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CONVERSION FACTORS, VERTICAL DATUM, DEFINITION, AND SELECTED
WATER-UNIT RELATIONS

Conversion Factors

Multiply By To obtain
acre 0.4047 hectare
acre-foot (acre-ft) 1,234 cubic meter
acre-foot per year (acre-ft/yr) 1,234 cubic meter per year
mile (mi) 1.609 kilometer
square mile (mi?) 259.0 hectare
2.590 square kilometer

Vertical Datum

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic datum derived

from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of
1929.

Definition

An acre-foot is the quantity of water required to cover 1 acre to a depth of 1 foot.

Selected Water-Unit Relations

1 gallon = 8.3453 pounds

1 million gallons = 3.07 acre-feet

1 thousand acre-feet per year = 1.121 million gallons per day
1 cubic foot = 62.4 pounds

1 cubic foot = 7.48 gallons

1 acre-foot = 325,851 gallons

1 acre-foot = 43,560 cubic feet

1 kilowatt = 0.7457 horsepower

1 kilowatt hour = 0.000293 British Thermal Units
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Drainage-Return, Surface-Water Withdrawal, and
Land-Use Data for the Sacramento-San Joaquin
Delta, with Emphasis on Twitchell Island, California

By William E. Templin and Daniel E. Cherry

ABSTRACT

Partial data on drainage returns and surface-
water withdrawals are presented for areas of the
Sacramento-San Joaquin Delta, California, for
March 1994 through February 1996. These areas
cover most of the delta. Data are also presented for
all drainage returns and some surface-water with-
drawals for Twitchell Island, which is in the west-
ern part of the delta. Changes in land use between
1968 and 1991 are also presented for the delta.

Measurements of monthly drainage returns
and surface-water withdrawals were made using
flowmeters installed in siphons and drain pipes on
Twitchell Island. Estimates of monthly returns
throughout the delta were made using electric
power-consumption data with pump-efficiency-
test data. For Twitchell Island, monthly measured
drainage returns for the 1995 calendar year totaled
about 11,200 acre-feet, whereas drainage returns
estimated from power-consumption data totaled 5
percent less at about 10,600 acre-feet. Monthly
surface-water withdrawals onto Twitchell Island
through 12 of the 21 siphons totaled about 2,400
acre-feet for 1995. For most of the delta, the
monthly estimated drainage returns for 1995
totaled about 430,000 acre-feet. The area consist-
ing of Bouldin, Brannan, Staten, Tyler, and Venice
Islands had the largest estimated drainage returns
for calendar year 1995.

Between 1968 and 1991, native vegetation
in the delta decreased by 25 percent (about 40,000

acres), and grain and hay crops increased by 340
percent (about 71,000 acres). For Twitchell Island,
native vegetation decreased about 77 percent
(about 850 acres), while field crop acreage
increased by about 44 percent (about 780 acres).

INTRODUCTION

The Sacramento-San Joaquin Delta of California
is an area consisting of about 738,000 acres of islands
and channels (fig. 1) that receive runoff from about 40
percent of the State’s land area (California Department
of Water Resources, 1993). About 500,000 acres of the
delta is agricultural land, much of which is below sea
level and is dependent on levees for protection from
flooding. The delta is part of California’s water-
delivery system, which stores water in reservoirs north
and south of the delta and delivers irrigation water to
millions of acres of farm land south of the delta and
drinking water to two-thirds of the State’s population.
Many of California’s water issues involve delta water
use issues.

In 1993, a cooperative study of the Sacramento-
San Joaquin River Delta was started by the U.S. Geo-
logical Survey (USGS) and the California Department
of Water Resources (DWR), Division of Local Assis-
tance, Municipal Water Quality Investigations Section,
and Division of Planning, Delta Modeling Section. The
purpose of the study was to update drainage-return data
for delta islands, to quantify surface-water with-
drawls, and to compile digitized land-use data needed
to improve DWR’s model of consumptive use on the
delta islands.
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The methods used for the drainage study are sim-
ilar to the methods used during a study by the Califor-
nia Department of Water Resources (1956). Since
1956, the need for more current water-use information
has increased with increased concerns about water and
land use in the delta and the effects of these uses on the
quality and quantity of water available from the delta.
Knowledge of water consumption in the delta is needed
to estimate freshwater discharge to San Francisco Bay.
Agricultural drainage pumped off the islands into delta
channels contains natural organic chemicals that form
carcinogens (such as trihalomethanes) when the water
is chlorinated for municipal use. Island drainage also
introduces pesticide residues into the habitat of
threatened fish species.

The objectives of this study were to estimate
drainage returns using electrical power-consumption
data, to measure selected surface-water withdrawals, to
digitize land-use maps for 1968, and to compare the
1968 maps with the digital land-use maps available for
1991. The study involved estimating drainage returns
for 236 drains with electrically powered pumps, quan-
tifying surface-water withdrawals at 12 of the
1,800 surface-water withdrawal sites, and digitizing
the 1968 land-use maps. Twitchell Island was selected
for intensive monitoring of drainage returns and
surface-water withdrawals because it is owned by
DWR and because one of the withdrawal siphons on
the island was already being measured.

The purpose of this report is to present data on
delta drainage returns and surface-water withdrawals
collected between March 1994 and February 1996, a
tabulation of changes in delta land use between 1968
and 1991 for the areas of DWR’s consumptive-use
model, and methods used to obtain these data.

The authors gratefully acknowledge the assis-
tance of personnel from other agencies and companies
who have contributed to this study. In particular, we
would like to recognize Rick Carter, Linda Carter, and
Joe DaCruz, Reclamation District 1601; Todd Bruce
and Michael Menard, Pacific Gas and Electric Com-
pany; Kim Robinson, Electronic Engineering; Leonard
Kirkpatrick, Kirkpatrick & Associates; and Ted Mayer,
Sharman Incorporated.

DRAINAGE RETURNS

To prevent flooding of the delta islands, drainage
returns—which are a combination of precipitation,
seepage, unconsumed irrigation water, and surface-
water withdrawals for other uses—are pumped into
adjacent channels (fig. 2). To obtain a record of Twitch-

ell Island’s drainage returns, DWR collected weekly
drainage-return and electric power-consumption data
at its one drain site (fig. 1). Independently, USGS col-
lected monthly drainage-return and electric power-
consumption data at the Twitchell Island drain site and
obtained monthly power-consumption records from
Pacific Gas and Electric Company (PG&E). USGS
used this power-consumption data with pump-
efficiency-test data provided by PG&E, Twitchell
Island Reclamation District, and DWR to make addi-
tional drainage-return estimates.

Measurement Using Flowmeters

The drain on Twitchell Island was equipped with
a flowmeter during this study; it is the only drain site of
the 236 drains (fig. 3) in the PG&E data base known to
be equipped with a flowmeter. Thus, drainage returns
were measured at this drain site. McCrometer invasive
flowmeters with straightening vanes were used to mea-
sure flows discharged by the main pump and the auxil-
iary pump at the drain site. These flowmeters are
reported to have an absolute relative error of less than
2 percent (Schwankl and Hanson, 1993, p. 6). The data
were obtained by manually recording dial readings and
calculating cumulative flows. Electric power-
consumption readings were also manually recorded
during each visit.

DWR recorded weekly drainage returns for
Twitchell Island between August 1994 and January
1996 (table 1). USGS recorded monthly drainage
returns within 1 day of the first day of each month
(table 2). Drainage returns pumped from Twitchell
Island during 1995 totaled 11,232 acre-ft (table 2). The
largest monthly drainage returns during 1995 were
pumped during January and March (2,499 and 1,926
acre-ft, respectively), and the smallest monthly total
returns were pumped during September, October, and
November (323, 298, and 340 acre-ft, respectively)
(table 2).

Estimates Using Electric Power-
Consumption Data

Drainage returns can be estimated using electric
power-consumption data with pump-efficiency-test
data. PG&E maintains a pump-efficiency-test data base
that includes 58 of 236 drains in the delta for which
they have electric power-consumption records. Addi-
tional drains may operate in the delta, but a complete
inventory of the drains in the delta was beyond the
scope of this study. At the time of this study, the data

Drainage Returns 3



DRAINAGE RETURN

In-line flowmeter

Drain pump
i

ISLAND

Electric power meter

SURFACE-WATER WITHDRAWAL

Siphon

CHANNEL

(NOT TO SCALE)

In-line flowmeter

Headgate

—

EXPLANATION

DIRECTION OF FLOW

Figure 2. A schematic of a drainage-return site and a surface-water withdrawal siphon similar to those on Twitchell Island in

the Sacramento-San Joaquin Delta, California.

base contained data on 220 pump-efficiency tests done
at the 58 drains. USGS acquired the power records
from PG&E with an agreement that the records would
be released only after being aggregated into areas more
than 36 mi2. For Twitchell Island, USGS computed
monthly drainage-return estimates using power-
consumption data collected during site visits with
PG&E pump-efficiency data.

Methods

An empirical equation called the unit power-
consumption method (Diamond and Williamson, 1983,

p. 7) or the coefficient of power method (Ogilbee and
Mitten, 1970, p. 7) was used to estimate drainage
returns from the power-consumption data. The
equation has the form

pumpage (acre-feet) = power (kilowatt hours)/unit-use
coefficient (kilowatt hours per acre-foot).

The unit-use coefficient is determined by conducting
pump-efficiency tests during which pumpage and
power consumption are measured. The unit power-
consumption method is the most convenient method of
estimating pumpage because the needed data are
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Table 1. Drainage returns from Twitchell Island in the Sacramento-San Joaquin Delta measured weekly by the Galifornia
Department of Water Resources, August 9, 1994, to January 8, 1996’

[Values, in acre-feet, are the differences between successive readings of cumulative flows. NR, not read]

D‘:;es T:;:r East pump West pump Total D‘:;Z ':::t:r East pump West pump Total
08/09/94 67.32 282.75 350.07 05/01/95 0 112.50 112.50
08/16/94 NR NR NR 05/08/95 67.48 96.55 164.03
08/23/94 65.95 329.59 395.54 05/15/95 50.14 104.18 154.32
08/30/94 19.04 117.75 136.79 05/22/95 2.67 143.28 145.95

05/29/95 0 157.26 157.26
09/06/94 17.37 95.59 112.96
09/13/94 1598 128.59 144.57 06/05/95 3.46 115.04 118.50
09/20/94 20.80 156.33 177.13 06/12/95 10.80 110.59 121.39
09/27/94 20.24 153.54 173.78 06/19/95 16.92 110.55 127.47
06/26/95 4.67 134.16 138.83
10/05/94 28.34 182.99 211.33
10/11/94 20.11 127.87 147.98 07/03/95 27 143.92 144.19
10/17/94 14.06 103.58 117.64 07/10/95 0 114.22 114.22
10/26/94 33.51 69.50 103.01 07/17/95 0 145.04 145.04
07/24/95 0 157.27 157.27
11/02/94 3.80 73.66 77.46 07/31/95 0 22591 225.91
11/09/94 0 101.64 101.64
11/16/94 0 111.43 111.43 08/07/95 0 206.58 206.58
11/23/94 0 106.94 106.94 08/14/95 0 210.03 210.03
11/30/94 0 122.12 122.12 08/21/95 0 205.90 205.90
08/28/95 0 173.57 173.57
12/07/94 .10 141.97 142.07
12/14/94 .00 156.98 156.98 09/05/95 0 135.69 135.69
12/21/94 .13 199.69 199.82 09/11/95 0 69.04 69.04
12/28/94 NR NR NR 09/18/95 0 72.04 72.04
09/25/95 21.59 46.98 68.57
01/04/95 115.06 538.40 653.46
01/11/95 213.27 287.17 500.44 10/02/95 43.06 29.53 72.59
01/18/95 267.25 297.04 564.29 10/10/95 25.57 47.03 72.60
01/25/95 261.30 298.15 559.45 10/16/95 27.39 38.49 65.88
10/23/95 4.16 56.00 60.16
02/01/95 252.60 300.25 552.85 10/30/95 NR NR NR
02/08/95 68.74 303.86 372.60
02/15/95 12.71 282.78 295.49 11/06/95 32.36 116.49 148.85
02/22/95 14.07 274.10 288.17 11/14/95 NR NR NR
11/20/95 63.53 89.45 152.98
03/01/95 .39 213.76 214.15 11/27/95 0 74.73 74.73
03/08/95 61.26 279.53 340.79
03/15/95 213.30 321.45 534.75 12/04/95 55.60 24.96 80.56
03/22/95 125.35 299.82 425.17 12/11/95 NR NR NR
03/29/95 226.37 330.73 557.10 12/18/95 119.65 191.67 311.32
04/05/95 A1 207.22 207.33 01/08/95 66.57 711.60 778.17
04/12/95 25 177.72 177.97
04/19/95 6.91 161.85 168.76
04/26/95 .20 163.79 163.99 Total 2,781.78 11,870.38 14,652.16

1Because of differences in periods of record, monthly totals for these meter readings may not agree with totals in table 2. However, the total for August 1994
through December 1995 agree (14,652 acre-feet).

usually available (Ogilbee and Mitten, 1970, p. 7; the Twitchell Island Reclamation District, 50 kilowatt
Diamond and Williamson, 1983, p. 7). hours per acre-ft, was used with USGS records of elec-
For Twitchell Island, the mean unit-use coeffi- trical power consumption for the Twitchell Island drain

cient for all PG&E pump-efficiency tests provided by to calculate drainage returns. For the 58 drains in the
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Table 2. Drainage returns from Twitchell Island in the
Sacramento-San Joaquin Delta, California, measured
monthly by the U.S. Geological Survey, August 1994

through January 1996

[Values are in acre-feet]

Month West pump East pump Total

1994
August 743 155 898
September 590 82 672
October 477 89 566
November 469 0 469
December 815 0 815
Total 3,004 326 3,420

1995
January 1,390 1,109 2,499
February 1,074 96 1,170
March 1,300 626 1,926
April 756 7 763
May 535 121 656
June 521 36 557
July 736 0 736
August 846 0 846
September 265 58 323
October 227 71 298
November 224 116 340
December 903 214 1,118
Total 8,777 2,454 11,232
Total for 1994-95 11,871 2,780 14,652

1996
January 1,007 326 1,333
Total for period of 12,878 3,106 15,985

record

delta with pump-efficiency-test data, the mean unit-use
coefficient for each drain was used with PG&E power-
consumption records to calculate drainage returns.
These coefficients ranged from a high of 83 kilowatt
hours per acre-ft to a low of 18 kilowatt hours per
acre-ft. For the remaining 178 drains in the delta for
which no pump-efficiency-test data were available,
using pump horsepower to infer a unit-use coefficient
was considered. However, coefficient-horsepower
plots of the 220 pump-efficiency-test results indicated
that the correlation of the data in the present pump-
efficiency-test data base is poor (fig. 4). Therefore, the
mean unit-use coefficient of all pump tests in the pump-
efficiency-test data base, 40.6 kilowatt hours per acre-
ft, was used with the power-consumption data to calcu-
late drainage returns for the remaining 178 drains.
Drainage-return estimates were aggregated into larger
areas using the geographic information system, ARC/
INFO.

Results

Drainage returns from Twitchell Island were
estimated using both USGS and PG&E power-
consumption records for the drain (table 3, fig. 5). Both
USGS and PG&E power-consumption records indicate
that the total drainage-return estimates for 1995 was
about 10,600 acre-ft. The total for estimated returns
was about 5 percent less than the total for the measured
returns (about 11,200 acre-ft). Monthly drainage
returns for 1995, estimated from USGS power-
consumption records, ranged from 14 percent less than
the measured returns in April to almost 4 percent more
than the measured returns in December (table 3). Dif-
ferences between the estimated monthly drainage
returns generated from USGS and DWR power-
consumption records probably result primarily because
of different intervals between the meter readings. The
most notable difference was in March 1995 (fig. 5); this
large difference occurred because the meter had not
been read by PG&E since December 1994.

Monthly drainage returns were estimated for the
236 drains in the delta using PG&E power-
consumption data for January 1995 through February
1996. The estimates for the 236 drains were aggregated
into 62 of the 142 subareas in DWR’s delta island con-
sumptive-use model; these 62 subareas cover most of
the delta (the shaded areas on fig. 6). To meet a confi-
dentiality agreement with PG&E, which restricts the
releasing of pumping data for individual accounts or
for areas of less than 36 mi2, the estimates for the drain-
age returns were then aggregated into 17 areas for
reporting (table 4): the 15 areas within the delta island
consumptive-use model area, which represent the delta
lowlands; the delta upland area; and the area just out-
side the boundary of the delta island consumptive-use
model (fig. 3). (The drains outside the delta island con-
sumptive-use model boundary are used to pump water
into the channels that serve the delta lowlands and
uplands and thus were used for this study.) The data
were aggregated using ARC/INFO (fig. 6). Of the 236
drains with power-consumption data, 215 of the drains
are in the 62 subareas, with 91 of the drains in the delta
uplands; the remaining 21 drains are outside the model
boundary. Area 2 is the only aggregated area for which
there were no power-consumption data available to
make drainage estimates.

Area 6 (fig. 3), which consists of Bouldin, Bran-
nan, Staten, Tyler, and Venice Islands, had the largest
estimated drainage returns (about 73,000 and 96,400
acre-ft for calendar year 1995 and for the period

Drainage Returns 7



. Mean for all tests (40.6) 40.6 (220)
I [ T 1 ] T

150 — ) AN NAA A A 1 — 47.1(6) w -~
. k . . )
100 — N A KBERPIOONN AN+ AL A D A — 46.3 (50) é'@
. , . ‘ w
85 — . apn —402(2) T
, , . oo
- 75 — A VANAND . %" - YAVAVAY FAYANRWANEI/ N : — 42.1 (30) ': E

. , . , <
E 60 — DB A Al B AN AN A A — 40.3(27) gg
< ' , 5
c 50 — A AN AAPOA A A AN —39.0(23) §E
x : | - ! ]
W 40 - NN N A A AN A —{ 58.5 (14) Z_E

~ . - x =
?u 30 OIS, 28 AN A —H271(29) &
' ' 6 v
@ 25 A | aa & —H425@) TW
) . . , w 3
T 20 YNV VNN BN A - —365(10) O 8
o , . . : o u
§ 15 - NVNRPNNCY laa & N : —{32.7(12) lglg_
10 — ' A A 410 eZ

. =
8 A 2161 28
‘ , -
7.5 - AL AN NN A 4319 wi
I ) ) =

5 | | Ai | | A ; — 57.4(2)
0 20 40 80 100

UNIT-USE COEFFICIiENT, iN KiLOWATT HOURS PER ACRE-FOOT

Figure 4. Horsepower ratings of pumps as related to unit-use coefficients derived from pump-efficiency tests for drains in the

Sacramento-San Joaquin Deita, California.

January 1995 through February 1996, respectively,
table 4). The 1995 estimate for area 6 was about 17 per-
cent of the total estimated drainage returns (430,000
acre-ft) for the delta and about 18 percent of the total
estimated drainage returns (about 537,000 acre-ft) for
the period January 1995 through February 1996.
Monthly drainage-return estimates were largest in
March 1995 (about 61,900 acre-ft) and smallest in
November 1995 (about 11,200 acre-ft). Drainage-
return estimates were also large in August 1995 and
January and February 1996 (about 53,100; 50,600; and
55,100 acre-ft, respectively) (table 4).

SURFACE-WATER WITHDRAWALS ONTO
TWITCHELL ISLAND

Water is siphoned from the channels of the delta
over the levees onto the islands (fig. 2). The hydraulic
properties of each siphon and the opening of the deliv-
ery end of the pipe control the flow rate through each
siphon. Although the hydraulic properties of a siphon
can be readily estimated, doing so for a large number of
siphons is a laborious task that had not been done at the
time of this study. Even if hydraulic information were

available, data on the time histories of pipe openings
and tides would also be needed to estimate the quanti-
ties of water withdrawn by a siphon. Instead of record-
ing pipe openings and tides, USGS and DWR used
flowmeters to measure withdrawals onto Twitchell
Island for 12 of the 21 siphons.

Methods

At the time of this study, DWR (Environmental
Services Office) and the California Department of Fish
and Game were using McCrometer flowmeters in a
study of the effectiveness of fish screens on siphons in
the delta, including siphon 16 on Twitchell Island (fig.
1). Eleven additional McCrometer flowmeters were
installed on the siphons on Twitchell Island for this
study. The flowmeters were operated by DWR and
USGS. The data were obtained by manually recording
dial readings and calculating cumulative flows.

Results

DWR recorded flowmeter readings weekly
between August 9, 1994, and January 8, 1996 (table 5)

8 Drainage-Return, Surface-Water Withdrawal, Land-Use Data for Sacramento-San Joaquin Delta, Emphasis on Twitchell Island



Table 3. Drainage returns from Twitchell Island in the Sacramento-San Joaquin Delta, California, estimated and measured
monthly by the U.S. Geological Survey, August 1994 through January 1996

[Values are in acre-feet. USGS, U.S. Geological Survey; PG&E, Pacific Gas and Electric Company]

Difference Ditference
E;:m:t? Estimated between between Percent
p eturngs drainage Metered estimated Percent estimated dmeerre e
Month using data returns drainage returns difference returns
collesisd by  using data returns  (USGSdata) A-C ..,  (PGAE data) B-C, 100
USGS from PG&E ©) and metered c X and metered C
(A) (B) returns returns
(A-C) (B-C)
1994
August 743 0 898 -155 -17.3 -898 -100.0
September 599 855 672 -73 -10.9 183 27.2
October 512 1,289 566 -54 -9.5 723 127.7
November 391 1,319 469 -78 -16.6 850 181.2
December 698 741 815 -117 -144 -74 -9.1
Total (excludes per- K X 3420 277 -13.9 84 229
centages)
1995
January 2,489 0 2,499 -10 -0.4 -2,499 -100.0
February 1,077 0 1,170 93 =79 -1,170 -100.0
March 1,809 6,239 1,926 -117 -6.1 4,313 223.9
April 653 0 763 -110 -14.4 -763 -100.0
May 586 1,205 656 -70 -10.7 549 83.7
June 483 0 557 -74 -13.3 -557 -100.0
July 647 1,039 736 -89 -12.1 303 41.2
August 751 796 846 -95 -11.2 -50 -5.9
September 317 0 323 -6 -1.9 -323 -100.0
October 296 288 298 2 -0.7 . -10 34
November 343 35§ 340 g 2.6 14 _48}/
December 1,16 66. 1,118 4 38 -455
Total (excludes per- 10,617 10,583 Tfm 613 5.5 2648 -5.8
centages)
1996
January 1,457 1,812 1,333 124 9.2 479 359
TOTAL (excludes 15,017 16,600 15,985 -968 -6.1 615 38
percentages)
7,000 T T T T T T T T T T T T T T T T
B Estimated drainage return
6,000 — (U.S. Geological Survey data) —
- Estimated drainage return
u (Pacific Gas and Electric Company
E 1 Measured drainage return
) (U.S. Geological Survey)
= 4,000
ui
2
T 3,000
T
3]
@
Q 2,000
1,000

Aug Sept Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Jan
1995

1994 1996

Figure 5. Estimated and measured monthly totals for drainage returns from Twitchell Island in the Sacramento-San Joaquin
Delta, California, August 1994 through January 1996. Estimates were made by the U.S. Geological Survey using U.S.
Geological Survey and Pacific Gas and Electric Company data.

Surface-Water Withdrawals Onto Twitchell Island 9



122°00° 121°45' 121°30' 121°18'
Sacramento
EXPLANATION
SUBAREA
38°30' |— O Withno known electrically
powered drain pumps ]
126 B With electrically powered
drain pumps
===« « DELTA ISLAND
CONSUMPTIVE-USE MODEL
BOUNDARY
38°15" — 1
.\
Pittsburgh
38°00' — |
Note: Numbers represent subareas
in the delta island consumptive-
use model
37°45' — ]
103
0 5 10 MILES 70
I I }
I T T
0 5 10 KILOMETERS

Figure 6. Subareas of the California De
Sacramento-

10

partment of Water Resources’ delta island consumptive-use model for the
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Table 4. Drainage returns estimated monthly for aggregated areas of the California Department of Water Resources’ delta
island consumptive-use model for the Sacramento-San Joaquin Delta, California, January 1995 through February 1996

[Area 2 is omitted because no power-consumption data were available. Values are in acre-feet. Area boundaries are shown on figure 3]

Aggregated area
M 3 4 5 6 9
Number of pumps 21 2 5 4 2 9 6 6 13
1995
January 5 0 1,037 0 0 3,086 37 95 184
February 59 0 953 1,638 1,205 6,233 2,523 173 1,047
March 4 0 838 591 2,472 19,409 2,310 6,374 225
April 90 384 1,413 1,756 288 3,254 2,251 163 2,098
May 301 0 329 726 472 9,545 834 13,463 2,246
June 538 0 294 4,487 671 5,046 885 525 2,095
July 323 0 164 406 1,156 4,573 1,345 2,425 3,436
August 538 0 182 490 1,261 8,957 26 2,865 3,614
September 555 0 109 8 0 1,634 0 0 62
October 233 0 9 216 157 1,910 41 391 1,438
November 115 0 13 0 145 2,217 45 662 188
December 8 ) 50 152 264 7,313 187 2,175 372
Total 2,769 384 ,391 10,470 8,091 73,177 10,484 29,311 17,005
1996
January 25 0 276 404 437 13,432 208 3,451 210
February 41 0 688 1,146 1,295 9,838 538 3,828 487
Total 66 0 964 1,550 1,732 23,270 746 7,279 697
TOTAL 2,835 384 6,355 12,020 9,823 96,447 11,230 36,590 17,702
Aggregated area
10 11 12 13 14 15 ® Total
Number of pumps 12 8 5 7 29 16 91 236
1995
January 8,383 4,907 7,115 7,832 3,627 611 744 37,663
February 6,941 2,681 5,262 11,689 3,626 116 1,385 45,531
March 10,683 6,227 4,865 3,851 1,297 1,429 1,280 61,855
April 5,367 2,441 5,620 10,253 3,586 316 2,859 42,139
May 3,953 1,010 1,409 2,998 3,277 1,433 3,198 45,194
June 3,542 2,196 2,063 2,570 2,596 729 5,066 33,303
July 7,133 4,278 2,082 1,754 4,015 1,123 4,781 38,994
August 7.529 3,844 6,062 6,612 4,368 922 5,816 53,086
September 5,197 1,784 2,809 2,882 3,879 446 4,595 23,960
October 2,594 582 1,623 1,905 1,875 402 2,824 16,200
November 1,971 592 1,896 1,927 705 114 614 11,204
December 4,286 3,000 1,547 1,788 303 287 318 22,050
Total 67,579 33,542 42,353 56,061 33,154 7,928 33,480 431,179
1996
January 4,361 4,635 8,024 10,876 3,266 473 486 50,564
February 12,391 6,252 4,963 7,701 3,841 865 1,199 55,073
Total 16,752 10,887 12,987 18,577 7,107 1,338 1,685 105,637
TOTAL 84,331 44,429 55,340 74,638 40,261 9,266 35,165 536,816

1 Area outside the delta uplands and lowlands.
2Delta uplands.
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for the 12 metered siphons on Twitchell Island, and
USGS recorded readings monthly between March
1994 and January 1996 (table 6). Measured
surface-water withdrawals were largest during July and
August 1995. Because 9 of the 21 siphons on the island
were not measured, it is not known if total monthly
withdrawals for Twitchell Island were also largest dur-
ing July and August.

Withdrawals at siphon 16 totaled more than 400
acre-ft during a 23-month period of record and more
than 200 acre-ft for calendar year 1995 (table 6). At
siphons 6 and 17, measured withdrawals were 0 and
170 acre-ft, respectively, for an 18-month period of
record. At siphon 17, more than 100 acre-ft was
siphoned during calendar year 1995; siphon 6 was not
used during the 18-month period of record.

The remaining nine metered siphons had 8-
month periods of record (table 6). Siphons 11 and 19
had the largest recorded withdrawals. Withdrawals at
siphon 11 totaled more than 1,000 acre-ft between June
and September 1995, with recorded monthly values of
about 440 and 370 acre-ft for July and August 1995,
respectively. Siphon 19 had the largest recorded
monthly value, about 450 acre-ft, during December
1995; however, this monthly value includes the reading
for the first 10 days of January 1996. The December
reading was not made until January 9 or 10, 1996.
Withdrawals at the nine remaining metered siphons
ranged from O acre-ft at siphons 2 and 7 to about 180
acre-ft at siphon 8.

LAND USE

Land-use maps for 1968 were digitized and com-
pared with digital land-use maps available for 1991.
Changes in crop acreages between 1968 and 1991 were
identified, and the crop types were aggregated into the
subareas of DWR’s delta island consumptive-use
model.

Methods

DWR used USGS 7.5-minute topographic quad-
rangle maps to map land use in the delta in 1968 using
their standard mapping methods (California Depart-
ment of Water Resources, 1971). DWR provided
USGS with full-size paper copies of these maps from
which land-use coverages were created. USGS digi-
tized the land-use maps, quality assured the data, and
aggregated the data into subareas (fig. 6) of DWR’s
delta island consumptive-use model using ARC/INFO.

Land use during 1991 was mapped and digitized
by DWR, and an ARC/INFO coverage was created by
the California Department of Pesticide Regulation.
These 1991 data were compared with the 1968 data.
Delineations of subareas of DWR’s delta island
consumptive-use model (California Department of
Water Resources, 1995) were used to create the cover-
age of the subareas (fig. 6) used in this study to aggre-
gate land use and drainage returns.

Quality-assurance checks included automated
analyses done within ARC/INFO at the time the maps
were digitized and visual comparisons between the
original copies and the digitized maps. In addition, dif-
ferences were calculated between the digitized and the
actual locations of the corners of the 7.5 minute topo-
graphic quadrangle maps to estimate the error
introduced in digitizing the paper maps.

The 34 individual land-use coverages for 1968
were combined into a single coverage for the entire
study area. The coverages for 1968 and 1991 were
combined with the coverage of DWR’s delta island
consumptive-use model, and land-use acreages were
then tabulated by subarea. The land-use attributes used
for the 1991 coverage were also used with the 1968
data. The aggregated data are limited because the map-
ping of the 1968 data was less detailed and less
complete than the 1991 data.

Results

The differences among the 34 quadrangles digi-
tized for 1968 land use were, for the most part, within
the standard of 0.005, with differences ranging from
0.001 to 0.018. This variability is attributed primarily
to the use of paper copies of the maps, which are not
scale stable. This degree of variability, however, was
acceptable for the purposes of this report

Annual land-use data for 1968 and 1991 were
aggregated by subareas of DWR’s delta island
consumptive-use model for comparison (table 7). The
changes in acreage totals for land uses throughout the
delta between 1968 and 1991 indicate that native veg-
etation decreased by 25 percent (39,945 acres), from
159,259 acres to 119,314 acres, and grain and hay
crops increased by 340 percent (71,452 acres), from
21,034 acres in 1968 to 92,486 acres in 1991 (table 7).
Field-crop acreage on Twitchell Island (subarea 42, fig.
6) increased by 44 percent (782 acres), from 1,787
acres in 1968 to 2,569 acres in 1991, and native vege-
tation decreased 77 percent (855 acres), from 1,115 to
260 acres between 1968 and 1991 (table 7).
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