
F. SUMMARY OF QUALITY IMPACTS

Generally, the water quality at Vernalis has deteriorated since the

1930s. How much degradation has occurred and what have been the principal

causes, have been the topics of this chapter. In the analysis of data and

interpretation of results, several methods have been employed, sometimes with

differing results. The discussion that follows attempts to summarize results

and reconcile differences wherever possible. In cases 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 71—29.

The tables present data derived from the records of mean monthly TDS at Vernalis

(mg/L) given in tables 71—13, 71—14, and 71—18. Maximum and mean values are

given for three periods——the maximum month, the April—September period and the

entire water year——and for each type of year——dry, below normal, above normal

and wet.

Data presented in the tables indicate that the TDS at Vernalis has increased

in almost all categories listed. The greatest effect is shown in the drier

years and the least in the wettest years. Table V130 is a composite of tables

VI—28 and VI—29, showing the range of estimated impacts at Vernalis. Using

the April—September period in a dry year as an example, the mean TDS increased

somewhere between 327 and 363 mg/L from pre—1944 to post—1952 years. This

increase corresponded to 93 to 116 percent of the pre—1944 period TDS.

As noted in previous discussion, the general deterioration in quality

at Vernalis is identified both with reductions in flows along the main stem of

the San Joaquin and increases in salt burden transferred to the river • When
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Table v~—28. SUI’RIARY ~F IMPACTS ON QUALITY AT VERNALIS

PRE-1944 MTh POST-1952

YEAR TYPE & PERIOD Total Dissolved Solids, mg/L Percent Increase
PRE-1944 POST-1952 PRE-1944 to POST-1952

Max Me an Na x Mu an Max Me an

DRY

Max.rnonth 444 387 4,i 765 112 98
April—SepL 383 314 Ô 119 116
Full Year 342 288 1 5~9 99 91

BELOW NORMAL

Max.inonth 370 370 :29 544 97 47
April—Sept 282 2~7 683 419 142 46
Full Year 282 261 502 364 78 40

ABOVE NORMAL

Max.monch 517 382 805 641 56 68
April—Sept 244 260 387 325 59 52
Full Year 269 233 489 394 82 69

WET

Max.rnonth 384 314 462 439 20 17
April—Sept 180 173 226 209 26 21
Full Year 224 19? 252 23? 13 20

ALL YEARS

Max.u~onth SLY 381 941 584 82 53
April—Sept 383 239 840 413 119 81
Full Year 342 234 6~1 392 99

~BAS1iD0N MOSSDAIIIE DATA
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TABLE VI-29.

Total dissolved solids, rng/L Percent increase

PRE-1944 to POST-1952PRE-1944 POST-1952

Year type and period Max Mean Max Mean ‘ Max Mean

DRY

Max month 616 490 941 165 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 218 278 683 419 146 51
Full year 262 262 • 502 364 92 39

ABOVE NORMAL

Max month 415 398 805 641 94 61
Apr—Sepl 236 228 381 325 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

* Based on load—flow regression data.

SUMMARY OF IMPACTS ON QUALITY AT VERNALIS
PRE-1944 AND POST-1952

U,
—4
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lABILE VI-30. RANGE OP ESTIMA.TED IMPACTS* ON QUALITY AT VERNALIS

(1930—1944) to (1952—1966)

Year type
& period

Total dissolved solids, mg/L Percent
Mean Max

increase
MeanMax

DRY

Max month 325—497 275—378 53—112 56— 98
Apr—Sept 387—457 327—363 85 — 119 93— 116
Pull year 307 — 339 239 — 261 82 — 99 77 — 91

BELOW NORMAL

Max month 322—359 137—174 79— 97 34— 47
Apr—Sept 401 — 405 132 — 141 142 — 146 46 — 51
Fullyear 220 —240 102—103 78— 92 39— 40

ABOVE NORMAL

Max month 288—390 243—259 56— 94 61— 68
Apr—Sept 143— 151 65— 97 59— 64 25— 43
Pull year 220—238 161—165 82— 95 69— 72

WET -

Macmonth 78— 96 65— 81 20— 26 17— 23
Apr—Sept 24— 46 15— 36 12— 26 8— 21
Fullyear 45— 59 37— 40 22— 31 19— 20

ALL YEARS

Max month 325 —497 164—203 53— 112 39 53
Apr—Seat 387—457 167— 194 85 — 119 63— 81
Full year 307 — 339 129 — 158 82 — 99 51 — 68

* Based on results from Nossdale data and load—flow regression data. See

tables VI—28, VI—29.
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the total change in quality at Vernalis that has occurred between the two

?eriods is d.istributed between reduced flow and increased salt load, it is

noted that the effect of increased salt load is becoming relatively more

important in recent years. Tables VI—31 and VI—32 summarize the changes in

total salt load that have occurred in the two decades 1950—59 and 1960—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 load increased 530 to 569 kilotons TDS per year. This

increase between the 1950’s and 1960’s, a 50—56 percent jump, indicates the

more recent impact on water quality at Vernalis. During the 1960’s the average

annual runoff 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—September TDS load at

Vernalis ranged from —18 to +21 kilotons TDS. In the 1960’s the load increased

+251 to 290 kilotons TDS per year. This increase, 44 to 54 percent of 1930—1949

is indicative also of more recent impacts on Vernalis water quality. During

the 1960’s the average April-September runoff at Vernalis was about 610 thousand

acre—feet lower than in the 1930—1949 period.

A similar analysis based on chloride data summarized in table VI—lO,

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 which 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. SUT-IMARY OF CHANCES IN TDS LOAD AT VERNALIS,
1930—1969

Month TDS Load, Tons x
of

Year 1930—49 ‘~ 1950—59 1960—69

Oct 41 49 61

Nov 42 66 63

Dec 57 81 90

Jan 71 97 152

Feb 122 - 98 186

Mar 148 131 208

Apr 140 168 i9c

May 136 - 137 207

Jun 155 119 215

Jul 75 58 104

Aug 35 35 47

Sep 35 41. 55

Apr—Sep 576 558 827
Percent change
from 1930—49 0 —3 44

Year 1057 1080 1587

Percent Change
from 19 30—49 0 2 50

* Based on Mossdale chloride data
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TkBLE 71-32. SUMMARY OF CHANGES IN TDS LOAD AT VERNALIS,
1930—1969

Month 3
‘ItS load, tons x 10

of
year 193O_49* 1950—59 1960—69

Oct 48 49 61

Nov 44 66 63

Dec 62 81 90

Jan 66 97 152

Feb 108 98 186

Mar 153 131 208

Apr 102 168 199

May 111 137 207

Jun 149 - 119 215

Jul 94 58 104

Aug 40 35 47

Sept 41 41 55

Apr—Sept 537 558 827

% Change
from 1930—49 0 4 54

Year 1018 1080 1587

% Change
from 1930—49 0 6 56

* Based on load—flow regression data.
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quality constituent considered and the year type, enters within upper San

Joaquin River basin. The remaining fraction includes the contributions of the

Tholumne 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 obtained from salt balances using

chloride data for the four representative months of October, January, April,

and July. The tabulated results show that virtually no change has occurred in

the proportion of salt load contributed by the upper San Joaquin River basin.

The table shows that the most apparent changes have taken place on the Tuolumne

River and it” other” flows, the unidentified sources and sinks of salt load

within the San Joaquin River basin.

Table VI—33 summarizes estimated imoacts on the water quality of the San

Joaquin River at Vernalis as determined by the two methods, 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

earlier in this chapter; specifically tables VI—9, 30, 31, 32, and 33 were

utilized. Footnotes on table VI—34 describe the procedures used in calculation

of the values given.

The effects of upstream development, both in the entire San Joaquin River

basin and in the upper San Joaquin River basin as given in table VI—34, are

outlined briefly for each year classification as follows:

Dry Years

In dry years the average TDS increase at Vernalis, resulting from develop-

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

Upper
San Joaquin
River Basin

%
Pro Post

“Others”
%

Pre Post

Stanislaus
River

%
Pro Post

Tuolumne
River

%
Pro Post

Upper
San Joaquin

plus “others”
,c

Pre Post

DRY

Apr-Sop
Full Year

107 86
72 71

-67 -55
-22 -28

4 2
3 2

57
47

69
56

40 30
50 43

BELOW NORMAL

Apr-Sep
Full Year

83 81
61 67

-28 -49
-1 -21

3 2
3 2

43
38

66
52

55 32
59 46

ABOVE NORIIAL .
Apr-Sep
FuljYear

59 63
51 55

17 1
22 9

2 3
2 2

23
26

35
34

75 63
72 6~

WE?

Apr-Sep
FullYear

, 68 56
47 49

37 25
31 25

2 3
2 2

16
21

21
26

82 77
78 73

ALL YEARS

Apr-Sep
FullYear

78 73
58 62

-11 -24
7- -7

3 2
2 2

35
33

51
44

63
65 55

*Based on load-flot.z regression salt balances.
Pre refers to 1930-1944 period with 5-Dry, 1-B.Norm.,:7i-A.Nona., 2-Wet

L&)

Post refers to 1952-1966 period with 4-Dry, 5-B.Norm., 2-A.Norm., 4-Wet
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TABLE VI—34. SU~ft4ARY OF ESTIMATED IMPACTS ON THE QUALITY OF
THE SAN JOAQUIN RIVER AT VERNALIS

Total
increase
TDS mg/L

Year Typ~& Period Vernalis

in
at

A

Increase in TDS mg/L
due to decreased flow

&

Increase

1

in total salt load
Vernalis total Increased caused by CVI’

Increase % of Increase % of
Tons x io~ Pre—CVP Tons x lO~Pre—CVP

Percent Percent
of Pre—CVP due to 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
Fullyear 37— 40 65— 73 44—50 143 46 70 23

ALL YEARS

Apr—Sep 167 — 194 90.- 100 30—33 73 49 54 36
Fullyear 129—158 70—73 3739 147 53 91 33

Col. 2 — See Table VI—30.
3 — Obtained by assuming no change in salt load and flow reduction TDS~50mg/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—3l

and 32) in proportion to salt load increase in each year type (Table VI—9) and number of years
of each year type in 1950—69 period.

6 — Col 5 salt load for 1930—49 period x proportion of years in each class.
7 — Col 5 x proportion o~ total chloride load contributed by tipper San Joaquin basin (Table VI—33)
8 — Col 7 x proportion of years in each year class.
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Table VI-33 PERCENT OF VERNALIS CHLORIDE LOAD
AND THEIR ORIGINS*

Upper Upper
San Joaquin Stanislaus Tuoluinne San Joaquin
River Basin “Others” River River plus “others”

% % % % %
Pro Post Pro Post Pro Post Pro Post Pre Post -

DRY

Apr-Sep 107 86 -67 —55 4 2 57 69 40 30

Full Year 72 71 -22 -28 3 2 47 56 50 43

BELOW NORMAL

Apr-Sep 83 81 -28 -49 3 2 43 66 55 32

— FullYear 61 67 -1 -21 3 2 38 52 59 46

ABOVE NORN~ -
Apr-Sep 59 63 17 1 2 3 23 35 75 63

FullYear 51 55 22 9 2 2 26 34 .72 64

WE?

Apr-Sep 68 56 37 25 2 3 16 21 82 77

FullYear 47 49 31 25 2 2 21 26 78 73

ALL YEARS

Apr-Sep 78 73 -11 -24 3 2 35 51 63 48

FullYear 58 62 7. —7 2 2 33 44 65 55
*Based on load—flow regression salt balances.

Pre refers to 1930-1944 period with 5-Dry, 1-B.Norrn.,:73-A.Noni., 2-Wet
Post refers to 1952—1966 period with 4-Dry, 5-B.Norin., 2—A.Nonn., 4-Wet
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TABLE VI—34. SUMMARY OF ESTIMATED IMPACTS ON THE QUALITY OF
THE SAN JOAQUIN RIVER AT VERNALIS

.1

Year Type & Period

Total
increase in
TDS mg/L at
Vernalis

A 1

Increase in TDS mg/L Increase in total salt load
due to decreased flow Vernalis total Increased caused by CV[’
Percent Percent Increase % of Increase % of

of Pre—CVP due to CVP Tons x Pre—CVP Tons x l0~ Pre—CVP

DRY . n

Apr—Sep
Full Year

327 — 363
239 — 261

84 — 100 1.8 — 2.1 68 49 58 42
22 — 26 6.3 — 7.4 143 55 102 39

BELOW NORMAL

Apr—Sep
Full year

132 — 141
102 — 103

100 36 95 57 77 46
100 45 193 62 129 41

ABOVE NORMAL

Apr—Sep
Full year

65 — 97
161 — 165

100 37 33 39 21 25
100 59 72 46 40 26

WET

Apr—Sep
Fullyear

15— 36
37—40

81—100 45—55 76 46 43 26
65—73 44—50 143 46 70 23

ALL YEARS

Apr—Sep
Fullyear

167 — 194
129—158

90 — 100 30 — 33 73 49 54 36
70—73 37—39 147 53 91 33

Col. 2 — See Table VI—30.
3 — Obtained by assuming no change in salt load and flow reduction TDS~5Omg/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 cacti year type in 1950—69 period.

6 — Col 5 salt load for 1930—49 period x proportion of years in each class.
7 — Col ~ x proportion of total chloride load contributed by tipper San Joaquin basin (Table VI—33)
8 — Col i x proportion of years in each year class.
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period and 250 rng/L for the full year. Of this increase the proportion due to

reduced flow front all sources was 90 percent in the April—September period, but

only 25 percent for the entire year. The impact of the CV? on water quality

(as expressed by changes in TDS) in dry years, caused by flow reductions in the

upper San Joaquin basin, was relatively small, only 2 percent in the April—

September period and 7 percent for the entire year.

Salt loads at Vernalis in dry years were estimated to have increased in

the period subsequent to 1947, by 68,000 tons in the April—September period and

by 143,000 tons for the whole year. These increases corresponded to roughly 49

percent and 55 percent, respectively, of the pre—1944 TDS loads at Vernalis.

The CV? 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—1944 salt loads at

Vernalis.

Below Normal Years

In below normal years, the increase in average TDS concentration at

Vernalis between the pre— and post—Cl?? periods was estimated at about 135 mg/L

for the April—september period and slightly more than 100 iitg/L for the full

year. Virtually all of this increase is attributed to reductions in flow front

all sources. The impact due to reduced flow attributed to the CV? was about 36

percent in the April—September period and 45 percent for the full year.

TDS load increases in below normal years subsequent to 1947 are estimated

at 95,000 tons for the April—September period and 193,000 tons for the year.

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

have been derived from the upper San Joaquin basin. The proportionate impact
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of the CV? on salt loads at Vernalis was largest for below normal years, 46

percent of the total increase at Vernalis in the April—September period and 41

percent for the whole year.

Above Normal Years

In above normal years the average TDS increase at Vernalis, resulting from

development upstream after 1947, was estimated at about 80 mg/L for the April—

September period and 165 mg/L for the full year. Of this increase, the propor-

tion due to reduced flow from all sources was 100 percent in both the April—

September and full year periods. The impact of the CV? on water quality (as

expressed by changes in TDS) in above normal years, caused by flow reductions

in the upper San Joaqin basin, was 37 percent in the April-September period and

59 percent for the entire year.

Salt loads at Vernalis in above normal years were estimated to have increased

in the period subsequent to 1947 by 33,000 tons in the April—Sentember period

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 CV? salt load impact in above normal years was estimated at 21,000 tons in

the Aoril—September period and 40 ,000 tons for the full year, corresponding to

25 and 26 percent increases respectively, in pre—1944 salt loads at Vernalis.

Wet Years

In wet years, the increase in average 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. Of this increase the

proportion due to reduced flow from all sources was 90 percent in the April—

September period, and 70 percent for the entire year. The impact due to
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reduced flow attributed to the CV? 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—September 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

CV? on salt loads at Vernalis was 26 percent of the total increase at Veritalis

in the April—September period and 23 percent for the full year.
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CIAPTER VII

~‘FECTS OF OPERATION OF CV? AND SW? E~ORTS PUMPS 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 circulation patterns and water

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

Channel Surveys

Prior to 1913, most existing channels within the South Delta Water

Agency were well defined, due in part to the sidedraft clamshell dredge which

was used over many years to construct the levee system within the South Delta

and to keep channels clean of sediment. Since 1913 most of the channels in the

South Delta have been surveyed several times • The results of surveys are

suuuuarized if figure VII—1.

Available survey data include:

Date of Source of
survey Channels surveyed data

1913 Old River — Middle River to Victoria Canal USCE
Middle River - Old 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 Old River—San Joaquin River to Victoria Canal DWR
Middle River—Old River to Victoria Canal
Grant Line and Fabian Canals

1976 San Joaquin River—Vernalis to Mossdale DWR
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In describing the geometry of the channels, especially the depth, it

is appropriate to use a fixed reference plane. For example, navigation charges

which need to be site specific use local MLLW. However, this locally oriented

datum varies from —0.2 ft MEL to +0.5 ft MSL within the SDWA and is dependent

upon the condition of San Joaquin 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

-cces, was also adopted for the present study. It is a conservative datum in

that it is lower than the local MLLW levels throughout the SOWA by a foot or

more.

Most of the channels, dredged prior to 1913, were 10 to 20 feet below the

LWD. By 1933—34, however, most channels surveyed 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 1-973 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 Old River and the Grant Line and Fabian— -

Bell Canals, and for the Middle River between Old River and Victoria Canal. To

determine channel bottom profiles, bottom elevations taken at 1/2 to 1—1/2—mile

intervals were averaged. The shapes of the channels studied were such that the

average water depths approximated the hydraulic radius. An example of the

channel mean depths and cross sections observed in the 1973 survey for the
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reach of Old River between Clifton Court and the San Joacuin River is presented

in figure VII—2.

The diagram below illustrates the differences between average and maximum

depths and between LWD and MSL.

Approximate 1.0 foot

MAX
DEPTH

Bottom elevations of the major channels were further analyzed in relation-

ship to the survey dates and the initial operations of the Federal and State

pumping 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 about 4~0 feet. The bottom elevation of the reach from Verralis to

a point approximately 4.8 miles north of the San Joaquin River- club varied from

2 to 7 feet below the LWD in 1933 and varied from 1.5 to 3.5 feet above LWD

in 1976. This aggradation generally causes a corresponding reduction in

water depth.

Old River, San Joacuin River to and including Salmon Slough. In 1973,

streambed elevations of this 7.5—mile reach were ecual 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 1933—34 elevations.varied from 8 to 17

feet with an average of about 10 feet. Therefore, during the intervening

MEAN

DEPTH
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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.

Old 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 two. The channel had displayed a 3.5—foot aggradation by the

1933—34 survey. However, the channel had not had any further significant

change by the 1973 survey. The 1933—34 and the 1973 surveys each indicated a

similar channel, restriction near the bifurcation of Old River and Tom Paine

Slough. Maximum cross sectional depths measured in 1973 through the 4—mile

restricted section averaged about 6 feet with a minimum of 4 feet with reference

to tWO 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. Where as

the maximum depth below twO was about 3.7 feet.

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

7—mile channels averaged more than 20 feet below LWD. By 1957 they had

aggraded about 8 feet with an average depth of 12 feet below -two, remaining at

that depth until after the 1965 survey0 By the 1973 survey, however, the

channels had degraded to an average of about 16 feet below tWO. 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——Old River to -Victoria Canal——In 1913, the channel elevation

of this 11.5—mile reach of Middle River varied between 7 and 18 feet below

two with an average of about 12 feet below tWO. By the 1933—34 survey, channel

bed had aggraded to an average of about 6 feet below two elevation. Further
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aggradation was shown by the 1973 survey to an average depth of 4 feet below

IJWD elevation. However, the 6—nile reach directly north of Old River has only

aggraded about 0.5 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 Old River

The resistance to flow, assuming present channel geometry in Old 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 channel segments

of Old River between Clifton Court and the main stem of the San Joaquin River.

It can be shown by open channel flow hydraulics that resistance, the relation-

ship between head loss and channel discharge, is prbportional 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 night 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 one—otarter, increases hydraulic resistance for

the same length and roughness more than 40 timeè. These effects are

especially evident in the central section of Old River in the vicinity of Ton

Paine Slough where mean channel depths below mean sea level average less than

3 feet and widths are less than 100 feet.

The channel cross sections and depths along Old River are illustrated

graphically in figure VII—2. In figure Vu—S the cumulative hydraulic resistance

153

040731

19244
bdcp 1564



0
0
-4

o
—.

c
-t
o

0
~

-4 C

-a

c
n
o

0

Is

CD

-4
~r

.~
‘-

-4 r C
t

C
t

H
.

<
0

C H
. C

-4 C
t -e z 0

h
C

O
E
FF

IC
IE

N
T

O
F

H
Y

D
R

A
U

LI
C

R
E
SI

ST
A

N
C

E
,

rZ
=

4
Q

x
10

C

z (V CD CD

U
,

—
o

0
o

0 0
H

.

DC C CD -C -4 -
4 0 0 0 > -e -C ‘-C 0 C -
4 0 th z C-
)

-
4 z 0 r t -4 C C
’) 0 -4 -4 0 z 0 0 0 C
’,

> > = -4 z -4 ‘C C
C

z C rt CD rt (V “1 r CD C (V -4

-4 0
’ -a CO

C CD

04
07

32

19244
bdcp 1564



to flow is plotted for the entire channel from Clifton Court to the San Joaquin

River. The same data are visually keyed to a partial map of Old River in

figure VII-4. It is noted that most of the effect, about 90 percent of the

total, is concentrated in a short section about 2 miles long in the vicinity of

Tom Paine Slough. This restriction was evident during the 1933—34 channel

survey. Obviously, this area controls the rate of flow in an east—west direc-

tion through Old River. Actually, it forces the largest proportion of the east

to west flow through Grant Line and Fabian—Bell Canals rather than through the

westerly section of Old River.

Sediment Movement

In 1950, the USER improved the operation of the Delta—Mendota Canal

intake channel by dredging the Old River Channel to a minus 17—foot elevation

from the Delta—Mendota Canal headworks downstream 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 Old River

Channel was dredged again in 1969 and in 1974. Another example of sediment

movement is the accumulation of 60,000 cubic yards of sediment in Clifton Court

Forebay during the first 4 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 Pool. The available suspended solids

data for both the DNC and State Aqueduct and vicinity are located in STORET, a

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

Stations Period of record mg/L pounds/acre—foot

DMC near Head 1973 .— 1974 42.0 115

Delta Pumping Plant
Headworks 1973 — 1979 21.3 58

Clifton Court 1973 — 1979 41.6 114

Old River at Mouth of
Clifton Court Intake 1973 — 1974 44.1 120

Old River at Mossdale
Bridge 1973 — 1978 48.0 123

Old River opposite
Rancho Del Rio
(near Rock Slough) 1973 — 1979 23.0 63

The Service and the Department of Water Resources established a Scour

Monitoring Program primarily in Old and Middle Rivers north of the pumps to

identify any channel scouring. The Department makes soundings repetitively at

selected cross sections and the Service makes an annual aerophotographic survey

of channels contiguous to the 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, MID
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 on whatever level would otherwise result from the comb.na—

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 geometry, roughness, pumping

rate and in the instance of the SDWA channels, the flows in the San Joaquin River.

A generalized impact of operating the CVP and SWP export pumps is a reduction

of water levels and a modification of channel flows in the southern Delta.

The Clifton Court Forebay was incorporated into the SWP primarily to

allow the use of of fpeak oower to pump water into the State Acueduct and to

prevent channel scouring prior to the creation of a Delta transfer facility

Water level data are available in considerable detail at a number of

stations throughout the Delta, including nine stations within the southern

Delta. Since the drawdown of water level by the export pumps is superimposed

on the water level fluctuations that would otherwise occur, 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

mathematical modeling.

Field tests——Steady export pumping field tests were made in May and

August of 1968 wherein levels were measured at high and low export pumping

rates with other conditions substantially the same. These tests were precipi-

tated by concerns that export pumping was a contributing cause of reductions in

water level such that the operation of agricultural pumps 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 also reported at the Westside Irrigation
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District intake on Old River south of Fabian Tract. The test evaluations were

limited to low tide levels which were considered by the project operators to

represent the periods when steady export pumping has the maximum effect on

southern Delta water supply. However, the reduction in channel water supply is

also influenced by the reduction in tidal prism upstream from the export pumps

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

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

for the May and August testing period, respectively.

These 1968 tests are described and the results summarized in two coopera-

tive reports by DWR and the USER, both titled ~‘Summary of Effect of Export

Pumping on Water Levels in the Southern Delta.’ One report describes the

May 25—30, 1968 tests and was issued in July 1968. The other report describes

the August 29 to September 9, 1968 tests and was issued in December 1968.

Results of these tests indicated that st~ady 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 Cou±t, 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 of 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 Vu—i

1968 P1112 TESTS RESULTS

3

Difference in
May Test Aug/Sep Test water level

6725 to 1950 ft3/s 6934 to 800 ft3/s depression be—
Differential Differential tween pump tests
(4775 ft3/s) (6134 ft3/s) Col.1 Col. 2

Water Level Depression Water Level Depression

Stations Feet Ft/lOGO ft3/s Feet Ft/lOGO ft3/s Feet

Old River at Clifton Court 0.33 0.07 0.47 0.08 0.13

Old River at Tracy Road 0.30 0.063 0.40 0.065 0.10

Ton Paine Slough above Mouth 0.29 0.06 0.35 0.06 0.06

Grant Line at Tracy Road 0.30 0.06 0.38 0.06 0.08

Middle River at Bacon Island 0.12 0.03 0.10 0.02 —0.02

San Joaquin River at Mossdale 0.14 0.03

San Joaquin River at Brant
Bridge 0.16 0.03 0.12 0.02 —0.04

Old River near Byron 0.29 0.06 0.32 0.05 0.03

Old River near Rock Slough 0.08 0.02 0.12 0.02 0.04

Middle River at Borden Ewy. 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

-~-“This colimin illustrates that with an increase in diversion 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 stations.
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reverse the net flow downstream of the bifurcation of the San Joaquin and Old

Rivers.

Another examination of recorded water levels was made for the June 14—30,

1972 period. Dr. G. T. Orlob’s November 15, 1978 memorandum to the SDWA Board

examined the hydraulic depression created by the export pumps and t a gradient

toward the export pumps along various channels during this period. Table vII—2

and figure Vu—S are taken from pages 8 and 10 of that memorandum. Table VII—2

shows the drawdown of HUW indicated for various dates and export rates. The

period of June 22—25 was used to develop figure VU—S. During this period only

the CV? steady export pumping was being made. Figure fl—S shows the difference

between Bacon Island tide levels and Clifton ferry tide levels as a function of

CV? export rates. The figure also indicates a high tide level depression at

Clifton Court of 0.1 foot for each 1,000 ft3/s of steady export pumping.

Data collected in 1977 was used by the DWR to compare two 15—day periods

with markedly different export rates and with other pertinent conditions only

moderately different (see table Vfl—3). The period October 17—31, 1977 included

an avetage export of about 300 ft3/s and a San Joaguin River flow at Vernalis

of about 250 ft3/s. The period 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—4 compares the differences in the 15 day

means of each tidal phase between the selected control station at 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—2

ELU2LE OF TIDAL ELEVATION DATA
FOR SOUTh DELTA — JUNE 1972

Export,

Date SWP
ft2/s

CV?
feet MSL

Bacon Island Clifton Ferry AR, feet

6—16—72 2109 4191 2.79 1.67 —1.12

6—17—72 2090 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 2411 4233 3.42 2.22 —1.20

6_21_7211 2362 3561 3.39 1.85 —1.54

6—22—72 0 2558 2.93 2.51 —0.42

6—23—72 0 1173 3.46 3.25 —0.21

6—24—72 0 923 3.25 3.07 —0.18

6—25—72 0 926 3.45 3.28 —0.17

6—26—72 487 947 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

1! Andrus and Brannon Islands were filling due to a levee failure June 21 at about 0030.
The effect on the tidal elevation at Bacon Island is indicated in figure VII—6, where
a small depression in the water level curve is noted for about an hour following the
break. It may be expected that this effect would have had only a ninor influence in
the water levels in the Southern Delta.
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TABLE ~II—3

CLIFTON COURT FOREBAY

Daily Operation of Gates

DAILY

DATE
TIME

OPENED

TIME

CLOSED

AMOUNT

OFINFLOW

iN ACRE-FEET

Month October ,. Month Dece~ther . ‘9

DAILY
TIME TIME AMOUNT

DATE OPENED CLOSED OF INFLOW

IN ACRE.FEE

17 0

18 1010 1325 19S

19 1800 1848 99

20 2000 2050 99

21 1311 1625 595

22 1733 2000 595

23 0

24 0

25 1041 1217 298

26 0

27 0

28 0842 1000 298

29 0855 0945 298

30 0853 1012 298

31 1015 1250 1,388

17

18

19

20

21

22

23

2/.

25

26

27

28

29

30

31

0016.

0807
220/.

0840
2325

0005

0015
1120

0’723

0219
0910

0300

0330

0330

01.45

0517

0530

0555

13,231

10, 1&�

11,615

9, 332

7-,735

10, 897

13,095

12,1.73

11,931

12, 083

11, 3~2.

in, flt, 3

01.30
1845

0617
1836

2007

2050

0740
1645

161.0

0710
1905

2153

2200

2200

0005

0042

0021
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TABLE VII—4

~0RT EFFECTS ON TIDE STAGES1’

15 Day Mean Tidal Differences
between Old River at Rock Slough

and indicated locations

1977

Oct. 17—31 Dec. 17—31

Tidal

Delta Tide Stations Stage 296 ft~/~~” 9,368 ft~/9.t’

1. Old River near Byron

im
Lii
a
LL

0.10
0.10
o.~o
0.10

0.55
0.49
0.41
0.23

2.

-

Middle River at Borden Hwy.

Lii
1U

LL

0.02
0.03
0.10
0.06

0.52
0.44
0.36
0.18

3. old River at Clifton Court Ferry •

I~
I.E
a
LL -

0.04
0.06
0.17
0.09

1.08
0,95
0.47
0.32

.

4.

.

Grantline Canal at Tracy Road Bridge

Lii
a
LL

0.12
012

—0.04
—0.30

1.04
0.88
0.30

—0.07

5. Middle River at Mowry Bridge

I.E
a
LL

—0.13
—0.11
—0.31
—0.67

0.55
0.42
0.00

—0.60

6. old River near Tracy Road Bridge

HE
Lii
a
LL

0.25
0.62

—0.55
—0.93

1.20
0.99
0.08

—0.61

7. Tom Paine Slough above Mouth

HE
Lii
a.
LL

0.13
0.13

—0.12
—0.32

1.05
0.88

—0.30
-0.13

8. San Joaquin River at Mossdale

HE
Lii
a
LL

0.02
—0.10
—0.18
—1.35

0.57
0.37

—0.42
—1.01

11 Range of San Joaquin River flows near ~1erna1is was 232—268 ft3/s and 470—600 ft3/s
during the Oct 17—31 period, and the Dec 17—31 period, respectively.

2/
— Tracy P~ping Plant and Clifton Court Intake combined 15 day nean diversion rate.

162

040743

19244
bdcp 1564



periods demonstrates, in general, that reductions in 15 day average water

levels due to an increase in export as measured in the prototype are of

the same order as those obtained in mathematical model studies to be discussed

later in the text. The reduction is 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 ft3/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 Vu—S discusses the data and describes the

procedures used to calculate these estimates.

The above tests showed that water level drawdown was about the same in

old 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 Joaguin River flows and agricultural

diversions upstream from the export pumps vary between test periods. For

example, in December 1977 the San Joaguin 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 Vfl-6. This figure shows the tide

levels during the upper portion of the tide at Clifton Court and at Old River

at Tracy Road 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 ft3/s
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Table Vu-S. Impact of CV? and SW? export on
water levels in Old River at Clifton Court Forebay1

CV?—SWP mean Mean 15—day tidal elevation difference
Observation daily diversion between Old River at Rock Slough and

• period rate in ft3/s Clifton Court Forebay in feet
CV? SW? LX a LL

October 17—31, 180 140 0.04 0.06 0.17 0.09
1977

December 17—31, 3,600 5,800 1.08 0.95 0.47 0.32
1977

Differential 3,420 5,660 1.04 0.89 0.30 0.23

Steady pumping intact = EL Diff. + LL Diff.
2

average DMC Diversion in 1,000 ft3/s

= 0.30 + 0.23
2 = 0.08 ft/1,000 ft3/s

3 • 42

Inteittent pumping impact = HE Diff.- steady punning imoact
average daily diversion to CCFB in 1,000 ft~/s

= 1.04 — 0.08 x 3,420 = 0.14 ft per 1,000 ft3/s
1,000 of average daily diversion
5.66

Intermittent pumping impact = En — Steady pumping intact

Average daily diversion to CCFB ~ 24 hours -

Diversion perioc

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

1.04 — 0.08 x 3.42 = 1.04 — 0.27 0.096 or 0.10 feet

5.66 ~ 24 7.99 per 1,000 ft3/s

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

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

1The rates of impacts identified in this analysis are approximations only.
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for the SW? and 3,561 ft3/s for the CV?. 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 ft3/s of average daily diversion, and 0.122 feet per 1,000 ft3/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 Old

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 ft3/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 December 17—31, 1977 periods, in feet

per 1,000 ft3/s of average daily diversion will give a distorted result.

During the 1972 period the actual diversion of 10,300 ft3/s occurred over a

period of 5.5 hours whereas during the 1977 period the actual diversion of

7,990 ft3/s was sustained for 17 hours. The maximum pumping water level

drawdown on June 21, 1972, between Bacon Island and Clifton Court was 1.25’

feet; during the 1977 period between Rock Slough and Clifton 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 0.10 foot

per 1,000 ft3/s, respectively.

The impact of export pumping on 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 Joaquin River does vary with the

riverfiows. 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 Joaquin River. A memorandum dated February 16,

1951, summarized the network analyses of the Lower Sacramento—San Joaquin 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 of steady flow with no tidal fluctuation was used to demonstrate

the effect of San Joaquin River inflow on the distribution of drawdown related

to a constant export. This procedure assumes no agriculture diversion within

the southern Delta. (During periods of low flow this is seldom a realistic

assumption.)

For the semi—quantitative use the various channels were combined 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

resistance values represent channel resistance coefficients such that head loss

h) = 5.543 x -ir8 ~2 where the constant was derived from the Manning

equation.

Flow distributions were developed: Case A with, 4,600 ft3/s export and a

downstream flow at Mossdale of 1,000 ft3/s, and Case B with the same export

(4,600 ft3/s), but a downstream flow of 300 ft3/s.
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50 ft s/s
r2 10

/000 ft 3/s

Case A Manifold

in channel 1 3,550 ft3/s 3550

in channel 2 = 50 ft3/s r1rQ.204

in channel 3 1,050 ft3/s

= 0.145,.Ah = 0.00014
1 2 OMC _____

andAh3 = 0.1405 4600 ft 3/s

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

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

Case B Manifold

n =

Q2
C, =

3 430 ft 3/5

= 0.169, ~h = 0.102
2 DM0

and it3 = 0.068 4600 f/s/s ‘r3r2.3 \ 300fts/s

At Mossdale the drawdown C4h2) 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 ft3/s and the pumping is approximately 4,500 ft3/s, the gradient

between the pumps and the bifurcation was very flat. Therefore, depression of

the water levels at Clifton Court would be felt as far away as the bifurcation

and even upstream beyond r4ossdale. However, with riverflows at Mossdale of a

magnitude of. about 1,000 ft3/s, the gradient is much steeper and, therefore,

the pumping impact is less at the bifurcation.

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

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

3,870 ft3/s

430 ft3/s

730 ft3/s

3870 Its/s
r,0204

C

/050 ft s/s

23

7.30 ft 3/s
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tions tested. Furthermore, conditions of tide, riverfiow, and agricultural

diversions vary during the tests, thereby modifying results, particularly for

points far upstream of the export pumps. Therefore, it was necessary to

develop a mathematical model in order to examine a wider range of conditions

and to avoid the uncertainties of test data wherein conditions other than

export rates vary during the tests. A mathematical model for this purpose was

developed for SOWA 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 cononly 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 tides for

various reasons. (See DWR—tJSBR report dated September 1970 and titled

“Sacramento——San Joaquin River Delta Low Tides of April——May 1970. II) 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 a match as possible

between model results and the measured data from southern Delta tide gages

during various conditions of tide, export diversion, and riverflow. Comparison

of the model’s predictions and actual tidal curves for conditions of steady

diversion indicate that the model is a useful tool for water level studies.

The model still requires verification for some 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 various southern Delta points and for various 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

Raw and 0 • 47 at LLW at the Westside Irrigation District intake channel on Old

River; 0.41 foot at HHW and 0.37 foot at LLW at Old River and Torn Paine Slough;

0.35 foot at RUW and 0.31 foot at LLW at Old River and Middle River; and 0.34

foot at HHW and 0.13 at LLW at Mossdale. Steady pumping impacts predicted by

the mathematical model presented in table VII—6 is compared to the LLW value

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

Vu—i.

May 1968 Test1’2

Model Run Results

Old River at Clifton Court Ferry —.40 —.30

Old River at Tracy Road —.39 —.27

Grant Line at Tracy Road —.44 —. 27

Torn Paine Slough —.37 —.27

San Joaquin River at Mossdale —.13 —.13

1The 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 ~

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

With the same CliP export rate and the same riverf low rate at Vernalis,

but with a 4,800 ft3/s average daily SWP export rate (drawn off the high
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TABLE VII-6

SUMMARY OF WATER LEVEL CHANCES IN TIlE SOUTHERN DELTA
DUE TO EXPORT P1J~WING BY TIlE CVP AND SUP!!

Q(Dt{C) — 4323 q(0HC) .. 4323

Q0~”(DM0) ‘t323 — 1600 - 2800
Q ~“(8WP) 2000 Q

62~
1fl — 7000

1(11W NIL LU! 11104 6P~ffL LLI4 hull! MTL LII!

.?/ Q0 Is the average daily diversion
V ~ep is the actual diversion during 1111W
Note: Vernalis flow rate 550 pIe,

Q(0}IC) 4323

Qe(SU?) — 4800

Q(SIJP) 12,000
IIHW HTL LLW

RIfil SD—29A

node Location

BURl SD—29fl

N

0

RUN 80—30 RUN 50—32

1 Bacon tel. (Input) 0 0 0 0 0 0 0 0 0 0 0 0

20 Clifton Ct. —0.36 —0.35 —0,36 ‘.0.89 ‘.0.41 —0,36 —1.06 —0.58 —0.34 —1,74 —0.77 —0,26

22 Old It. 6 DUC —0.52 —0.49 —0.40 —1.01 —0.59 —0.40 —1.17 —0.70 —0.39 —1.83 —0.89 ‘.0,32

26 14510 —0.51 —0.47 —0.47 —1.01 —0. ~6 —0.49 —1.17 —0.68 —0.46 —1.64 —0.61 —0.38

32 Old It. 0 Tracy Rd. —0.43 —0.43 —0,39 —0.97 —0.54 —0.40 —1.12 —0.66 —0.37 ‘.1,81 ‘.0.83 —0.29

115 Grandma 8 Tracy Rd. —0.44 —0.40 —0.64 —0.93 —0.60 —0.46 —1.09 —0.61 —0.43 —1.76 0.80 —0.36

34 Toit PaIne 51. —0.41 —0.42 —0.37 —0.92 —0.53 —0.40 —1.11 —0.62 —0.39 —1.76 —0.81 —0.34

35 Salmon SI. —0.40 —0.39 —0.33 —0.90 —0.50 —0.37 —1.06 “0.59 “0.36 ‘4.73 0,79 —0.31

39 Old R. Q Niddle R. —0.35 —0.33 —0,31 —0.81 —0.46 —0.35 —1.00 —0.56 —0.34 “1.63 ‘.0.74 “0.31

44 014 B. 8 San Joaqutn —0.31 —0.27 —0.16 —0.65 —0.36 0.24 —0.89 —0.46 —0,26 —1.32 —0.61 .‘0. 29

139 San Joaqutn 8 lioaadale —0.34 —0.26 —0.13 —0.66 —0.38 —0.22 —0.67 —0.46 —0.27 —1.33 —0.65. —0.3j

A/ flasod on inatheniatical model ana]yfla using a version of the WNE 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 HEW and 0.32 foot at LLw; at Old River and Tom Paine

Slough it is 1.78 feet at HEW and 0.34 foot at LLW; and at Mossdale it is 1.33

feet at HEW and 0.37 foot at LLW. The intermittent pumping impact at Clifton

Court was calculated at 0.127 foot per 1,000 ft3/s at HEW, which compares

favorably with the rate calculated using the June 21—22, 1972 data (0.122

ft/1,000 ft3/s).

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 local

pumr’ing, inflow and channel configuration. Tidal activity is the dominant

factor -. ‘uencing circulation for short time periods. For longer periods, net

flow direction ‘i primarily by export pumping and inflows becomes the

major influence. Tht circulation is determined by the excursion and the

volume of displacement dun. tdal cycle, which are related to the tidal

prism upstream from any given st.. taken together with the cross sectional

area at that station. Values of exct from a low slack to a high slack

tide range to as much as 3 miles in the st.. Delta.

Net flow direction is markedly changed by ~ physical works such

as pumps, siphons, and tidal gates. Circulation chant.~ s have been studied in

the field and by models, both physical and mathematical. ~ relationship

between the division of flow at the head of Old River and export pumping has

been developed per figure VII—7. This figure is a modification of plate 11 of

the appendix to DWR Bulletin 76. This plot depicts the flow split at the
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bifurcation of Old River and the San Joaquin River in relationship to the rate

of extort pumping. This determination of the relationship is an approximation

because it does not account for the seasonally varying channel depletions

between Vernalis and the head of Old River and because net flows are difficult

to determine in tidal channels. 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 Old River.

The induced flow toward the export pumps is carried mainly by Salmon

Slough and Grant Line and Fabian Canals • Downstream flows in Middle River and

Old 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 water levels at the entrance

of these channels.

Hydraulic restrictions in Middle River and portions of Old River tend to

limit circulation and increase the likelihood of stagnation and poor water

quality. These conditions may be aggravated further by reductions in water

level, depth and/or tidal prism. Such occurrences are illustrated by the

behavior of Old River between Salmon Slough and the DMC intake channel during

July 1976, as shown in figure Vu-S. The average monthly TOS concentration in

Old River between 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 Vu—S TOTAL DISSOLVED SOLIDS IN THE SOUTH DELTA CHANNELS*
JULY 1976

3459
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sufficient to offset the effect of salt accumulation in this channel. Such

ci~:ulation as did exist may have been aided by the Westside Irrigation District

di~...sion since there are no other significant diversions between the district’s

intake and the DMC intake.

The operation of the export pumps draws water from all contributing

channels, including the Old River—Salmon Slough——Grantline Canal principal

channel through which water from the San Joaquin River enters the zone affected

by export. Data derived from the Service’s continuous 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 art illustration the quality of water

in San Joaguin River at Vernalis between July 9 and July 18, 1978, averaged

about 635 umhos C with no tidal variation whereas the quality in the Delta—

Mendota Canal intake channel varied about threefold between the high and low

tidal stages. The 10—day average qualities in each tidal phase in umhos at the

various tidal phases between July 9 through July tB, 1978 were as follows:

Water quality
Tidal phase (micronthos)

323
12 212
I_st 631
a 385
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SZTh~ARYAND CONCLUSIONS

CHANNEL DEPTHS AND CROSS SECTIONS

Changes in channel geometry were assessed by comparison of surveys

made in 1913 and 1965 by the Corp of Engineers and in 1933—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 suzarized below:

San Joacuin River——Vernalis to Mossdale Bridge

The bottom elevation 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 feet above LWD

whereas it was 2 to 7 feet below LWD in 1933. This probably has occurred

due to reduced floodflows, a norma]. supply of river 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.

Old River—San Joaa-uin River to Salmon Slough

The bottom elevation dropped an average of 4 feet, i.e., the channel

degraded. This degradation is unexplained.

Grant Line and Fabian Canals

These channels degraded between 1957 and 1973 by an average of 4 feet.

This period corresponds to an increase in Delta export pumping. Channel

degradation could have been due to maintenance dredging of the channels performed

by the local reclamation districts and the Corps of Engineers.
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Middle River——Old River to Victoria Canal

This channel has aggraded since the 1933 survey from an average maximum

bottom elevation of 6 feet below LWD to an average maximum bottom elevation of

4 feet below LWD. About 55 percent of the reach, that immediately north of

Old 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 quite low 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).

Old River——Salmon Slough to DMC Intake Channel

This channel also has restrictive cross sections with maximum depths

of about 3.5 feet below LWD and a minimum mean depth of about 2 feet below LWD.

There has been little change since the 1933—34 survey.

changes in channel cross sections that have been observed since 1933—34

are a consequence of modifications in the hydraulic regimen of the southern

Delta: export pumping by the CV? initiated in 1951, intermittent diversions by

the SW? commencing in 1968, and reduced San Joaquin River inflows at Vernalis.

The analysis of channel depths within the South Delta Water Agency does not

establish whether or not export pumping has caused appreciable siltation or

scour within the SDWA channels. Channel degradation in the reach of Old River

between Salmon Slough and the San Joaquin 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

Joaquin River flows which are drawn to the export pumps. The decrease in
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channel resistance in this channel modifies the proportion of flows carried by

this channel and the proportion carried by the reach of Old 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 vrogram exists in this

area of the Delta at this time.

IMPACT OF EXPORT PU?~SON WATER LEVELS

Steady diversion of flows by the CVP reduces the water level at Clif ton

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 Old River and Grant Line Canal upsteam to Salmon

Slough, at about the same magnitude, thereby directly impacting the entrance to

Tom Paine Slough, which relies on tidal elevation differences to produce the

gradient for flow into the Slough.

The intermittent diversions into Clifton Court Forebay by the SWP

reduce the HEW levels by about 0.10 to 0.127 per 1,000 ft3/s of water

diverted. At full capacity of the cvi’, operating at 4,600 ft3/s on a steady

basis, and the SW?, operating only on the high tide, with a 10,000 ft3/s

diversion rate,1 the water level depression at MET may be expected to be in

the range of 1.34 to 1.76 feet.

Reductions in water level also are evident at Mossdale Bridge on the

San Joacuin River. However, the water level depression at this point is

related to the portion of the inflow from the San Joaquin River which reaches

1 The maximum SW? pumping rate of 6,000 ft3/s into the aqueduct corre-

sponding to this 10,000 ft3/s high tide diversion to Clifton Court
Forebay over a period of approximately 14 hours.
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the bifurcation with Old River. When the riverflows at the bifurcation are less

than 1,000 ft3/s, the gradient between the pumps and the bifurcation flattens

and the pumping effect is increased whereas at 1,000 ft3/s the effect is

relatively insignificant.

IMPACT OF EXPORT PUMPING ON WATER CIRCULATION AND QUALITY

During most sumner periods, the San Joaguin 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 Old River and V~..coria Canal and

in the reach of Old River west of Tom Paine Slough are q~uerally less than the

agricultural diversions from those channels durinn dry seasons, thereby causing

water to flow into these reaches from both ends permitting accumulation of

salts from local return flows as illustrated in figure Vu—B. 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 surer San Joaquin River flows pass through the upstream end of

Old River and Grant Line and Fabian Canals and are diverted with the export.

The increase in net unidirectional flow from the San Joaquin River

toward the pumps reduces the accumulation of drainage salts in the upper end of

Old River and in Grant Line and Fabian Canals • However, the drawdown which

causes this increase in flow does not necessarily induce net daily unidirectional

flows through Middle River in the southern Delta, or in Old 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 some flushing resulting from tidal exchange

with better cuality of water available.

Quality in dead end sloughs such as Paradise Cut and Old Oxbows rely

•irely on tidal exchange. When San Joacuin River flows at Vernalis are less

he agricultural diversions south of Mossdale, the reach of San Joaquin

Rivs. innel south of the bifurcation of Old River functions also functions

like a b. ~Lough and tidal flushing becomes important for water quality as

well as for epth in that reach of channel.

The overall - ‘f export pumping on the South Delta channels includes:

1. Reduction in -~ ~-au1ic capacity of channels with consequent

reduced water availability local diversion points.

2. Increase in gradient to. the Delta export pumps which results

in increased downstream advec n circulation from the San Joacnin River

through the east end of Old River to c~ Court via Grant Line Canal.

3. Availability of Sacramento River ?.. the northern boundary of

the southern Delta which is drawn into portions . rae southern Delta channels

through tidal mixing.

4. Increase in suction lift reauired of pumps of local diverters.

5. Increase in frequency of loss of prime (due to inadecniate 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 report does not attempt to quantify all of these export pump

impacts or to determine the water levels, hydraulic capacities, and salinity

levels needed in southern Delta channels. Water level drawndown, of the

magnitude indicated, obviously 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 Vernalis are altered.
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APPENDIX 1

MONTHLY FLOW DATA (1CM’) Mm

MONTHLY CHLORIDE DATA (P/N)
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THIS IS TIlE DATA FILE OF ACTIJ AL SAW JOAOkJ IN U I yE!?

NOV ~IAU FEI~

C KAF) AT VE!?FIAI.. IS.

I

MAU API? MAY .JUN Jul. AUG

1930 VU 86.70 73.21) 19.30 111.00 94•40 151.00 $54.00 $36.00 164.00 76.20 56.60 85. 10
193) VU 103. (in 91.60 117.00 05.30 H~.90 54.20 23. ID 27.30 73.30 14.30 $4.01) 19.011
1932 VU 29.40 38.30 76.90 7(l5~0O 621.00 301.00 286.00 713.00 898.00 356.00 /1,30 63.70
1933 VU $03.00 113.00 115.00 124.00 161.00 107.00 68.40 94.90 316.00 68.20 41.00 6~L40
1934 VU 94.10 91.00 148.0(1 169.00 174.00 105.00 41.80 39.30 37.30 74.30

$65.90

23.60 29.80
1935 VU 52.70 76.80 98.80 223.70 196.30 250.60 878.20 1007.00 938.80 61.21) 80.10
1936 VU 125.10 115.40 155.90 203.20 6P~.00 879.10 713.10 1020.00 661.60 1R7.40 69.00 16.20
1937 VU I 16.20 116.60 175.60 207.40 689.30 212.20 960.61) 1233.00 925.10 200.50 69.40 83. tO
1938 VU 116.70 117.80 326.40 381.20 1301.0(1 2100.00 1333.00 1143.00 7191.00 898.30 206.60 132.40
1939 VU 163.90 226.00 227.50 251.50 231.60 124.60 146.20 175.20 59.00 46.50 44.00 61.50
1940 VU 91.30 85.40 97.00 254.00 493.10 902.30 965.20 819.30 645.60 122.70 12.90 100.40
1941 VU 913.60 102.00 125.20 432.60 777.90 1307.00 1017.00 13(19.00 1321.00 562.10 128.80 300.30
1942 VU 135.20 138.60 293.70 532.40 706.90 533.40 79P.20 1017.00 1323.00 47R.2U 103.60 114.00
1943 VU 137.50 139.80 269.40 347.20 725.80 1422.00 1(115.00 920.60 693.40 $35.90 94.80 100.50
1944 VU 129.60 1)6.20 146.80 165.40 164.60 294.10 136.90 735.30 201.40 76.60 67.10 71.40
1945 VU 101.40 141.20 232.90 237.60 604.30 566.70 534.80 955.60 673.90 238.60 109.40 120.90
1946 VU 169.60 207.30 352.50 594.80 330.10 229~60 357.90 802.90 344.10 90.10 15.30 118.30
1941 VU 111.60 155.70 222.40 111.10 133.70 132.90 88.50 125.80 56.10 32.40 35.00 63.90

1948 VU 80.80 105.50 104.20 95.10 47.50 36.80 82.90 307.50 512.10 81.70 44.60 64.10
1949 VU 95.20 138.80 91.40 107.00 78.60 213.30 122.40 237.00 119.20 34.60 31.00 42.50
1950 VU 77.90 94. ID 96.60 122.90 196.70 135.60 339.30 30.70 298.30 42.30 38.20 56.30
1951 VU 91.40 482.10 1545.00 632.10 600.50 4.71.70 151.80 401.20 198.60 53.50 46.10 61.60
$952 VU 109.10 104.90 $92.80 544.20 661.90 845.30 3202.00 1699.00 1389.00 215.10 133.30 96.40
1953 VU $14.70 $29.50 225.00 365.70 204.00 71.50 90.40 188.10 292.40 98.60 46.00 65.00
$954 VU 100.20 99.90 308.30 $01.90 131.00 274.30 301.00 412.90 16.50 33.30 33.60 44.90
1955 VU 32.30 82.50 111.50 192.30 136.10 96.00 54.60 70.10 89.00 75.60 26.50 36.30
1956 VU 49.20 63.70 o70.60 $663.00 993.90 460.30 372.60 859.30 729.00 214.20 $16.90 112.20
1957 VU 322.90 131.60 $54.00 118.10 97.90 $91.80 18.90 159.10 223.70 53.90 46.30 68.30
1958 VU 326.40 133.90 153.30 148.80 301.90 743.60 1661.00 1379.00 929.30 251.60 94.40 133.40
195) VU 374.30 216.10 $81.70 143.40 $81.50 127.20 49.30 4.60 31.70 19.20 24.10 46.70
1960 VU 53.00 62.60 72.80 85.80 99.10 3o.6o 30.80 32.00 17.40 13.10 16.50 22.90
1961 VU 43.110 60.30 79.10 92.30 62.10 27.30 11.90 73.40 12.30 6.40 9,30 $9.10
1962 VU 25.20 35.30 43.80 49.50 320.90 364.90 124.10 161.70 209.10 52.60 42.10 59.10
1963 VU 89.40 91.80 149.70 107.80 454.60 160.30 5)2.70 574.70 396.50 112.00 61.40 90.70
1964 VU
$965 VU

164.60
86.90

179.80
140.20

217.20
371.211

1)6.60
894,80

97.60 51.10
440,3Q 327.50

45.511 43.20
546.70 325.60

38./0
336.20

23.60
121.30

21.10
15.10

53.50
09.90

1966 VU 181.00 216.80 383.80 373.90 271.20 117.10 58.40 53.10 33.90 27.00 30.10 43.70
$961 VU 61.10 79.10 269.00 397.30 353.40 401.90 962.50 1252.00 1190.00 642.50 124.20 120.10
$964 VU 161.60 206.70 223.51) 190.20 150.50 190.20 85.40 54.90 35.20 30.90 4/.20 55.9(1
1969 VU 85.10 95.50 355.70 849•40 $902.00 18911.00 1316.00 1513.00 1659.00 356.90 142.90 193.70
1970 VU 274.40 275.40 246.70 693.50 510.50 441.50 09,53 141.20 160.90 81.19 64.22 78.5)
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bdcp 1564
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THIS I S THE DATA F ILL FOF% lIE ACTUAL FLOW Al MAZE: ROAD DR I iifJ[E I KAF

NOV JAN FEB MAR APR flAY JI.Th ..jiii~. AI.J13

19:30 0.00 0,00 0.00 0.00 0,00 0.00 0.00 0,00 0.00 0.00 0,00 0.00
1931 0,00 0+00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0,00 0,00 0.00
1932 0,00 0,00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0,00 0,00 0.00
1933 0,00 0,00 0.00 0.00 0,00 0.00 0,00 0.00 0,00 0.Oc) 0,00 0.00
1934 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00

1935 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00
1936 0.00 0,00 0.00 162.20 564.30 668.20 574,60 767,60 503.80 150,60 55,10 64.10
1937 102.50 106.60 161 .00 176,70 617.40 722.00 70(3.90 970,30 010.00 177,60 52,30 71.00
1930 1 10 • 50 100 • (30 0 . 00 341 • 20 1268 , 00 207? • 00 109;! . 00 1265 , 00 1790 • 00 776 • 40 1(35 , 20 123 • 00
1939 140.70 206.70 206,80 216,00 212,40 114,60 90.20 � 34.70 43.10 34,10 36.20 51.50

1940 04,20 76.40 � 33.80 194.70 394.30 707 .20 727.90 643 .40 527 .20 99,00 57,90 91 .20
1941 07,80 88.70 166 .60 308.00 660,50 1094.00 819.20 990,00 1202,00 510 • 10 116.30 93.40
1942 110.70 113.10 241.60 464,30 547,30 468.20 572.00 737.20 1113.40 427.50 80,130 101.50

1943 124.10 115,90 210.10 247.20 570,00 1000.20 77.3.60 683,60 565.20 113.00 79.10 05.70
J 944 110 • /0 101 • ‘0 1”? .70 1 Vu. 00 t44 • ‘~‘O 2111,60 100,50 140. ‘0 146. )() ~ .10 49, ‘0 513.40
1945 96.40 117.10 169.20 166,20 496,00 466.90 400.00 600.80 538,90 214, �30 95.90 104 • 40
1946 150,50 177.60 200,60 451.60 270.00 171.60 217.50 557.40 202.70 79.50 62, :1.0 74.20
1947 97,60 131.40 170.00 162,00 110.40 106.60 :37,30 52,10 40.30 26.10 27,30 60.60
1940 71,30 89.00 00.40 65.90 :34,70 25.40 29.30 1.23.90 323,00 61,10 36.20 56.20
1949 88.00 7:3,20 77.20 02.40 61.60 154,50 03,50 03.90 75,30 24.00 30,00 35.90
1950 66.50 132.40 134.20 00,90 145,60 80.70 172.50 99.00 170,70 33,00 30,60 46,00
1951 73,40 341 .40 1003.00 455,90 474.60 351 ..30 93.20 2/1.90 159,50 41.00 35,40 50.00
1952 �32.20 74.80 140.60 445,40 546,00 698.40 942,50 1402.50 1006.30 171.00 76,50 79.20
1953 08.40 94.00 175.30 279.70 1513.40 59.90 40.70 66.90 161 .10 73.70 35,00 51.20
1954 80,20 73.20 (31.90 04.10 104.00 201,60 179.60 270.20 60.70 33,20 31,40 30.20
1955 51.60 59. ~30 72.70 131.70 102.20 61,00 43.30 42.20 37,30 23,50 23,10 30.40

1956 :37,90 47,40 :394.60 1303.00 768.60 342.90 244.20 609.00 555.20 1413.60 103. :30 97.00

195/ 94.90 96.00 116,30 100,10 85,00 149.80 70,20 103,30 154.90 43.81) 43,40 53.41)
1958 101,90 114,20 130.20 103,50 239.40 668.00 15133.00 1121,00 /19,60 236,/0 87,20 112.90
1959 149.40 209,60 134,20 116,30 137,70 89.80 42.80 4:3,00 29,00 19.90 22,00 39,20
1960 45.50 52.50 61.41) 01.40 90.10 .37.00 29.30 32.20 17.90 16,00 17,41) 20.80
1961 37.90 52,10 69.70 76.10 55,60 25.30 15.00 24.40 13.50 9.60 12,00 20.00

.1962 22.40 30.60 39.20 43.60 271.10 255.40 72,90 07.90 109.00 41.20 36,00 46,70
196:3 64,30 70.30 101 .80 03.50 374.70 110,40 304, 70 410,40 293.40 77,90 4(3,00 65.30
1964 136,10 155.60 173,01) 120,20 70,30 40,90 37.00 38,60 33,80 24.40 27.70 45.00
1965 0,00 0,00 240,60 555,70 :324.90 236,90 400.90 227,20 2:33.90 91.20 63,20 00.40
1966 151.90 173.00 297.00 245.60 169.30 100.10 40.90 42.00 26.90 22.30 24.60 35.40
196? 57,41) 67.40 220.60 1.46.30 267,90 279.40 605.10 970,:30 906.60 405,50 101.50 06.80
1968 120,90 162,10 157,10 123,40 1;L2,30 149,30 56,10 45.10 29,10 27,130 42.130 40.10
1969 65.70 75.10 1:37, 10 63:3.60 1559.0 1622,0 1117.00 1120,00 1350,00 272,10 90,00 147,130
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l’IIIS IS DATA FILE F0U TiII~ l’LJ1)LULIHE I? IVII? FLI)VI AT TIIOLUMIIF CITY.

(IC! nov nrc .MH FEB MAIl API? flAY FIlM JIll. AUG

1930 I-C 0.01) 0.00 0.00 0.00 11.1)0 0.00 0.00 ~L00 69.21) 41.00 31.00 ‘18.10
1931 IC 59.30 0.00 0.00 ‘hOD :)00 0.00 0.00 16.50 15.70 15.50 15.40 15.40
1932 IC 19.50 0.00 0.flO 0.01) 000 ‘)‘OO 0.00 0.00 0.01) 0.00 23.61) 23.10
1933 i’C 60.90 0.00 0.01) 0.00 0.00 0.00 0.00 10.90 90.90 25.70 l’?.70 39.50
1934 IC 62.50 0.00 0.00 0.00 0,01) 0.00 0.00 J9•0fl 17,90 I1.7fl 19.00 1/.10
1935 IC 33.30 0.00 <).00 0.00 0.00 0.00 0.00 0.00 0.00 41.60 23.91) 40.00
1936 IC 49.70 0.00 0.00 72.90 231 .10 247.60 199.20 329.10 258.60 56.30 25.01) 30.60
1937 IC 55.00 5’) .70 79.30 59•90 1161 .30 210.30 272.30 398,50 722.20 34.00 21.40 36.00
1939 [C 59.50 70.30 0.00 99.10 ‘102.10 44’). To 342.70 :398.40 62’).00 196.10 l’i.R() 50.60
)939 TO 67.30 125.90 p39.40 711.00 59.00 38.40 23.90 28.20 20.W 21.50 21.10 29.50
1910 T~ 50.50 52.00 50.40 59.60 159.00 293.20 264.20 213.20 113-I, 10 26.70 2/.70 52.1)0
1941 IC 47.90 64.10 113.30 99.30 132.00 270.90 225.90 319.90 390.40 100.01) 41.30 45.70
1942 IC 63.50 68.30 101.60 144.80 119.90 141.10 172.80 255.30 44’j90 131.80 42.30 52.110
1943 IC 63.40 54.40 132.60 95.30 179,20 318.FTh 231.70 25l.~0 214.30 30,40 31.70 44.20
1914 IC 59.11) 61.70 18.70 55.20 49.50 74.80 35.20 63.60 40.90 23.20 22.00 21.80
1945 IC 46.50 11.00 1I9.I0 70.20 19:3.00 161.90 11.9.90 127.00 239.20 93.00 2).60 :35.90
I9’~OIC 53.5’) 85.90 121 .60 145.50 85.90 59.10 118.80 282.50 119.30 30.10 29.20 24.60
1947 [C 51.10 93.50 136.20 55.30 49.30 49.00 20.60 18.10 16.50 15.20 11.30 3’).fl()
1948 IC 48.40 67.60 53,10 41.90 17.80 111.10 20,90 79.30 174.20 37.40 21.50 21.20
1949 IC 49.30 47.50 52.40 43.10 32.10 80.50 51 .10 31.00 23.00 20.60 20.80 19.50
1950 IC 45.60 6:3.90 63.70 SI .90 19.70 51.30 149.70 60.11) 113.40 24.00 21.90 21.30
1951 IC 41.140 250. DC) 522.20 205.70 160.10 181.20 39.70 164.20 109.40 25.11) 23.20 21.70
1952 IC 54.30 48.140 99.00 209.90 169.20 271.50 390.70 413) .50 302.30 50.00 26. II) 26.50
1953 IC 41.70 67.30 132.20 128.20 93.90 30.30 29.70 36.00 120.20 6~3.5O ,‘~2.80 70. 10
1954 IC 49.10 414•lfl 52.70 54.10 41.30 1:34.00 85,00 175.90 24.60 20.50 19.90 18_SC)
1955 IC 31.40 38.90 46.40 72.10 69.60 37.90 20.40 19,00 17.20 16.30 16.20 22.00
1956 [‘C 22.00 34.90 294.80 507.00 236.10 145.20 109.130 204.30 190.80 69.50 5).40 52.30
1957 IC 51.30 64.10 80.40 50.60 37.60 70.30 29.30 13.40 51.10 21.90 20.70 21.40
1958 IC 60.60 98.90 96.80 55.60 95.10 289.10 530.50 444.30 .305.00 106.00 29.60 46.90
1959 IC 93.90 162.00 96.10 66,70 92.60 46,10 21.40 20.50 17.40 16.40 15.60 16.80
19o0 It 26.20 34.20 42.2(1 49.50 39.60 21.10 16.40 15.40 13.40 13.40 13.20 14.10
1961 IC 21.40 35.80 52.10 43.20 23.90 14.80 11.00 10.90 9.90 8.130 10.50 13.60
1962 IC 14.60 20.30 16.60 12.61) 102.20 120.20 31.90 22.30 111.60 11.90 10.20 23.00
19O3 IC 42.50 60,10 105.50 ¶14.11) 0.00 0.01) 155.20 125.21) 122.10 44.61) 25.10 2:3.40
I 964 IC 69. 30 131 • 10 14/.31) 73 10 3/ 00 IV. 30 16 50 IS 50 11.30 12 50 I) 60 14 40
1965 IC 21.90 82.00 189.40 370.40 209.90 97.70 240.10 99.00 107.50 45.81) 25.90 0.00
1966 IC 115.60 120.00 159.40 113.00 96.60 56.70 21.10 18.30 14.40 13.50 13.10 1.3.10
1967 IC 34.40 ‘10.10 (64.70 80.90 14-1.91) 20) .50 34) .10 239.40 326.91) 2)9.50 21.00 23.11)
1968 IC 49.70 116.60 94.70 63.70 ‘50,90 92.10 20.~~0 14.00 12.00 12.40 15.30 15.20
1969 U 23 50 30 00 99.10 159 20 43/ 60 299./0 2115 10 3/6 90 458 20 914 60 16.50 3~)20
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- -: -- - - -.4 - a ----.~.4.--,.na:..- - —- -. _%.~.~‘-- .- -- ---.~ C-- ..- .J~•~i-- -% ~s~--1fl -- — —--A..--..;v.—- ..- - ~-. . ---- - - --- - - - - - - - -

Ii ItS IS fl IL IJA TA F LIE [UI? SAIl .IOAOUIII I?IVEI? FI.fl1 AT tIEWIAM.

MCI 111W DEC .TAU [II MAIl API? hAY JUN FIJI. MJ(; SEP

1930 P4 9,90 8.50 9.70 26.31) l0~70 29.81) 19.00 20.10 19.90 12.7fl 12.40 12.30
19:31 FIAt 11.10 10.90 14.60 78.80 213.70 l’/.I0 Lb 7.10 6.90 1.60 .60 3.10
3932 MM ‘1.50 5,30 2’I.RO 151.00 300.00 141.00 96.40 223.00 339.00 164.00 21.20 19.61)
I933 NM 10.70 13.90 24.60 62.10 99.°0 39.90 24.30 27.40 94.60 21.60 12.90 14.50
10:34 99 11.70 9.90 21.00 86.11) 62.20 40.91) 15.80 12.Ifl 10.90 1L20 5.60 5.60
1935 P.4 7.10 8.40 19.50 110.40 119.80 152.60 169.30 430.00 375.30 78.80 22.80 70.50
1Q36 MM 31,00 311.00 58.40 79.2’) 389.90 349.50 .368.90 457.40 722.90 11.40 26.91) 26.30
(937 III 29.20 36.40 17,60 104.60 49’). (0 439. In 4 13.00 520.50 470, 10 I0°.60 26.30 26.30
1939 MM 28.61) 21.00 174.10 233.90 797.00 1445.00 61)3.01) 941.20 1250.00 530,30 10/.30 45.70
(939 N\I 43.51) 63.30 89.30 120.00 135.60 41 .80 57.10 38.61) 19.80 14.40 I 3,130 16.51)
19’iO 0.1 11,91) 11.30 26.00 1:35.10 260.80 411 .70 :394.80 ‘126.40 324.30 ‘15.50 22.91) 23.00
194 I ‘1.4 20. 10 I 7.80 79.50 2713.60 538.90 769.90 549.20 689.50 755.00 345.50 44.40 29.61)
I ~42 01.1
7943 01

25.20
13,60

25.00
43,00

I 26.00
19,90

314.30
163.70

390.60
405.70

285.70
762.~0

371). 00
5’15,00

427.80
437.30

657 • II)
325.20

240.71)
52.1)0

31. 30
21.50

30.40
26.130

1944 III 29.50 19.70 37.80 74.10 97.20 129.00 53.90 61 .10 29,40 31 .40 2560 25.~0
1945 Ni 11.11) 35.00 45.10 87 91) 311.80 2/4 30 25/.70 411 80 301.50 (0/ (0 SI 130 4/ 20
7946 II’S 67.00 74,30 155.60 279.10 118.10 83.30 93.00 259_c3fl 1211.90 40.90 29.00 34.30
1947 FF4 26.90 30.30 81.90 92.00 60.70 54.00 25.61) 4(1,01) 213.91) 20.10 1/.40 19.131)
1948 09 111.10 14.70 16.10 19,00 11.80 i:i.io 21.90 35.70 136.60 20.00 20.10 28.40
19’i9 MM 20.10 13.20 13.20 21.90 19.130 59,80 29.20 39.90 49.80 14.60 15.60 15.71)
(950 01 10.60 11.00 12.50 29.40 60.60 34.00 33.90 34.10 60.90 13.70 11.20 19.40
1951 MM 12.60 61.10 409.70 253.40 295.30 142.3t) 41.40 110.00 42.80 20.60 1>3.60 73.00
(952 MI 16.90 14.90 30.60 250.60 316.80 386.80 525.60 61)7.00 625.30 71 .20 34.50 36.40
3953 IG.S 28.10 17.00 58.71) 149.90 45.70 21.00 22.90 31.40 29.10 14.30 11.90 72.30
I95~ MM 15.61) 12.40 14.70 2:3.60 54.50 54.91) 59,41) 121.20 32.60 11.90 I /•31) 17.50
19½ 1(4 10.90 12.40 16.10 50.10 29.30 21 .40 22.40 26.50 20.50 15.20 11.50 14.40
1956 lii 0.10 9.10 (98.21) 711 .40 508.40 196.10 78.90 284.50 261.10 46.70 24.11) 30.60
1957 MM 26.70 15.60 15.10 26.40 31.10 75.70 45.40 413,50 104.20 21 .00 21 .70 22.50
19513 FILl 19.40 12.60 11.70 43.00 III .70 319.70 927,30 659.40 426.10 84.60 31 •59 37.00
1959 NM 25.90 13.10 16.90 35.00 42.90 28.90 24.90 26.80 16.20 11.00 11.40 12.90
1960 H’A 9.80 9.90 12.80 24.30 47~5Q 18.50 16.40 39.70 12.00 9,80 70.10 7.fl0
196? U.S 6.40 0.50 (3.40 24.60 21.90 (3.80 11.20 14.50 10.40 6.00 4.30 (,.60
19o2 FItl 5.60 8.30 17.60 28.30 193.90 141.10 33.20 64.90 94.40 22.30 10,30 18.90
(963 09 15.40 15.90 IV. ID 25,90 156.40 53.50 I 33.40 200.40 I 26.20 27.50 22.60 25. 30
1Q64 JIM 37.20 23.40 23.30 33.21) 3>3.70 15.70 38.30 23.60 19,90 13.00 13.40 20,50
7965 MM 38,51) 41.10 61.40 247./0 ‘11.10 )29.2() (‘55,70 11-9.51) ii I.IO :32.00 21.41) 31.00
3Q66 tIM 19.50 52.80 130.10 91.11) 31.00 24.40 23.10 21.60 36.60 12.60 11.10 11.30
19o7 0.1 10.30 17.00 52.00 38,110 96.40 62.90 376.50 776,00 530.10 2/7,110 61.70 ‘1~I.50
1960 Wi 49.90 33.80 513.80 55,30 52 1) 19,71) 2/.10 7S.0O 1.1.71) 13.90 22.30 23.70

29.30 :35.20 38.90 3:32.40 9/9.40 1129,00 750.00 ]51L30 1130.70 140.40 63.11) 89.01)I Y69 U
I ~NI)oc~ El LI~
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jJ(J~j j~ :j’fl[ DAJ’A FIfE FIJI? SAM .I’lAOhJ!IJ UIVEI? FI.1)~I Ai’ FIJ~WjAU,

[IC]’ NOV 0E1~ JfiM FEll MAU API? NAY FUN .lIJf, PUG SEP

1931) ~4M 9,90 8.51) 9.70 26.31) 30,71) 29.80 19.01) 20.30 39.91) (2.711 (7.40 37,31)

193? PM 11.10 10.90 14.60 78.80 28.70 17,11) 7,30 1.10 6,80 1.60 1.60 3.10
1032 MM 4.50 5.10 24.90 151.00 300,00 141.00 96.41) 223.00 3:30.00 164.00 23.20 IV.60
3933 NM 19.70 13.130 24.60 67.11) 93,00 39.91) 24.30 27.40 94.61) 21.60 12.00 34.50
3034 179 11.70 9.90 21.00 96,11) 62.20 4fl,Q1) 35,130 12.Ifl 10.90 8,71) 5,61) 5.60
3935 II 7.30 8.40 38.50 110.40 1153.130 352.60 36>3,30 430.00 375.31) 713,90 22.80 7Q,150
(936 MM 33.130 38,00 58,40 79.2’) 388.9fl 349.50 368,”0 451.40 222.90 17,40 74,00 26.30
3937 III 29.20 36,40 H .60 104.60 49’). 30 439. In 4 I 3.00 578,50 419, 10 300,60 26.30 26.30
3939 MM 213.60 23.00 174.10 233.80 197,00 1445.00 6113.111) 941.20 1250.00 510.30 101.31) 45.70
7939 141 43,51) 63.30 89.31) 320.01) I 35.60 43.91) 51.30 38.60 l0.flO 14.40 I 3,130 16.50
19’tO UI 33.90 11.30 26.01) 3:35.30 260.80 411 .71) 394.80 426.40 32’I.30 55.50 72.01) 2.3.00

1941 ‘3~4 20.10 32.80 19.50 2713.61) 5.38,90 769.90 548.20 6>39.51) 755.00 345.51) 44.40 29.61)
I~42 rIM 25.21) 25.00 (26.01) 334.30 3>30.61) 295 .70 170.90 427.80 657 • ID 240.70 37. 30 30.40
I 9.i3 III 13.60 43.00 19.90 163.70 405. 10 762 .~0 555.00 437. 30 325.20 52.80 21.50 26J30
3944 (IA 29.50 19.70 37.80 74.10 137,20 $29.00 53.90 61 • 10 88,40 33 .40 29.60 75.80
3945 MM 31.10 35.00 45.10 82.90 311.80 214.31) 257.70 414.80 301.50 107.10 51.131) 47.20
3946 NIl 61.00 14.30 155.60 278.30 (19.30 83,30 9:3.00 259.90 128.90 40.81) 2~.0() 34.31)
3947 tJ9 26.91) 30.30 131 ,RQ 92.01) 60.70 54.00 25.61) 40.00 211,81) 20.10 31.40 19.131)
3948 Nit 14.10 14.70 16.10 38,00 11.80 1:3.11) 21.90 :is.7o 336,60 20.00 21.30 29.40
I9’i9 MM 20.70 (3.20 13.20 23.90 39.90 59,90 29.21) 39.90 49,110 34.60 15.60 (5.70
1950 01 30.60 11.00 32.50 29.40 60,61) 34,01) 33.90 34.31) 60.90 13.70 (-1.20 39,40
1951 MM 32.61) 61.10 409.70 253.40 295.30 342.30 ‘11.40 110.00 42.80 20.60 i~3.60 23.00
1952 MI 16.90 34.90 30.60 250.60 316.80 386.80 525.60 687.00 625.30 71.20 34.50 36.40
3953 tIM 28.30 77,00 59,70 349.90 45,70 21 .00 22,80 II .40 29.10 14.30 14,130 22.30
(951 MI IS 60 (2 40 14 /0 23.61) 51.50 54 00 59,41) 121.20 32.60 I/ 80 Il 30 Il 50
1955 Ml 30.130 32.40 16.10 50.10 29.30 23.40 22.40 26.50 20.50 15.20 11.50 (4.40
3956 tI-I 10.10 9.11) (98.20 711.40 508.40 186.10 78.90 284.50 261.10 46.70 24.11) 30.60
3957 MM 26,70 15.60 15.10 26.40 31.30 75.70 45.40 48,50 104.20 23.00 23.70 22.50
(959 MI 39.40 12,60 31.10 43.00 111.70 338.70 $327.30 69.40 426.10 94,60 31.50 37.00
1959 0:4 25.90 13.10 16.90 35.00 42.90 28,90 24.90 26.80 16,20 11.00 11.40 (2.90
3960 MM 9.90 9.90 32.90 24.30 42.50 18.50 36.40 39.70 32.00 9.80 10.40 7.80
196? H’4 6.40 0,50 13.40 24.60 21.80 33.90 11.20 (4.50 10.40 6.00 4.30 (..60
(962 139 5.60 8.30 11.60 28.30 393.90 141 .10 33.20 64,90 94.40 22.30 (0.30 19.90
1963 119 (5.40 35.90 19.10 25.110 356.40 53.50 133.40 200.40 126.20 27.50 22.60 25.30
3964 tIM 37.20 23.40 23.30 31.20 (>3.70 15.70 (13.30 71.60 19.90 33,00 33.40 20.50
1965 MM 39.51) 41.10 61.40 247,/0 ‘11.10 329.21) 355.70 119.50 II 3.30 32.00 2/.40 :33 .00
$966 FF1 70.50 52.80 130.10 91.70 31.00 24.40 23.10 27.60 16.60 12.60 (1.10 11.30
19o7 04 10,30 (1,00 52.00 38.81) 96.40 62.90 376,50 7(6.00 539,30 217.51) 61.70 44.50
1968 94 ‘18.90 .33.130 58.130 55.10 52.20 38.70 21.30 25,00 14.70 13,80 22.30 23.70
1969 MM 29.30 .35.21) 38,01) 1:32.41) 9/9,40 3(29,00 750.01) 158.30 830.71) 740,40 63.11) 139,00
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Th
j013 At; i WE,
:t ist v fv’it’i if?

rUT S I S THE: tiArA FILE OF UNiMPAiRED FLOW AT VE RNAL.I S

13Cr NOV FEC ,IAN FF11 MAlt APR MAY ..IL.JN JUI_ AU!] I3EP

1930 VU 9.70 12,20 57,20 102.10 102.50 400.50 713.70 796,30 773.60 152.50 34.04 20.46
1931 VU 27.36 51.51 33.67 70.02 107,90 167.30 422,95563,45 151.50 36.70 17.60 10.19
1932 VII 12.00 24.20 316.00 236.00 6130,60 524.40 13:17.60 1673.20 1620,70 561.60 112.10 .35.40
1953 VU ‘9,60 ‘‘.80 30. SO 111,40 91.40 ‘37.10 53~j, ‘0 /94, ‘0 I ‘00.50 ‘45.7<) ~4~5o r,,/()
1934 VU 12.10 20.90 125.70 163.90 230.60 425.00 544,90 420.40 239,70 56.20 24.20 16,00
1935 Vii :33.30 ion. 50 130.40 300 .40 290.10 404.30 1414.60 1720.90 1538.00 34(3.00 91 .30 20.90
1936 VU :34.90 52 • 20 50.40 234.90 1009.00 625.40 1250 • 40 1662.00 1096.00 376.40 (12 • 00 21.90
1937 Vii 26.30 23.20 94.00 112.00 863.50 655,90 956,30 2149.40 1212.00 335,00 70.10 21.60
1930 VU 27.30 47.00 844 • 40 291 .00 945.130 1425,20 1309.00 2490. � 30 2459.60 990 • 10 243.20 06 • 60
1939 VU 119.87 117,6:3 97.90 118,67 152,39 393.74 850.90 630,68 253.5:3 83.48 36.50 45.47
1940 VU 111,50 47,24 50,10 614.27 690.75 967,46 1055,72 17130.521005.96 206.:31 45.40 13.40
1941 VU 32 • 20 39.90 361 .60 348.00 659.20 7(35,50 066,60 2202.30 1705. :so 745.50 156.20 42.70
1942 VU 47.20 97.50 409.60 4713.10 431.20 423.70 1075.90 1577 • 10 1090.70 749 • 60 133. :30 :34.70
1943 Vii 31.56 209.75 236.59 715.74 490.72 1.181 .94 1254,17 1591.95 997.90 434.53 106.30 32.44
1944 VII 34.92 47,17 62,51 113,60 215.013 . 406.96 407,09 1372,99 003.72 313,03 61.72 2() .05
1945 VU 30.02 232.17 214.50 162,62 911.63 524.49 926,16 1529.06 13(37.33 533,99 120.24 39,2(3
1946 VII 16’’,65 “57,95 %%~5.41 339,16 “06.513 479. ‘2 1091.113 1521,44 /95,04 ‘59.6<) 60. ‘0 ‘U.OIJ
1947 VU 67,02 197.01 241.0<) 1313.66 229,90 392.55 604,57 1055,02 370,13 (39,69 22.12 16.44
1940 VII 813.06 67.42 50.03 96,56 74.o3 ion.ss 649,70 1:31)0,41 1271.07 285.30 4o. 27 19,42
1949 VU 25,05 33.115 57,56 61.96 107,02 :336,65 890,61 1359 • 02 :736.33 130,67 30,09 20.133
1950 VU 20.80 43,23 45.12 200.66 340.87 366,50 1037.36 1419,17 901,25 215.02 30,69 19.14
1951 VU 511,29 1395,26 1494,97 470,132 429.31 501,43 763.11 1000.94 753,76 235,20 54.14 16,08
195’ VU 35.9’ 70.’” 52’.04 617.4” 418.42 /16,51) 1393,45 ‘647.1/ 1910./I 11135.4’ 2113.6/ 6/,~/
1953 VU :37,20 49.1? 151.67 367.08 100.56 292,57 798.35 705.41 1124 .0(3 479.1(3 65.00 22,44
1954 VU 27,02 50,33 60.65 116.59 2513,36 505,84 1063,52 13)1.46 569,61 163,93 :31.12 16.19
1955 Vii 113,50 49,04 124.84 176,51 169.95 249,94 4:39.02 1128,20 925.17 1/7.11 :36.61 16.96
1956 VU 17,30 40,00 1031 • ~50 1207.30 494.10 555,00 92:3 .60 1846.70 171)1.00 759.90 176.70 66.90
1957 Vt! 67,70 75.60 69,00 94,70 294.00 422,30 540,30 110(3,1<) 1209,10 250.70 55,20 25.00
19’.U Vii 45.14 61,00 153. ‘5 169.30 491,134 7/4,113 1319,15 “535.113 tfl’2.49 / ‘‘./11 ‘17.41 /3.65
1959 VU 30.65 37.69 33.39 174,57 330.60 375,07 694.22 667,90 410.46 02,76 21.29 110.67
1960 VU 37,02 26,55 30,64 60.38 291.52 398.20 703,09 047.07 443.46 77.27 23,20 13,63
1961 VU 16.37 57,31 92.03 56,44 119.50 195.99 401,55 606,47 353.92 57.17 43.76 19.51
196” Vi! 10.65 32,64 66.90 613.8/ 673,90 599,5’ 1 ‘40. /9 121 7.04 146 ‘.56 4 ‘/.6 ‘ III .69 ‘0.6/
196:3 vu 56,49 31,68 66.20 205.40 907,54 :54:3 .03 7213.07 1683,95 134)6.11 575,613 120. :36 56.135
1964 VU 59,135 256,78 134.03 143.59 133,16 206.91 495.60 90:3,16 612.32 135.135 45.10 23. 7/
1965 VU 69.12 153.05 114:5.86 877,22 437.81 455.60 964.37 1:301,29 1423.25 710.37 353.72 130.32
1966 VU 58,66 .350.8! 23(3,94 ‘‘3./2 20’./O 430./5 940.10 1066.90 311.40 96.53 41. ‘9 ‘4.9’s
1967 VU 29,44 132,56 66:5,70 :577,9:5 349,53 912.00 9:30,90 2165,70 2407.10 1517.20 :509.30 116.57
1968 VU 50.70 1,3.60 94,00 1 “5.90 i5’,60 343,9<) 57’, 30 1301 .130 59’, ‘0 (36.40 45.40 21.70
1969 VU 3/.40 182.00 219,70 1677,70 919.70 1300,10 1564.90 3217 .00 2:521 ,oo 1036,50 2.41.1,0 60 • 90
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TillS IS [HE DATA FILE FOIl UNIMI~AIPEP SAN .JOAO(IIN UI VEIl FI.0N (KM-) AT FIHANI.

OCT NOV DEC JAN FEll MAIl API? 9AV JuN JIlL AUG

1930 EU 5.00 6.20 9.30 18.20 35.60 80.00 165.10 2)3.50 743.60 60.80 16.90 5.90
1931 EU 10.60 13.40 10.20 16.00 23.40 38.90 1110.20 113.51) 59.70 16.00 11.10 /.20
1932 Fl? 5.90 9.40 73.90 59.90 16/.70 156.61) 238.10 491.50 543.60 238.90 51.40 14.10
1933 H? 12.60 8.90 14.60 26.50 30.00 13.40 159.00 213.40 410.10 118.90 29.30 14.70
1934 FR 6.90 10.30 38.10 46.80 50.30 109.40 166.10 146.20 68.90 27.30 13.40 (.90
1935 Fl? 12.60 26.60 36.20 72.50 85.21) 110.90 356.60 496.90 519.20 144.20 43.80 18.60
1936 FR 13.60 15.80 16.40 38.30 195.90 163.50 349.60 510.1)0 347.70 150.50 42.10 10.90
1931 Hi 10.90 12.60 36.40 14.90 252.70 190.60 303.80 /04.90 456.80 159.70 34.00 10.80
1939 Fl? 9.80 12.30 2)0.70 10.90 207.30 433.80 434.20 195.00 912.10 431.20 121.90 42.60
1939 Fl? 38.90 33.10 28.70 32.70 43.30 102.80 239.90 208.80 110.30 43.40 24.90 14.10
1940 FR 34.90 14.20 11.40 134.10 139.80 210.00 290.00 558.60 362.90 96.60 21.20 1.00
1941 Fl? 10.10 11.70 98.40 105.80 182.80 ‘208.60 242.40 111.20 641.50 330.90 85.80 23.30

1942 FR 21.50 30.30 96.00 113.10 102.60 129.50 298.50 465.40 632.60 284.00 64.11) 16.70
1943 Fl? 10.10 42.50 43.40 169.70 113.30 267.70 335.10 502.50 325.10 178.90 49.91) 15.60
1944 Fl? 10.50 15.10 19.90 31.20 55.40 111.60 140.80 408.20 779.50 142.60 35.00 15.70

1945 EU 12.10 59.40 56.10 44.10 237.70 147.90 275.90 476.90 487.60 240.20 73.90 26.80
1946 FR 59.10 65.60 118.30 78.90 53.80 125.90 310.40 463.90 279.90 111.80 36.90 19.10
1947 F!? 28.50 64.90 84.50 47.70 64.00 100.30 171.00 347.70 145.80 47.70 16.90 11.60

1949 Fl? 22.80 18.20 15.40 19.90 20.20 4.60 164.60 390.60 372.60 107.90 26.00 15.00
1949 Fl? 10.50 7.90 14.60 16.20 25.90 73.00 234.50 409.50 269.30 63.20 25.60 14.90
1950 FR 9.90 16.10 17.20 43.20 90.10 89.60 280.10 379.00 262.90 97.00 21.70 13.90
1951 Fl? 17.10 247.00 300.40 111.20 104.20 110.20 201.90 321.00 778.00 114.70 31.70 11.70
1952 Fl? 12.30 20.40 93.40 133.00 98.70 176.70 385.20 219.90 640.80 335.30 101.40 33.00
1953 Fl? 16.90 18.70 42.90 85.00 49.00 71.50 197.20 211.30 120.20 171.60 30.20 13.20
1954 Fl? 9.40 16.6(1 16.60 33.40 65.40 12/.20 2(8.40 439.50 711.60 80.40 20.20 9.10
1955 FF1 6.00 17.90 31.20 41.60 48.90 /4.10 126.51) .iJ(.90 349.20 IU.90 29.60 11.40
1956 FR 6.10 13.20 460.50 271.20 140.80 169.50 278.30 568.00 613.80 3)1.80 86.50 3i.40

1951 FR 26.30 21.70 20.70 29.50 66.90 90.10 142.20 376.70 439.90 115.00 31.70 15.90
1959 Fl? 16.40 12.50 43.30 42.60 112.50 181.40 362.60 795.50 622.30 287.50 107.90 40.50
1959 Fl? 16.10 14.60 14.60 37.flO 89.60 113.60 203.10 209.10 153.00 41.50 16.90 41.40
1960 Fl? 18.40 9.70 9•50 18.00 55.00 86. 10 177.90 240. /u 146.90 42.60 16.40 7.50
1961 F!? 8.50 72.30 31.20 19.00 30.80 49.90 I 24.6(1 171.60 128.00 27.40 24 .80 10.40
1962 FR 9.80 14.91) 23.10 23.50 194.80 109.90 381.00 396.90 505.20 202.60 ‘31.70 20.20
1963 Fl? 17.60 10.80 ID.70 91.90 201.90 101.40 Rl.90 464.20 492.40 264.20 70.70 31.40
1964 Eli 25.50 64.30 36.40 31.20 30.90 53.90 126.70 256.00 200.00 59.30 28.70 10.50
1965 FR 10.10 34.00 203.00 197.20 114.11) 129.20 250.80 431.20 472.20 266.70 117.90 35. ID
1966 H? 17.50 101.10 66.50 61.90 55.50 125.80 276.90 361.60 141.70 50.40 25.00 9.80
1967 FR 6.40 29.70 212.70 97.50 100.70 243.00 2.19.60 659.90 823.50 59430 154. 20 66.90
3968 FF1 26.90 22.90 34.31) 16.90 75.40 87.90 116.10 231.10 131.20 43.80 22.10
1969 EU 15.10 40.00 52.20 306.60 233.60 727.20 464.50 1096.40 874.20 462.80 137.10 40.50
1910 I-I? .32.60 31.70 41.30 l59.4~ 93.30 136.90 146.00 .375.90 278.50 106.60 36.70 II .00
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ii~t,i ~
~pjr IS TIlE tiArA FIlE CIIL0itIi’ES (PPH) AT VERNAl_IS

OCT NOV JAN MAR Alit MAY .11Th JUL

1930 0 0 1) 1) 0 0 C) 0 0 0 0
1931 0 0 0 0 0 0 0 0 0 1) 0
1932 0 0 0 0 0 0 0 0 0 0 0
1933 0 0 0 0 0 0 0 0 1) 0 0
1934 0 0 0 0 0 0 0 0 0 0 0
1935 0 0 0 0 0 0 ~0 1) 0 0 0
1936 0 0 0 0 0 0 0 0 0 0 0
1937 0 0 0 0 0 0 0 0 0 0 0
1930 0 0 0 20 0 18 10 10 7 0 53
1939 47 32 41 30 :31 84 0 0 0 0 0
1940 0 0 0 0 0 0 0 0 0 0 0
1941 0 0 0 0 0 0 0 0 0 0 0 0
1942 0 0 0 17 21 23 9 . U 0 52 711 72
1943 59 43 26 27 11 13 10 7 24 80 00 64
1944 66 66 48 49 ~35 )9 42 23 06 :121) 90 70
1945 61 52 :37 43 19 17 :14 10 7 1) 0 0
1946 1) 0 0 26 31 66 16 10 62 120 100 110
194;’ 133 59 62 71 77 70 80 63 140 160 150 76
1940 85 84 94 77 180160 29 10 14 140 120 100
1949 80 1) 96 60 130 30 70 60 110 140 130 140
1950 93 100 100 62 37 63 18 16 76 140 140 110
1951 78 10 0 0 0 0 0 0 0 0 0 1)
1952 130 336 52 21 15 10 10 9 10 58 106 03
1953 09 713 41! 32 72 147 100 66 23 54 134 :323
1954 94 9/ 94 107 (30 4’, ‘13 ‘3 [4’ I/i 16/ 160
1955 140 113 94 33 79 106 121 142 2: 124 170 159
1956 163 14:3 63 13 25 57 40 14 14 60 92 09
1957 93 04 64 100 124 61 133 100 ~59 152 151 135
1950 84 72 70 93 52 :54 21 16 16 62 125 100
1959 0 1) 50 97 333 109 172 178 201 256 240 . 172
1960 161 148 i’l [58 1’”3 — 236 199 195 .261 ‘)f[ ‘7’ ‘65
1961 175 140 110 129 160 252 340 25:3 :sis 407 401 206
1962 250 194 196 2 110 49 96 55 67 162 106 154
1963 124 101 67 129 44 97 27 15 36 109 t67 no
1964 87 70 50 513 95 209 223 171 146 240 259 102
1965 112 108 92 21 :ss 46 42 :32 21 310 153 122
1966 20 32 11 :56 :37 117 66 52 90 0 110 :1.12
1967 89 37 31 53 25 :ss 12 12 9 26 34 101
1960 75 56 50 32 108 35 :32 132 0 214 100 179
1969 75 42 94 2 6 15 13 0 4 17 49 35

READY.

040773

19244
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:i 1~t.,f=~it’~,f1ciw

III I B .t S ‘[HE’ [IOTA F IL.E (IF CHI...ORI l:iEI3 ( PPM Al (3RAYBON

OCT MCIV IbM FEB MAY IJUN Jill.. 01,113 SEE’

1930 0 0 0 0 0 0 0 0 0 o 0
19:31 0 0 0 0 0 0 0 0 0 0 0 0
1932 0 0 0 0 0 0 0 0 0 0 0 0
1933 0 0 0 0 0 0 0 0 0 0 0
1934 0 0 0 0 0 0 195 199 213 240 202
1935 0 0 0 0 0 0 0 0 0 0 P39 0
1936 0 0 0 0 0 0 0 0 0 109 0
1937 0 0 0 0 0 0 0 0 0 0 100
193(3 112 0 0 0 22 0 (2 Li 9 54 99
1939 89 54 57 50 100 50 31 �30 135 124 111
1940 97 104 110 1 22 24 13 3 9 80 131 87
1941 113 107 117 20 23 20 9 6 40 153 100
1942 90 137 52 19 28 19 16 Il 7 130 112
1943 93 130 66 69 19 14 10 16 16 110 91 94
1944 0 0 0’ 52 34 49 66 56 73 130 04 69
1945 78 100 1 62 17 18 29 13 9 0 0 0
1946 0 0 0 0 0 0 0 0 0 0 0
1947 66 168 0 56 0 206 0 1413 127 1135 0 0
19413 0 207 0 175 0 0 246 0 0 0 0 0
1949 0 0 0 0 0 0 0 0 0 0 0
1950 0 0 0 0 0 0 0 0 0 0 0 0
1951 0 0 0 0 0 0 123 35 140 146 104 95

16’? 205 9/ 16 ‘2 55 13 6 H Itó 1u 76
1953 153 160 130 36 161 232 100 103 134 190 159 91
1954 106 192 212 250 - 119 174 41 21 96 160 155 170
1955 210 224 2.09 116 174 218 177 114 176 191 159 104
1956 234 222 191 17 25 70 120 28 12 1:32 154 1.22
1957 118 192 190 191 170 102 179 131 36 159 146 120
1998 16’ 192 66 6’~ 100 0 If) 1 111 (65 100
1959 112 216 240 160 250 277 210 220 220 235 0 0
1960 1131 225 2130 250 205 306 240 213 240 210 191 2313
1961 270 239 225 235 0 :318 288 100 175 200 256 257
1962 295 290 205 233 292 53 220 232 39 150 161 .1.58
1963 208 0 2132 309 42 210 0 70 :37 114 160 140
1964 115 2:31 225 1136 238 :543 240 155 162 216 0 (54
1965 115 204 208 57 127 21 118 0 65 126 156 116
1966 122 245 30 96 2213 305 0 0 0 0 0 0
1967 0 0 0 0 0 0 0 0 0 0 0
19613 0 0 0 0 0 0 0 0 0 0 0
1969 0 0 0 0 0 0 C) 0 0 0 0

C A r,V

040774

19244
bdcp 1564



C
C
C

C
C
O
C
C
C
~
C
O
~
C
~
’
C
C
C
C

C
C
C

C
~
flC

C
O

%
C

C
C

C
IC

iL
flC

C
O

~-c
o
~
-
~
c
c

—
cNcN

—

C
c
c
c
c
c
C

O
C

C
C

C
o
~
C

C
N

-C
C

C
C

O
C

C
C

C
~
—

N
-r~

C
C

C
C

C
C

C
C

C
O

C
=

oc’r-
C

cnm
c~

o~
n.’cc~

-C
—

N
J

~
C

.
~

—
~

NJ.—
NJ

Z
C
C
C
0
0
0
0
0
C
C

C
C
C
O
C
C
O
C
O
N
-
O
~
O
~
C
N
J
C
C

t
f
l
~
C
C
C
C
C
C
C
C

N
-

n
C

c
~
O

~
c
’j’~

-—
~~

t
n

-
~

—

>
-

C
C

C
D

C
tC

C
C

O
~
C

C
C

C
C

N
-C

C
C

rflC
tN

~
C

C
~
~
tN

-C
C

C
C

C
C

C
N

JC
C

C
—

r-rn
—

--L
n
—

—
trc

-C
NJ

—
(N

LL1
C
C
C
C
C
C

~
O

’~
\

‘C
—

N-
~
f
l
—

C
C
N
~
~
r
’
C

—
t
C
’
N
J

o
~
-

C
NJ

CN
(N

C
\n

~
C

’.
(N

C-C
~

0
0
0
C
C
C
C
L

~
~
t
~
’
C
C
C
C
C
—
t
C
C
C
Q
.
C
C
C
C
~
f
l
C
C
C
N
-
C
C
—
L
r
C
C
C
C

C
-C

“
_

-.
.

r)
~

O
’
~

(N
—
—
N
J

ç
,j

—

C

=
C

C
C

C
C

C
C

C
C

C
L
C

’C
N

~O
C

C
C

C
C

—
flC

C
flC

~C
C

O
—

niN
-C

C
C

w
—

—
N

N
J
L
f
l
(
N
r
~
N

L
C

’~
C

-
C

LLZ
C
C
C

C
C
C
c
C
C
C
t
C
’
~
C
C
C
C
O

~
O

~
C
C
~
C
N
N
O
’

L
f
l
N
J
C
C
O
~
O
~
~
C
C
C

C
‘C

C
—

~
’r’.L

(f~

C

o
C
C
C
C
C
C
C
C
C
C
N
J
~
O
~
O
~
C
C
C
C
C
C
C
C

~
LU

N
-N

~
C

’~
N

n
(N

~
~
C

Q
C

’~
C
O
’
C
’
.

C

C
C

C
C

Q
c
o
C

C
C

e
~
flL

flC
C

C
C

tN
-C

C
C

~
C

N
-N

’tC
C

C
r~

.c
N

C
C

C
N

t
L
rN

—
~

-
N
-
t
P
r
n
~

‘
C

I—CC
h

~
N

C
C

C
O

~
O

’C
C

C
C

0
N

-N
-C

C
0
’

U
C

C
~
—

N
JC

—
N
J
—

N
1
(N

—

U)
Lz.i
-a

U)
~

—
n
r
n
n
~
t~

L
fl~

flL
fl~

fl.fltflC
C

C
C

C
C

C
C

C
C

—

=

040775

19244
bdcp 1564



ii. !;t~ft. i..~ r :i ~

1815 IS ~HE JIATA FILE OF CHL_ORIrIES

NOt)

(~pj4) FROM THE 11101... IIMME.

,.iLIL,t’E

0
0
0
C)
C)
C)
C)

(ICE

0
0
0
0
0
C)
0
C)
C)

31
7

25
25
25
49
51

0

0
0
C)
0
0
C)
0
0

:s ~)
16
9

1:5
52
37
32
0

0
0

28
14

12
11
:34
26

C)

1930
1931
1. 932
1933
19~34
19:35
1936
1937
19:38
19:39
1940
1941
1942
1943
1944
1945
1946
1947
1940
1949
1.950
1951
1952
1953
1954
1955
1.956
1957
19513
1959
1960
1.961
1 962
1963
1964
1965
1966
1967
19613
1969

0 0 0 0 0
0 0 0 0 0

0
0 0

JAN FEEt MAR APR MAY JUN AUG SEP

0 0 0 0 0 0 C) C) 0

0 0 0 0 0 0 C) C) 0
0 0 0 0 C) 0 C) C) 0
0 C) 0 0 0 C) 0 0 0
C) C) 0 0 0 0 C) 0 0

. 0 0 0 0 0 0 0 0 0
0 0 C) C) C) C) 0 C) C)
0 0 0 0 0 0 C) 0 0

18 0 7 13 II ~3 ii :35 41
37 :57 41 46 23 12 9 13 12
11 4 5 15 2 C

‘ 27 36 13
20 5 7 7 6 2 17 40 17
10 16 9 9 7 9 27 49 30
33 10 12 17 41 24 22 42 27
52 60 133 2C) 31 110 6C) 6C) tiC)
38
0

35 14
0

.

21
0
0

77
0
C)

6

0

0
C)
C)

0
C)
0

‘ 0
0
0

0
0
0

0
90
72
20

- 20
‘25

67
112
210

9
66

185
27
:58

‘

,

0
C)
0
C)
0

13
195

30
166

9
171
2Z3

C)
45

0
C)
9

0
813

7
186

11
170

13
169
236
207
136
24

172
0

198

0
C)

15

54
61

151
79
74
10

210
235
255
135
34

0
76

185

—.

0 C)
0 C)

62 48

13 :so24 11’l
130 62
150 146
56 95

170 103
42176

206 0
230 2.10
298 203
130 104

0 - 160
222 C)
76 134

216 C)

0
0
0

79
27

122
0

(51
73

15360

222
210
179
164
101
202
30

209

C)
C)
0
0

29
0
0

69
155
74
54
05

2313
232
189

0
69

152
:38

C)
C)
0
0

:s 0
10
0

45
121.
63
:30
23
136
94

196
0

:31.
66
36

C)
0 0 0
0 0 0
0 0 -

0
0

17 7
13 10 20
74 34 34
37 63 62
74 7 20
46
44

70
63

108
tO

66 75 54
62 73 107
70 65 0

162 170 190

C)

:s 9
21
40
20

61
:30
21
35

11 24
70 192
12 21
17 143

0 C) 0 0 0 C) 0 C) 0 C) 0 0
0 C) 0 C) 0 0 C) 0 C) 0 C) C)

I. CA I, V

176 0 C) 0 0 0 0 C) 0 0 C) 0
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:i 1st,, f”—n~wiriap—,

THIS IS [HE E’ATA FILE (iF CHLOFtII’ES C PPM) AT NEWMAN

OCT NOV .jAN FE[~ MAR APR MAY JUN JUl.,. AUG

1930 0 C) 0 C) 0 ‘0 0 C) C) C) C) 0
1931 0 0 C) 0 0 C) C) C) C) C) 0 C)
1932 C) C) C) 0 C) 0 C) 0 C) C) C) C)
193:5 0 C) C) 0 ~0 0 0 0 C) C) C) C)
1934 0 0 0 0 0 0 0 0 0 0 0 0
19~35 0 0 - C) 0 0 C) C) C) C) 0 C) C)
1936 C) C) 0 0 C) 0 C) C) C) 119 92
1937 73 0 45 0 C) 0 0 0 0 73 168 95
19313 77 0 0 2:3 33 14 0 9 0 4 06 70
1939 59 43 44 50 44 110 56 76 130 160 120 70
1910 160 1/0 39 ~4 40 ‘ ‘ 6 8 ‘.Y’ 150 (38
1941 12C) 14C) 0 34 29 28 2C) IC) 6 39 140 77
1942 82 66 3.! 26 11 10 22 8 4 27 12C) 80
1943 77 29 25 63 29 28 14 :19 11 100 77 57
1944 8(3 46 92 51 66 74 (36 613 130 22C) tIC) 56
1945 53 78 74 . :36 , 12 14 39 8 0 0 0
1’/46 0 0 0 :34 10 84 13 ‘ 200 71 /0
1947 120 200 47 40 84 190 1/C) 13C) 110 13C) 1IC) 110
1948 140 17C) 2C)C) C) 280 C) 195 12 11C)C) 47 IC)
1949 110 0 C) C) 0 33 0 C) 84 C) 70 81
1950 120 15C) 1:34 10C) 150 84 130 1(30 03 139 190 61
1951 :300 17 .-- 13 , 0 25 - - 100 24C) 54 15C) 200 14C) 130
19’,’ 3’O ‘60 *50 ~4 24 — 14 1C) 1C) l’,0 - t4C) HI
19s3 130 1W) 04 0 0 C) 0 0 0 C) C) C)
1954 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 0 0 0 0 0 187
1956 2:3/ 201 257 25 30 104 [32 5E~ 15 143 IOC) 90
1957 90 190 217 C) 0 C) , C) C) , C) C) C) 0
19518 0 0 0 0 0 44 9 3 137 121 170
1959 135 222 2:32 161 349 197 213 205 163 2:55 209 304
1960 277 3180 445 490 165 200 214 0 223 219 222 29C)
1961 262 325 42C) 238 390 449 4:56 234 235 302 31(3 212
1962 ~l30 36ti 250 198 253 165 Si

1 [94 ‘P 1’l l’.,O (6’
1963 143 226 . 274 240 120 :422 1:33 202 62 C) 0 C)
1964 C) C) C) C) C) 0 0 C) C) C) 0 C)
1965 C) 0 C) C) 0. 0 0 0 C) C) C)
1966 0 0 0 0 0 0 0 0 0 0 0
1967 C) 0 C) C) 0 0 C) C) 0 C) C)
1968 C) 0 C) 0 0 C) C) 0 C) 0 C)
1969 C) C) 0 0 C) 0 C) C) 0 C) C)
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APPENDIX 2

CHLORIDE LOAD—FLOW REGRESSION

CURVES
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4 ....._..J. ... . ... • . . ...— A~b•~..id.. . . .. . . . ..~‘. %. •. ‘I.. .4.m.%.sj1,.i...w.. • ~ ,#_... ~ — —. _.. .,.~ ~ —.—.. ~ . .... ... .

SALT LOAf’ VS. FLOW AT YERNALTI) IRE CVP OCTIJUER
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SALT LOAD VS. FLOW AT VERHALIS POUT CVI OCTOBER
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SALT LOAD VS. FLOW AT VERNALIS IRE CVI JANUARY
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SALT LOAD VS. FLOW AT VERFIALIS POST CVI’
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SALT LOAD VS. FLOW AT VERNALIS IRE CVI APRIL
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SALT LOAD VS. FLOW AT VERNALIS POST CVI’ APRIL
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• .~ . ••• . . •- • . . . -i. ~•. • • : - ..:: - .:. • .;

db’ lo.~ • .. ~ • ••‘ • .4... .•,•.. a,.. - I • • .. • • I.. •yfl. .4.,. w...~. ~.r.. .... .... .

)

SALT LOAD VS. FLOW AT VERNALIS IRE CVI
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SALT LOAD VS. FLOW AT VERNALIS POST CVI’ JULY
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—Th

FLOW VS. SALT LOAD TANISLAUS RIVER IRE CVI OCTOBER
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FLOW VS. SALT LUAU ON STANISLAIJS RIVER POSE C UCTOI:’ER
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FLOW VS. SALT LOAD ON STANISLAUS RIVER PRE CVI’ JANUARY
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FLOW VS. SALT LOAD ON STANISLAUS RIVER F-~ JANUARY
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FLOW VS. SALT LOAD 0)4 STANISLAUS RIVER F’RE CVI’ APRIL

____ •~•_~45...Q00

30.000 60.000 90.000 120,000 150.000
F..,;+..,.+,...+.~,+,,,,+....+....+ F,...+...+,,.,+....+,..,+....+....+....+.

490.000 + * - + 490,000

440.000 +

I
U 3~O.oOO+
E

+ 440.000

+ 340.000

290.000

+ 240,000

190.000

F F F..~+ F + F F F F F F....+ F,..+....+....-F.
45.000 75.000 105.000 135,000 165,000

30.000 60.000 90.000 120,000 150.000

*

C

S
A
L
-r

JI

I
390,000+ -

--~ - - - - --—~

290.000 ~+

+ 390,000

/
( “ - -- - 140.Ooo +

240.000 +

1 .
190.000 +

+

90.000 + + 90.000

*

4o,ooO 4 4o.ooo

Ho.ooo

STANISLALJS RIVER FLOW (RAE)

040792

19244
bdcp 1564



-— ~ A :P:~: Si-’- ._• R -- - - - :.-A., : - - - - - --

I’

FLOW VS. SALT LOAD ON STANISLAUS RIVER POST CVI’ APRIL
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FLOW VS. SALT LOAD ON STANISLAUB RIVE -E CVP JULY
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- FLOW VS. SALT LOAD ON STANISLAUS RIVER POST CVI’ JULY
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FLOW VS. SALT LOAD AT ORAYS0N POST CVP
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FLOW VS. SALT LOAD AT ORAYSON PRE CVI’ JULY
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FLOW US. BALI LOAD AT ORAYSON POST CVI’ JULY
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FLOW VS. SALT LOAD AT NEWMAN PRE CUP OCTOBER
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FLOW VS. SALT LOAD AT NEWMAN POST CV, I
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FLOW VS. SALT LOAD AT NEWMAN PRE CVP JANUARY

90.000 150.000 210.000 270.000 330.000

15900.000 +

60,000 120.000 180.000 240.000 300.000
F,...+.,.,+...,+,...+....+.,,.+....+....+ ....-F F +,...+.,..+,,,,+,.,.+ ....+....-F....

-F 15900.000

14400.000 +

Ft
L

-- (3

12900,000 +

K 11400.000 *
I

( LI
E

S 9900.000 +
A
I

C I

L 8400,000 +
U
A
H

6900,000 -F
/

1
U
N
13 5400.000
/

(

3900,000 +

2400.000 +

*
+ 14400,000

+ 12900.000

+.11400,000

9900 • 000

+ 13400,000

+ 6900.000

-; 5400.000

- + 3900,000

* 2400.000

F....-F....-F....+...,-F,...1-,,,.-F,,..-F F.,,,+
90.000 150,000 210,000 270.000 330.000

60.000 120.000 11(0.000 240,000 300 • 000

F’

*

*

*

+

+

*

*

*

FLOW AT NEWMAN <KAF)

040822

19244
bdcp 1564



FLOW VS. SALT LOAD Al NEWMAN POST CVI’ JANUARY
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FLOW VS. SALT LOAD AT NEWMAN POST CUP APRIL
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FLOW VS. SALT LOAD AT NEWMAN rUE CUP JULY
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FLOW VII. SALT LOAD AT NEWMAN POST CUP JULY
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APPENDIX 3

SALT (CHLORIDE) BALAl~TCES BY

REPRESENTATIVE MONTHS
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rUT. OTHERS : —4080+ : ——86. ,---6350, : --—105,

W-IN, -F 0TH. : 1130+ : 24+ : 1-4130, : 25.

i-I(JAL.IT V hI-ti (CL) / (it’s)

PET PPM 41.1 / 2013.
FCYST PPi-i (01 , / 4231
I’ F i-; EtArtAr I ON = -60 , ,‘ 21 5 +

* worE: -

I>C1 Ct3LIjH~l i: S FI-~RC~E1_1F(3I VEitNAL 15

040831

19244
bdcp 1564



80/05,12. 14.12,25. JULY 101.4 KAF UNIMPAIRED AT VERNALIS

DRY YEAR -

PLU~ (KAF) - CHLORIDES
I STATION

PRE POST I PRE I POST
* (TONS) 1 (PCT) I (TONS) I (PCT)

I I I I
- - . I 10. 1 NEWØ 1 7610. 1 117. 1 2670. 1 59. 1

I * * I

4. 1 2. ~ r 1 —2540. 1 1 490, 1 1
* I

23. 1 12. •YSON 1 5070. I 78. I 3160. 1 70, 1

18. 1 12. IUOLIJMNE 1 3690. I 57. 1 3810. 1 84. 1
• , ,• , ,

—5, 1 —r 1 OTHER 1 —2800. 1 —1020. 1 I
*

36. I • MAZE ROAD 1 5950. 91. 1 5940. 1 131. I

12. 1 6. 1 STANISLAUS 1 190. 1 3. 1 80. 1 2.t , , •—1, 1 —6. 1 OTHER 1 390. 1 .1 —1480. 1
* - I I I

46, 1 18. I VERNALIS 1 6530. 1 100. 1 4540. 1 100. 1

I TOT. OTHERS 1 —4950. * —75. 1 —2010. —44. 1

I NMN. + 0TH. 1 2660. 1 41. 1 660. 1 15.

QUALITY PPM (CL) / (TOS)

PRE PPM = 104. / 432.
POST PPM = 185. / 681.
DEGRADATION = 81. / 249.

* HOTEl
pr-r ri-ti 11MW is prprr-~~fir UVRNAI is.

040832

19244
bdcp 1564
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80/05/12, 14.03.58. APRIL 794,9 NAP UNIMPAIRED AT VERNALIS

BELOW NORMAL YEAR

FLOW (KAF) CHLORIDES
STATION 2

PRE POST S PRE : POST S
I S (TONS) (PCT) S (TONS) 2 (PCI) S

:51:1: 2 *552222115 SSt : :::::::: - : ::::w: ttIZtttt -: :221:1:1: t t t ::::::;::: : :1:::: :121112
2 2 2 2 1

~32. f 52. NEWMAN 2 5760. 1 104. 2 10230+ 2 921 2
• + , , 4 + 4
4 4 ‘ • , + +

6. 5 11. 2 OTHER 2 250; 2 2 —520. 2 2
• + , , , + +
, , 4 + + + +

38. 1 63. 2 I3RAYSON 2 6000, 2 109. 2 9710. 1 88. 1
-- - : : : :- :

33, 5 61+ - TIJOLUVINE 1 3460. 1 63. 5 4770. 1 43. 1
, • $ - 4 4
• + + + +

—11. S —8. 2 OTHER - 2 —20, 1 1 1000+ 1
+ , + 4 4 t +

+ + + + I I
60. 2 115. I MAZE ROAD 2 9440. 1 171+ 2 15490, 1 140. 1
!_ 2 2 1 2 1 2
50. 1 44. 2 STANISLALIS 1 230, S 4. 1 270, 1 2. 2

* - 1 1 5 2 2 5
3. 1 —8. 1 OTHER 5 —4130+ 2 —4670+ 2

S : :
113+ 150+ 5 VERNALIS 1 5520. 1 100+ 2 11080+ 1 100. 2

* TOT. OTHERS 5 —3900. 5 —70. 1 —4190. 5 —37. 2

* NMN+ + 0TH. 1 1860, 2 34+ 5 6040, 1 55. 1

DUALITY PPM (CL) / (IL’S)

PRE PPM 36. / 187+
POST PPM 54. / 279,
DEGRADATION 18+ / 91,

~ NOTE:
PCT COLUMN IS PERCENT OF VERNALIS.

040835

19244
bdcp 1564



130/05/12. :1. 4. :i. S * :[ :s * IK(~F I,t~!~~r:.(~:rtEjini ‘)i~EF:i~AL:[S

DEE1.Ot’J NORMAl.. YEAR

: Sm r~wi

+
- +

+ - I
+ t

I

(1INS) (P-CT)
* ee* I.
1*14*11 1tI+Il~I III

? * I-43,O~ I ‘-I/I I

I I
I I

1 (‘hA -‘ * 4
+ + *

+ 41 I A?•31f ri:: I
* •0* • v:1jj1 + .hj, I

---2090. : : -—400.

7420+ 931 : 9210. : 120+

I ‘)IC I —I + tA/~ * ) I
* _‘-a_U, . ‘+ i-,t~ • .:.* +

= ‘?-‘ *

31 *

396.
49.! I

9.::

br, OTI-IEIts : --35901 : ----‘MI : ----1060.
* �*llAkl 1. III’I.I + A-I(’h(’h + l::-j + ‘%-j r Ax +
+ IIIIPNI I ~jIIII + iJ’h/~~I I ji-. 1)4 I -r~~+

* i’IOFFE
Err (-~r-H
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I I’I--- *
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lIE T
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I 4
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+
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+ +
I *

1
I

I ~1~720+
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I I I
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80/05/:1.21 1:3~45~43. • 4 l.AJ’ I.Jt4:[HlAIRF:D A’!’ VEIWALIS

ADLIVE NORMAL YEAR

I rusT

I

:1.9. 1
I
I

13, 1

““1 I

‘I” I
.I...)* 4

+

A 4
II 4

4
4

12, ‘ 1 NEUMAN

‘I ‘I I CVI’I El’’
.11 4 I LI I r1Ll’~

4

*
+

I1 (IONS)
4I44I411

+

• “960• ‘. * 4

I +
I , +

I ‘‘310 I
4 .L. ,. 4 4

I
*

4270 II I

3820.

‘I AC)t\ I

LIt.’” 4 +

9570. 1

1 F o ~:;‘I’
(i::.t’:~’I’) 1 (TONS) 1 ([:.(“‘J’) 1

441+44 ++I*4l4I411+ +I,II+#Ia
+ * 1 I I I 4 I I a t * I I I 1’ + 4 I I 4 I I 4 1 I 4I 4

+ I

3,1, + : 3190 1 34. I• I

+ I

1 2650, 1
I I
4 4

,4ir I I::’’:,A ‘‘ I
‘‘ii+ I .,jt,’tC’ +

I
I

A1~ +
nFl I

‘I /%‘l a
1. ‘/ ,L + t

:~1. / 331,
105~ / 435.

34. ,/ 104.

1 ‘toE+ DEHEItS I 2.460, 1 26. 1 1360. 1 15. 1
+ IMKI a “art’ a I;:’A.’)I’i 4 I::’” • A I:;’r,:’ ‘‘~ 4 ~a4’) I
+ l’IIII1I ‘I’ ~.Ipr’la I .,J’I.,.~/I I .j,’a + ‘i..J,.JL’a I ‘lit I

FLOW ( KAF’
1 STAr I ON 1

4III4II+II*I*I4 41+4+4*1+ •I*1a444+Ia4 I++44II4+4II+4+
4IaI+IIII,+I*I4II*++II4+II+I14’I I+II++IIIIII++IIIII+

4

4

+

4
4

4
I

I
‘

231 I cJFtAYSON 6.3. 1

‘

4
I

4
4

I
4

524 1 32. 1 TiJOL,UtINE ‘49 a 1
I
I

I
I

a
I

A
t•

4
,

‘‘I
,._+

I I’l’t’I Ill:’.
u,riL:.fl

I
I

4
I

4
4

4
4

89. 1 57. 1 MAZE ItOAli 141 • 1

it4 1 S’rANISI,,,AIJS 210. I 21 1 160. 1 2. 1

‘3. : OTHER 1 —:330, : : “3990. 1

l/9~ 1 65. 1 VEFtNAL,IS 1 9440, 1 100. 1 9280+ 1 100. 1

4580. 1

2700.

:1,31,20

I

+
4

+

4

ouAi.,. :i: ‘iv FIM

IFtF II~1
I::.ii:;’I’ l’Ftl

I

+
4

I

(CL.) / (UPS)

* ~uir:
f:.(’’j’ (:;c)[.t.JMN F~3 L~tFtLE(’J’F’ c)r’ tJII:rl~~I:I:~3
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bdcp 1564



“eo7o~,12; 13+56+03+ JANUARY 352,5 KAF UNIMPAIRED AT VERNALIS

ABOVE NORMAL YEAR

(ItAF) S CHLORIDES S

STATION 5 5
PRE S ‘POST S S PRE POST

* S S (TONS) S (PCT) S (TONS) S CPCT) S
t+•+•+t+++++t+t++•++++t+t++•++tt+ttt+•t+tI+•tt+•+t++ttt+4t•t•ttt+ttt++t+++t++t+ttt•+++

• +
• , +

130. 5 80. 5 NEWMAN S 7130. 1 54+ 2 10160. 1 70. 1
+ + + I +
+ + + • . + +

11. 5 14, 1 OTHER 1560. * 5 350. :
• ,
+ +

141, 5 94. 5 GRAYSON 1 8700+ 5 66+ 5 10510+ I 73,
$ I + +
• . + +

81. 111. 1 TUOLUMNE 3750, 1 29. 1 5080+ 1 35.
4 +

•
6. —4+ 1 OTHER 1 —630. 5 5 400. 1 5

* S 1 1 1
229. 1 201. 1 MAZE ROAD I 11810. 5 90. 2 16000. 1 111. 1

‘ * * *
51+ 56+ 1 STANISLAUS 1 180, 5 1. 1 270. 2.

0+ 1 6. OTHER S 114O. 2 5 —1820+ 5
• I * s

279. 1 263, 5 VERNALIS 1 13130, 5 100, 2 14450. 5 100+ 5

S TOT. OTHERS 1 2070. 1 16. 5 —1070, 5 —7.

* NMN. + 0TH. * 9200, 5 70. 1 9090. * 63. 1

QUALITY PPM (CL) / (TDS)

PRE PPM = 35. / 183,
POST PPM = 40. / 236.
DEGRADATION = 5. / 53.

* NOTES
nfl- sfla I Ikt).l Yr nrr.r’r,,r sIr a IrrIllAl rr.

040838

19244
bdcp 1564



80/05/12. 14.06.23. APRIL 1055.7 KAF UNIMPAIRED AT VERNALIS

ABOVE NORMAL YEAR

“~~ftow (KAF) * I CHLORIDES
I STATION *

PRE 5 POST * * PRE I POST
I * I (TONS) I (PCT) 5 (TONS) I (PCT) *
• 4 +
• +

366. 1 84+ 1 NEWMAN 1 11730. 5 70+ 1 11570. * 79+ *
I 4 + + + 4

• • + • + + + +

46, 5 17. 1 OTHER 1 —2170. * 1 —450. * S
* I I S S 1

413. * 102. 5 43RAYSON I 9550. 1 57. I 11110.’ 5 76. 5
+ $ + + 4 +
• • + • + •

199. * 98, 1 TIJOLUMNE 1 3880+ 1 23+ 5 4950. 2 34. 1
1 5 . 1 1 I 1. *

—2+ I —3. S OTHER 1 1730+ 1 1 2610. S
+ + 4 + + +

+ •• ‘ + + + + ,
609. * 196. 1 MAZE ROAD 1 15160+ 1 91. 5 18680. 127+ 1

* ‘1 * I
190+ 1 74. * STANISLAUS 5 400+ * 2+ 1 370. S 3. 1

* I * I * I
5+ * —6. 1 OTHER * 1100. * * —4370. S I

* I * * * I I
805, S 264+ 1 VERNALIS * 16660. 1 100+ 1 14670, 1 100. 1

I TOT. OTHERS 5 660. I 4+ * —2210+ 1 —15. 1

I NMN. t 0TH, 1 12390; 5 74+ S 9360+ 1 64+ 1

DUALITY PPM (CL> / (TDS)

PRE PPM = 15. / 101+
POST PPM = 41. / 239.
DEGRADATION = 26+ / 138.

* NOTES
PCI COLUMN IS PERCENT OF VERNALIS.

040839

19244
bdcp 1564



14.17.48. JULY 425,1 NAF UNIMPAIRED AT VERNALIS

ABOVE NORMAL YEAR

FLOW (NAP) * S CHLORIDES
* STATION S *

PRE 2 POST * PRE POST
* * .TONS) * (PCI) * (TONS) 1 (PCI) I

,..,,,.,.,,,4,.,,.,,,,,,,,tIttt$,,.ttttttltttl tt+t$$ttt$tt4$ItIt+~$
• •I•~•••• + • +~~I++~I+~I• ~‘~•ttt•~ +•+t•tt•f • t’• I • ‘It~~++~~ I ItII+It~ I I I + t*+~~~t~III
1 - * t I I

108, 1 25. * NEWMA’ 1 8000+ * 44. 1 5540. 2 56. 1
+ 4 t I I I
• , . I I I

33. 5 9. -: OTV 1 1830. 5 * 1510. 5
• , 4 ‘ + $ I

• I I I • I

141. * 34. * dON 5 9830. * 55. 5 7040. 1 71, 2
+ a , 4 I
I , I I

55, - 1 - 31. OLIJMNE * 3860, * 21. 1 4490, * 45. 2
+ + + . I I

• I ‘ . ,
3, * -~ * OTHER * 4010. S 1 —170. & -S

* * 2 1 * * *
200. 1 62. 1 MAZE ROAD * 17710. * 98. 5 11360. * 115. 1

+ I + + ,
I I I I28. 1 17. * STANISLAUS 1 330. 1 2. 2 170. 1 2. 1

2 1 5 * 2 * 1

7. 2 —7. 2 OTHER 5 —10. 1 1 —1620, 1
I . , . , I
I I I • I I I235. 2 72. 1 VERNALIS 2 18020, 2 100. 2 9910. * 100. *

* TOT. OTHERS 2 5830. * 32. 1 —280. 1 —2.

P NMN. + 0TH. * 13830. * 77. * 5260. 1 53. 2

DUALITY PPM (CL) / (TDS)

NE PPM 56. / 270.
POST PPM = 101. / 423.
DEGRADATION = 45. / 153.

* NUTE
PCI COLUMN IS PERCENT OF VERNALJS,

040840

19244
bdcp 1564



80/05/12. 13.48+12+ OCTOBER 29.0 KAF UNIMPAIRED AT VERNALIS

WET YEAR

FLOW (KAF) * * CHLORIDES *
* STATION I

PRE I POST * * PRE 5 POST
* * I (TONS) * (PCT) * (TONS) I (PCT) 1

+.,+.+,++•+.++++++++,+++•+++,+++,•+.,.+++++++,+•++•+++++,,+•+.,•+,•++++.+•++,++ ••+,+++
• ++ + + + • + + + • • • • + • • • + , + • + I + • + •+ + + + + • • + + . + , + + • • , + • •+ •. , +, • + + •+ + • + + + • + • + + • + + + • • + • + + I- + • + + + +

I S * * I
22+ I 15. 1 NEWMAN 5 3020+ * 30+ 1 3620. 1 32+ 1

+ + + +

• + • • +

15+ 1 13. 5 OTHER * 1800+ * 1 2740. 1
+ + • +
+ • + + +

38. * 28. * GRAYSON I 4820+ * 48. 1 6360, 1 56. 1
• + + + 4 +

—— ..:,,~..... t • + • + •
54. 1 40, I TUOLUMNE * 3830. * 38. * 4800. 1 42. 1

* * * I I 5 1
5+ * 5+ * OTHER * 1280+ I 1 2630, I I

+ + 4 + + + +
+ + + + • + +

97. 1 73. * MAZE ROAD I 9930. 1 99+ * 13790+ * 121+ 5
I , I * * * 1 1

14+ I 14+ 5 STANISLALIS * 240. 1 2+ I 180+ I 2+ *
* 1 1 I 1 1 1

—3• I 0+ * OTHER I —110+ I • 1 —2570. 5
I * * * $ I

107. 1 87+ * VERNALIS * 10060. I 100+ * 11400. * 100. *

1 101+ OTHERS 1 2970, * 30. * 2800+ 1 25+ *

* NMN+ + OTH+ * 5990+ * 60+ 1 6420. 1 56. I

QUALITY PPM , (CL) / (TDS)

PRE PPM = 69. / 324+
POST PPM = 96. / 408.
DEGRADATION = 27. / 84+

* NOTES

040841

19244
bdcp 1564
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APPENDIX 4

SUMMARY OF NETWORIC ANALYSES OF THE

LOWER SACRAMENTO—SAN JOAQUIN DELTA
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a

Ft. F. Blanks February 16, 19~

I). J. Eebert and W• B. McBirney

Si~ary of network analyses of lower Sacramento-San Joaquin Delta

-~ 1. The results of all network analyses of the lower Sacramento-
San Joaquin Delta have been smarized on the six diagrams attached.
Rate and direction of flow are shc,in on one side of a channel, and a
resistance value- based on channel characteristics- is given on the
other side. Resistances were ci~wputedfrom rsL x Three channels

NL, LX, and KQ, are very large and have been assumed at constant level
regardless of discharge. Computations made to test this premise
show that a large increase in discharge can be acconnodated by a
negligible increase in slope. The wavy connection shown from S to Q
represents channels NS, 1$, and KS, and the resistance value used is
the hydraulic equivalent of the three channels - having S as a common
point and terminating at N, L, K, or Q.

2. The first few schemes tried made use of resistance values
which were derived from channel cross—sections as shown on available
maps. It became evident they gave a division of flow which was
contrary to that actually prevailing, and therefore at points such
as 7 and 8, the resistances of connecting channels. were arbitrarily
adjusted until the division was more nearly correct. Thus1 in
channel (7—8) the resistance was changed-to 26.2 and to 0.832
from 239.0 and in channel 8~Y,the resistance was Increased to
10.0 from ~.65. Resistance in channel 6—7 was decreased to 2.0 from
7d~l. -

3. The results 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 Li,600 cubit feet per
second. For mean tide height in the lower Delta this drop has been
estimated to be 0.2~ foot. Were the levels to be at mean low tide
height an increase to approximately 0.3h foot may be expected. Making
allowance for indeterminate factors, it is thought the maximum head
loss, or-draw—down, to Thacy Pumping Plant will be about 0. foot.
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