed. This method utilized chloride observations derived from monthly


grab samplings at Vernalis for the period subsequent to 1938*. These data


were combined with mean monthly flows to determine mean monthly chloride loads


that, in turn, were correlated with Vernalis runoff to produce linear regres-

sions of the power function form • Correlations were made for each month of


record for the periods 1938 through 1949 and 1950 through 1969, respectively.


Because these regression lines were fitted to a 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 hytothetical chloride


load—flow point corresponding to a TDS of 1,000 mg/L and a monthly flow of 0.5


ThE. Including this value in the data set had the effect of precluding TDS


concentrations in excess of 1,000 mg/C.


Although plots similar to figures VI—iS and VI—16 express quality in tons


of chlorides, the chloride concentration in p/rn is given by the following


formula:


=
 Load

p/rn
 Flow
x 1.36


where,


p/rn parts per million C1


Load = chloride load in tons


Flow = l,000’s of acre—feet


Table VT—lB tabulates the mean monthly TDS values for the years 1930—1953


based on the chloride load flow regressions.


The extreme water quality conditions at Venialis for the years 1930—66 are


presented in table VI—19. A  comparison of the pre—project years with post-

project years is presented in table VI—20. These tables indicate that extrene


water quality conditions at Vernalis are poorer for the post—project years, in


terms of higher TDS concentrations and lower daily flows.


Applying the regression curves to the pre—1950 and 1950—1952 years and


using actual data for the post—1952 years, table 171—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 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 87 110 303 415 380


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


—s  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 420 351 351 288 269 343 192 174 169 506
 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-18. MEAN MONTHLY TOTAL DISSOLVE!) 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 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 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 420 351 351
 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 vau~sOF ~ S  AND FLOW


AT VERNALIS 1930-1966


Maximum Minimum

Year monthly mean TDS* 

mg/L 

monthly mean flow


KAF ft

3

/s


1930 421 56.6 921


1931 616 14. 0 228


1932 403 71. 3 1160


1933 447 41. 0 667


1934 523 23. 6 384


1935 415 61. 2 995


1936 405 69.0 1122


1937 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 1091


1945 373 109.4 1779


1946 399 75. 3 1225


1947 481 32. 4 527


1948 441 44.6 725


1949 472 34.6 563


1950 566 38. 2 621


1951 538 46. 7 760


1952 464 83. 3 1355


1953 - 538 46.0 748


1954 540 33.6 547


1955 476 36,3 611


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 27.1 441


1965 494 75.0 804


1966 729 27.0 439


*&treme values occurred within the period June—September. Plow values


correspond to the month in which maximum TDS occurred. 1930—53 values


based on load—flow regressions.
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TABLE VI-IS. MEAN MONTHLY TOTAL DISSOLVE)) SOLIDS AT VERNALIS, MG/LITER,


-4


-4


-4


BASED ON CHLORIDE LOAD-FLOW REGRESSIONS FOR PERIOD 1930-1949


Year Oct Nov Dec 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 3tY5 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 420 351 351 288 269 343 192 174 169 506 566 514


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 OP TO S AND  FLOW


AT VERNALIS 1930—1966


Maximum Minimum

Year monthly mean TDS~ 

mg/L

monthly mean flow


KAF ft

3

/s

1930 421 56. 6 921


1931 616 14.0 228


1932 403 71.3 1160


1933 447 41. 0 667


1934 - 523 23.6 384


1935 415 61. 2 995


1936 405 69.0 1122


1937 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 1091


1945 373 109. 4 1779


1946 399 75. 3 1225


1947 -481 32.4 527


1948 441 44. 6 725


1949 472 34.6 563


1950 566 38.2 621


1951 538 46.7 760


1952 464 83. 3 1355

1953
 .  538 46.0 748


1954 540 33.6 547


1955 476 36. 3 611


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 27.1 441


1965 494 75. 0 804


1966 729 27. 0 439


*~trenevalues occurred within the period June—September. Plow values


correspond to the month in which maximum TDS occurred. 1930—53 values


based on load—flow regressions.
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TABLE VI-20. STn~4ARYOP EXTRntE WATER QUALITY CONDITION


APRIL - S~T~1BERPERIOD


193O_1944* 1952—1966


CRITICAL WATER QUALITY


Monthly mean TDS mg/L


Maximum for period 616 941


Mean for period 424 558


Min~inum for period 349 318


LOW FLOW CONDITIONS


Average daily flow ft Is


corresponding to critical DS


Maximum 225 151


Mean 1107 774


Minimum 2225 1887


* Based on load—flow regression curves.
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TABLE VI-21. MEAN MONTaY RUNOFF AND lBS AT VERNALIS


BY DECADES 1930—1969


Month 1930’ s***


R


RAP


1940’ s***


TDS


mg/L


R


RAP


1950’s


‘ITS


mg/L


R


RAP


1960’ s


lBS


mg/L


R 

RAP 

lBS


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 

May


457 

613 

170 

148 

518 

667 

140 

108 

429 

451 

287 

223 

397 

404 

368*


375


Jun 620 201 590 159 376 231 393 401


Jul 

Aug


204 

66 

364 

433 

185 

75 

342 

406 

101 

56 

418 

461 

139 

58 

549


595


Sept 70 400 85 379 72 420 76 528


Mean 291 269 318 248 247 315 238 427


Only 9  observations in 10 year period


** Only 8 observations in 10 year period


*** Based on load—flow regression curves


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


VI—27 presents graphically the same data. It is apparent that during the 1950’ s


and 1960’ s water quality at Vernalis has experienced some degradation. Partic-

ularly 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 ntg/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 quantities 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 & 0).


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 runoff without regard for year type ( i.e. , dry, below


normal, above normal, wet).


As an illustration of a pre—1950 cycle, figure 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 
1
950’ s and 1960’ s is


contained in the discussion of results based on the Mossdaj.e chloride data. In


each of the decades the following statements are valid for average conditions:


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


2. The greatest runoff occurred in May or June.
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3. A regular pattern of improving quality 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 0. EFFECT OF TIJOLUMNE 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 Hic}c~an to the


mouth, have been contributing flows of very saline water to the river. The


salt contribution of these wells, which has been estimated to range from 7,000


to 10,000 tons per month of TDS, is reflected in an overall increase in the


salinity of the Tuolirtne 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 to 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 output 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 not yet been assessed.


The variation in salt concentration (represented by electrical conduc-

tivity, EC) in the Tuolumne River in relation to flow is summarized for three


different locations in figure VI—29. 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 quality improves, but at very low flows the quality may be dominated


by the gas well salt load. 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 load 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 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 71—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 Cl versus flow in the form of


Cl C
1 

( Flow)C2 (71—6)


where


Cl = monthly average concentration of chlorides, rng/L


Flow = average monthly runoff, cfs


C

1

, C


2

= constants


are summarized in table VI—22.


The .oefficients given correspond to the statistical “best fit” lines


of the relationship presumed in equation 71—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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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 71—29 for EC versus flow. Results


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


Cl = C

1


( Flowf2 ( 71—6)


where


Cl = monthly average concentration of chlorides, mg/L


Flow = average monthly runoff, cfs


C
1
, C

2 
= constants


are suarized in table 71—22.


The coefficients given correspond to the statistical “best fit” lines


of the relationship presumed in equation 71—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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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 71—23. Estimates are also shown for electrical conductivity


(EC) based on the relationship


—
0.88


= 8.82 (Cl ) ( vI—7)


where


EC = electrical conductivity, umhos/cm 8 25  °C


Cl = chlorides, mg/L


which was derived from USGS data for the period 1960—65. For purposes of


graphical comparison, the resulting BC versus flow relationships are shown in


figure 71—30, together with the 1960—1965 data for Tuolumne City, shown also in


figure VI—29.


SECTION B. IMPACT OF UPSTREAM DEVELOPMEN’! 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 Mossdale 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 sources 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, 3, C, and D, a summary of


each section is included here.
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Table V1—23. PRED LCTE~) CHI~)R1DE CONCENTRATIONS IN THE TUOLUMNE RIVER


AT TUOLUMNE CITY, AUGUST THROUGH OCTOBER, FOR SEVERAl.


CHRONOf~CCTC
1
\L  I’ •:~roos


ChRONOLOGICAL PERIOD


Flow 1938—49 1950—59 1960—69


cfs C1~ EC~~ Cl EC Cl EC


250 164 784 L89 889 194 909


500 87 449 11.4  570 109 5&R


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 regression equation, Aug—Oct. Table VI—22, ng/L


** By correlation Cl vs EC, equation VI—7, ~jmhos/cm@ 25°C
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Data for Section A were developed to facilitate identification of the


locations and the relative strengths of major contributions to the salt burden


carried by the San Joaqin 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 various 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 1
9
60’s there is comparatively little difference between the


quality and chemical composition of salts in drainage returns


from the westside of the valley and the quality 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 loads carried by the river.


The properties of the salts carried 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 3 were performed.


Section 8 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 October, January,


April, and July. By grouping the data into 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 load is not strongly dependent on unimparied rimflow ( see


figures VI—7 through VI—lO).


A second study contained in Section B compares the TDS concentrations at


Venalis for various actual flows. Again, the data was divided into subsets by


decades and “best fit” curves derived (see figures Vt—li through 71—14). Only


the four representative months were studied, but the data supports a trend of


higher TDS concentrations in the 1950’ s and 1960’ s than occurred in the 1940’ s


and 1930’ s. Mi exception to this general statement is the month of July


although no ready explanation is available for this difference from the other


three months. the purpose of these first two studies was not to gain a quanti-

tative description, but merely a qualitative insight to the situation at


Vernalis.


The third portion of SectionS, the salt balance computations, is used


to determine the relative contribution of the several sources by combining the


effects of flow and concentration. For comparison purposes, the years were


grouped into water year classifications e.g., dry, below normal, above normal,


and wet. Post—1947 results were then compared to pre—1944 years of the sante


type, much the same as was done in the water balance computations of Chapter 5.


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 years increased 18 percent and below normal year annual


loads increased 35 percent. Little or no annual load change is evident in


above normal and wet years. In the dry and below normal years the biggest


increase in load occurred in April when spring runoff is probably flushing the


basin of some accumulated salts. Consistent with this observation, loads in


July have decreased in dry 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 TOS concentration that have occurred


at Vernalis, a complete record of monthly values is necessary. Due to gaps in


the Vermalis data two methods of estimating the misäing 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 poorest quality occurred in August.


2 • The greatest runoff occurred in May or June.


3  • A regular pattern of improving quality 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 -
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The Tuolunne gas wells are a significant source of salt. The exploratory


wells have been contributing highly saline flows since the 1920’ s estimated to


be as much as 7,000 to 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 effectiveness of the effort.


The remainder of Section B is a  discussion of impacts on water cuality


at Vernalis utilizing the results of the preceeding sections • Because the


impacts are based on the 1930’ s and 1940’ s period, and two methods were used to


estimate the data for those years, two sets of results will be discussed, one


based on Mossdale chloride data and one based on Vernalis chloride load—flow


data.


The changes in quality that have occurred at Vérnalis 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 regular pattern in the period prior


to about 1944, ranging roughly between 300 and 400 mg/L, only slightly affected


by the magnitude of runoff during the month (refer to figure 71—24). Since the


predictions from regression curves are based on runoff, the magnitude of


estimated TDS at Vernalis is affected by the flow and the lower envelope shown


in figure 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 periods in comparable degree to the reduction in flow of high
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quality waters. Qiloride 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 to 700 mg/L and above in several instances and exceeded 900


mg/L in 1961. This phenomenon was most evident in the late suimner months——in


almost every instance July or August proved 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 runoff. While the period ( 1930—1949) produced


approximately the same annual average unimpaired runoff as the 1950—1969


period, the quality-flow relationship shifted markedly after the end of the


earlier period. The 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 l950’ s and 1960’ s ( an average difference of 684,000


acre—feet per year). Over the same time span the average monthly TDS (over the


125


040696




entire year based on Mossdale chlorides for the 1930—1949 period) increased 53


percent——from about 243 mg/L to 371 mg/L. Comparing the 1950’s and 1
9
60’ s to


the earlier two decades, the TDS increases are about 30 percent and 76 percent


of the 1930—1949 average, respectively.


For a constant salt load it may be expected that a decrease in runoff at


Vernalis would result in an increase in TDS. Comparing the average monthly TDS


(over the entire year), load—flow regressions show a 1950—1969 increase of 43


percent——from 259 zng/L to 371 mg/L. For the

19


50’ s alone, the percentage


increase is about 22 percent and for the 1960’ 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
0
s


and 1940’ s as a base of reference (mean monthly runoff = 299.4 ICAF and meen TDS =


242.5 mg/L), and 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 an 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 be 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 ( from 33 to 134.5 mg/L).


This is consistent with other analyses that indicate a progressive buildup in


salt load in the San Joaquin system.*


Based on the load—flow regressions data for the 1930’ s and 1940’ s, the


proportionate degradation that has occurred 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) (690) = 34,500 tons


1950’s TDS increase due to flow = 747,740—34,500 — 204 = 36 mg/t TDS


1950’ s TDS increase due to load = (277 — 36) —  (204) = 37  mg/L TOS


1960’ s redaction due to flow = ( 50) x ( 700) = 35,000 tons


1960’s TDS increase due to flow = 747~70~~35~000— 204 = 37  mg/L TDS


1960’ s TDS increase due to load = (393 - 37) — (204) = 152 tug/L TDS


According to this analysis, in the 1950’s a quality 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 significantly greater in the 1960’s, 152 mg/L TDS, while the


degradation due to reduced flow, 37 mg/L TDS, is about the same as for the


l950’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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The chronological shifts in TDS concentration and salt loads, calculated


by the Mossdale method, are depicted graphically in figures 71-31 and 71—32, in


which the changes that have occurred (see table 71—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 June.


Changes in salt load, i.e., the product of runoff and concentration,


are indicated in figure 71—32 to have changed relatively little between


the 1950’ s and the 1930’ s—1940’ s period. 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’s and 1940’ s, despite the


fact that flows in this period were substantially reduced by upstream development.


The average for the 12—month period of the 1960’ s was about 152 percent of the


l

9

30’ s—l940’ s level. For the 1950’ s, the average was about 110 percent.


Chronological shifts in TDS concentration and salt loads as determined


by the load—flow regressions are presented in figures 71-33 and 71—34.


Monthly changes that have occurred in the l950’ s and 1960’ s ( see table 71—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 1960’ s is seen in April and


May.


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


are indicated in figure 71—34. The 1950’s show some change in load over the
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Figure 71-33
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Figure 71—35 RELATIVE RUNOFF AT VERNALIS
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year, and a substantial chronological shift is evident. Loads are greater in


the months of November, December, January, and April. The months of February,


March, June, July, and August, show relative loads less than unity. For the


12—month period, loads in the 1950’ s were about 116 percent of the l
9
30’ s—1940’ s


period. During the 1960’ s salt loads were much higher than those of the 1930’s


and 
1
940’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 loads for the 1960’s


were about 153 percent of the pre—1950 years. Figure 71—35 depicts the relative


runoff at Vernalis in the same manner as figure 71—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 1950’ s. This supports the calculations indicating that an


additional salt burden has been placed on the system.


Comparisons of guality changes by year classification is possible from the


Mossdale data presented in tables 71-13, 14 and 15. These are summarized in


tables 71—24 and 71—25, for the April through September period, 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 classif1—


cations. It is noted that because of the scarcity of “Below Normal” years in


the 1930—1944 period and “Above Normal” years in the 1952—1966 period averages


are presented also for “Below and Above Normal” year classifications.


The summary of Mossdale results shown in table 71—24 for the April through


September period shows clearly the impact of post—l952 upstream development of
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TABLE 71-24. MEAN TDS MID RUNOFF AT VERNALIS BY YEAR


CLASSIFICATION, APRIL- SEPTE~~PERIOD,


Year


Class


Mean TDS Mean Period- Runoff


AF x 1000
MG/L 

Pre* Post** •  Pre Post


Dry


Below Normal


314


282


677


419


424 

788 

168


735


Above Normal 190 325 3046 1201


Combined:


Below &  Above Normal 203 396 2764 851


Wet 180 209 5469 3845


ill Years 227 434 2344 1268


*
 1930—1944, data from Table 71—14, based on Mossdale chlorides.


**
 1952—1966, data from Tables 71—13 and VI— it.
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TABLE 71-25. EXTRE?�VALUES OF 1UGH TDS AND LOW FLOWS

AT VERNALIS BY YEAR CLASSIFICATION


Year


Class


Ma~cimum 

Monthly Mean TDS Mo

Minimum


nthly Mean Flow


MG/L AF x 1000


p~* 
Post~
 •  Pie Post


Dry 351 765 • 38.6 17.3


Below Normal 370 530 67.1 44.0


Above Normal 355 521 81.4 55.0


Combined:

Below &  Above Normal 357 528 79.6 46.8


Wet 353 364 123.0 96.6


All Years 354.8 558.2 . 71.7 48.9


*
 1930—1944, data from Table VI—15, based on Mossdale chlorides


**
 1952—1966, data from Table 71—15
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the San Joaquin Basin’ s  water resources on both the guantity 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


runoff corresponds to approximately 115 percent increase in average TDS——from


314 mg/L pre—1944 period to 677 mg/L post—1952 period. In the below and above


normal years, the impact is similar, a reduction in average runoff of about 69


percent corresponds to an average increase in TDS of roughly 95 percent. In


wet years, although flow reductions were substantial——about 30 percent of


pre—1944 levels——the guality changes were minor, as would be expected. Con-

sidering all years, a reduction in runoff of 41 percent (959,000 acre—feet for


the April—September period) corresponded to a 84 percent increase in TDS


concentration in the runoff at Vernalis.


Comparisons of cuality changes by year classification for the pre—1944


period and post—1952 period using load—flow regression data are presented in


tables 71—26 and 71—27. Data summarized in those tables are found in tables


71—13, 18, and 19. The impact of upstream development is apparent in reduced


flows and increased TDS concentration at Venialis for all year types. Like


results from the Mossdale method, the estimated April—September flow reductions


are about 60 percent in the drier years and about 30 percent in the wet years.


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


percent, in below and above normal years 69 percent, and in wet years 8 percent.


Considering all years together, the degradation of quality amounted 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


71—27.
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TABLE VI-2&. MEAN TDS AND RUNOFF AT VERNALIS BY YEAR


CLASSIFICAflON, APRIL-SEPTh~ER PERIOD


Year


class Mean TDS Mean period runoff,


mg!L KAF


Post~ Pie 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 71—18 based on flow—load regression data.


**
1952—1966, data from table 71—13 and 71—14.
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TABLE 71-27. EXTREME VALUES OF IEGH ThS AN) LOW FLOW

AT VERNALIS BY YEAR CLASSIFICAflON


Year


Class 

.

Maximum


monthly me?nTDS

Mi

monthly 
nimtmi


mean flow

m*/L AF x 1000


Post~ Pie Post


Dry 490 765 35.8 17. 3


Below normal 407 530 67.1 44.0


Above normal 398 521 77.5 55.0


Combined


above & below normal 399 528 76.2 46.8


Wet 358 364 116.4 96.6


All years 424 561 68. 1 48.9


*
 1930—1944, data from table 71—19, based on load—flow regression data.


**
 1952—1966, data from table 71—15.
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