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F. SUMMARY OF QUALITY IMPACTS

Generally, the water guality at Vernalis has deteriorated since the
1930's. How much degradation has occurred and what have been the principal
causes, have been the topics of this chapter. 1In the analysis of data and
interpretation of results,.several methods have been employved, sometimes with
differing results. The discussion that follows attempts to summarize results
and reconcile differences wherever possible. In ¢ases where the methods yield
disparate results, ranges are given to include all estimates.

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

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

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

the San Joaguin and increases in salt burden transferred to the river. When
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Table VI- 28, SUMMARY OF IMPACTS ON QUALITY AT VERNALIS
PRIE-1944 AND POST-1952 :

YEAR TYPE & PERIOD Total Dlssolved Solids, mg/] Pevcent Increase
PRE-1944 POST-1952 PRE-1944 to POST-1952
Max Mean Max Mean Max Mean
DRY
Max.month 444 387 Y51 763 112 98
April-Sept 3383 314 -l 677 119 116
Full Year 342 288 sl 34y 99 91

BELOW NORMAL

Max.month 370 370 R 544 97 47
April-Sept 282 287 ) 633 419 142 46
Full Year 282 261 502 364 78 40

ABOVE NORMAL

Max.month 517 182 ‘ 805 641 56 68

April-Sept 244 260 387 125 59 52

Full Year 269 233 489 394 82 69
WET

Max.monch 384 174 462 439 20 17

April-Sept 180 - 173 226 209 26 21

Full Year 224 197 252 217 13 20
ALL YEARS

Max , moncth 517 381 941 584 82 53

April-Sept 383 239 540 433 119 81

Full Year 342 24 Bhl 192 99

ta

*BASKD ON MOSSDALE DATA R T T
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TABLE VI-29. SUMMARY OF IMPACTS ON QUALITY AT VERNALIS
PRE-1944 AND POST-1952

Total dissolved solids, mg /L Percent increase
PRE-1944 POST~1952 PRE-1944 to POST-1952

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

Max month 616 490 941 765 53 56

Apr-Sept 453 350 840 677 85 93

Full year 374 310 681 549 82 77
BELOW NORMAL

Max month 407 407 729 544 79 34

Apr-Sept 278 278 683 419 146 51

Full year 262 262 - 502 364 92 39
ABOVE MNORMAL

Max month 415 398 T 805 641 94 61

Apr-Sept 236 228 387 325 64 43

Full year 251 229 489 394 95 72
WET

Max month 366 358 462 439 26 23

Apr-Sept 202 194 226 209 12 8

Full year 207 " 200 252 237 22 19
ALL YEARS

Max month 616 424 941 588 53 39

Apr-Sept 453 267 840 434 85 63

Full year 372 254 681 383 82 51



TABLE, VI-30. RANGE OF ESTIMATED IMPACTS® QN QUALITY AT VERNALIS
(1930-1584) to (1952-1966)
Year type Total dissolved solids, mg/L Percent increase
& period Max Mean Max Mean
DRY
Max month 325 - 497 275 - 378 33 - 112 56 98
Apr-Sept 387 = 457 327 - 363 85 - 119 33 116
Full year 307 - 339 239 - 261 82 - 99 77 91
BELOW NORMAT,
M=x month 322 - 359 137 - 174 79 ~ 97 34 &7
Apr-Sept 401 - 405 132 - 141 142 - 146 L8 51
Full year 220 - 240 102 - 103 78 - 82 39 40
ABGVE NORMAT,
Max mouth 288 - 390 243 - 259 56 - G4 61 68
Apr-Sept 143 - 151 65 - 97 5% - 64 25 43
Fuil year 220 - 238 161 - 165 82 - 95 69 72
WET
Max momnth 78 - 96 65 - 81 20 - 26 17 23
Apr~-Sept 24 — 4B 15 - 36 12 - 25 8 21
Full year 45 - 59 37 - 40 22 - 31 19 20
ALL YEARS
Max month 325 -~ 497 i64 - 203 53 - 112 39 53
Apr-Sept 387 - 457 167 -~ 194 85 - 119 63 81
Full year 307 - 339 129 - 158 82 - 99 51 68
% Based on results from Mossdzle datza and load-flow regressiom data.

tables ViI-28, VI-29.

See
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the total change in quality at Vernalis that has occurred between the two
yerinds is distributed between reduced flow and increased salt lead, it is
noted that the effect of increased salt lcocad is becoming relatively more
important in recent years. Tables VI-31 and VI-32 summarize *the changes in
total salt load that have occurred in the two decades 1950-59 and 1960-69 in
relation to the period of 1930-49.

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

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

In the 1950's the estimated increase in the April—séptember TDS load at
Vernalis ranged from =18 to +21 kilotons TDé. In the 1960's the load increased
+251 to 290 kilotons TDS per year. This increase, 44 to 54 percent of 1930-194%
is indicative also of more recent impacts on Vernalis water quality. During
the 1960's the average April-Septembef runcff at Vernalis was about 610 thousand
acre—~feet lower than in the 1930-1242 pericd.

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

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

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

1930-15969

Month TDS Load, Tons x 10

of
Year 1930-49 * 1950-59 1560-69
Qct 41 49 61
Nov 42 66 63
Dec 57 81 490
Jan 71 97 152
Teb . i22 58 186
Mar 148 i3l 208
ApT 140 1568 199
May 136 137 207
Jun 155 119 215
Jul 75 58 104
Aug 35 35 47
Sep 35 43 55
Apr-Sep 576 558 827

Percent change

from 1930-49 0 -3 44
Year 1057 1080 1587
Percent Change

From 1530-49 0 2 50

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

Month TDS load, toms x 10°

year 1930-49* 1950-59 1960-69
Oct 48 49 61
Nov 44 66 63
Dec 62 81 50
Jan 66 97 152
Feb 108 98 186
Mar 153 151 208
Apr 102 168 199
May 111 137 207
Jun 149 S 119 215
Jul 94 55 104
Aug 40 35 ‘ 47
Sept 41 | 41 55
Apr-Sept 537 558 827
Z Change

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

from 1930-49 0 6 56

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

Table VI-33 is a summary of the results cobtained from salt balances using
chloride data for the four representative months of October, January, April,
and July. The tabulated results show that virtually nco change has occurred in
the proportion of salt load contributed by the upper San Joaguin River basin.
The table shows that the most apparent changes have taken place on the Tuolumne
River and in "other" flows, the unidentified sources and sinks of salt load
within the San Joaquin River basin.

Table VI-33 sﬁmmarizes estimated impacts on the water quality of the San
Joaguin River at Vernalis as determined by ﬁhe two ﬁethods, one utilizing the
Mossdale chloride data and the second based on chloride load—-flow regressions.
Data presented in the summary table were derived from various tables presented
ezriier in this chapter; specifically tables VI-9, 30, 31, 32, and 33 were
utilized. Footnotes om table VI-34 describe the procedures used in calculation
of the wvalues given.

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

Dry Years
In dry years the average TDS increase at Vernalls, resuiting from develop—

ment upstream after 1947, was estimated at about 350 mg/L for the April-September

T4AT
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Table VI-33 PERCENT OF VERNALIS CHLORIDE IOAD
AND THETR ORIGINS*

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

Pre Post Pre Post Pre Post Pre Post Pre Post
DRY
Apr-Sep 107 86 -67 -55 i 2 57 69 40 30
Full Year 72 71 -22 -28 3 2 L7 56 50 43
BELOW NORMAL
Apr-Sep 83 81 -28 -49 3 2 43 66 55 32
Full Year 61 67 -1 -21 3 2 38 52 59 b6
ABOVE NORMAL
Apr-Sep 59 63 17 1 2 3 23 35 75 63
Full Year 51 55 22 9 2 2 26 34 . 7R 6l
WET
Apr-Sep 68 56 37 25 2 3 16 21 82 77
Full Year 7 g A 25 2 2 21 26 78 73
ALL YEARS
Apr-Sep 78 73 -1 -24 3 2 35 51 63 148
Full Year 58 62 7 =7 2 2 33 Ly 65 55

*Based on load-flow regression salt balances.
Pre refers to 1930-1944 period with 5-Dry, 1-B.Norm., ‘7+A.Norm,, 2-Wet
Post refers to 1952-1966 period with 4-Dry, 5-B.Norm., 2-A.Norm., 4-Wet
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TABLE VI-34, SUMMARY OF ESTIMATED IMPACTS ON THE QUALITY OF
THE SAN JOAQUIN RIVER AT VERNALIS

1 2 3 4 5 6 7 8

. Total Increase in TDS mg/L Increase in total salt load
increase in due to decreased flow Vernalils total Increased caused by CVI
DS mg/L at Percent Percent Increase % of Increase % of

Year Type & Peried Vernalis of Pre-CVP due to CVP Tons x 109 Pre-cvp Tons x 103 Pre-CVP

DRY ' .

Apr-Sep 327 - 363 84 - 100 1.8 - 2.1 68 49 58 42

Full Year 239 - 261 22 - 26 6.3 - 7.4 143 55 102 39

BELOW NORMAL

Apr-Sep 132 - 141 100 36 95 57 17 46

Full year 102 - 103 100 45 193 62 129 41

ABOVE NORMAL

Apr-Sep 65 - 97 100 37 33 39 21 25

Full year 161 - 165 100 . 59 72 46 40 26

WET

Apr-Sep 15 - 36 81 - 100 . 45 ~ 55 76 46 43 26

Full year 37 - 40 65 - 73 44 - 50 143 46 70 23

AlLL YEARS

Apr-Sep 167 - 194 90 - 100 30 - 33 73 49 54 36

Full year 129 - 158 70 - 73 37 - 39 147 53 g1 i3

Col. 2 - See Table VI-30, :

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

4 =~ Col 3 x ratio of upper San Joaquin flow reductions to total San Joaquin flow reduction,

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

6

Col 5 salt load for 1930-49 pericd x proportion of years in each class.
7 - Col 5 x proportion of total chloride load contributed by upper San Joaquin basin (Tabte VI-33)

8 - Col 7 x nrovnertion of vaars in each vear rlaac.
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Table VI-33

PERCENT OF VERNALIS CHLORIDE LOAD
AND THEIR ORIGINS*

Upper Upper
San Joaquin Stanislaus Tuolumne San Joaguin
River Basin "0Others" River River plus "others"
% % %

Pre Post Pre Post Pre Post Pre Post Pre Post
DRY
Apr-Sep 107 86 -67 -55 4 2 57 69 40 30
Full Year 72 71 -22 -28 3 2 L7 56 50 I3
BELOW NORMAL
Apr-Sep 83 81 -28 -l 3 2 L3 66 55 32
Full Year 61 67 -1 -21 3 2 38 52 59 L6
ABOVE NORMAL
Apr-Sep 59 63 17 1 2 3 23 35 75 63
Full Year 51 55 22 9 2 2 26 34 .72 64
WET
Apr-Sep 68 56 37 25 2 3 16 21 82 77
Full Year Y Ly 31 25 2 2 21 26 78 73
ALL YEARS
Apr-Sep 78 73 -11 =24 3 2 35 51 63 48
Full Year 58 62 7 -7 2 2 33 Ly 65 55

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

-B.Norm., -7-A.Norm,, 2-Wet

Post refers to 1952-1966 period with 4-Dry, 5-B.Norm., 2-A.Norm., 4-Wet
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TABLE VI-34. SUMMARY OF ESTIMATED IMPACTS ON THE QUALITY OF
THE SAN JOAQUIN RIVER AT VERNALIS

i 2 3 4 3 & 7 8
Total Increase in TDS mg/L Increase in total salt load
increase in due to decreased flow Vernalis total Increased caused by CVP
TDS mg/l at Percent Percent Increase % of Increase % of
Year Type & Period Vernalis of Pre-CVP due to CVP Tona x 103 Pre—cvP Tons x 103 Pre-Cvp
DRY . .
Apr-Sep 327 - 363 84 - 100 1.8 - 2,1 68 49 58 42
Full Year 239 -~ 261 22 - 26 6.3 - 7.4 143 55 102 39
BELOW NORMAL
Apr—-Sep 132 - 141 100 36 95 57 77 46
Full year 102 - 103 100 45 193 62 129 41
ABOVE NORMAL
Apr=Sep 65 - 97 100 37 33 39 21 25
Full year 161 - 165 100 , 59 72 46 40 26
WET
Apr-Sep 15 - 36 81 - 100 . 45 ~ 55 76 46 43 26
Full year 37 - 40 65 - 73 44 -~ 50 143 46 70 23
ALL YEARS
Apr-Sep 167 - 194 90 - 100 30 - 33 73 49 54 36
Full year 129 - 158 70 - 73 37 - 39 147 53 91 33
Col. 2 - Bee Table VI-30. :

3 - Obtained by assuming no change in salt load and flow reduction TDS=50 mg/L.
4 -~ Col 3 x ratio of upper San Joaquin flow reductions to total San Joaquin flow reduction.
5 - Obtained by pro-rating average TDS load increase between 1960's and 1930-49 period (Tables VI-31
and 32) in proportion to salt load increase in each year type (Table VI-9) and number of years
of each year type in 1950-69 period.
Col 5 salt load for 1930-49 period x proportion of years in each class.
7 -~ Col 5 x proportion of total chloride load contributed by upper San Joaquin basin {(Table VI-33)
- Col 7 x proportion of years In each year class.

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

Salt lecads at Vernalis in dry years were estimated to have increased in
the period subsequent to 1947, by 68,000 tons in the April-September period and
by 143,000 tons for the whole year. These increases corresponded to roughly 49
percent and 55 percent, respectivély, cof the pre-1944 TDS loads at Vernalis.
The CVP salt load impact in dry years was estimated at 58,000 tons in the
April-September period and 102,000 tons for the full year, corresponding to 42
percent and 39 percent increases, respectively, of pre=1%944 salt loads at

Vernalis.

Below Normal Years

In below normal years, the increase in average TDS conéentration at
Vermalis between the pre-~ and post~CVP periocds was estimated at about 135 mg/L
for the April-September period and slightly more thanl100 mg/L for the full
year. Virtually all of this incréase ig attributed to reductiﬁns in flow from
all sources. The impact due to reduced flow attributed to the CVP was about 36
percent in the April-September period and 45 percent for the full yea?.

TDS loéd increases‘in below normal years subsequent to 1947 are éstimated
at 95,000 tons for the April-September period and 193,000 tons for thelyear.

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

have bheen derived from the upper San Joagquin basin. The proportionate impact

145
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of the CVP on salt loads at Vernalis was largest for below normal vears, 46
percent of the total increase at Vernalis in the April-September period and 41
percent for the whole year.

Above Normal Years

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

Salt loads at Vernalis in abeve normal years were estimsted to have increased
in the period subsequent to 1947 by 33,000 tons in £he April-September pericd
and by 72,000 tons for the entire year. These increases correspond to roughly
39 percent and 46 percent, respectively, of pre~1944 TDS loads at Vernalis.

The CVP szlt lcad impact in above normal years was estimated at 21,000 tons in
the April-September pericd and 40,000 toms for the full year, corresponding to
25 and 26 percent increases respectively, in pre-i1944 salt loads at Vernalis.
Wet Years

In wet years, the increase in avexage TDS concentration at Vernalis between
the pre- and post-CVP periods was estimated at about 25 mg/L for the April-
September period and about 40 mg/L for the full year. ©f this increase the
propertion due te reduced flow from all sources was 90 percent in the April-

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



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

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

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

147
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CHAPTER VII

EFFECTS OF OPERATION COF CVP AND SWP EXPORTS PFUMPS NEAR TRACY

CHANNEL DEPTHS AND CROSS SECTIONS

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

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

Channel Surwveys

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

Available survey data include:
o

Date of ' Source of
survey Channels surveved data
1913 0ld River =~ Middle River to Victoria Canal USCE

Middle River - 0ld River to Victoria Canal
Grant Line and Fabian Canals

1933-34 All SDWA channels USC&GS

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

1965 Grant Line and Fabian Canals USCE

1973 0ld River=-San Joaguin River to Victoria Canal DWR
Midéle River-0ld River to Victoria Canal
Grant Line and Fabiap Canals

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

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

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

-sces, was also adopted for the present study. It is a conservative datum in
that it is lower than the local MIIW levels throughout the SDWA by a foot or
more.

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

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

channel mean depths and cross sections observed in the 1973 survey for the

150
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reach of 014 River between Clifton Court and the San Joaguin River is presented
in figure VII-2.

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

MSL 7N

Approximate .0 Foot

AN

MAXx
DEFPTH

MEAN
DEPTH

Bottom elevations of the major channels were further analyzed in relaticn-
ship to the survey dates and the initial operaticms of the Federal and State
pumrping plants.

San Joaquin River—~Vernalis to Mossdale Bridge. Most of this reach

has aggraded since the 1933-34 surveys. By 1976 the elevation of the stream
bottom had risen 0.5 to 9.5 feet above the 1933-34 levels, with an average
increase of zbout 4.0 feet. The bottom elevation of the reach from Vernalis to
2 point approximately 4.8 miles north of the San Joaguin River club varied from
2 to 7 feet baelow the LWD in 1933 and varied from 1.5 to 2.5 feet abowve LWD

in 1976. This aggradation generally causes a corresponding reduction in

water depth.

¢ld River, San Joaquin River +to and including Salmom Slough. In 1973,

streambed elevations of this 7.5-mile reach were equal to or below that measured
in the 1933-34 survey. The 1973 elevations ranged from 8 to 24 feet below LWD
with an average of about 14 feet; the 1533-34 elevations varied from 8 to 17

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

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

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

change by the 1973 survey. The 1933-34 and the 1973 surveys each indicated a
similar channel restriction near the bifurcation of 0ld River and Tom Paine
Slough. Maximum cross sectional depths measured in 1973 through the 4-mile
restricted section averaged about & feet with a minimum of 4 feet with reference
to LWD elevation. The mean elevation of the bottom of the most restricted

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

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

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

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

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

bed had aggraded to an average of about & feet below LWD elevation. Further



aggradation was shown by the 1973 survey to an average depth of 4 feet below
LWD elevation. However, the 6-mile reach directly north of 0ld River has only
aggraded about (.5 feet since the 1933-34 survey. Both the 1933-34 and 1973

surveys recorded a restriction 0.4 of a mile north of the head of Middle River

with maximum depths of 1.0 in 1933-34 and 0.5 feet in 1973, below LWD elevation.

Calculated Hydraulic Resistance in Cld River

The resistance to flow, assuming present channel geometry in 0ld River,

was studied as a basis for examination of the effect of reduced water levels on

water circulation through this channel.

Using channel cross section data obtained by the DWR in 1973, the

hydraulic resistance characteristics were estimated for some 22 c¢hannel segments

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

The channel cross sections and depths along Cld River are illustrated

graphically in figure VII-2. 1In figure VII-3 the cumulative hydraulic resistance
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to flow is pletted for the entire channel from Clifton Court to the San Joaguin
River. The same data are visually keyed to a partial map of 014 River in
figqure VII-4. It is noted that most of the effect, about 90 percent of the
total, is concentrated in a short section about 2 miles long in the vicinity of
Tom Paine Slough. This restriction was evident during the 1933-34 channel
survey. Obviously, this area controls the rate of flow in an east=west direc-
tion through 0ld River. B&Actually, it forces the largest proportion of the east
to west flow through Grant Line and Fabian-Bell Canals rather than through the
westerly section of 0ld River.

Sediment Movement

In 1950, the USBR inmproved the operation of the Delta-Mendota Canal
intake channel by dredging the 0ld River Channel to a minus 17-foot elevation
f?om the Delta-Mendota Canal headworks downgtream to approximately Grant Line
Canal. By 1969 the dredged channel was nearly obliterated by sediment which
continued to move into the Delta-Mendota Canal Intake Channel. The 014 River
Channel was dredged again in 196% and in 1974. BAncother example of sediment
movement is the accumulation of 60,000 cubic vards of sediment in Clifton Court
Forebay during the first 4 years of its operation.

During the same period a large but unestimated amount of sediment was
pumped into the Delta-=Mendota Canal as suspended load and deposited within
the canal, O'Neill Forebay and Mendota Pocl. The available suspended solids
data for both the DMC and State Agqueduct and vicinity are located in STORET, a

Federal data storage system, and summarized below for the period of record:
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Average total suspended solids

Stations Period of record mg/L pounds/acre~foot
DMC near Head 1973 = 1974 42 .0 115

Delta Pumping Plant

Headworks 1973 - 1979 21.3 58
Clifton Court 1973 - 1979 41.6 114
0ld Riwver at Mouth of

Clifton Court Intake 1973 - 1974 : 4441 120
01d River at Mossdale

Bridge 1973 -~ 1978 48.0 123
01d River opposite

Ranche Del Rio

(near Rock Slough) 1973 = 1979 23.0 63

The Service and the Department of Water Resources established a Scour
Menitoring Program primarily in 0ld and Middle Rivers north of the pumps to
identify any channel scouring. The Department makes soundinés repetitively at
selected cross sections and the Service makes an aﬁnual aerophotoegraphic survey
of channels contiguous to ﬁhe'export pumps. Results indicate some degradation
and aggradation at the selected cross sections north of the pumping plants, but
no overall erosion or scour patterns. There are no stations east of Tracy
Road in the South Delta Water Agency in the program.

IMPACT OF EXPORT PUMPS ON SOUTHERN DELTA WATER LEVELS,.WATER DEPTHS, AND
WATER QUALITY

Impact of Export Pumping on Water Levels and Water Depths

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

tion of tides and net advective or downstream flows. The effect of large
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diversions from Delta channels is a depression in channel water surface which
provides the gradient for the movement of water in all connecting channels
toward the pumps. The distribution of flow and the water level drawdown among

connecting channels is a function of channel gecmetry, roughness, pumping

rate ané in the instance of the SDWA channels, the flows in the San Joagquin River.

A generalized impact of operazting the CVP and SWP export pumps 1s a reduction
of water levels and a modification of channel flows in the southernm Delta.

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

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

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

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

and this is related to water level reductions at all levels of tide.

The flows in the San Joaquin River near Vernalis were about 700 and 900 ft3/s

for the May and Augqust testing period, respectively.

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

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

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

and rate of inflow to the Delta near Vernalis, the effect is sometimes to
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TABLE VII-1

1968 PUMP TESTS RESULTS

1 2 3
Difference in
May Test Aug/Sep Test water level
6725 to 1950 fti/s 6934 to 800 £t3/s depression be-
Differential Differential tween pump tests
(4775 £t3/s) (6134 £t3/s)  Col.l col, 2
Water Level Depression Water Level Depression
Stations Feet Ftr/1000 ft3/s Feet Fr/1000 ft3/g Feet
01d Riwver at Cliftom Conrt 0.33 0.07 . 0.47 Q.08 0.13
014 River at Tracy Road 0.30 0.063 0.40 . 0.065 . 0.10
Tom Paine Slough above Mouth 0.29 0.06 0.35 0.06 0.06
Grant Line at Tracy Read 0.30 0.06 0.38 0.08 0.08
Middle River at Bacon Island 0.12 0.03 0.10 0.02 ~0.02
S8an Joaquin River at Mossdale 0.14 0.03 — - - —
San Joaguin River at Brant .

Bridge ' 0.16 0.03 0.12 0.02 ~0.G4
0ild River near Byron 0.29 0.Cé 0.32 0.05 0.03
01d River near Rock Slough 0.08 8.02 0.12 0.02 .04
Middle River at Bordenm Hwy. 0.29 0.06 0.30 0.05 0.01
Rock Slough at CCC Intake 0.15 0.03 0.14 0.02 —0.01

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

Another examination of recorded water levels was made for the June 14-30,
1972 pericd. Dr. G. T. Orlob's November 15, 1978 memorandum to the SDWA Board
examined the hydraulic depression created by the export pumps and © & gradient
toward the export pumps along various channels during this period. Table VII-2
and figure VII-5 are taken from pagegs 8 and 10 of that memorandum. Table VII-2
shows the drawdown of HHW indicated for various dates and export rates. The
period of June 22-25 was used to develop figure VII-5. During this period only
the CVP steady export pumping was being made. Figure VII-5 shows the d;fference
between Bacon Island tide levels and Clifton ferry tide levelg as a function of
CVP export rates. The figqure also indicates a high tide level depression at
Clifton Court of 0.1 foot for each 1,00q ££3/s5 of steady export pumping.

Data collected in 1977 was used by the DWR.to compare two 15-day periodé
with markedly different export rates and with other pertinent c¢onditions only
moderately different (see table VII-3). The pericd October 17-31, 1877 included
an average export of about 300 ft3/s and a San Joaquin River flow at Vernalis
of about 250 ft3/s. The pericd December 17=31, 1977 included an average
export rate of about 9,400 ft3/s and a San Joaquin River flow at Vernalis
of 470 to 600 ft3/s. Table VII-d compares the differences in the 15 day
means of each tidal phase between the selected control stationlat Rock Slough
and stations in the South Delta for the two periods. About 5,800 ft3/s of
this average export rate was by the SWP which diverted at high tide. There-
fore, the differences in water level depression near Clifton Court was greatest

during the high tidal phase. The comparison between the October and December
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TABLE VII-2Z

EXAMPLE OF TIDAL ELEVATION DATA
FOR SOUTH DELTA ~ JUNE 1972

Export, ft3/s

HEW, feet MSL

Date Swe CVP Bacon Island Clifton Ferry AH, feet
6-16-72 2109 4191 2.79 1.67 ~1.12
6-~17-72 2080 4196 2.34 1.18 -1.16
6=-18-72 2382 4204 2.81 1.56 =1.25
6~19-72 2331 4180 3.45 2,28 -1.17
6~20~72 26131 4233 3.42 2.22 =1.20
6-21-722 2362 3561 5.39 1.85 ~1.54
6=-22-72 Q 2558 2.93 2,51 =0.42
6=-23~72 0 1173 3.4% 3.25 =0.21
6-24~72 0] 923 3.25 3.07 -0.18
6-23-72 0 926 3.45 3.28 Q.17
6-26-72 487 Q47 3.69 3.52 -0.17
6~27-72 911 968 3.68 3.37 -0.31
6-28-72 945 965 3.52 3.17 -0.35
6-29-72 1564 963 3.35 2.98 =0.37
6-30-72 1682 1041 2.98 2.34 -0.64
6-30-72 1682 1041 3.10 2.38 -0.72

040740

1/ Andrus and Brannon Islands were f£illing due to a levee failure June 21 at akout 0030.
The effect on the tidal elevation at Bacon Island is indicated in figure VII-4, where
a small depression in the water level curve is noted for about am hour following the

break.

It may be expected that this effect would have had only

the water levels in the Southern Delta.

1le0

minor influence in



DIFFERENCE IN HHW ELEVATION BETWEEN
BACON ISLAND AND CLIFTON COURT FERRY

AH, FEET

~0.6

-0.5

S 040741

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

Effect of pumping

Normal difference in HHW w/o export pumping

I | 1 ! )
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EXPORT FROM DELTA PUMPING PLANT, Q, 1000 CFS

Figure VII-5 DEPRESSTON IN HWL AT CLIFTON COURT RELATIVE TO MIDDLE RIVER
AT BACON ISLAND AS A RESULT OF CVP EXPORT PUMPING AT TRACY
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TABLE ¥II-3
CLIFTON COURT FOREBAY

Daily Operation of Gotes

Month Orctoher L7 B Month December 39 77

DAILY -:f SAILY _—J;
TIME TIME AMQUNT TIME TIME . AMOUNT j
OATE OPENED  CLOSED OF INFLOW CATE OPENED CLOSED OF INFLOw |
IN ACRE-FEET . IN ACRE-FEET ]
7 0
- 17 CO16. 13,23
18 1010 1325 198 i ] o ogao
, . 1 8 1845
19 1800 1848 9% 2204 ne17 10, 4632
20 2000 2050 99 19 ggég 1836 Lo es
_ 0,16
21 1311 1625 595 20 2007 4 srs
. L2l
22 1733 . 2000 595 21 | o005 2050 3,84
23 0 22 0015 0740
. 1120 1645 9,332
24 Q
_ ) 23 0723 1640 7,735 °
25 1041 1217 298 | : -
. | 2 0219 0710 .
26 : ) | 0910 1965 10,897 .
o 0 ; 25 0300 2153 13,595
28 0842 1000 208 ' | 26 0330 2200 12,473 ;
29 0855 0945 298 N 0330 2200 1,774
10 0853 1012 208 28 0445 11,931
_ . 29 0005 . |
31 1015 1250 | 1,388 i 0517 12,083
. 30 0042
0530 11,382
31 nn2
[ 0555 10,043




TABLE VII-4

1/

EXPORT EFFECTS ON TIDE STAGES—

15 Day Mean Tidal Differences

040743

between 0ld River at Rock Slough

and indicated locations

1/ Range of San Joaquin River f{lows near Vernalis was 232-268 ft3/s

2

during the Oct 17-31 period, znd the Dec 17-31 pericd, respectively.

and 470-600 fr3/s

Tracy Pumping Plant and Clifton Court Intake combined 15 day mean diversion rate.

1977
Qcr. 17-31 Dec. 17-31
o Tidal 3 2y -/
Deltz Tide Stations Stage 296 ft7/s= 9,368 ft%/sS
' jazd 0.10 0.35
LH 0.10 0.49
HL 0.16 0.41
L. 0ld River near Byron LL 0.10 .23
HH Q.02 0.52
LH 0.03 0.44
HL 0.10 0.36
2. Middle River at Bordenm Hwy. Ll 0.06 0.18
HH 0.04 1.08
LB 0.06 0.%5
. HL 0.17 0.47
3. 0Qld River at Clifwon Court Ferry LL . .09 0.32
HH 0.12 1.04
1H 0.12 0.88
EL ~0.04 0.30
4. Grantline Canal at Tracy Road Bridge LL ~0.30 ~3.07
HH -0.13 .55
LE -0.11 0.42
HL -2.31 0.00
3. Middle River at Mowry Bridge LL -0.67 =-0.60
HE 0.25 1.20
LE 0.62 .99
HL -0.55 0.08
6. 0ld River near Tracy Road Bridge LL -0.93 -0.61
HH 0.13 1.05
LE 0.13 0.88
HL. -0.12 -0.30
7. Tom Paine Slough above Mouth LL =J.32 -0.13
HH 0.02 0.57
LH -(.10 0.37
HL -0.18 Q.62
8. San Joaguin River at Mossdale LL -1.35 -1.01



040744

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

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

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

level. During this period, the average daily export rates were 2,362 ££3/5
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Table VII-S. Impact of CVP and SWP export on
water levels in 0ld River at Clifton Court Forebay1

CVP-SWP mean Mean 15-day tidal elevation difference
Observation daily diversion between O0ld River at Rock Slough and
period rate in f£t3/s Clifton Court Forebay in feet

CVP SWP HH LH HL T,
Cctober 17-31, 180 140 0.04 0.06 d.17 0.0%
1977
December 17-31, 3,600 5,800 1.08 0.95 0.47 0.32
1977
Differential 3,420 5,660 1.04 0.89 0.3C 0.23
Steady pumping impact = HL Diff. + LL Diff.

2

average DMC Diversicn in 1,000 ft3/s

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

1

Intermittent pumping impact HHE Diff.- steady pumping impact

average daily diversion to CCFB in 1,000 f£t3/s

1.04 - 0.08 x 3,420 = 0.14 ft per 1,000 ft3/5
1,000 of average daily diversion
S.66

Intermittent pumping impact HH - Steady pumping impact

24 hours
Diversion period

Average daily diversion to CCFEB x

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

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

3
5.66 x %% 7.99 per 1,000 £ft3/s

Total impact at high high tide 0.08 x 3.42 + 0.14 x 5.66 = 0,27 + 3.79

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

IThe rates of impacts identified in this analy=is are approximations only.
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for the SWP and 3,561 ft3/s for the CVP. The southern Delta tide levels
would probably have been about the same height as the Bacon Island tide in the
absence of pumping. Using the indicated difference between HE water at Bacon
Island and Clifton Court as the effect of pumping and the procedure outined in
table VII-5, it is estimated that the intermittent pumping impact was about 0.5
feet per 1,000 ££3/s of average daily diversion and 0.122 feet per 1,000 f£3/s
of actual intermittent diversion rate. The total impact was a reduction in
water level at high tide of about 1.5 feet, extending as far upstream on 01d
River to Tom Paine Slough.

The comparison of the impact of intermittent pumping rates on the
water levels near Clifton Court in feet per 1,000 f£3/s of average daily
‘diversion is appropriate when the periods of diversion are approximately the
same. Comparing the impact of intermittent pumping during the June 20-21, 1972
period with the October 17=31, 1977 and Decémber 17-31, 1977 periods, in feet
per 1,000 ft3/s of average daily diversion will give a distorted result.
During the 1972 period the actual diversion of 10,300 £t3/s occurred over a
period of 5.5 hours whereas during the 1977 period the actual diversion of
7,990 £:3/s was sustained for 17 hours. The maximum pumping water level
drawdown on June 21, 1972, between Bacon Island and Clifton Court was 1.26°
feet; during the 1977 period between Rock Slough and Clifteon Court the drawdown
was 0.77 foot. Expressing these drawdowns in terms of actual rates of diver-
sion for each period results in 0.122 foot per 1,000 ft3/s and 0.70 foot
per 1,000 ft3/s, respectively.

The impact of export pumping con water levels in the vicinity of Clifton

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

A mathematic procedure (Hardy Cross network analysis) was used to describe
the relationship between head loss within individual channels and the average
exports and flows in the San Jeaquin River. 2 memorandum dated Februnary 16,
1951, summarized the network analyses of the Lower Sacramento-San Joaguin Delta
that were made in connection with the design of the Delta Cross Channel. Copy
of this memorandum is included in Appendix 4. A simplified technique, based on
the assumption cf steady flow with ne tidal fluctuation was used to demonstrate
the effect of San Jeaguin River inflow on the distribution of drawdoewn related
to a constant export. This procedure assumes ne agriculture diversion within
the scuthernm Delta. (During periods of low flow tﬁis is seldem a realistic
assumption.)

For the semi—-gquantitative use the various channels were cembined into four
equivalent channels as shown. The ship channel because of its relatively large
cross—section was assumed to act as a manifold at a constant level. The
resigtance values represent channel resistance coefficients such that head loss
{ h) = 5.543 x 10~8 er where the constant was derived from the Manning
equation.

Flow distributions were developed: Case & with 4,600 ££3/s export and a
downstream flow at Mossdale of 1,000 ft3/s, and Case B with the same export

(4,600 £t3/5), but a downstream flow of 300 £t3/s.
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3

Case A Manifold T
=ase & 5,

. 3 -
Q, in channel 1 = 3,550 ft°/s 3550 f”/sl
Q, in channel 2 = 50 £t3/s rn=0.204 N7

; - ' 3
Q3 in channel 3 = 1,050 £t3/s 50 ft 3/

rg =10
&R, = 0.145,4h, = 0.00014 e 1050 #t 355 )
and Ah_ = 0.14085 4800 ft 3/5 rg=2.3 \ 1000 ft 5/5

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

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

Case B Manflfofd
= 3

Q1 3,870 ££2°/s 3870 fts4 |

0, = 430 ££3/s 7+0.204 l

Q. = 730 fti/s

3 <:i//~43cig*w@ 3
and b, = 0.068 4600 ft 3/5 “e 2.3\ 300 /s

At Mosgsdale the drawdown (AhZJ is 0.102 or 60 percent of the drawdown at
the DMC intake.

The analysis indicated that when the flows at Mossdale are less than
500 ££3/s and the pumping is approximately 4,600 £t3/s, the gradient
between the pumps and the bifurcation was very flat. Therefore, deprassion of
the water levels at Clifton Court would be felt as far away as the bifurcaticn
and even upstream beyond Mossdale. However, with riverflcows at Mossdale of a
magnitude of about 1,000 £t3/s, the gradient is much steeper and, therefore,
the pumping impact is less at the bifurcation.

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

are difficult to arrange. They are, therefore, limited in the range of condi-



ticns tested. Furthermore, conditions of tide, riverflow, and agricultural
diversions wvary during the tests, thereby modifying results, particularly for
points far upstream of the export pumps. Therefore, it was necessary to
develop a mathematical meodel in order to examine a wider range of conditions
and to aveid the uncertainties of test data wherein conditions other than
export rates vary during the tests. A mathematical model for this purpose was
developed for SDWA by Dr. G. T. Orlob per his report entitled "Investigation of
Water Level Problems in the Southern Delta - Model Studies” and dated May 14,
1979. The model is a refinement of an earlier Delta-wide model which was
developed under Dr. Orlob's direction and commonly referred to as the WRE
model.

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

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

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

Delta.
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Table VII-6 shows the model's predicted change in water level due to export
pumping at wvarious southern Delta points and for wvarious export rates. With a
CVP export rate of 4,323 ft3/s and no SWP export and a 550 ft3/s riverflow
rate at Vernalis,-the drawdown of water levels by the export pumps is calculated
to be 0.52 foot at HHW and 0.40 foot at LLW at the CVP intake channel; 0.51 at
HHW and 0.47 at LLW at the Westside Irrigation District intake channel on 0ld
River; 0.41 foot at HHW and 0.37 foot at LLW at 014 River aqd Tom Paine Slough:
0.35 foot at HHW and 0.31 foot at LLW at 0ld River and Middle River; and 0.34
foot at HHEW and 0.13 at LLW at Mossdale. Steady pumping impacts predicted by
the mathematical model presented in table VII~-6 is compared to the LILW value

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

vIii-1.
May 1968 Testl:?2
Model Run' Results

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

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

multiplied by the factor of i_%%§=o 50.

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

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

but with a 4,800 3 /s average dally SWP export rate (drawn off the high
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TABLE VIT-6

SUMMARY OF WATER LEVEL CHANGES IN THE SOUTHERN DELTA
DUE TO EXPORT PUMPING BY THE CVP AND Swpl/

RUM SD-29A4 RUH SD-29B RUN 5D-30 BUN 5D-32
2 Qe(DHC) = 4323 QB(BHC) - 4323 Q.(DHC) = 4323
Qe"/(DMC) = 4323 q, (SHP) = 1600 a, (swP) = 2800 0, (SWP) = 4800
oStsim) 0 er?-/(swp) = 2000 Q,, (547 = 7000 q,, (SWP) = 12,000
Hode Location v HTL Ly Inp HIL Ly mr MTL uy HHW HTL LY
1 Bacon Tsl. (Input) 0 [ [ 0 0 0 0 0 [ 0 0
20 Clifron Ct. -0.36 -0.35 -0.34 ~0.8% ~0.47 ~0,36 -1.08 -0,50 ~0,34 =1. 1 -0.1 -0,
2 01d R, & DHC ~0.52 ~0.49 -0.40 ~1.01 ~0.39 =0, 40 «1.17 -0.70 -0.39 -1.83 -0.89 0.
28 WID ~0.51 0,47 ~0.47 ~1.01 =0,58 ~0.49 -1.17 -0.68 -0.46 ~1.84 -0.87 ~-0.
32 01d R. 8 Tracy Rd. ~0.,43 -0.43 -0.39 -0.97 ~0.,54 ~0,40 ~3%.12 -0.64 ~-0.37 ~1.81 ~0.83 -0.
115 Grancline @ Tracy Rd. -0.44 -0.40 -0.44 ~0.93 -0.60 ~0.46 -1,00 -0,61 ~0,43 -1.76 -0.80 -0.
34 Tom Faine 51. ~0.41 -0.42 -0.37 -0.92 -0,53 ~-0.40 =1.11 -0.62 ~-0.39 -1.78 -0.8L -0,
kL] Salman 81, -0.40 -0.39 ~0,33 -0,90 ~-0.50 -0,37 -1.06 ~0.59 -0.36 -1.73 -0,79 -0,
39 01ld R, @ Middie R. -D.35 -0.33 0,31 0,81 0,46 0,35 ~1.00 -0, 56 ~0,34 -1,63 0,74 0.
44 014 R. @ San Joaquin ~0.31 ~0.27 -0.18 -0.865 -0.38 ~0.24 ~0.89 ~0.46 -0.26 -1.32 -0.61 =0,
139 San Joaquln @ Haesgale ~0.34 ~0.26 -0.13 -0.66 -0.38 ~0.22 ~0.487 -0.46 -0,27 ~1.33 -0.65. -0.

26
32
38
9
3%
4
3L
i
29
N,

_;/ Based on mathematical madel analyals using a

2/ Qg 1s the average daily diversion

3/ Q,, 1s the actual diversion during HIM

Note:

Vernalls flow rate 550 rfs.

version of the WRE Model
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tide at about 12,000 ft3/s), the drawdown at the CVP intake channel is
increased to 1.83 feet at HHW and 0.32 foot at LLW; at 0ld River and Tom Paine
Slough it is 1.78 feet at HHW and 0.34 foot at LLW; and at Mossdale it is 1.33
feet at BHW and 0.37 foot at LLW. The intermittent pumping impact at Clifton
Court was calculated at 0.127 foot per 1,000 ft3/s at HHW, which compares

favorably with the rate calculated using the June 21-22, 1872 data (0.122

ft/1,000 ££3/5).

Impact of Export Pumping and Channel Configuration on Water Circulation
and Water Quality

Circulation of water in southern Delta channels and the related water
quality in those channels is influenced by tidal activity, export and loccal
purring, inflow and channel configuration. Tidal activity is the dominant
factor . ’1ﬁencing circulation for short time periods. For longer periods, net
flow direction . 4 primarily by export .pumping'and inflows becomes the
major influence. The circulation is determined by +the excursion and the
volume of displacement dur: idal cycle, which are related to the tidal
prism upstream from any given sw. taken together with the cross sectional
area at that station. Values of excy from a low slack to a high slack
tide range to as much as 3 miles in the so * Delta.

Net flow direction is markedly changed by v. physical works such
as pumps, siphons, and tidal gates. Circulation chan. s have been studied in
the field and by models, both physical and mathematical. A relationship
between the division of flow at the head of 01d River and export pumping has
been developed per figure VII-7. This figure is a modificaticn of plate 11 of

the appendix to DWR Bulletin 76. This plot depicts the flow split at the
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NOTE: Flows in northwesterly direction in San Joaquin
River at Brant Bridge positive and in opposite
direction negative.

This 1s plate 11 from the California Department of
Water Resources' Report entitled Salinity Incursion
and Water Resources Bulletin No. 76 Appendix on
Delta Water Facilities dated April 1962,

RATIO OF FLOW AT TWO LOCATIONS
ON SAN JOAQUIN RIVER AS INFLUENCED
BY DELTA-MENDOTA CANAL PUMPING

APRIL 1962
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bifurcation of 0ld River and the San Joaquin River in relationship to the rate
¢f export pumping. This determination of the relatiocnship is an approximation
because it does not account for the seasonally varying channel depletions
between Vernalis and the head of Old River and because net flows are difficult
to determine in tidal channels. However, the approximation is useful in
analyses of the circulation and water quality. Depending upon the rate of
export and local pumping, varying percentages of the San Joaquin inflow are
drawn toward the export pumps even to the extent of reversing the normal
downstream flow of the San Joaquin River below its bifurcation with Cld River.

The induced flow toward the export pumps is carried mainly by Salmon
Slough and Grant Line and Fabian Canals. Downstream flows in Middle River and
0ld River west of Salmon Slough have serious impediments to flow in the form of
width and/or depth constrictions as previously discussed. These limitations
are exacerbated to some degree by the lowering of wéter levels at the entrance
of these channels.

ﬁydraulic restrictions in Middle River and portions of 0ld River tend to
limit circulation and increase the likelihoeod of stagnation and poor water
quality. These conditions may be aggravated further by reductions in water
level, depth and/or tidal prism. Such cccurrences are illustrated by the
behavior of 014 River between Salmon Slough and the DMC intake channel during
July 1976, as shown in figure VII-8. The average monthly TDS concentration in
014 River getween Salmon Slough and the Westside Irrigation District intake
generally exceeded 1,000 mg/L, while at the DMC intake the TDS averaged 312
mg/L. The rather large gradient of TDS between these two locations indicates

that the effects of tidal mixing, and any available advective flow is not
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Figure VII-8 TOTAL DISSCLVED SOLIDS IN THE SOUTH DELTA CHANNELS®
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T —

=5

T

ey

[ L =1

—

Stockton

® Grab sample stations

(® Continuous sampling

stations

'

'

'
.

i

MEANﬂl
Lowet
VERNALIS

Salinity Range

i

176w 'SAINOS gINI0SSIO TYL0L

MOSSDALE

wID

0.
etz
[52]

MIODLE R,

WPRS continuous EC recorders, grab samples by Westside Irrigaticn

Sources:

District, Reclaimed Islands Land Co., Piscadero Reclamation District

and Nelson Laboratories.

ted, they represent extreme values of daily observation

Where ranges are indica

ot
~

Where no range is indicated, data

correspond to a very small number of samples.

.

or continucus records during the month.



040757

sufficient to offset the effect of salt accumulation in this channel. Such

ci’ sulation as d4id exist may have been aided by the Westside Irrigation District
divb;sion since there are no other significant diversions between the district's
intéke and the DMC intake.

The operation of the export pumps draws water from all contributing
channels, including the 0ld River-—Salmon Slough-—-Grantline Canal principal
channel through which water from the San Joaquin River enters the zone affected
by exéort. Data derived from the Service's continucus EC monitors show that
at low tide following a downstream tidal excursion the EC near Clifton Court is
generally higher than at high tide when cross Delta flows from the Sacramento
River are most likely to be dominant. As an illustration the quality of water
in San Joaguin River at Vernalis between July 9 and July 18, 1978, averaged
about 635 umhos EC with no tidal variation whereas the guality in the Delta-
Mendota Canal intake channel wvaried about tﬁreefold'between the high and low
tidal stages. The 10-day average qualities in each tidal phase in umhos at the
various tidal phases between July 2 through July 18, 1978 were as follows:

Water quality

Tidal phase (micromhos)
HH 323
LH 212
LI, 631
HL 385
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SUMMARY AND CONCLUSIONS

CHANNEL DEPTHS AND CROSS SECTIONS

Changes in channel gecmetry were assessed by comparison of surveys
made in 1913 and 1965 by the Corp of Engineers and in 71933-34 by the United
States Coast and Geodetic Survey and at various times during the period 1957
through 1976 by the Department of Water Resources. Results of the analysis for
each principal channel is summarized below:

San Joaquin River--Vernalis to Mossdale Bridge

The bottom elevaticn increased from 0.5 to 9.5 feet, with an average
increase of about 4 feet. This aggradation raised the bottom elevation of
about 45 percent of this reach to an elevation of 1.5 to 3.5 feeﬁ above LWD
wheréas it was 2 to 7 feet below LWD in 1933. This probably has cccurred
due to reduced floodflows, a normal supply éf ri;;r sediment load, and the fact
that this reach is where the river enters the tidal zone. Sediments tend to

deposit at the entry to a tidal zone.

0ld River--San Jeoaguin River to Salmon Slocugh

The bottom elevation dropped an average of 4 feet, i.é., the charnel
degraded. This degradaticon is uwmexplained.

Grant Line and Fabian Carals

These channels degraded between 1957 and 1973 by an average of 4 feet.
This pericd corresponds to an increase in Delta export pumping. Channel
degradation could have been due to maintenance dredging of the channels performed

by the local reclamation districts and the Corps of Engineers.



Middle River=--0ld River to Victoria Canal

This channel has aggraded since the 1933 survey from an average maximum
bottom elevation of & feet below LWD to an average maximum bottom elevation of
4 feet below LWD. Aabout 55 percent of the reach, that immediately north of
0ld River, has aggraded an average of 0.5 foot since 1933-34. The most restric-
tive section is now about 0.5 foot below LWD as compared to the previous
1 foot below LWD. The channel conveyance capacity is quitellow and often less
than the agricultural diversion rate. There is no evidence of recent channel.
maintenance dredging (access to 55 percent of the most restrictive sections is

hampered by two fixed span bridges).

0ld River=--sSalmon Slough to DMC Intake Channel

This channel alsc has restrictive crosé sections with maximum depths
of about 3.5 feet below LWD and a minimum mean depth of about 2 feet_below LWD.
There has been little change since the 1933;34 survey.

Changes in channel cross sections that have been obsgrved since 1933=34
are a consequence of modifications in the ﬁydraulic regimen of the southern
Delta: export pumping by the CVP initiated in 1951, intermittent diversicns by
the SWP commencing in 1968, and reduced San Joaquin River inflows at Vernalis.
The analysis of channel depthsg within the South Delta Water Agency does not
establish whether or not export pumping has caused appreciable siltation or
scour within the SDWA channels. Channel degradation in the reach of 014 River
between Salmon Slough and the San Joaguin River is unexplainable. The channel
degradation within Grant Line—--Fabian Canals could be attributed to export
pumping and/or dredging. This channel carries the largest proportion of San

Joaguin River flows which are drawn to the export pumps. The decrease in
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channel resistance in this channel mcdifies the proportion of flows carried by
this channel and the proportion carried by the reach of 014 River between
Salmon Slough and the export pumps.

The control of siltation in some South Delta channels requires periodic
channel maintenance. No routine channel maintenance program exists in this

area of the Delta at this itime.

IMPACT OF EXPORT PUMPS ON WATER LEVELS

Steady diversion of flows by the CVP reduces the water level at Clifton
Court and adjacent channels by a range of 0.07 to 0.10 foot per 1,000 ft3/s,
or about 0.32 to 0.46 foot at full capacity of 4,600 ft3/s. This impact
influences the water levels in 014 River and Grant Line Canal upsteam to Salmon
Slough, at about the same magnitude, thereby directly impacting the entrance to
Tom Paine Slcugh, which relies on tidal elevation differences to produce the
gradient for flow inte the Slough. |

The intermitzent diversions into Clifton Court Forebay bv the SwWP
reduce the HHW levels by about 0.10 teo 0.127 per 1,000 ft3/s of water
diverted. At full capacity of the CVP, operating at 4,600 ££3/s on a steady
basis, and the SWP, operating only on the high tide, with a 10,000 Fz3/s
diversion rate,! the water level depression at HHT may be expected to be in
the range of 71.34 to 1.76 feet.

Reductions in water level alsc are evident at Mossdzale Bridge on the
San Jeaguin River. However, the water level depression at this point is

related to the pocrtion of the inflew from the San Joaguin River which reaches

! The maximum SWP pumping rate of &,000 £t3/s into the agueduct corre-—
sponding to this 10,0080 ££3/s high tide diversion to Clifton Court
Forebay over a period of approximately 14 hours.
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the bifurcation with 0l4d Riwver. When the riverflows at the bifurcation are less
than 1,000 £t3/s, the gradient between the pumps and the bifurcation flattens
and the pumping effect is increased whereas at 1,000 £t3/s the effect is

relatively insignificant-

IMPACT OF EXPORT PUMPING ON WATER CIRCULATICON AND QUALITY

During most summer periods, the San Jeoaquin River flows are now less
than the net rate of channel depletion within the SDWA. The induced flow
toward the export pumps which is caused by the drawdown of levels, is .arried
mainly by Salmon Slough and Grant Line and Fabian Canals. Downst  :am advective
flows into the reach of Middle River between 0ld River and V* .coria Canal and
in the reach of 0ld River west of Tom Paine Slough are g.uerally less than the
agricultural diversions from those channels durina dry seasons, thereby causing
water to flow into these reaches from both ends permitting accumulatién of
salts from local return flows as illustrated in figure VII-8. Both of these
channels have serious impediments to flow in the form of width and/or depth
constrictions as previously discussed. However, it is apparent that substantial
portions of low summer San Joaguin River_flows pass through the upstream end of
0ld River and Grant Line and Fabian Canals and are diverted with the export.

The increase in net unidirecticnal flow frem the Sén Joaguin River
toward the pumps reduces the accumulation of drainage salts in the upper end of
0ld River and in Grant Line and Fabian Canals. However, the drawdown which
causes this increase in flow does not necessarily induce net daily unidirectional
flows through Midéle River in the southern Delta, or in 0ld River from Tom

Paine Slough west toward the DMC intake channel as discussed above.
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Tidal circulation is reduced by the lowering of water levels. However
tidal exchange of salts is dependent both on circulation and the difference in
salt concentration between any two points in a channel. For example in the
restricted reach of Old River even with the reduced tidal prism in the vicinity
of the DMC intake channel, there is scme flushing resulting from tidal exchange
with better quality of water available. _

Cuality in dead end sloughs such as Paradise Cut and 0ld Oxbows rely

e ‘'irely on tidal exchange. When San Jeaguin River flows at Vermalis are less

L. % :he agricultural &iversions south of Mossdale, the reach of san Joagquin
Rive. amnel south of the bifurcaticon of 01d River functicns alsc functicns
like a &. ~lough and tidal flushing becomes important for water quality as
well as for lepth in that reach of channel.
~ The overall . ~£ ekport pumping on the Scuth Delta channels includes:

1. Reduction in < vaulie capa;ity of-channels with conseguent
reduced water availability - ~ local diversion points,

2. Increase in gradient to. =he Delta export pumps which results

in increased downstream advec: . v: circulation from the San Joaguin River

through the east end of 01& River to CI Court via Grant Line Canal.
3. Availability of Sacramento River w. - the northern boundary of
the southern Delta which is drawn into portioms . me southern Delta channels

through tidal mixing.
4. TIncrease in suction lift recuired of pumps cf local diverters.

5. Increase in frequency of loss of prime {due to inadequate water

depth) by pumps of local diverters.
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6. Reduction in tidal prism with resultant decrease of tidal flows
and of tidal flushing of salts, particularly in shallow, or stagnant, or blind
channels.

This repeort does not attempt to guantify all of these export pump
impacts or to determine the water levels, hydraulic capacities, and salinity
levels needed in southernm Delta channels. Water level drawndewn, of the
magnitude indicated, obviocusly has an impact on water availability in the
shallowest channels, but determining the net effect on salinity due to changes
in advective and tidal flow would require additional study of the net effect in
each channel. Furthermore, the impact of export pumping also varies with the

degree to which San Joaquin River flow and salinity at Vermalis are altered.
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APPENDIX 1

MONTHLY FLOW DATA (KAF) AND

MONTHLY CHLORIDE DATA (P/M)



TH1S

1930
1931
1932
1933
1934
1935
193/
1937
1938
1939
1940
1941
1942
1943
1944

1944

1945
1947
1948
1949
1950
1951
1952
1953
1954
1954
1994
1957
1958
1957
1960
1961
1962
19043
1964
1965
A 966
1067
196%
1969
1970

VN
VN

THE DATA FILE OF ACTUAL SAN JOAQUTM RIVER FLOWS

ueT

84.70
103,00
29.40
103, 0N
94,10
52.20
125,10
I1A.20
116,70
163,90
91.30
QR, 60
135,20
137.50
179.60
10, 40
169,60
111,60
80.80
95,20
11.90
81,40
109.70
114,70
100,20
32.30
49,20
122.90
126.40
174,30
53,00
43.80
25,20
89,40
164,60
84,90
I8t, 00
6l. 170
167,60
85.10
27440

NQOV

13,20
97.60
38,30
t13.0N
21.00
6. 80
115,40
114,60
117,80
226,00
/4H, 40
102,00
138,60
139,80
116,20
147,20
207, 30
155,10
105,50
843, 8n
94,10
482,10
104,90
129,60
YR, 90
R2.50
63,70
131,60
133.80
214,10
62.60
60, 30
35, 3n
27.80
179.80
140,20
21a.80
79.10
206,70
05, 50
215,40

NEC

79.30
117.00
76.90
115,00
148,00
98.80
155,90
175.60
326,40
227.5%0
97.60
185,20
293,70
268.40
146,80
232.90
352,50
222.40
104,20
91.40
96.60
1545, 00
192,80
22%5.00
108, 30
11,50
670, 60
154. 00
153,30
181,70
72,80
79.10
43,80
149,70
217.20
371,20
383.R0
269,00
223.50
155,70
244 .10

JAN

.00
V5,30
205,00
24,00
149,00
223,70
203,20
202.40
nt.20
?51.50
254,00
4138, A0
518,40
347.20
155.40
237.60
534.80
171,10
5,10
107, 0D
122.90
a32.10
544,20
365,70
101,90
182,130
1663, 00
e 10
148.80
143, 40
]5,A0
12,30
49,50
107.80
t76.60
R94 ,830
3723.9n
197,30
190, RN
R49 ,40
AR /N

FER

94,40
82,90
/21,00
147,00
124,00
194, 30
ARA, (N
481, 30
1301, 0N
231.60
193,10
127.90
706,90
125.80
164,60
604, 30)
330,10
133.70
47.50
18,60
196,170
500, 50
661.90
204,00
131.00
136, t0
993,90
97.90
3n1.8n0
i81.50
99,10
62.10
320.90
454, 60
Q7.60
440, 30
227.20
353, 40
50, b
1 908, 00
H10). A

MAR

151,00
hA. 20
301.0n
107,00
105.00
250,60
B73.1t0
R12.20
2100.00
124,60
202.30n
1302.00
533, 40
1422.00
294,70
H66, 1)
229 .60
13R,90
36.80
213,30
135,60
471,70
845,30
T1.50
274,30
6, 00
460. 3N
187.80
743.60
127.20
' 36.60
27.30
364.80
140, 30
57.10
327.5n
1i.70
401,90
190,20
1898, 0N
441 . A0

(KAF) AT VERMALIS,

APR

154,00
2310
286,00
a8, 40
4l.A0
878,20
713. 40
RA0 . A0
13332.00
146,80
965 . 20
1017.00
98,20
1075, 00
136.90
534, R0
357.90
88.50
82.90
122,40
-319.30
I157.80
1202.00
90. 40
3n1.00
54,60
372.60
7R.90
1661, 00
48,30
30.80
11.90
124,10
512.70
45.50
536.70
58, 40
A62 .50
15,40
136,00
00 . K17

MAY

136,00
27.30
T13.00
14,80
39,30
007,00
1020.n0
1233.00
743,00
125.20
879,30
13n2.00
1o17.00
920,40
235.30
B55. A0
802.90
125,80
307.50
217.00
3nR, 20
401.20
1699.00
IRA. 10
412.90
70.70
/59, 130
t59. 70
1379.00
48.A0
3R.N0
23.40
161.20
574.20
43.20
325.60
53. 10
1252.00
54,40
1513.nn
147.20

JUN

164,00
23.30
ROR, 00
316,00
37.30
93R,80
AAL L 60
925,71
2181.00
59,00
Al 5,60
1327.00
1323.00
693, 40
201,40
673.80
344 .10
H6.10
512.10
119.20
298.30
198,60
1389.00
292.40
76.50
R9.,N0
729.0N
223.70
V29 ,.3N
31.70
17.40
12.30
208,10
6. 50
38,170
336.20
33.90
1190, 0N
35.20
1659.,00
tAaN_ 0N

Jul

16.20
14,30
35%6.00
AL 20
24.30

165,00

1RT, 40
200,950
R9R, 30
46, 5N
122.70
562. 10
478, 2()
135,80
16,60
238.60
90,10
32.40
gl,70
34.60
42, 30
53. /0
215,10
98.6/0
33, 30
25,60
214,20
53.80
251.60
19.20
13.70
6,10
B2, 60
112,00
23.A/0
121,30
27.n0
642,50
30.90
356.80
1170

N

AIG

A, AN
14,00
7. 30
41,00
23.60
61,20
69 . N0
49,40
206,40
44,00
12.90
128,80
103,60
94,80
67,10
109, 40
1H,30
3%, 00
A4, /A0
37,00
anr, 20
46,70
83,30
46,00
33,60
26, B
114,90
A6, 30)
94,40
24,710
16,50
9.3n
42.70
61,40
27.10
h. 10
30,70
124,20
al.20
142,90
Ad DD

040765

SER

RH, 10
19, 0n
A3 T0
61, 40
Y. 80
1O, 30
16,20
83,10
132,40
61.5H0
100, 40
100, 30
114,00
100, H0
71.40
170,90
1383, 30
63.90
64,10
42,hHN
56 .30
al.60
96.40
6h, 0N
44,90
36,30
112,20
68.30
133.40
46,70
22.90
19.10
59,10
Q0.20
53.%0
09.90
13,20
120,70
55. 80
193.70
7851



THIS

1930
§931
1932
1933
1934
1935
1936
{v37
1938
1939
1940
194}
1942
1943
[ 944
1945
19406
1947
1948
(RS LAY
19H0
1951
toh2
1953
1954
1955
1956
1957
1958
1950
1960
1961
1962
1963
1964
1965
1 966
1967
{968
1969

[5 THE DATA FILE FOR STANISLAUS RIVER FLOH AT RIPON.

GCT HOv (BIH# JAN FIR MAR AP
e .00 .00 0N .0 .00 L) . N0
P 00 .00 . N0 .00 .00 .00 L 0N
WP . 0N .00 . N0 .00 . (0 . ON 00
Rp LON . N0 .00 .00 .00 =00 .00
np .00 .00 .00 .00 .0 .00 .00
RP 0N .00 N0 « 00 .00 .00 .00
ny .00 . 00 .00 . 00 00 . 00 .00
Rp N0 N0 .00 . N0 .00 00 .00
RP .00 .00 .00 .00 .0N 00 .00
ne . 0N .00 .00 .00 .00 «00 .00
P .00 .00 <0 <00 .00 00 .00

np 15,49 18,40 213,29 52,41 72.00 186,10 178,00
np 15.46 21.82 H3.31 T71.20 175,90 71,01 215,00
P 16.51 27.44 52.74 113,80 122,20 313,20 265.30
Ite 6,51 i7.46 26.32 31.60 17,42 81 .66 31.01
"y 13.40 31.88 060 .44 55.84 105,40 111,40 125.80
R 16.30 30.36 T4.98  146.90 5. 39 64,93 155,20
ne i1.83 21.40 33.47 11.56 .15 37.56 52 .60
e t0.72 {6.19 25 .94 17.35 12.07 1i3.46 h3.08
»p 2,14 14,62 f4.,11 24,34 12,62 683,69 44,82
e .78 11.38 13.60 37.55 $3.77 42,70 162,40
RP 11.39 268,90 467.40 152,90 122,10 127.60 8i.59
n 23.12 21.25 54,38 78,75 116,60 155,00 224,90
np 1%5.91 20.93 35.03 84,12 39.03 12,43 56.38
Feid 15.30 21.20 21.35 13.62 22.92 70.90 146.00
np 11.97 15,36 33.63 47.53 28,22 35.62 13.14
e 8,32 Q.71 2.0 317,50 17,40 B(.34 147.90
P 23.82 27.18 21.32 17.86 1.96 30.62 1,40
1P 14.07 "10.43 10.46 32.43 3,41 136.90 242.80
P 19.91 29.56 49.64 28.05 23.29 38,99 9.91
1 QT 8,69 g.0a0 8,24 2.70 6.83 7.21
np 7.6 .66 H.o2 1.8 8,7 06.50 5,98
nP b.61 6.34 68T 6.63 54.76 T0.77 49.01
1P 13.48 i4.84 19.22 11.40 133,50 42,46 177,80
P 24.04 17.54 32.15 54,94 24,78 12.03 t0.23
np Y. 13,12 189,30 254,40 109,30 102,40 202,00
hy 24.417 47,96 86.83 90 .41 5.7 16.00 11,39
P 8,26 9.35 60,27 70,59 97.84 137.00 225,40
He 29,79 36.09 52.79 m.72 15,90 28,53 28.00
RP 11.59 11.70 13,34 309,00 266,70 225,70 187,10

LD OF FTLE

MAY

.00
.N0
.00
L0
N0

.00
L0
.00
.00
.0
.00
386.50
204,30
201,30
104 .40
265,20
234,30
82,53
216.70
153,70
235.50
130,90
473.60
109.%0
147 .50
37.40
312.30
T3.48
362.20
.06
B.64
5. 38
13.12
286,80
8.6
131,20
9,05
267.20
9.38
359,40

JUN

.00
.00
<00
.00
.00
.00
00
.00
.00
.00

o L00
173.90
232,10
108,20
51.71
152,00
61,95
15,35
180,30
52,26
112,30
38,28
294,80
153,60
13,96
63,93
187.90
81.53
217.00
7.685
6.66
3.84
103,40
.10
T.15
124,20
7.82
329.10
7.68
233,60

aur,

L0
. 0N
.00
.00
00
.00
. 0N
0
.00
N0
L0
36,34
H6.69
(7.13
4.1
2557
15.50
Q.70
2.0
10.8%
13.36
13.55
57.17
30,36
Q.62
B.61
62.18
12.04
36.62
6.08
5.96
3.15
11,44
16,34
637
’5.84
6,1
107.20
6.20
41,12

Al

.00
.00
.0
.00
.00
.00
00
.00
.00
.00
N0
14,73
13,33
P71
11.97
14,42
13,59
9,37
10,90
V.86
11,36
fi.ot
15,56
12,19
9,99
1.98
12.0!
19.30
13,559
7.96
6,09
3.774
H.73
.24
6.53
13,72
5. 54
19,36
7.0l
17.09

sS1Ep

.00
L0
.00
L 00
LN

.00
. N0
.00
00

13.63
14,70
13.137%
11.69
13.41
12.5%4
9.59
9,16
9.80
10,38
o, iR
14,01
11,73
3,93
T.14
10,71
10,69
20,04
9,71
6,10
4.56
9,24
13.74
7.08
16,75
6.07
23.00
7.4
29,44

99.0t0



THIS

18

1930
1931
1932
1933
1934
1935
1936
1937
reae
17239
1940
1941
1942
1943
1944
1745
1944
1eaz
1948
1249
1950
1951
1962
1953
1954
1955
1954
19%7
1950
1959
1960
1961

_1va2

1963
19464
1949
19866
1947
19468

ER WA

ocT

0.00
0,00
0.00
0.00
0.00
0.00
0.00
10250
11050
140,70
84,20
87,80
118.70
124,10
110.70
946,490
150,50
P7.60
71,30
e, 30
66490
73.40
82,20
Be. 40
80,20
1460
37.90
4,90
101,90
149,40
45.5()
)]

.’A. 40
64,30
136,10
0:00
151.90
57,40
120,90

PRI N

THE 0ATA FILE FOR

NOV

0.00
0.00
0,00
0,00
0.00
0,00
0,00

104,60
100.00
206,70
76040
88.70
113,10
115.9%0
101,20
117.10
177440
131.40
8900
73,20
82.40
341.40
74,80
24,00
7320
59,30
S 47,40
P86 .00
114,20
209,60
5250
52,10
30.60
70.30
155,60
.00
173.80
474,40
162,10

a4

THE ACTUAL FLOW AT MAZE ROAR RRIDGE

LEC

0.00
0.00
0.00
.00
.00
(.00
.00
141.00
.00
206.80
83.80
166,60
241 .60
210,10
127.70
169,20
208,40
178,80
80.40
7720
84,20
100300
140.60
175,30
11,90
7270
394,60
114,30
130,20
134,20
&1 .90
6970
39,20
101.80
175,80
240,60
29} 00

JaM

000
0,00
0.00
0.00
0.00
0,00
142,290
1746470
340 .20
2146.00
194,70
348,00
464,30
247,20
135,80
166,20
451 . 40
162,00
65?0
8:2.40
88,90
455,90
A4% . 40
RIP70
$4.,10
131,70
1303.00
100.10
103,450
116,30
81.40
76,10
43,60
B 50
20,320

245,60
144,30
1"5 40

"

FER

.00
0,00
0,00
000
000
0,00
564,30
G17.,40
1268,00
212,40
394,30
6O G0
A7 30
578,00
144,20
496,00
278,00
118,40
34,70
61.60
1475, 60
474,60
G464 00
158, 40
104.00
102,20
768.40
835,00
239,40
1%7.70
70.10
55,60
271.10
374,70
7030
324,90
16'}. AO

i
(KAF ),

HAR APR HAY
0.00 000 .00
0.00 Q.00 .00
Q00 0.+00 0. Q00
000 Q.00 Q00
0.00 0. 00 0.00
0.+00 0. 00 Q.00

HOBL20 BH74,60  TET 60
722,80 708.90 270,30
Q077,00 1092,00 126%5.,00
114,460 90,20 B34.70
JO7.20 727,90 643,40
1092400 819,20 990.00
46820 G72.00 737.20
1088.20 773.60 683.60
218,60 100.50 140,20
A646.90  400.00 $00.80
171,80 217.50 H57.40
106..60 37430 52410
25.+40 29,30 123.%0
154,50 73,50 43.90
88,720 172,50 29,00
351.30 320 271.90
498.40 942,50 1402.50
5990 43,70 6690
201,60 179,60 270.20
4100 43,30 42,20
JA2.90 244,20 409,00
149.80 70,20 103,30
66,00 1583,00 1121,00
#9.80 42,80 43,80
37.00 29.30 32,20
25.30 15,00 24.40
255,40 72,90 87,90
110,40 384270 410,40
40,90 37.00 3360
2E620 A00, P20 237,20
100.10 46,90 42,80
279,40 48510 270,30
149 .30 S5é&.10 4% .10

JuN

.00
(.00
OO0
000
0.0
000
503,80
616,680
1798.,00
45,10
B3A7.20
1202.,00
Li1%.40
54520
146,20
538,90
202,70
40,30
325,80
7% .30
178.70
149,50
1006430
141,10
460,70
3730
555,320
154, %0
719,40
29,00
17.90
13,50
109,00
29F.40
33,80
233,90
26,90
206,60
29,10

JUL

Q.00
Q.00
0.00
0.00
000
0.00
150,460
177.:40
776.40Q
34,10
P800
H10.10
42750
113.80
H3.,10
214,80
79,50
26410
al. Lo
24,80
33,00
41,00

171.80

73.70
33.20
23,50
148,60
143,80
236,70
12.90
16,00
?460
41,20
77.%0

”7 U()

ALIG

0.00
0,00
0,00
0,00
0.00
0,00
55410
G230
18%. 20
346420
7490
116,30
2448, 600
79010
49,20
G520
62,10
27430
3620
30,80
30, 6O
35, 40
7() 5O
359,00
dl 40
23,10
103.30
43,40
07,20
22,00
17.40
12,00
36,00
48,80
27,70
63,20
24, 60
101,50
42,80

040767

GEF

0. 00
0. 00
e 00
(0. 00
000
QGO0
64,10
71.80
L2300
S0
Y120
P340
103,50
B5.70
S, 40
10440
74,20
A0 460
FhH 20
35.90
446,00
H50.80
7920
5120
38,20
30.40
Y7.00
53,40
112,90
39,20
20,00
20,00
44,70
6354030
45.00
B80.40
35,40
34.80
13.10




FHIS

1930
1931
1932
1933
1 934
1935
1936
1937
1038
1939
194{)
1041
1942
1943
19441
1945
1946
1947
1948
1949
19H0
1951
jon2
1053
1954
1 95t
1956
1oL7
1955
1950
19060
1eat
1962
{963
I Y644
1965
1966
1967
1968
1969

s

"
(V)

T

Ic

e
TG
§iY
e

rc

1
T

Ic

e

e

1c

[c

1C
1C

re

e

c
fe

Ic

1

TG

Ic

TC
¢
TC
e
Lo

1c
Ic
Ic

Tc
1

Ic

R

1c

Ji

Ic

DATA FILI: FOR THE TUCHLUMME RIVER FLOW AT TUNLUAHE CITY.

acr

n.No
59,30
19,50
60.80
62.h0
33.30
49,70
5%, 00
H9.50
67.30
5N, 50
47,90
6G3.50
03.40
H9,10
46,50
913.59
51010
11,40
48,30
45,40
41,10
54,30
41,70
49,10
31 .40
22.00
51.30
60.60
903,90
26.20
27.40
14,60
12.50
69.30
21.00
11H.60
34,40
4().70
23,50

EMD OF FHE

HEY

.00
0.90
0.00
0.00
0.0N0
0.00
0.00

Y170

70.30
125.90
52.00
64.10
6, 30
54,40
61,70
71,00
8%.90
03.50
67.60
47.50
63,90
250.00
48,180
67.30
41,10
38.90
34,80
64,10
88,00
162.00
34 .20
35,80
20,30
60.10
131.10
82.80
120.00
40,10
116.60
30.00

NEC

0.0N0
.00
0,0n0
0,00
0.1n0
.00
0.N0
79.30
0,00
34,40
h),40
33.30
107.60
132,60
78,70
118,10
121 .60
$36.20
53,10
52 .40
63.70
522.20
93 .00
132.20
b2.,70
46 .40
294,10
80 .40
96 . B0
96.10
42,20
52.10
16,60
10b 50
147.30
189,40
159,40
164,70
24,70
P3.,10

JAN

.00
0,00
0.00
000
0,N0
0,00
12,90
Ha. 180
1,10
70.90
HH ., 60
B8, 30
144 . RO
Oh, 30
55,20
in.20
145 .50
%5 .30
41,90
43,170
51,80
205.70
200,00
128,20
54,10
T2.10
507.00
58,60
55 .60
66,70
48,50
143.20
12.60
54,10
73..10
378,40
113,00
80,90
63,710
359,20

FER

0,00
7300
.00

1 0
.00
0.0n
231,10
‘1al .30
102,10
B4, 00
950,00
132,00
118,90
179,20
453,50
183,00
15,90
413,30
17.80
32.10
19.70
t60.10
168,20
93.90
47,30
69.60
236.10
37.60
9%.10
92,60
39.60
23.90
102.20
0.00
37.80
200,80
90, 60
I 4480
HO L A0
437,60

MAR

.00
0.00
.00
0.0
0.0n
.00
247 .60
210.30
444,10
38,40
293,20
270,90
141.10
313,80
T4 .80
167.90
58 .10
49,00
18,10
R0, 50
51.30
i’l.20
277.5%0
30, 30
134,00
37.90
145,20
70,30
288,10
46.10
21,10
14,80
120,20
€. 00
19,30
97.70
HY6 .70
201 .50
92.10
289,70

APR

0.00
0.00
0,00
0.00
0.00
0.00
199,20
222.30
342.70
23.90
264,20
225 .90
172 .80
231.70
35.20
119,90
118,80
20,60
20.90
51,10
148,70
3o.70
390,70
29,70
85,00
20.40
104,80
20,30
530,50
21.40
16.40
.00
37.90
155,20
16,50
240.10
21.10
341.10
20,80
265,10

HAY

0,00
16,90
0,00
19.80
10,00
.00
328,10
3BR .50
398,40
20,20
213,20
319,90
255,30
251 .90
63.60
127.90
282,950
Is.10
T9.730
31.00
690,10
164.20
481 .50
36,00
125.90
19,00
204 .30
33.40
444 4 30
20.50
15,40
10.90
22430
125.20
15,50
HO,N00
18,30
234,40
14.00
376.80

JUN

69.20
1,70
n,.nNo
00, 80
17,90
.00
251,60
222,20
6G249.00
20,10
184,10
390 .40
14% , Q0
214,30
40,90
238,20
119.30
16.50
174,20
23.00
113.40
108.40
302.30
120,20
24,60
17.20
190,80
50,10

.305.00

17.40
13.40
2.90
18,60
122.10
14.30
107.50
td.40
326,80
12,00
458,20

i,

47.00
.50

0,00
25,70
17,770
41.60
56, 30
34.00
186,10
27.50
26,70
109,00
131.80
30.40
23.20
83.00

30,10

1%.20
37.40
20,60
24,00
25.10
50.00
69,50
20,50
16,30
69.50
21,00
106,00
V6,40
F3.40
8,80
17.90
41,60
12.50
45, 80
13.50
218,50
12.40
B8, 60

AUG

ar.nn
1%.40
23,60
2,70
143.00
23.80
2%.00
21,40
a4, 80
21.10
21,70
47,30
42.30
33.70
22.00
29,60
23,20
17.30
21.50
200,80
21,90
23.20
26.10
22,80
143,80
16,20
59,40
20,70
29.060
15.60
13.20
110.50
19,20
2510
12.60
25,90
13,10
25,00
1,30
16,50

040768

sEP

54,70
15,40
23.40
39,50
17.10
40.00
30.60
36,00
5o .60
29.50
52 .80
44,70
12 .80
44 .20
21.80
35,00
24.60
39,80
24.20
19,50
21,30
21.70
26.450
20,10
18,50
22.00
52 .30
21.40
46.%0
16,80
14,10
13,60
23.00
23.40
14,40
0,00
13.10
23.10
.20
ah,20



TIs

1930
1931
to3r
1933
1 Q34
1935
1936
w37
1938
1939
1940
1941
1042
1943
| 944
1945
1946
1947
1948
1949
950
1951
toh2
1053
19594
195%
19564
19%7
19598
1959
1960
1961
1962
1963
1964
1 vah
1966
1907
1068
1269

L OF

Is THE DATA FILE FOR SAN

N
Mid
M4
MA
i1
H
MM
HE|
R
N
]
1.4
MM
HE
14
K]
Wi
HE
N
N-4
MY
M
N+
HhA
Ns
t4
R
Hid
M
M
Pt
M
HH
NY
[EE}]
N4
A
R
RES
Ny
FTLE

acr

5,00
.10
4.50
19,70
11,70
7.10
31 .80
25.20
28.60
43.50
13,00
20.10
25,20
33.60
29.50
it.1o
67,00
26,90
ld,10
20,10
10.60
12.60
16,90
28,10
1,60
10,80
10,10
26.70
19.40
25,90
0,80
G.40
H.60
15.40
37.20
38.50
19.50
10.30
48.90
20,30

Hav

8,50
10,90
5. 10
13,80
Y.00
8,40
38.00
36,40
21.00
63.30
11.30
12.80
2H .00
43.00
19,70
35.00
T4.30
30.30
14.70
13.20
i1.00
61,10
14,80
17.00
12.40
12.40
9.70
15.60
12.60
13.10
9,90
Q.50
.30
1H,90
23.40
41.10
H2.H0
17.00
33.80
35,20

e

9.70
14 .60
24 R0
244 . 60
21.00
18,50
9,40
17.60

174,10
139,30
26,00
79.50

126 .00
19 .80
37.80
45,10

Ih% .60
81 .10
16,10
13.20
12.50

404,70
30.60
58,70

14,70
16.40

198,20
15,10

17.70
16,90
12,80
13.40
Vi1.60
19,10
23.30
61.40

130,10
52.00
b, 80
348,90

JAN

20,30
SH A0
151 .00
82,10
86,10
110,40
79.20
104,60
233.80
120,00
135.10
278,40
314,30
163.70
74.10
B2 . R0
278,10
92.00
18,00
21,90
29.40
253,40
250,60
149,90
23.60
50,10
711 .40
26.40
43,90
35,00
24,30
24 .60
283,130
25,80
31.20
247,70
07,70
I, 10
5,10
332,40

JOAOUTTE RTIVER FLOA

iR

1e,70
28,700
300,00
98y, 0n
&2.20
111,80
349, 00
497,10
191,00
135,60
260 .80
533,90
310 .60
405,10
87.20
311,80
173,10
6N .70
11.80
10,80
a0, 60
295,130
316.80
45,70
Y .50
29.30
508,40
31.10
111,70
© 42,90
42.50
21.80
193,00
156,40
.70
91,0
37,00
04, 40
H2.20
979,40

AT HEVH AN,

MAR

20,80
17.10
141 .00
33,90
40y, 9N
152,60
349,50
439,10
144%, 00
41,80
411 .70
769.90
28h .70
762 .90
129,00
274,30
13,30
54,00
13.10
%9 .80
34.00
142 .30
386.80
21.m
54,90
21.40
186.10
15.70
318,70
28,90
123,50
13.80
141,10
53.50
15.70
129.20
24,40
62 .90
4,20
2w, 00

APR

19,00
1.0
96,40
24. 0
IH. 830
265, 30
368,80
413.00
683,00
LYT.10
394,180
545,20
370.90
555, N0
51.00
257.10
93,00
25,60
21.90
29,20
13.90
47,40
525.60
22.80
B, 40)
22.40
78 .90
45,40
327,30
24.90
16,40
11,20
33.720
133,40
P, 30
155,70
23.10
376,50
27.10
150,00

MAY

20,10
7.10
223.00
27.40
12,10
430,00
aAH1,40
H2R,50
Q41,20
38, 60
426.40
619,50
427 .80
437.30
61,10
414,80
250,90
40 ,N0
3%.70
38,00
34.10
1160, N0
6A7.00
3t.40
t21.20
26,50
284,50
48,50
659,40
26,480
19.70
T4 .50
64.90
200,40
21.60
114,50
21.60
714,00
?H.00
758, 30

JUN T

18,90 12,70
AL, 80 1. 60
339,00 164,00
01,60 21.60
10, 90 51,20
175,30 78.80
222,90 T1.40
479,10 100,60
1250.00  %130,30
|9, 80 14,410
324,30 55 .50
THH, 00 345,50
657,10 249,70
375,20 52.80
P8, 40 31,40
301,50 107.70
120,90 4N, 40
28.80 20,10
136.60 20,00
49.80 14.60
60 .90 13.70
42,80  20.60
62% . 30 71,20
’3.10 14.30
32.60 17.80
20.50 15,20
261 .10 46.70
104,20  21.00
426,10 H4,60
16,20 1,00
12.00 Q.80
10.40 A.00
94,40 22,30
126,20 27.%50
1v,90 13.00
113,30 32,00
16,60 12.60
539,10 2 77.50
14.70 13.80
830.70 149,40

M

MIG

12.40
2,60
21.20
12,00
5,60
22.80
24,00
20,30
int.30
13,80
22 .80
44,40
37.30
27.50
25,60
51.80
29,00
17,40
27.10
15,60
11,20
143.60
34,50
11,80
17.30
14,50
26,70
21,70
11 .50
11,40
10.10
.30
19,30
22.60
13.40
21,40
L0
613,70
22,30
3.0

040769

SEP

i2.30

3.t
19,60
4,50
.60
20.50
26,30
26.30
45,710
1,50
23.0N
20,60
an. 40
26.80
2H .80
47,20
34.30
19.80
28.40
15,70
.40
23.00
36.40
22,30
17.50
14,40
30,60
22.50
37.00
12.90

T.80
060
18,90
’H.10
20,50
21,00
11,30
14,50
23.70
39,00



THIS

1930
1931
1932
1933
1034
1935
936
tv37
1938
1939
1940
1941
1042
1943
1944
1945
1946
foa7
1948
1949
1950
951
19H2
1053
{944
1954
1956
1957
1yh8
1959
1960
1961
1962
1963
1964
t 965
1966
1967
1968
1969

END OF

15 THE DATA FILE FOR SAH OANIH RIVER FIOA AT HEWSAN,

NI
HE
NI
MA
HE]
NY
M
1K
L]
N
Hy
A
M
K]
14
M4
NN
HE!
M
N4
Hg
M
Ny
thA
Mo
t4
145
L
Mij
M
tliA
My
M
LR
[NE
HLE
K
Hid
HE
NA
FI1E

ney

51,00
11,10
4,50
12,70
i1,70
7.10
3t .80
28,20
28,60
43,50
F3.90
20,10
25,20
13.60
29 .50
31.10
67,00
26,90
14.10
20.70
10.60
12 .60
16,90
28,10
1% .60
10,80
10,10
26.70
19,40
25,90
0,80
G40
5. 60
15.40
37.20
313.50
19.50
16,30
48,90
20,30

tny

8.50
10,90
5. 10
13.80
&, 00
8.40
38.00
36,40
21.00
63.30
11,30
12.80
2H .00
143,00
19,70
3%.00
74,30
30.30
14,70
13.20
11,00
61.10
14,80
I7.00
12.40
12,40
2.70
15.60
12,60
13.10
9.90
9,50
2.30
15,90
23.40
41,10
H2 .80
17.00
33.80
3H.20

-c

2.70
14,40
24.80
24 .60
21,00
[8.50
H43 .40
17,60
174,10
39, 30
26,00
79 .50
126.00
79 .80
37.80
45,10
155,60
81,10
16.10

13.20-

12.50
404.70
30,60
58,70
ld4.70
16.10
198,20
15.10
17.70
16.90
12.80
13.40
17.60
19,10
23.30
6l .40
130,10
52.00
B, B0
38.900

JAMN

26.30
SR L0
151,00
42,10
86,10
110,40
79.20
104,60
233,80
120,00
135,10
278 .60
114,30
163,70
74,10
82 .80
278,10
92,00
18,00
21,900
29,40
253,40
250,60
149,900
23.60
50,10
711 .40
26 .40
43,900
35,00
24.30
24 .60
28,130
2%, 80
31.20
247,70
07,70
343, R0
55,10
132,40

FER

10,70
28,70
309,00
I, 0N
62,00
115,80
353,00
499,10
197,00
135.60
260 . 80
531,00
319, 60
405,10
HBT7.20
311,80
179,10
6N L0
.80
19,80
40,60
205,30
316,80
45,70
54,50
29.30
508,40
37.10
111,70

* 42,90

42,50
21.80
193.90
156,40
143,70
.10
37.00
9%, 40
H2.20
979,40

M AR

29,80
17,10
141 .00
193.90
40,90
152 .60
349.50
439,10
144%, 00
41,80
411 .70
769 .90
285,70
762 .90
129.00
274.30
3,30
54,00
13.10
59,80
34,00
42,30
386,80
21.00
54 .90
21.40
186,10
75,70
318,70
28,00
11,50
13.80
(41,10
53,50
t5.70
129.20
24,40
62 .90
19,20
f1o0,0nN

APR

19,00
7.730
QOL.A0
24,30
1H.80
164, 30
368.R0
413.0n
683,00
H7.10
394,80
H448, 20
370,90
555, N0
51.90
257,70
913,900
2H .60
21.90
29.20
13.90
47,40
K25.60
22.80
3,40
22.40
78.90
45,40
827,30
24,90
16,40
11.20
33.°20
133,40
8. 30
1HH, 70
23,10
376,50
27.10
750.00

HAY

20,10
7.10
223.00
27.40
12,10
430,00
451,40
H2R.50
941,20
38,60
426.40
63V, H0
427 .80
437,130
6l.10
414 .80
259,90
40,00
35.70
38,00
34,10
119,00
687,00
31.40
121.20
26.50
284 .50
48,50
659,40
26,80
19,70
Fd . H0
64,90
200,40
21.60
15,50
21.60
716,00
25,00
758,30

AU

153,90
AL R0
330,00
24,60
10,90
375,30
222,90
479,10
1250.00
10,80
324,30
719 .90
6H7.10
325,20
2,40
301.50
128,90
28,80
136,60
19,480
60,90
42 1’0
625,30
28,10
32.60
20.50
261,10
104.20
426,10
16,20
12.00
10.40
94,40
126,20
19,90
113,30
16,60
539,10
14,70
830.70

ANt

I2.70
1.60
164,00
21.60
7,20
TR, 80
71.40
1O, 60
530,30
14,40
K5 .50
345,50
249,70
he .80
31.40
107.70
40, 130
20,10
20.00
14,060
13,70
201,60
71.20
14,30
17.80
15,20
46,70
21.00
B4, 60
1, on
Q.80

A .00
22.30
27.50
13.00
32.00
12.60
211,50
13,80
146,40

AUG

[2.40
2,600
21.20
12,00
.00
22.80
26,00
26,30
n7. 30
[ 3.80
22,80
44,40
37.30
21.50
25,60
51.480
20.00
17,40
297.10
15,60
11.20
13,60
34.50
14,80
17,30
14,50
2670
21.70
3t .50
P1.40
10.40
5,30
19,30
22.60
13.40
21.40
1,10
&1.70
22,30
63,10

040770

SEP

12.30
3.10
19,00
14.50
b0
20.50
26,30
26,30
45 .70
1650
23.00
29.60
30,40
26.80
25 .80
47,20
34,30
19.80
28,40
15.70
14,40
23.00
36.40
22.30
17.50
ld,40
30,60
22.50 |
37.00
17.90
T.80
0.60
18,90
2h.10
20,50
31.00
11,30
44,50
23.70
89,00



Jon ACYTVE,
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THIS

19230
1931
1932
1933
1934
1935
1936
1937
1930
1939
1940
1911
1942
1943
1944
1745
1946
1947
1948
1749
1950
19861
1952
19353
19954
1955

1956

1957
19%6
959
19460
1961
1962
1963
1744
192465
1766
1947
1948
1949

I8

vu
vu
vy
vy
vy
Vi

(U RN

vu
v
Vi
Vil
vy
vu
Vi
W
Vi
Vi
vy
v
vy
vy
Vit
ViJ
Vi
vu
vu
vu
Vi
vy
vu
vis
vu
Vi
Vi)
vu
vu
i)
vy

v
Ul

THE UATA

aeT

9,70

2736
1200
29,60
12,10
33,30
34,90
27.30
1iv.a7
111,58
32,20
47320
31,546
34,92
30.02
162,65
67.02
08,06
25,00
2. 80
SB. 29
IH.9R
37,320
27.02
18.50
17.30
67+70
4514
3. 65
37.62
16.37
18.64
96049
G984
69,12
de 66
29,44
30470

TT7. AN

FILE OF UNIHMPAIRED FLOW

NOV

12,20
U161
24,20
22,80
28,90
108.50
U220
33,20
47,00
117.63%
47 .24
39.90
9750
209.75
47,17
232.17
257,53
197.91
67442
33.85
43,23
1395.24
78,32
A9417
G0.33
49,04
40,00

75,60

61,08
37 .69
26,55
%5731
32.64
31.68
256,78
153.05
350.81
132,56
53,640

1430 1Ay

nEC

G720
3367
3146.60
36, 30
125.70
130.40
50,40
?4.00
849,40
P7.90
50,10
361 .60
409,40
236,59
62,91
214,58
HH5.491
241,00
OO, 03
H7.56
G512
14%94,97
322,04
1»1.', 67
60,65
124,04
1831,30
6%.00
145.35
33.39
064
P2.03
665490
66020
134,83
114%.,86
238.94
663.70
24,00

0N

Jan

102,10
70.02
236,00
©#1,40
163.90
300,40
234.90
112.00
291,00
118.47
614,27
348,00
478,10
715,74
113,60
162,62
339,14
138,66
Q6.4
61,96
200.66
A78,82
617,42
367 .08
116.59
176,51

1L207.30

94,70
169.38
174,57
68,38
56,44
48,87
285,40
143,59
877,22
72
93
5. 90

i Xal

AT VERNALIS.

FER

182.50
107,90
680, 60
91,40
230,60
290,10
100%, 00
863,50
945, 50
152,39
690,75
6519 420
431,20
490,72
215,08
911,63
206,58
229,90
74,83
107,02
348,87
429,31
418,42
180,56
250,36
169,95
494,10
294,00
491,84
330,68
294,52
119,50
673,90
907,54
133416
437,81
202,78
349,53
352, 60

v O I

MAR

400 .50
167,30
524, 40
237,10

A_lJ * ()0
404,30
625,40
G55 .90

1425, 20
393,74
P67 . A4
78%, 50
478,70

11681.94

L A06.96

524,49
479,02
392,55
108,55
336,65
366,56

501,43

716,58
292,57
585,84
249,94
55%., 00

423,30

774,83
375.87
393,28
195.99
399,52
343.03
206,91
A55 .60
438,75
12,80
343,90

€enm 1

AFR

71370
422 %%
BL7.60
3520
544,90
1414,60
1250.40
PEG 30
13@9»00
850 .90
10“” 7
346,460
1075.90
1254.,17
4037 .,0%
PR6.16
10921.18
&H04,57
649 .70
890.61
1037.34
C763.11
1393.43
799 .35
1063,52
438,02
@234+ 60
540.30
T1319.13
694,22
703,09
461,55
1240,79
728.87
495 .68
PEH4,.37
Y40,10
PX0.,.90
S7230

AL A €Ny

MAY

]‘r‘(‘J 30

/VQ.dN) 132

420,40
1728.90
1662.00

2149440 1
24948.,80
&30 .48
1780.52
2202,30
1577.10
l 91 V4

10‘1\10 O«)
1380, 41
1359, 02
1419.,17
1080.94
2647147
785,41

JUN

/id &HO
L350
70
0030
23270
1538.80
1()‘)6 O

1005.94
170530
1820.70
P97.98
BO%. 72
1387.33

7oA 04

370,13
1271.07
736433
SO1.25
753.76

t910 /1“

1371.46 ey

1128.268
1844 .70
i1eg.10
2A535.03
HAH7 .78
047,07
H06.47
1217.04
TOHEBE, 9%
205,16
1381.29
1066.90
2165,70
801.80

e S5 1 B BVIVLN

GG 17
1761.00
209,10

taR2 49 702

A10.46
44344
F53.92
1362.56
1iB6.11
612032
14”3.”'
J22.48
2487.10
PR 20

[ LTI L VAN

JUL

152,50
34470
B4, 60
245,70
096420
318.00
376,40
335,00
290,10
03,48
206431
745,50
/49 60

19, t‘:)(?
205,30
l "10 /)/

A7%.18
163,93
117 11

32,74
7727
9717
A7 .62

Whe33
151720
B6LAG

PRI VA 2PN

AUG

34,04
1760
112,10
G400
244320
91,30
g 00
70,10
243,20
F& G0
4% .40
15643220
133,50
106,38
H1 .72
12029
6020
2212
46 .27
38 .69
i 6
R E ]

TRIB.E7

G500
3112
3Nl
L7670
G820
217.11
D129
2%+20
43,764
0169

309,30
43,40

vAad 4

040771

1d . 8O
26,90
2190
21060
03460
A5, 47
13,40
42,70
34,70
AR, 44
20,05
39,20
L, 08
16,44

12.42
20.83
19.14
14,848

797

14,96
66490
29.80
7365
118,67
13.63
17,51
23,67
Bé .05
N8.77
138.32
24,95
116.%57
21,70

RS VAN



THES

1930
1931

1932
1933
1934
1935
1934
1931
1931
1939
1940
1941

1942
1943
1944
1945
1946
1947
1948
1949
1950
1951

1952
1953
1954
1955
19h6
1957
1959
1959
1960
1061

1962
1943
1964
1945
1964
1oa'l
ooy

1969
LQ70

IS THE DATA FILE FOR UNIMPATRED SAN

FR
FR
kR
R
IR
Fhn
FR
it
R
FR
ki
FirR
FR
KR
FR
FR
FR
n
FR
-1
FR
IR
FR
(3
FR
FR
Fh
KR
FR
R
FR
kN
Fi
R
kR
kR
R
FR
i
FR
-2

OCcTtT

5, 0NN
10.60
5,90
12.60
6,80
12.60
13.60
103,90
2.80
38.90
34,80
10,10
21,50
0. 10
10,50
12.70
59,10
28.50
22.80
10.50
Q.80
17,10
12,30
16,90
Q.40
6. 00
6.10
26.30
16.40
16. 10
18,40
2,50
Q.80
17.60
2h.5N
10,10
17.50
G.40
26.90
I, 1N
12 AN

MOV

H.20
13.40
3,410
8,90
10,30
26. 60
15,80
12.60
12.30
33.10
14,20
.70
30.30
42.50
15,10
H83. 40
65.60
64.90
18.20
7.90
16. 40
247,00
20.40
18,70
16,60
17.80
13.20
21,70
12, 50
14,60
9. 70
22.30
14.90
1N, 80
64,30
34.00
1ol. 10
29.70
22,90

10,00
UM TN

neEC

R.30
10.20
71.R0
14,60
38.10
36.20
16, 40
36,40
210,10
28.70
11,40
98. 40
96.00
43.40
19.80
56. 10
118,30
A4, 50
15,40
14,60
17.20
300. 40
83. 40
42,90
16. 60
31.20
460,50
20.70
43,30

14.60

9.50
31.20
23,10
10,70
36.40

203.90
66. 50
212,70
34.30

52,720
a7 10

JAN

18, 20
16.00
58,90
26,50
46,80
72.50
3R.30
34,90
70.90
32.70
134,10
105, 80
113,10
169. 70
31,20
44,10
78.90
47.70
12,90
14.20
43,20
141,20
133,00
85, N0
33.40
41,60
274.20
20.50
42.60
37.00
18.00
19,00
23,80
91.90
31,20
187,90
61.90
Q7250
36,90

396.40
160 AN

JOAQULN
FEN

35,60
23,40
167,70
30,00
50, 30
85.20
195,90
252,70
207. 30
43,30
139. 80
182.80
102,60
113. 30
55,40
237.70
53,80
64,00
20.20
25,90
90, 10
104,20
98. 70
48,00
65.40
48,90
40,80

- A6,9N

112.50
89,60
55,00
30.80

184,80

207.90
3N,80

14,10
A4, AN

10N, 70
THeoan

233.60
11, W

RIVER FLOW (KAER)

MAR

/0, N0
38.90

156,60

73.40
109, 40
110.90
163.50
190,60
433.80
102.80
210,00
208.60
128,50
267.70
111.60
147.90
125,90
100. 30

42,60

73.00

89, 60
119.20
176,70

71.50
124,20

14.10
169,50

90.10
181,40
113,60

86. 10

48,90
109, 90
101,40

51.80
128,20
125.80
243,00

R2.490
227.20

I IA ON

APR

165,10
N0, 20
238.10
159,00
146,10
356, 6()
348,60
313,80
434,20
239.90
290.00
242,10
298. 50
335.10
140,80
215.90
310,40
171,00
| A4 . 60
234,50
280. 10
201,90
186, 20
197,20
218,40
126,90
278,30
F42.20
342.60
203,10
177.90
124,60
381,00
121.90
126.70
250. 80
216,90
249,600
146. 10

4454 . 5()
1AA NN

MAY

213,450
173.%0
491,50
213.40
146,20
496,830
510,00
704.130
795.00
208.80
HRH LA
11,20
465,10
502, H0
408, 20
474,80
463.90
347.70
390,60
400.50
379,00
321.90
R19.,90
211.30
439,50
331.40
5&R ., 00
326,70
795 .50
208.10
240,70
t71.60
396.90
464,20
206,00
431,20
341,50
659,30
231,10

1N94, 4N
TR AN

AT FRIANT.

JUN

243.60
59,70
543,40
410.10
68,90
519,20
347.70
456,80
912.70
110,30
362.90
641,50
£32.60
325.10
279,50
4RT.60
279.91
145,80
372.60
268,30
267.90
27R.00
640 . A0
120,20
217.60
348,20
613.80
439,90
£22.30
153,00
146.90
128, 00
505,20
492,40
200,00
A472.20
147.70
A23.50
131.20

R74.20
TR RO

Jur.

60,80
16,00
23R, H0
118,90
27.30
144,20
150. 50
159,70
431,20
43.40
96.60
330,90
284,00
178,80
142,60
240,20
F17.80
42,70
107,90
63.20
R7.00
114,70
335, 30
171,40
RO, 40
Hr,90
317.80
15,00
297, 50
41,50
42.60
27.40
202,60
264,20
59. 30
266,70
50, 40
%94, 30
43,80
462,80
1A A0

AUG

16,90
.10
H1.40
29 .30
13.40
43.80
42, 10
34.00
[27.90
24,80
21,20
45,80
64.70
49,90
3H, 00
73.90
36,90
14,30
26,00
25,40
21,70
31.70
101,40
30.20
20.20
29,40
R HO
31.70
107,90
16,80
16,40
24,80
51.70
70,70
28,10
137.10
25.00
I[ha, 20
22.10

137.1N
A T0

040772

SEP

9. 90
1.20
14,70
14.70
.90
18.60
10.90
10,80
42,60
14,10
7.00
23.30
16.70
1%.60
15,70
26.80
19,10
11.60
15.00
14.90
13.R0
11,70
33.00
13.20
9.1Nn
11.40
3440
15.90
a4, HN
41.40
1.490
10,40
20.20
31.40
10, 50
35.10
H, R0
AN R0
$, 40
40. 50
1 no



040773
tistei errald ﬂ.}
THIS I8 THE DATA FILE CHLORILES (FFM) AT VERNALIS
ocT NOV e JAN FER HOK mFf MAY JUN Ui Al SEF
1930 0 0 0 0 0 0 0 0 0
1931 0 0 0 0 0 0 0 0 0
1932 0 0 0 0 O . 0 0 0 0
1933 0 0 0 0 0 0 - 0 0 0
1934 0 0 0 0 ) 0 ) 0 0
1935 0 0 0 0 O 0 0 0 0
1936 0 0 ) 0 0 0 0 o 0
1937 0 0 0 0 0 0 0 0 0
1938 0 0 0 20 O i8 16 7 t
1939 47 32 41 30 31 84 0 0 0
1940 0 0 o - 0 0 0 0 0
1941 0 0 ) 0 0 0 0 0 0
1942 0 0 ) 21 43 i # G
1943 59 43 26 11 13 i0 24 a6
1944 66 66 48 3% 19 2 86 120
1945 61 52 37 19 17 i4 7 0
1946 o 0 0 k$ 66 16 62 1220
1947 a3 5 62 77 . @0 140 160
6% @4 94 180 1607 70 v i4 " 140
[513] 0 98 130 C R0 70 110 140
93 100 100 37 63 18 74 140
78 10 0 0 0 0 o 0
80 86 e 15 14 10 10 5
By 78 ap Y& 147 106 23 44
94 97 94 #o 4% 20 135 177
140 113 94 79 104 121 71 174
163 143 63 a5 57 40 14 &8
X 34 64 124 61 133 3% 152
849 7 70 g 34 a1 16 & 2
) 0o %0 B3y 109 172 _B0L o Bme 240 i
161 138 124 125 236 199 253 2491 Ay
175 140 110 148 22 348 315 407
1962 250 194 196 110 T 49 9é &7 162
1963 124 101 &7 44 97 27 36 10%
19464 97 70 50 95 209 223 146 241
1965 112 106 4] 35 A6 42 21 a8
19464 g 32 11 37 1 b6 90 )
1947 869 &7 31 25 iz 9 24
1968 7% 56 () 108 A2 0 214
1964 75 42 949 6 13 4 17
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1930
1931
1932
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1937
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1943
1944
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1266
1947
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THIS 1S THE DATA FILE OF CHLDRINES (PPM) AT MAZE ROAD BRIDGE,

OCT NOV DEC JAN FER MAR . APR MAY JUN JUL AIG SEP
1930 0 0 0 0 0 0 0 0 n n 0 N
1931 0 0 0 ¢ 0 -0 0 0 0 0 n 0
1932 0 0 0 0 0 0 n 0 n n 0 0
1933 0 n 0 v; 0 n 0 0 0 0 0
1934 0 0 0 0 0 0 0 J n 0 0 0
1935 0 0 0 O 0 n e 0 0 0 n 0
1936 0 0 0 0 0 n ) 0 0 0 0
1937 0 0 0 0 0 s 0N 0 0 0 0 0
1939 0 0 n 0 0 0 0 0 s} 0 0
19 39 0 n 0 0 0 s o0 56 146 108 106 94
1940 78 82 72 is 15 24 i 1o 9 54 126 66
1941 73 15 74 24 n 15 21 13 7 46 19 79
1942 67 75 49 0 17 0 0 0 0 50 0 90
1943 62 0 39 0 0 0 0 0 120 0 99
1944 0 0 0 0 0 68 0 0 0 1n7 4]
1945 0 0 0 0 . 0 0 0 0 0 0 0
1946 0 0 0 0 0 .0 0 0 0 0 0 0
1947 9l 74 0 ~ 0 211 0 187 170 162 0 0
1948 0 a7 n ' 0 0 213 0 0] 0 0 0
1949 0 0 0 Ny Q 0 0 0 0 0 0 0
1950 0 0 ) 0 0 0 0 0 0 n n 0
1951 0 0 0 0 n 75 13 37 92 60 46
1952 0 BR » a ! 9 "0 0 0] 116 136 65
1953 n 70 ) 34 73 0 0 72 69 33 166 0
1954 0 I 20 0 0 230 3 31 95 196 194 194
1955 198 g 37 0 0 0 213 216 199 198 191 187
1956 206 ’ 124 18 23 0 0 19 20 154 127 91
1957 103 f R4 142 150 45 205 ] 54 42 172 165 ° 140
1958 82 74 88 67 . 24 50 23 17 18 RO 164 |
1959 o 55 109 1o 120 144 195 210 240 205 0 262
1960 227 132 104 135 175 190 280 250 285 278 246 269
1961 260 144 132 122 0 2B7 325 2006 258 344 N 0
1962 0 0 0 n a 0 0 0 0 n 0 0
1963 ] [¢] 0 0 0 [§] QO 0 4] 0 0 0
1964 739 R0 60 19 151 271 2IR 0 0 265 0 1RO
1965 139 13> 98 . 49 42 25 52 0 76 117 0 25
1946 66 "2 22 74 67 126 220 222 190 244 0 245
1967 0 0 n 0 0 0 0 0 0 0 0 0
1948 0 n 0 0 n 0 0 0 0 0 0 0
1969 0 0 0 0 0 0 0 0 0 0 0 0

END OF FILE
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THIS IS THE DATA FILE OF CHLORIDES (FFM) AT GRAYSON
oeT NOY DEE: JAN FER MAR AFR MAY JURN JUIL ALIG GEF

1930 Q 0 0 0 0 I} 0 ") 0
1931 0 0 0 0 0 0 0 O 0
1932 0 0 0 0 0 0 0 0 0
1933 0 0 0 ) 0 0 0 O 0
1934 0 0 ) 0 0 0 195 199 213
1935 0 ) 0 0 0 0 0 0 0
1936 0 0 0 0 0 0 O 0 0
1937 0 0 ) 0 0 0 0 ) 0
1938 i1z 0 0 phx 0 Q2 0 12 8
1939 89 4 57 73 50 140 50 3 4
1940 97 164 110 39 Qo 24 13 3 9
1941 113 187 117 26 20 o 20 9 A
1942 o8 137 52 19 28 19 16 11 7
1943 93 130 b6 &9 19 14 10 16 16
1944 0 0 08 52 34 4y b6 1) 73
1945 70 100 110 63 17 s a3 R
1946 0 0 0 0 0 0 0 7 o O
1947 66 168 0 56 0 206 0 148 127
1948 0 207 ¢ 175 ) 0 246 0 0
1949 0 0 0 0 0 0 ) 0 0
1950 S0 0 0 0 0 O 0 0 0
1951 0 0 0 0 , 0 0 - 123 35 144
1952 169 205 97 14 R L T - R I S R : I
1953 153 168 130 36 161 232 180 103 134
1954 106 193 nyR 250 - 119 iva’ 4i 2i 96
1955 210 224 209 116 174 216 177 114 174
1956 234 pesehel 191 17 25 78 120 20 B ¥
1957 118 192 1B 11 A70 0 ton 179 131 36
1958 142 218 192 66 65 100 ' 0 L K¢ DR B
1959 112 2164 240 160 250 277 218 220 220
1960 181 280 250 205 306 248 213 244
1961, 270 271 o 235 0 318 208 180 17%
1962 o 298 2O 233 v 53 220 232 39
1963 208 0 i3 209 42 210 0 70 37
1964 11% 231 186 238 343 7 240 155 . Y5
1965 115 204 57 127 a1 118 0 &%
1944 122 245 26 228 305 O 0 0
1947 ) ¢ 0 0 O 0 O 0
1966 0 0 ) 0 0 0 ) 0
1949 0 0 0 0 0 0 0 0

EETATIV
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APPENDIX 2

CHLORIDE LOAD-FLOW REGRESSION

CURVES
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SALT LOAL VS, FLOW AT VERNALIS  FRE CUP  OCTORER
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SALT LOAD US. FLUOW AT VERNALIS  FUST CVF JANUARY
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SALT LOAD VS, FLOW AT VERNALIS FRE CWt 1
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SALT LOAD VS, FLOW AT VERNALIS FOST CVF JuLy
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FLOW V8. SALT LOAR -TANISLAUS RIVER FRE CVP OCTORER
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FLOW VS, SALT LDAD GN STANISLAUS RIVER  FOST € OCTORER
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FLOW V3. SALT LOAD ON STANXSLAUS RIVER FRE CVF JANUARY
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FLOW VE, SALT LDAD ON STANISLAUS RIVER P JANUARY
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FLOW V8, SALT LOAD ON STANISLAUS RIVER FOST CVF AFRIL
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APPENDIX 4
SUMMARY OF NETWORK ANALYSES QF THE

LOWER SACRAMENTO-SAN JOAQUIN DELTA
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R. F. Hlanks Febrnary 16, 1551

D. J. Hebert and ¥, B, McBimey
Summary cf network analyses of lower Sacramento-San Joagquin Delta

1. The results of all network analyses of the lower Sacramenio-
San Joaquin Deita have been summarized on the six diagrams attached.
Rate and direction of {low are shom on ocne side of a channel, and a
resigtance value based on chammel characteristics is, given on the
other side. Resistances were computed from r=L x 10* ., Three chamels

NL, IX, and KQ, are very large and have been sssumed at constant level
regardless of discharge. Computations made to test this premise
show that a large increase in discharge can be accommodated by a
negligible increase in slope. The wavy commection shomn frem S to Q
represents chammels NS, LS, and XS, and the resistance value used is
the hydraulic equivalent of the three channels having 35 as a2 common
point and terminating at W, L, X, or Q.
2. The first few 3chemes tried made use of resistance values
which were derived from charmmel crosgs<sections as shown on available
maps. It became evident they gave a division of flow which was
contrary to that actuslly prevailing, and therefore at points such
as 7 and 8, the resistances of conmecting channels were arbitrarily
adjusted mntil the division was more nearly correct. Thus, in
channel (7-8) the resistance was changed.to 26.2 and to 0.832
from 239.0, and in chammel 8-Y, the resistance was increased to
10Lg frem 5.55. Resistance in chammel 4-7 was decreased %o 2.0 from
7T.41. : '

3. The resulta of the network analysis can be used to estimate
the drop in water surface from Central Landing to Tracy Pumping Plant
when the pumps are working at design capacity of 4,500 cubie feet per
second. For mean tide height in the lower Delta this drop has been
estimated to be Q.25 foot. Were the levels to be at mean low tide
height an increase 4o approximately 0.3L foct may be expected.  Making
allowance for indeterminate factors, it is thought the maximum head
loss, or-draw-down, to Tracy Pumping Flant wiil be about C.5 foot.
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